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Abstract: Rural governance is the basic requirement for promoting the modernization of the national governance
system and governance capacity, so it is closely related to the implementation of the national rural revitalization
strategy and the realization of the modernization goal of national governance. Taking 2189 rural governance
demonstration villages and towns in China as the research object, the spatial distribution structure and influencing
factors of rural governance demonstration villages and towns were explored in this study by using the nearest
neighbor index method, the kernel density estimation method, the grid dimension analysis method and the spatial
autocorrelation analysis method. The results show that the spatial distribution of rural governance demonstration
villages and towns in China tends to be clustered, and the spatial differentiation is obvious. The analysis of kernel
density in the rural governance demonstration villages and towns presents a number of kernel centers in space,
and the distribution pattern of secondary centers is in the form of a belt distribution, which is formed by decreasing
and spreading around the surrounding kernel centers. The rural governance demonstration village and town system
features obvious scale-free areas and fractal characteristics. The spatial distribution of the rural governance
demonstration villages and towns is mainly influenced by natural and cultural factors, among which, the topography
and lake water systems are the main influencing factors. Among the humanistic factors, the social economy,
transportation and national culture are the main influencing factors, while the influence of population distribution is
not significant.
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1 Introduction and governance capacity, and give full play to the exempla-

Taking villager autonomy as the core goal, rural governance 'Y and leading role of typical experiences, the Ministry of

is guided by the government, with multi-governance sub-
jects coordinating and participating together to promote the
harmonious and stable development of rural society (He,
2005). To realize the overall rural revitalization and meet
the needs of a better life for the farmers, efforts must be
made to solve the existing problems in rural social govern-
ance (Qiu, 2020). In order to implement the deci-
sion-making and deployment of the central government for
promoting the modernization of the rural governance system
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Agriculture and Rural Affairs announced two batches of
rural governance demonstration villages and towns succes-
sively, and in June 2019 it issued the Notice on Launching
the Pilot Demonstration Work of Rural Governance System
Construction and the Notice on Launching the Creation of
Rural Governance Demonstration Villages and Towns. Na-
tional rural governance demonstration villages and towns
are required to be the leading force of rural governance, and
different models should be available for effective rural gov-
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ernance, in order to give full play to the demonstration vil-
lages and towns. Furthermore, to make new contributions to
rural revitalization, studies on the national rural governance
demonstration villages and towns (hereafter referred to as
governance villages and towns) are of great significance.

As for the research on the villages and towns, domestic
and foreign scholars have focused on their spatial distribution
and influencing factors (Tchetchik et al., 2008; Chen et al.,
2019; Yan et al., 2019), the development mode and path
(Buark et al., 2004; Huang et al., 2019; Chen et al., 2022),
the evolution process and mechanism (Liu and Wu, 2011;
Greta et al., 2019; Li, 2019), rural development and protec-
tion (Yang, 2017; Brown, 2021; Yan, 2021), as well as rural
transformation and revitalization (Chiodo, 2019; Wang and
Li, 2022; Zhang and Zhang, 2022). In terms of the research
object, the foreign academic focus has been on rural tourism
(Maja et al., 2022), smart villages (Kroél and Hernik, 2022),
digital villages (Gao et al., 2022), and related topics. How-
ever, China has a long history and a prosperous culture; so
compared with foreign countries, the research object in
China is wider and covers ethnic minority characteristic
villages, traditional villages, ancient villages, ancient towns,
historical and cultural towns, leisure villages and key rural
tourism villages (Chen, 2019; Wang and Liu, 2020; Xu et al.,
2020). In terms of research methods, the domestic and for-
eign methods are similar, combining qualitative and quanti-
tative analysis (Guan et al., 2017; Benni et al., 2019) with
the case analysis method (Almohamad, 2021; Wu et al,,
2022b). The nearest neighbor index, buffer analysis, spatial
autocorrelation, spatial autocorrelation and other methods in
the ArcGIS geospatial system software (Cao and Wang,
2022; Wu et al., 2022a) are mainly adopted by the com-
monly used geospatial analysis methods in China to process
and analyze the data. China’s research scale covers various
levels, such as the whole country, provinces, cities and wa-
tersheds (Wang et al., 2020; Huang et al., 2021; Wang and
Zeng, 2021; Zhu et al., 2022), while the foreign research
scale is mainly based on nationwide exploration and analy-
sis (Rojas, 2020; Ricardo et al., 2022). Research on the in-
fluencing factors covers topography, geomorphology, rivers,
water systems, transportation, policies and other aspects
(Wang and Liu, 2019; Rytkdnen and Tundn, 2020). Gener-
ally speaking, it mainly includes physical geography and
human geography (Sanagustin-Fons et al., 2018; Zhang and
Ma, 2021).

In summary, a great deal of theoretical and practical re-
search and exploration of villages and towns has been car-
ried out by domestic and foreign scholars, and the research
has gradually deepened, with rich research contents and
remarkable research results. However, while rural govern-
ance is an important part of the rural revitalization and
modernization of state governance, there are few systematic
studies on the spatial structure of rural governance and the
factors influencing it on a national scale from the geograph-

ical point of view. To this end, ArcGIS spatial analysis
technology is used in this study to explore the spatial dif-
ferentiation characteristics and laws of rural governance in
China, with the aim of providing a reference for the devel-
opment and protection of rural governance and the realiza-
tion of rural revitalization and modernization.

2 Data and methods
2.1 Data sources

A total of 2189 national rural governance demonstration
villages and towns published by the Ministry of Agriculture
and Rural Affairs (http://www.moa.gov.cn/) in 2020 were
selected as the research samples. The location coordinates of
the 2189 national rural governance demonstration villages
and towns were obtained with the help of the Baidu coordi-
nate pickup system and imported into ArcGIS 10.2 software.
The coordinate data were registered and projected, and the
distribution space and attribute database of the governance
villages and towns were established. The 50 m resolution
DEM was obtained from the Data Center of Resources and
Environmental Sciences of China Academy of Sciences
(http://www.resdc.cn), while the data of population, regional
GDP, etc. came from the statistical yearbooks and statistical
bulletins of the prefecture-level cities.

2.2 Research methods

2.2.1 Nearest neighbor index method

The nearest point index indicates the spatial distribution
type and mutual proximity index of point-like elements
(Shen et al., 2013), which mainly involve three distribution
types (Li et al., 2015), i.e., uniform, random and clustered
distributions. The nearest point index can accurately reflect
the spatial distribution characteristics of point elements. The
calculation is the ratio of the actual nearest distance to the
theoretical nearest distance (i.e., the theoretical value when
randomly distributed), and its formula is:

A
R=-_L=2JD (1)

e
where, R denotes the nearest neighbor index; 7 represents
the actual nearest distance; 7;; refers to the theoretical nearest

distance; and D is the dot density. A value of R=1 means
that the points are randomly distributed; when R>1, the dis-
tribution of points tends to be uniform; and when R<I1, the
points tend to be clustered.

2.2.2 Kernel density estimation method

The kernel density estimation method is a nonparametric
method for estimating the probability density function of
point sets in different geographical locations. The density of
points is related to the probability of events, with a denser
point set indicating a higher probability of events and vice
versa. When the distance between the point set and the cen-
ter reaches a certain threshold, the range density value is 0
(Wang, 2011), and the formula is:
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i=1

A
where, f(x)is the kernel density function value; x;is the

coordinate position of the point to be calculated; % is the
threshold distance of the search bandwidth; » is the number
of points within the threshold range; and d is the dimension
value for the number of points.

2.2.3 Grid dimension analysis method

Grid dimension analysis can be used to divide the whole
research area grid, count the different numbers of points in
each area grid, judge the multi-level spatial distribution
structure of the point set, and reflect the complexity and
degree of balance in the point set distribution (Chen et al.,

proaches 1, the points are concentrated in a geographical
zone (geographical line); and when D=D,, the point set is a
simple fractal.

2.2.4 Spatial autocorrelation analysis method

Spatial autocorrelation analysis is an analytical method for
measuring whether the attribute values of point-like features
are dependent or correlated with the values of adjacent point
features (Sridharan et al., 2007). Moran was selected, and
the Moran’s / index is between (—1, 1). The spatial distribu-
tion is significantly concentrated in the case of a positive
index, while it is significantly different for a negative index,
and a value of 0 indicates that the spatial distribution is ir-
relevant. Getis-Ord G;* measures the local spatial autocor-
relation characteristics, and the normalized formula is:

2018). While gridding the point set space, the grid dimen- . ., £ ((;1*) (6)
sion N(r) changes with a change in the network scale X (Wu Z(G" ) =G - Var( G*)
et al., 2017). When the spatial distribution of rural govern- '

ance demonstration villages and towns in China is scale-free,
the relationship is:

N(@ryoer” (3)
In the formula (3), 7=D, is the capacity dimension. Assum-
ing that the statistical number of grid points is N;, the num-
ber of points in the whole area is , and its probability can
be generally defined as P;=N;/N. Then, the information
dimension formula is based on probability and can be
broadly defined as:

k k
1) == B (r) InPy(r) @)

i=1 j=1
where k=1/X is the number of segments on each side of the

region, and if the point set is fractal, then:

I(ry=1,-Dyr (5)
In the formula, D, is the information dimension and / is
a constant which reflects the balance of the spatial distribu-
tion of point sets. Usually, the grid dimension D value is
between (0-2), and when D=2, it indicates that the regional
points are evenly distributed; when the value of D ap-

where E(G;*) and Var(G;*) are the G;* mathematical expec-
tation and coefficient of variation, respectively. A positive
and significant value of Z(G;*) indicates the existence of
many points around the geographic unit of location i, which
represents a “hot spot” and presents a high-value spatial
agglomeration situation in space. If Z(G;*) is negative and
significant, the number of points at position 7 is lower than
the average, so it represents a ‘“cold spot area” and a
low-value spatial agglomeration.

3 Results and analysis
3.1 Spatial distribution characteristics

3.1.1 Spatial distribution type

The average observation distance of governing villages and
towns was calculated to be 23.53 km using the spatial statis-
tical tools of ArcGIS 10.2, while the expected average dis-
tance is 43.95 km, the average nearest R =0.535 <1, and the
Z value is —41.59. The 99% confidence test showed that the
spatial distribution of governance villages and towns is
characterized by agglomeration (Table 1).

Table 1 Index of the nearest point of governance villages (towns)
Batch Total number 71 (km) 7 (km) R z P
First batch 1097 34.01 61.21 0.556 —28.15 0.00027
Second batch 1092 37.18 62.04 0.599 —25.33 0.00039
Total 2189 23.53 43.95 0.535 —41.59 0.00056

3.1.2 Spatial regional characteristics

Below the national level, the villages and towns are mainly
governed in Shanxi, Hubei, Chongqing, Shandong, Henan,
Anhui, Jiangxi, Jiangsu, Zhejiang, Fujian and Guangdong
provinces, accounting for 48.7% of the total number of vil-
lages and towns governed in China. Among them, there are
140 villages and towns in Hebei Province, and ranking se-
cond there are 133 in Jiangsu Province. Six other provinces
have less than 133 but more than 100, including Shandong

Province (113), Anhui Province (107), Guangdong Province
(106), Hunan Province (109), Sichuan Province (131), and
Zhejiang Province (132). These top provinces account for
31.7% of the villages and towns in the country, while
Shanghai (21), Tibet Autonomous Region (22), Qinghai
Province (17), Ningxia Hui Autonomous Region (20), Bei-
jing (24), Tianjin (21) and Hainan Province (22) have the
lowest numbers of villages and towns, together accounting
for 6.72% of the national villages and towns.
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Taking Qinling Mountains and Huaihe River as the
boundary, since they form the natural boundary between the
north and south of China, the distribution of governance
villages and towns is characterized by more in the south and
less in the north. The northern region includes Heilongjiang,
Jilin, Liaoning, Beijing, Tianjin, Hebei, Shandong, Shanxi,
Henan, Shaanxi and other provinces and cities, and governs
730 villages and towns, accounting for 33.35% of the total.
Meanwhile, the southern region includes Sichuan, Chong-
qing, Hubei, Anhui, Jiangsu, Shanghai, Zhejiang, Hunan,
Jiangxi, Fujian, Guizhou, Yunnan, Guangxi, Guangdong,
Hainan and other provinces and cities, and governs 1224
villages and towns, accounting for 56.83% of the total.
Northwest China and Qinghai-Tibet have the lowest distri-
butions, accounting for 7.9% and 1.78%, respectively.

According to the principle of combining the level of
economic and technological development with geographical
location, China is divided into three economic zones. From
the perspective of the three major economies, the eastern
part is the greatest, followed by the central part, and the
western part is the least. The eastern region includes 11
provinces and cities, including Beijing, Tianjin, Hebei,
Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong,
Guangdong and Guangxi, and governs 908 villages and
towns, accounting for 41.48% of the total. The central eco-
nomic belt includes Heilongjiang, Jilin, Shanxi, Anhui,
Jiangxi, Henan, Hubei, Hunan, Shaanxi, Inner Mongolia and
other provinces and cities, and governs 801 villages and
towns, accounting for 36.59% of the total. Xinjiang, Tibet
and Qinghai are in the west, and there are 455 villages and
towns in Hainan, Yunnan, Guizhou, Ningxia, Gansu,
Chongqing, Sichuan and other provinces and cities, ac-
counting for 20.79% of the total. Obviously, the villages and
towns in the eastern region are more densely distributed
than those in the central and western regions. The economy,
transportation, education, health care and other conditions in
the eastern region are better than those in the central and
western regions, and the higher level of social and economic
development can provide a strong foundation for the con-
struction of villages and towns. Limited by the relatively
weak economic foundation and the lack of talents and tech-
nology, the villages and towns in the central and western
regions are less densely distributed than those in the eastern
region.

Based on scientific considerations, integrating various
dimensions such as history and nationality, and following
the relevant zoning principles, China can be divided into
seven physical geographical divisions. Judging from the
seven geographical divisions (Table 2), the governance vil-
lages and towns are the most densely distributed in East
China, making up the highest proportion, followed by the
distributions in North China, Central China and Southwest
China, while the least are in Northeast China, South China
and Northwest China, Shanghai, Jiangsu, Zhejiang, Shan-

dong and Fujian in East China are coastal cities with devel-
oped economies, convenient transportation, high population
densities and high-quality talents; while Shanghai, Jiangsu,
Zhejiang and Anhui belong to the Yangtze River Delta re-
gion, which has a high degree of opening to the outside
world and is equipped with well-developed science and
technology. Although the area is small, the regional GDP
accounts for one-fourth of the national total, and this area
plays a pivotal role in the modernization drive of China.
Therefore, these regions are conducive to the governance of
villages and towns. North China has prominent industries
and rapid development of scientific and technological inno-
vation. For example, Shanxi is an important energy supply
base in China. Inner Mongolia is rich in agricultural and
animal husbandry resources, with high-quality agricultural
and livestock products sold all over the country, effectively
driving the development of the local economy, and provid-
ing valuable mineral resources, natural resources and tour-
ism resources. The Beijing-Tianjin-Hebei region has a clus-
ter of high-tech industries and scientific and technological
talents. It also has beautiful natural scenery, numerous his-
torical resources, and profound cultural heritage, forging a
solid foundation for the establishment of governance villag-
es and towns. There are many ethnic minorities in Central
China and Southwest China, where there are unique minor-
ity cultures, rich tourism resources and landform resources,
but the economy is relatively underdeveloped, and govern-
ance villages and towns are thus less densely distributed.
The early development of heavy industry in Northeast China
brought serious environmental pollution. Nowadays, the
traditional industries are declining but the emerging indus-
tries are underdeveloped, so it is urgently necessary to ad-
just the industries and rehabilitate the environment. North-
west China is characterized by a fragile environment, arid
climate, sparse population, inconvenient transportation, se-
rious land desertification, an underdeveloped economy, and
sparse distribution of governance villages and towns.

3.2 Spatial density characteristics

The kernel density analysis chart (Fig. 1) shows that Beijing,
southern Hebei, central Henan, southern Jiangsu, Shanghai,
northern Zhejiang and southern Guangdong are the regions
featuring the highest kernel density, while southwestern Jilin,
northwestern Liaoning, central Hebei, central and south-
western Shandong, Hubei, central Hunan, central Jiangxi,
central Fujian, central Guizhou and eastern Sichuan have
the highest kernel density, and Heilongjiang, Shanxi, Ning-
xia, Chongqing, Yunnan and Guangxi have the lowest kernel
density. Generally speaking, the distribution characteristics of
the first and second batches are basically consistent with the
kernel density analysis of all governance villages and towns,
so considering the two batches separately exerts no signifi-
cant impact on the overall distribution situation, but the dif-
ference lies in the quantity. On the whole, the distribution
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Table 2 Governance villages (towns) in seven geographical divisions of China

Number of vil-

Proportion

Number in Proportion Number in Proportion

Region Province (city) lages and towns (%) first batch (%) second batch (%)
Heilongjiang Province 64 32 32
Northeast Jilin Province 66 8.90 33 8.84 33 8.90
Liaoning Province 65 32 33
Shanxi Province 36 3 33
Inner Mongolia Autonomous Region 66 33 33
North China  Beijing 24 13.11 12 13.03 12 13.18
Tianjin 21 10 11
Hebei Province 140 85 55
Shanghai 21 11 10
Jiangsu Province 133 67 66
Zhejiang Province 132 67 65
East China Jiangxi Province 64 30.19 33 30.44 31 29.94
Shandong Province 113 57 56
Anhui Province 107 55 52
Fujian Province 91 44 47
Hunan Province 109 54 55
Central China Hubei Province 90 15.07 46 15.13 44 15.02
Henan Province 131 66 65
Guangdong Province 106 52 54
South China  Guangxi Zhuang Autonomous Region 65 8.81 33 8.75 32 8.88
Hainan Province 22 11 11
Sichuan Province 131 66 65
Guizhou Province 67 35 32
Southwest Yunnan Province 66 15.07 33 15.22 33 14.92
Chongqing 44 22 22
Tibet Autonomous Region 22 11 11
Shaanxi Province 69 34 35
Gansu Province 44 22 22
Northwest Qinghai Province 17 8.81 6 8.56 11 9.06
Ningxia Hui Autonomous Region 20 10 10
Xinjiang Uygur Autonomous Region 43 22 21

density characteristics of governance villages and towns in
China are rather obvious, as they are mainly distributed in
the southeast of China, but only rarely in the northwest and
Qinghai-Tibet regions.

Shanghai, Zhejiang, Jiangsu, Anhui and some other
provinces and cities belong to the Yangtze River Delta urban
agglomeration, which is the region with the most active
economic development, the highest degree of openness, the
highest degree of urban agglomeration and the strongest
innovation ability in China. It is also the economic center
with the greatest comprehensive strength in China, as posi-
tioned by the central government. The Beijing-Tianjin- He-
bei urban agglomeration, which connects the northeast and
east China, is not only the political and cultural center of
China, but also an important hub for the economic devel-
opment of northern China. It is one of the first regions in
China to form metropolitan circles and urban agglomera-
tions. Guangdong is the distribution area of the Pearl River

Delta urban agglomeration, which has a superior geograph-
ical position. In addition, coastal areas have close contacts
with foreign countries, and are more exposed to western
advanced culture and some new ideas than the inland prov-
inces, thus affecting the theory and methods of rural gov-
ernance in coastal areas to a certain extent. In summary, the
maps in Fig. 1 show that the regions with the highest distri-
butions of kernel density are developed provinces and cities
in China, which have highly concentrated talents and good
advantages in terms of resources, transportation and location,
and these factors are conducive to the cultivation and crea-
tion of governance villages and towns.

3.3 Spatial equilibrium characteristics

The spatial complexity of governing villages and towns was
calculated and counted according to the grid dimension
analysis method. Firstly, rectangular boxes that could fully-
cover the study area on the vector map of the spatial distri-
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Fig. 1 The kernel densities of villages (towns) in China
bution of “governing villages and towns” were selected and
made with the help of ArcGIS software, and a fixed scale
was set for the superposition operation. The grid K is an
equilateral rectangular grid with a value between 2 and 10,
and the total number of grids in the research area is K.
Secondly, the number N(r) of grids in the area covered by
“governing villages and towns” and the number N;; of point
sets in each grid were counted according to the number of
sides of the rectangle. Then, the probability P; of “govern-
ing villages and towns” and the information value /() under
different grid numbers were calculated. Finally, the (N(7), K)
and ({(r), K) were calculated (Table 3). The logarithmic
scatter plot was drawn numerically, and the capacity dimen-
sion and information dimension of “governing villages and
towns” were obtained by fitting and regression.

As shown in Fig. 2, the total capacity value of all villages
and towns under governance is 1.4544 (with a judgment
coefficient of 0.9848), and the capacity value is close to 1
according to the judgment range (0, 2) of grid dimension D,
indicating that the points of “villages and towns under gov-
ernance” present unbalanced characteristics in the system
spatial distribution. However, the information dimension
value of 0.7245 (with a decision coefficient of 0.9543) is
smaller than the capacity dimension of 1.4544, and the two
values are quite different. This indicates a situation of unequal
probability of the spatial distribution of villages and towns

(c) All

£ 0-14.05 O
= 14.06-39.20 B
3 39.21-68.80

1 68.81-106.53 )

B 106.54-188.65

South China Sea Islands

under governance, and the fractal structure of the system is
complex, with significant differences in grid dimensions and
strong differences among the fractal grids. Besides, Figs. 3
and 4 show that the capacity values of the first and batches
of villages and towns to be treated are 1.3896 and 1.4179,
respectively, and the values are within the judgment range
(0, 2). The information dimension value is obviously small-
er than the capacity dimension value. Therefore, the results
of the two batches of villages and towns to be treated are the
same as those of all villages and towns to be treated. Com-
bined with the distribution characteristics of villages and
towns to be treated, this analysis may indicate that the dis-
tribution of villages and towns to be treated is affected by
the landforms and landscapes.

3.4 Spatial correlation

The data in Table 4 show that the estimated value of Mo-
ran’s / of the spatial distribution of all villages and towns in
governance is 0.1042>0. The estimated values of Moran’s /
of the first and second batches are 0.0544 and 0.1426, re-
spectively, both of which are larger than the expected index
of —0.0333, indicating the significant positive spatial corre-
lation of the spatial distribution of villages and towns in
governance. Furthermore, all villages and towns in govern-
ance are in a spatial agglomeration situation in areas with
similar numbers and scales. From the hot spot analysis in

Table 3 Measurement data of the grid dimensions of villages (towns) governed by the state

Batch K 2 3 4 6 7 8 9 10
N() 4 9 14 23 25 31 37 42
First batch
1(r) 0.9338 1.6157 1.8644 1.9817 2.3786 2.6234 2.7991 2.9698 3.1510
N(r) 4 9 15 23 28 32 39 43
Second batch
1(r) 0.9300 1.5802 1.8852 2.0302 2.3849 2.6369 2.8555 3.0203 3.2142
Al N(r) 4 9 15 24 29 33 40 47
1(r) 0.8914 1.6127 1.8833 2.0676 2.3561 2.6529 2.8145 3.0035 3.1759

Note: The rectangle covering the study area on the vector map of the distribution of demonstration villages and towns was selected, and a rectangular grid
with an equal unit level was made. The side length of the rectangular grid was set to 1 unit length and divided into K equal parts, and K* small areas were
obtained. The number of grids covered by demonstration villages and towns N(r) was counted, then the number of demonstration villages and towns N;; in
each grid was counted and the probability P;() of demonstration villages and towns was calculated, and finally the corresponding N(r) and /(r) were calcu-
lated.
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ArcGIS, a hot spot map (Fig. 5) for managing the spatial
pattern of villages and towns was drawn, and it generally
shows the distribution patterns of hot spots, sub-hot spots,
sub-cold spots and cold spots from west to east. Below the
national level, the hot spots and sub-hot spots are mainly
distributed in Shanxi, Hubei, Chongqing, Shandong, Henan,
Anhui, Jiangxi, Jiangsu, Zhejiang, Fujian, Guangdong and
other provinces and cities, accounting for 48.7% of the total
number of villages and towns in the country. The secondary
cold spots are mainly distributed in Liaoning, Hebei, Hunan,
Guizhou, Guangxi and other provinces and cities, occupying
20.33% of the national total. The cold spots are mainly dis-
tributed in Inner Mongolia, Heilongjiang, Jilin, Shaanxi,
Yunnan and other provinces and cities, representing 15.12%
of the national total. In general, the governance villages and
towns are mainly distributed in the south and southeast, with
fewer in the north and northeast, and basically none in the
northwest. In addition, the distributions of the first and se-
cond batches are basically the same.

Table 4 Moran’s | index of the overall situation of national
governance villages (towns)

Value All First batch Second batch
Global Moran’s / index 0.1042 0.0544 0.1426
Expected index —-0.0333 -0.0333 -0.0333
Variance 0.0122 0.0122 0.0122
Z value 1.2455 0.7994 1.5935
P value 0.2129 0.4241 0.1111

3.5 Factors influencing the spatial distribution of
villages and towns

An extensive and in-depth literature review showed that
previous studies mostly analyzed the governance of villages
and towns from the perspective of natural geographical fac-
tors and human geographical factors. Therefore, in order to
fully understand the spatial distribution law of the relevant
villages and towns, the influences of topography, economy,
traffic and other factors on the spatial distribution of
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Fig. 5 Governance hot spots in villages (towns) across China

governance villages and towns in China were further ex-
plored.
3.5.1 Physical and geographical factors

(1) Relationship with topography. The terrain in China is
complex and diverse, and the terrain types mainly include
plains, plateaus, mountains, hills, and basins. By studying
the altitudes and landform types of governance villages and
towns using ArcGIS software, the landform types and pro-
portions of forest villages and towns were obtained. As
shown in Table 5, the topographical and geomorphological
distributions of the first and second batches of villages and
towns are consistent with those of all villages and towns,
and the villages and towns are mainly distributed in
low-altitude plains and hilly areas, as well as low and me-

Table 5 Main geomorphological types and their proportions of governance villages (towns)

0 800 km

=-2.11--091
= —0.90— —0.02
= —0.01-0.73

=0.74-1.85 X
= 1.86-3.33 T

dium-altitude platform areas. The plains, with a low altitude,
vast area, open and flat terrain, are conducive to the devel-
opment of transportation, and areas where there is fertile
soil and a humid climate are easy to cultivate and suitable
for living. The hilly landforms, with a low altitude and
abundant precipitation, are suitable for the growth of trees
and fruit trees, and they are conducive to the development
of a diversified economy. The terrace, as a flat terrain, is
conducive to the development of agriculture and animal
husbandry. Overall, the low altitude areas have a small slope
and a small relative height difference, which is suitable for
human production and living. To some extent, the plain and
hilly terrains provide good natural and geographical condi-
tions for the effective governance of villages and towns.

(Unit: %)

Batch Low altitude mountain area Low altitude plain ~ Low altitude hills ~ Low altitude platform  Mid-altitude mountain
First batch (1097) 20.42 30.99 11.21 9.21 8.66
Second batch (1092) 19.58 28.56 10.78 9.43 10.52
All (2189) 20.77 30.88 11.27 9.45 9.73

Relationship with elevation. In order to reveal the rela-
tionship between the spatial layout of villages and towns
and elevation, the elevation points were extracted from the
DEM by ArcGIS, and the results show an average elevation
of less than 500 m. The villages and towns are mainly dis-
tributed in areas with an elevation of 500 m and below, with
some more at elevations between 500 m and 1000 m, but
with few above 1000 m (Table 6). Further, superimposing
the governance villages and towns with the national DEM in
ArcGIS (Fig. 6) indicates that about 80% of the governance
villages and towns are distributed in areas with a flat terrain
and a low elevation value suitable for living. To further re-
fine the analysis, the elevation values were then divided into
five areas by using the classification method of natural dis-
continuity points, and the villages and towns under their
jurisdiction are mainly distributed in low altitude areas from
161 m below sea level to 718 m above sea level. Some vil-
lages and towns with little governance are distributed in the
high altitude areas from 719 to 1707 m, but the high altitude

areas above 4310 to 8377 m are rare, suggesting a positive
correlation between the distribution of governance villages
and towns and the elevation.

(3) Relationship with the lake water system. Water is the
source of life, an irreplaceably important resource for hu-
man survival as well as economic and social development,
and an indispensable guarantee system for the improvement
of the urban ecological environment. There are seven major
water systems in China, from north to south: Songhua River,
Liaohe River, Haihe River, Huanghe River, Huaihe River,
The Yangtze River and Pearl River. In order to be clearer
and more intuitive, the 5-km buffer zone of the seven major
water systems was analyzed, and the overlapping analysis
was carried out with the governance villages and towns
(Fig. 7). This analysis showed that there is a more dense
distribution in the middle part of Heilongjiang in the lower
reaches of Heilongjiang water system, but almost none in
other areas. Some governance villages and towns are dis-
tributed in the lower reaches of the Yellow River system,
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Fig. 6 Relationship between distribution and the elevation of villages (towns) in China

Table 6 Relationship between governance villages (towns) and elevation

Elevation (m) First batch (1097) Proportion (%) Second batch (1092) Proportion (%) All (2189) Proportion (%)
h<500 802 73.11 758 69.41 1564 71.48
500<h=<1000 130 11.85 142 13.00 279 12.75
1000<h~<1500 94 8.57 106 9.71 191 8.73
1500<h=<2000 32 292 40 3.66 69 3.15
h>2000 39 3.56 46 421 86 3.93
(a) First batch (b) Second batch (c) All

« Villages (towns)
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Fig. 7 Relationship between the distribution of governance villages (towns) and the major water systems

mainly in Shaanxi, Henan and Shandong, but less in the
upstream cities. Chongqing, Hubei, Hunan, Anhui, Jiangsu
and Shanghai in the middle and lower reaches of the Yang-
tze River show wide distributions, but there are few cities in
the upper reaches. Besides, there are many governance vil-
lages and towns distributed around Henan, Anhui and
Jiangsu provinces of the Huaihe River system and Liaoning
of the Liaohe River system. Yunnan, Guizhou, Guangdong,
Hunan, Guangxi, Jiangxi and other provinces and cities
through which the Pearl River system flows, have more
governance villages and towns, but there are few villages
and towns in the upper reaches of Lancang River, Nujiang
River, Songhua River and other rivers. Villages and towns
are only scarcely distributed in Tarim River and Yarlung
Zangbo River. This analysis shows that the governance of
villages and towns is closely related to the river systems,
which is the main reason that affects their distribution, but

the upstream portions of the water systems are at higher
altitudes, thereby leading to the sparse distribution of gov-
ernance villages and towns in the upstream areas.
3.5.2 Human and geographical factors

(1) Relationship with social economy. Economic factors
are an important measure of the development of a region.
The tertiary industry, as the fastest-growing industry in the
industrial structure of China, has increased employment
opportunities, enriched people’s lives and played a positive
role in the economies of the cities (Lei, 2021). Income is the
embodiment of people’s quality of life, so gross national
product, added value of tertiary industry and population
income were selected as the indicators for this study. Statis-
tics on the gross national product (GDP) of 341 prefec-
ture-level cities (states) in 34 provinces (cities) in China in
2021, and the number of villages and towns governed by
these 341 prefecture-level cities (states) were compiled.
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Through the correlation analysis of SPSS22.0, the Pearson
coefficients of the GDP of all villages and towns, the first
batch of villages and towns, and the second batch of villages
and towns and cities (states) in China are 0.596, 0.548, and
0.134, respectively; and the P values are less than 0.05. The
Pearson coefficients of the added value of the tertiary indus-
try in all the villages and towns in China, the first batch of
villages and towns, the second batch of villages and towns,
and all prefecture-level cities (states) are 0.135, 0.164, and

0.089, respectively, with P values of 0.013, 0.002, and 0.099.

The Pearson coefficients of population income of all villag-
es and towns in China, the first batch of villages and towns,
the second batch of villages and towns and cities (states) are
0.235, 0.235, and 0.208, respectively, and the P values are
all 0 (i.e., less than 0.05), indicating that there is a correla-
tion between them. Among these economic factors, the
gross national product (GNP) has a significant impact on the
spatial distribution of all the villages and towns to be gov-
erned and the first batch of villages and towns to be gov-
erned, but it has little impact on the second batch of villages
and towns to be governed. Overall, the degree of influence
of the three indicators above follows the order of gross na-
tional product > population income > added value of the
tertiary industry. Since the reform and opening up, the
economy of China has developed rapidly, and China now
has the second largest economy worldwide, making the
country more prosperous and powerful. The education,
medical care, transportation and infrastructure have been
improved in every city; the catering, accommodation, fi-
nance, entertainment and other industries have continued to
grow rapidly; and people's living standards have improved
significantly. Similarly, the emergence and development of
rural governance cannot be separated from the leading role
of the economy. The increase in gross national product
makes it possible for the government to provide more finan-
cial investments to village and town governance, and offers
a more direct and effective means of village and town gov-

ernance from the top-level system design of the government.

With the increases in the added value of the tertiary industry
and the income of the population, micro-individuals are
more willing to participate in the relevant work of villages
and towns, thus providing the enthusiasm and innovation of
society and inspiring individuals to get involved in village
governance.

(2) Relationship with population distribution. Statistics
on the populations of 341 prefecture-level cities (states) in
34 provinces (cities) in China in 2021 and the number of
villages and towns governed by these 341 prefecture-level
cities (states) were compiled, and a correlation analysis was
carried out by SPSS22. The Pearson’s coefficients of the
populations of all villages and towns in China, the first
batch of villages and towns and the second batch of villages
and towns, and those of prefecture-level cities (states) are
0.169, 0.189, and 0.132, respectively. The P values are

0.002, 0, and 0.015, respectively, which are all less than
0.05, reflecting the low correlation between the degree of
population concentration and the spatial distribution of vil-
lages and towns. Thus, the population is not a factor that
affects the distribution of villages and towns. The estab-
lishment of village and town governance is an overall sur-
vey of the strong leadership of the party organizations in
those villages and towns, the moral standards of villager
behavior, the development of the villages and towns, and the
stability of rural society. The fact that a village or township
can meet the national standards and be selected as a gov-
ernance village is closely related to the population quality of
the village or town, and indicates the high-quality talents
and good human resource advantages of the region. The
villages and towns are thus well managed by the
high-quality managers and laborers, so that the industries in
those villages and towns are promoted and developed, the
living environment is improved, and the economic benefits
are improved. In short, the quality of the population, i.e., the
quality of workers, is more important than the number of
people, suggesting that it is necessary to improve the popu-
lation quality in order to cultivate and create more govern-
ance villages and towns in some areas that now have fewer
of them.

(3) Relationship with traffic conditions. Human produc-
tion and life cannot be separated from traffic. The overlap-
ping analysis of national highways and villages and towns
(Fig. 8) shows that villages and towns are closely related to
highways, and are mainly distributed near highways. The
buffer analysis tool of ArcGIS 10.7 software was then used
to analyze the buffer zones of 10 km, 15 km and 20 km
around the national highways and railways. By counting the
number of villages and towns in the buffer zone, the propor-
tion was calculated, and the relationship between the distri-
bution of villages and towns and traffic conditions was ana-
lyzed (Tables 7 and 8). The results show that traffic condi-
tions affect the spatial distribution of governance villages
and towns. There are more governance villages and towns
closer to traffic, and fewer governance villages and towns
farther away from traffic, indicating that traffic conditions
are an important factor affecting the distribution of villages
and towns.

Transportation infrastructure is the material basis of eco-
nomic and social development, and the basic condition for
allowing all kinds of transportation tools to operate and re-
alize transportation organization activities. It has a decisive
influence on the flow of traffic production factors and the
development of urban systems. The establishment and im-
provement of the transportation system is conducive to the
development of the city, the promotion of cultural exchang-
es, the common prosperity of society and the realization of
the strategic goal of rural revitalization. In summary, without
a good and efficient traffic system and convenient traffic condi-
tions, the urban economy cannot be well developed
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Table 7 Analysis and proportions of the highway buffer zones

Table 8 Analysis and proportions of railway buffer zones

Buffer zone 10 km buffer 15 krp buffer 20 krp buffer Buffer zone 10 krp buffer 15 krp buffer 20 kI:Il buffer
ratio (%) ratio (%) ratio (%) ratio (%) ratio (%) ratio (%)
First batch (1097) 24.43 34.18 41.83 First batch (1097) 42.48 54.51 67.09
Second batch (1092) 23.90 33.79 40.84 Second batch (1092) 41.94 54.76 65.02
All (2189) 24.76 34.63 41.66 All (2189) 41.25 55.46 66.28

Note: The buffer analysis tool of ArcGIS 10.7 software was used to analyze
the buffer zones of 10 km, 15 km and 20 km around the national highways.
By counting the number of villages and towns in a buffer zone, the propor-
tion was calculated, and the relationship between the distribution of villag-
es and towns and traffic conditions was analyzed.

(a) First batch (b) Second batch

®  Villages (towns) ! . ® Villages (towns)

—— National expressway

National expressway

Note: The buffer analysis tool of ArcGIS 10.7 software was used to analyze
the buffer zones of 10 km, 15 km and 20 km around the national railway
system. By counting the number of villages and towns in each buffer zone,
the proportion was calculated, and the relationship between the distribution
of villages and towns and railway conditions was analyzed.

(c) All

r ! @ Villages (towns) ' g

—— National expressway

Fig. 8 Relationship between the distribution of governance villages (towns) and high speed transportation systems

and the people's living standard cannot be improved. Therefore,
it is necessary to improve the construction of the infrastructure
in the western region, the Qinghai-Tibet region, such as an ex-
pressway network and trunk lines of public railways, and pro-
mote the high-quality development of transportation.

(4) Relationship with national culture. Culture injects
spiritual energy into the governance of villages and towns,
and profound cultural details provide the possibility for the
creation of the governance of villages and towns. The above
kernel density analysis chart, hot spot analysis chart and
relevant statistical tables show that the cultural areas such as
Yanzhao, Wuyue, Central Plains, Qilu, Jingchu, Hakka cul-
ture, Yunnan, Guizhou and other places where human activ-
ities are frequent, and the economy and culture are devel-
oped, are areas which also feature densely-distributed vil-
lages and towns. Culture is the embodiment of the cultural
environment, history and cultures of different regions, and it
has obvious local characteristics. It is easier for a region
with a strong cultural atmosphere to establish a national
identity and strengthen national cohesion. The unique na-
tional culture of each region can more easily form a typical
village with a certain scale, and there is a special govern-
ance system, which is conducive to the selection and culti-
vation of governance villages and towns.

4 Discussion and conclusions
4.1 Discussion

Based on our analysis of the spatial distribution pattern and
related problems of villages and towns in China, steps in the
developmental path of villages and towns are put forward

here to provide some theoretical guidance for their better
development.

(1) To enhance cultural self-confidence, actively explore
regional cultural resources, and attach importance to cultural
protection and inheritance. This study shows that there are
more cultural areas in Yanzhao, Wuyue, Central Plains, Qilu,
Jingchu, Hakka culture, Yunnan, Guizhou and other places
with frequent human activities and developed economy and
culture to govern the villages and towns. Chinese culture
has a long history. In managing villages and towns, attention
should be paid to the cultivation of characteristic rural cul-
ture, protecting national culture, keeping good folk customs,
giving full play to the unique advantages of rural culture,
and building villages and towns into a beautiful homeland
with a clear cultural context, profound historical memory,
rich ethnic customs and distinctive regional characteristics,
in order to promote the revitalization of rural culture in the
new era (Liu et al., 2019).

(2) To pay attention to the construction of rural talents,
strengthen the support of rural revitalization talents, and
increase the total amount of talents for managing villages
and towns. The southeastern coastal areas of China are eco-
nomically developed and gather talented people, while the
northwestern frontier areas are sparsely staffed, so there are
obvious differences in talent distribution between east and
west (Liu and Hu, 2019). According to the above analysis,
governance villages and towns are concentrated in the
southeastern coastal areas of China and economically de-
veloped inland provinces and cities, but sparsely distributed
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in the northwestern and Qinghai-Tibet areas, which is basi-
cally consistent with the talent distribution pattern in China.
The excessive concentration of talents in developed areas of
China, as well as the shortage of talents in underdeveloped
areas, has become the distribution trend of talents in China.
Rural governance needs a strong team of talents who are not
only equipped with solid professional theoretical knowledge
but also good psychological qualities and rich experience
(Peng, 2022). Therefore, one suggestion is to raise the sala-
ries of posts in villages and towns in underdeveloped areas,
and appropriately introduce talents into the villages and
towns, in order to further promote the development of tal-
ents in the villages and towns, improve the talent revitaliza-
tion system, and boost the revitalization of rural talents.

(3) To strengthen regional cooperation, narrow regional
differences and promote regional sustainable development.
According to the research results, the distribution of gov-
ernance villages and towns is less dense in the southwestern
region with limited economic development, while the
coastal cities and Beijing-Tianjin-Hebei region with better
economic development are the core hotspots, presenting
obvious differences in distribution. With the continuous
deepening of economic globalization and the gradual trans-
formation of the domestic economy into a high-quality de-
velopment stage, the regional spatial pattern and structure of
the economic development of China are also undergoing
profound changes, and the development mode of “sin-
gle-handedness” in an individual city is unsustainable
(Zhang and Hong, 2022). Therefore, for the sake of the
overall development pattern of the country, all regions
should strengthen their exchanges and cooperation, com-
plement each other’s advantages, achieve mutual benefits
and win-win scenarios, and strengthen radiation to drive
benefit, while the developed regions should help drive the
underdeveloped regions to enhance the overall economic
strength of the entire region.

(4) To implement the system guarantee, establish a
long-term tracking management mechanism, and strengthen
the assessment and supervision of the governance villages
and towns. To manage villages and towns, one piece of ad-
vice is not only to pursue an increase in their quantity, but
also to pay attention to the improvement of their quality.
The establishment and selection of villages and towns
should be strictly implemented according to national stand-
ards, and at the same time, the scientifically valid and rea-
sonable evaluation index system should be improved. For
villages and towns governed by selection, the government
should strengthen their construction quality, and should not
neglect their management and allow their development. A
comprehensive and long-term assessment and supervision
system should be established, the infrastructure and eco-
nomic development of villages and towns governed by se-
lection should be regularly inspected, and measures for im-

provement should be put forward according to the actual
situation. One additional requirement is to criticize villages
and towns governed by failure during the assessment, and
order them to make corrections.

4.2 Conclusions

The spatial distribution pattern and influencing factors of
villages and towns governed by the state are studied and
explored herein. This analysis led to three basic conclusions.

(1) Governance villages and towns are mainly distributed
in the southeast of China, but less so in the north and west.
From the perspective of north-south distribution, the distri-
bution of governance villages and towns is characterized by
more in the south and less in the north, with the least dense
distribution in the northwest and Qinghai-Tibet regions.
From the perspective of the three major economies, the
eastern part is the largest, followed by the central part, and
the western part is the least. Judging from the seven geo-
graphical divisions, governance villages and towns are most
densely distributed in East China, accounting for the highest
proportion, followed by North China, Central China and
Southwest China. The distribution densities in Northeast
China, South China and Northwest China are the lowest.
The analysis of the kernel density of villages and towns
shows a number of kernel centers in space, and the distribu-
tion pattern of sub-centers shows a zonal distribution
formed by the decreasing and spreading of the kernel cen-
ters around the center. Moreover, the distribution density of
governance villages and towns is gradually increasing from
west to east.

(2) Governance villages and towns are mainly distributed
in hot spots, i.e., more in the south and southeast of China,
but less in the north and northeast of China. This pattern
presents the spatial correlation of governance villages and
towns, with obvious spatial differences between hot spots
and cold spots, prominent polarization, and obvious “clus-
ter” and “ribbon” distribution characteristics as a whole. The
analysis of grid dimensions shows that the village and town
system has an obvious scale-free area, a complex fractal
structure and obvious fractal characteristics.

(3) The spatial distribution of governance villages and
towns is mainly influenced by terrain, elevation, rivers,
economy, traffic conditions, national culture and other fac-
tors. The gentle terrain, developed economy and convenient
transportation provide good natural and geographical condi-
tions and superior humanistic conditions for the cultivation
and development of villages and towns, while the river sys-
tems provide the power source for the maintenance and
management of the villages and towns. The regions with
profound national cultural heritage provide the direction for
the country to choose and manage villages and towns, and the
gathering of talent in coastal areas provides the necessary
talent support for the management of villages and towns.
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