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Abstract: Analyzing the landscape pattern of rural settlements is an important way to reveal the relationships be-
tween landscape change and human activities. Based on Landsat TM/ETM/OLI satellite remote sensing images as
data sources and Hejiang River Basin as the research area, this paper expounds the information on the spatial
distribution of rural settlements at four time points in 1990, 2000, 2010 and 2020. Using the methods of landscape
pattern analysis, GIS spatial analysis and spatial statistics, this paper analyzes the spatial characteristics of the
rural settlements, such as scale, distribution and shape, and then discusses the influences of terrain, rivers, location
and policy factors on the spatial characteristics of the rural settlements. The results show that with the advance of
time, the number of rural settlement patches in Hejiang River Basin is decreasing, the patch area and average
patch area are increasing, the patch density is decreasing, and the settlement pattern tends toward cluster devel-
opment. In addition, the shapes of settlement patches tend to be complicated and irregular, so it is necessary to
strengthen planning and guidance in order to promote the regular layout of the settlements. The overall distribution
of settlements is dense in the Northwest and Southeast, but sparse in the Middle and West, with a high density in
the plains and a low density in hills and mountains. This study found that the terrain, river and location factors have
significant influences on the spatial pattern of settlements.
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1 Introduction

Settlements are various forms of living places built by hu-
man beings for production and living, which can be divided
into urban settlements and rural settlements. From the per-
spective of geography, rural settlements are the products of
the development of agricultural society at a certain stage.
They refer to the gathering places of the population that is
living in rural areas and mainly engaged in agricultural pro-
duction, and include two geographical types, villages and
towns. Research on rural settlements has long been the core
content of rural geography, and it is also one of the im-
portant fields of the regional system of man-land relationships
(Wu, 1991). The discussion on rural settlements represents
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the implementation of the “rural revitalization strategy”
proposed at the 19th National Congress of the Communist
Party of China. In recent years, with the acceleration of
China’s urbanization process and the continuous advance-
ment of the construction of the new countryside, the social
and economic forms of the vast rural areas have undergone
drastic changes and transformation. Space is the carrier of
social and economic development and an important compo-
nent of rural space. Analyzing the landscape pattern of rural
settlements is an important way to reveal the relationships
between landscape change and human activities.

Since the 19th century, research on rural settlements in
the field of geography has gone through the stages of an
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embryonic start, preliminary development, expansion and
reform, and then entered the stage of transformation and
reconstruction at the end of the 20th century. It mainly pre-
sents the following two characteristics. First, the research
content has become increasingly diversified and involves a
wide range of elements; and second, the research method
has been transformed from spatial analysis into the social
and humanistic direction and multidisciplinary integrated
research (Li and Zhang, 2012). So far, the research contents
of domestic and foreign scholars have focused on rural set-
tlement types and forms (Beatrice, 1944; Marshall, 1966;
Han and Cai, 2011), rural settlement land use (Vesterby and
Krupa, 2002; Gan et al., 2004), rural settlement landscape
(Young, 1999; Xie et al., 2003; Ren et al., 2016), rural set-
tlement ecology (Liu et al., 2001; McKenzie et al., 2011),
and rural settlement reconstruction (Kiss, 2000; Long, 2013),
and related topics. The research methods include GIS spatial
analysis (Tian et al.,, 2002; McCauley and Goetz, 2004),
landscape pattern index analysis (Wu et al., 2013), linear
regression analysis (Li et al., 2008), cluster analysis (Ma,
2011) and principal component analysis (Wang et al., 2015).
The Hejiang River Basin has been of great significance
for the development of Chinese settlements and culture.
During nearly one thousand years from the Qin and Han
Dynasties to the early Tang Dynasty, the Hejiang River
connected Lingnan with the Central Plains and was the main
road of the “Maritime and Land Silk Road” in the south of
China. The economy and culture of the Central Plains
spread to Southeast Asia and other overseas countries
through the Hejiang River. Since the Han and Tang Dynas-
ties, there have always been several counties and coun-
ty-level offices along the Hejiang River, which has been a
typical area where the river and the ancient city depend on
each other. However, the current research on the Hejiang
River Basin is relatively simple in content, mainly focusing
on the three aspects of the protection of ancient cities (He,
2004), dialect culture (Liu, 2015) and research on the status
quo of soil and water conservation (Kong et al., 2019). The
research on rural settlements from the spatial perspective is
relatively weak. Therefore, taking Hejiang River Basin as an
example, this study first obtained the spatial distribution
information for the rural settlements in 1990, 2000, 2010
and 2020 based on Landsat TM/ETM/OLI satellite remote
sensing images of the region. Then the methods of land-
scape pattern analysis, GIS spatial analysis and spatial sta-
tistics were used to analyze the overall pattern of rural set-
tlements in the Hejiang River Basin from 1990 to 2020, and
to explore the impacts of topography, river, location and
policy factors on the spatial distribution of rural settlements,
so as to reveal the spatial characteristics and landscape evo-
Iution law of the rural settlements. This study provides a
reference for guiding rural landscape protection planning
and promoting the spatial layout optimization of the rural

settlements in the future.
2 Study area, data, and methods
2.1 The study area

Hejiang River, a tributary of the Xijiang River system in the
Pearl River Basin, originates in Fuchuan Yao Autonomous
County of Guangxi Zhuang Autonomous Region, flows
through 12 counties (districts) of Hunan, Guangxi and
Guangdong provinces, and joins the Xijiang River in
Fengkai County of Guangdong Province. The main stream
has a total length of 338 km and a basin area of 11600 km”.
It is located at 23°36'N-25°11'N and 111°16'E-112°19'E, as
shown in Fig. 1. The elevation is high in the northwest and
low in the southeast, with widely distributed mountains and
hills. Hejiang River Basin has a subtropical monsoon humid
climate, abundant sunlight, abundant rainfall, luxuriant for-
ests and developed agriculture. The ethnic minorities have a
large population, including the Yao, Zhuang, Miao and
Dong ethnic groups. In 2013, the population of the basin
was 1923 million, the cultivated area was 128000 ha, and
the GDP was 46.01 billion yuan. The proportions of primary,
secondary and tertiary industries were 25:45:30 (Kong et al.,
2019).

2.2 The data sources

The research period of this paper is 1990 to 2020, and the
research data mainly includes three components. 1) Rural
settlement patch data. Using Landsat TM/ETM/OLI remote
sensing images as the basic data, the rural settlement distri-
bution information was extracted using supervised classifi-
cation and classification accuracy evaluation after being
preprocessed in ENVI 5.1 by projection transformation,
geometric correction, data fusion and boundary trimming. In
order to ensure the accuracy of the data, the classified rural
settlement patches were compared with Google Earth
(https://earth.google.com) images to improve the patch in-
formation and finally generate the distribution map of rural
settlements in the Hejiang River Basin (Fig. 2). 2) Data of
the main rivers, traffic trunk roads and urban centers. By
scanning the paper maps over the years and correcting their
geographical registration in ArcGIS 10.2, vector elements
such as rivers, traffic arteries and urban government stations
were extracted. The main traffic routes that have a greater
impact on rural settlements in the Hejiang River Basin are
railways, expressways, national highways and provincial
highways. 3) DEM data, derived from the geoscience data
cloud (http://www.gscloud.cn), with a spatial resolution of
30 m, were used to obtain elevation and slope information
of the basin.

2.3 Research methods

2.3.1 Landscape pattern analysis
Landscape pattern analysis is one of the main methods used
to study the spatial characteristics of rural settlements. It has
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Fig. 2 Spatial distribution of rural settlements in Hejiang River Basin

been widely used because it can effectively explore the
structural characteristics and spatial configuration of the
rural landscape. According to the meaning of the landscape
pattern indexes and the actual situation of Hejiang River
Basin, this paper selected six indexes to describe the land-
scape pattern characteristics of rural settlements in Hejiang
River Basin. The descriptions of the indexes are shown in
Table 1.

In ArcGIS 10.2, the vector information of the rural set-
tlements in Hejiang River Basin was transformed into
ArcGird raster images by using data format Conversion
Tools, and then the various indexes were loaded in Fragstats
4.2 and the patterns were generated.

2.3.2 Kernel Density Estimation
In a macroscopic region, rural settlements can be regarded

as point-like elements, and the Kernel Density Estimation
method can be used to study the changes of rural settlement
clustering characteristics from 1990 to 2020. It is assumed
that geographical events can occur at any location in space,
but their incidence is high in point-dense areas and low in
point-sparse areas. This approach is called the Kernel Den-
sity Estimation method, which can simply reflect the proba-
bility of the occurrence of events in different areas in space
(Dehnad, 1987). The calculation formula is:

-3

i=1

where K (%) is a kernel function; # is the band-

width, and £>0; x—x; represents the distance from x
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Table 1 Descriptions of the landscape pattern indexes

Type Index name

Meaning Unit

NP, number of patches

Size characteristics CA, total class area

MPS, mean patch size

Distribution characteristics ~ PD, patch density

LSI, landscape shape index

Shape features PAFRAC, perimeter-area fractal

dimension

Represents the total number of rural settlement patches -

Represents the total area of a patch of rural settlements ha
Represents the average size of a rural settlement patch ha
Represents the number of rural settlement patches per unit area nkm™

Reflects the degree of irregularity and fragmentation of rural
settlement patches

Reflects the complexity of rural settlement patches -

to X;; and n is the number of rural settlements. The larger

f(x) is, the more concentrated the point elements and the

higher the probability of occurrence.

In order to further explore the spatial differentiation
characteristics of the number and area scale of rural settle-
ment patches in Hejiang River Basin, this paper used the
ArcGIS10.2 factor transition tool to extract the central
points of settlement patches in each period, and then used
the “Kernel Density” function to make patch density distri-
bution maps and patch size density distribution maps with 5
km bandwidths.

3 Results

3.1 Landscape pattern characteristics of rural
settlements
We used the landscape pattern analysis method to calculate

the landscape pattern index of rural settlements, and the
results are shown in Table 2.

Table 2 Landscape pattern index of rural settlements in
Hejiang River Basin

Index 1990 2000 2010 2020
NP 3066 3414 2778 2433

CA (ha) 6045.12 7354.80 9666.27 12021.21
MPS (ha) 1.97 2.15 3.48 4.94
PD (n km™) 50.85 46.42 28.74 20.24
LSI 71.39 89.98 73.61 73.10
PAFRAC 1.36 1.55 1.40 1.43

(1) Size characteristics: The NP and the MPS indexes can
both reflect the scale characteristics of rural settlements.
From 1990 to 2020, the number of rural settlements in
Hejiang River Basin increased at first and then decreased,
while both the patch area and average patch area continued
to expand. The number of plaques increased from 3066 in
1990 to 3414 in 2000 and then began to decrease, with a
decrease of 636 in 2010 and 345 in 2020. At the same time,
the patch area was continuously increasing, and its expan-
sion rate was only 130.97 ha yr' from 1990 to 2000 but
nearly doubled from 2000 to 2020, with increases of 231.15
ha yr' from 1990 to 2000 and 261.66 ha yr' from 2010 to

2020. The average patch area also increased from 1.97 ha in
1990 to 4.94 ha in 2020. With the advance of time, the area
and scale of rural settlements in Hejiang River Basin con-
tinued to expand, the number of patches showed a decreas-
ing trend, and the spatial layout of settlements developed
toward agglomeration.

(2) Distribution characteristics: The PD index can reflect
the spatial distribution density of settlement patches. The
larger PD is, the more fragmented the patches and the more
discrete the distribution. As shown in Table 2, the density of
rural settlements has been decreasing year by year in the
past 30 years, with values of 50.85 km™ in 1990, 46.42
km™ in 2000, 28.74 km™ in 2010 and 20.24 km™ in 2020.
Among them, the patch density decreased the fastest from
2000 to 2010, with a decrease of 17 patches per square kil-
ometer, which was the period of the fastest rural settlement
agglomeration rate. On the whole, from 1990 to 2020, the
fragmentation of rural settlements in the Hejiang River Ba-
sin decreased, the connectivity increased, and the distribu-
tion became more intensive.

(3) Shape features: The LSI and PAFRAC indexes can
both reflect the complexity of patch shapes of the rural set-
tlements. The larger the value is, the more complex and ir-
regular the shapes of rural settlements tend to be. As can be
seen from the index changes, LSI and PAFRAC generally
increased at first and then decreased, indicating that the
complexity of rural settlement patches increased at first and
then decreased. In addition, the zigzag degree of the border
became smaller and the shape became more regular, but the
value was still higher than that in 1990. In 2000, LSI and
PAFRAC had the highest values, which were 89.98 and 1.55,
respectively, indicating the highest patch complexity of rural
settlements in 2000. From 2000 to 2020, the LSI and
PAFRAC of the settlement patches decreased, and the shape
developed to the rule. However, PAFRAC was still on the
rise from 2010 to 2020. Therefore, planning and guidance
should be strengthened to promote the regularity of the set-
tlement layout.

3.2 Evolution of rural settlement layout based on
Kernel Density

Based on the patch density distribution map and patch size
density distribution map made based on ArcGIS 10.2, the
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distribution of rural settlements in Hejiang River Basin is
obviously variable within the region. The overall layout
features are dense in the northwest and southeast, sparse in
the middle and west, high density in the plain and low den-
sity in the hilly region. The areas centered on Fuchuan Yao
Autonomous County, Zhongshan County and Hezhou City
are high density areas with clustered distributions. In addi-
tion, there are several hot spots of patch distribution at the
junction of Cangwu County, Babu District and Fengkai

County. However, in Lianshan Zhuang Yao Autonomous
County, Liannan Yao Autonomous County, Cangwu County,
the southern part of Babu District and the central part of
Pinggui District, due to the high altitude and steep slope, the
rural settlements are scattered and have been in a state of
low density for a long time. By comparing Fig. 3 and Fig. 4,
it can be seen that the area density of patches is also high in
the area where the number of patches is distributed with a
high density.

Fig. 3
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Fig. 4 Patch size density distribution of rural settlements in Hejiang River Basin

3.3 Analysis of the factors influencing the spatial
distribution of rural settlements in Hejiang
River Basin

3.3.1 Terrain factors

Terrain not only provides space for the existence and de-
velopment of settlements, but also restricts the expansion of
settlements. In this paper, elevation and slope were selected
to study the influence of topographic factors on the spatial
evolution of rural settlements.

(1) Elevation factor: The terrain of Hejiang River Basin
is high in the northwest and low in the southeast. There are
more mountainous areas and hills in the basin, but less
plains. The areas of mountainous areas and hills account for
53% and 28%, respectively, while the area of plains is only
19%. In order to explore the relationship between the spatial
distribution of rural settlements and the elevation, the eleva-
tion was divided into five groups of <100 m, 100-200 m,

200-300 m, 300-400 m and >400 m. By superposition
analysis with the spatial distribution of rural settlements in
1990, 2000, 2010 and 2020, the NP and CA in different ele-
vation ranges were counted. As shown in Table 3, rural set-
tlements in the Hejiang River Basin are mainly concentrated
in the area at elevation < 200 m, and the settlement areas in
the four time points account for 66.21%, 70.20%, 73.78%,
and 71.68%, respectively. Among the elevation groups, rural
settlements in the areas with an elevation of 100-200 m are
the most widely distributed. The number and area of patches
in the areas with an altitude of 200 m or more decreased
with the elevation. In general, the areas of rural settlements
at all elevations show upward trends, especially in the areas
of elevation <100 m and 100-200 m, which have more than
doubled in the past 30 years. Therefore, the rural settlements
in Hejiang River Basin have been mainly expanding into the
gentle terrain areas, and the number of settlements decreases
significantly with the rise in the elevation.
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Table 3 Distribution characteristics of rural settlements at different elevations in Hejiang River Basin

Elevation
Year <100 m 100-200 m 200-300 m 300-400 m >400 m
CA (ha) NP CA (ha) NP CA (ha) NP CA (ha) NP CA (ha) NP
1990 1324.80 829 2677.58 1248 133691 600 629.85 328 75.98 61
2000 1518.76 834 3644.14 1449 1471.87 702 649.20 370 71.03 59
2010 2578.64 826 4553.01 1053 1749.01 503 613.81 300 171.80 96
2020 3052.95 629 5564.34 1075 2287.59 430 865.14 234 251.19 65

(2) Slope factor: According to the slope characteristics of
Hejiang River Basin, and in combination with the slope
grade regulations of the Geomorphological Survey and
Geomorphological Cartography Committee of the Interna-
tional Geographical Society on the application of detailed
geomorphological maps, the slope of Hejiang River Basin
was divided into five grades: 0°-0.5° (plain), 0.5°-2° (mi-
croslope), 2°-5° (gentle slope), 5°—15° (slope) and 15°-35°
(steep slope), and overlayed with the settlement distribution
layer. As can be seen from Table 4, the spatial distribution
pattern of rural settlements is closely related to slope. With-
in the range of 0°-0.5° slope, the rural settlements have the
largest number and the widest distribution area. From 1990
to 2020, the number of rural settlements first increased and
then decreased, while the proportion of this patch remained

almost unchanged, decreasing only slightly from 45.86% in
1990 to 44.64% in 2020. However, the patch area continued
to increase, with the proportion rising from 44.66% in 1990
to 49.92% in 2020, indicating that the rural settlements in
this area have been expanding. In addition, the number and
area of settlements in the slope ranges of 0.5°-2° and
2°-5° also have large proportions in the basin. In 2020, the
area of settlements in the slope range was 5304.73 ha, ac-
counting for 44.13% of the total area of settlements. The
settlement area of within the range of 15°-35° was the
smallest at less than 150 ha, and the distribution of settle-
ments is significantly affected by the slope.

3.3.2 River factors

The river not only provides abundant water resources for the
formation and development of rural settlements, but it also

Table 4 Distribution characteristics of rural settiements in different slope ranges in Hejiang River Basin

Slope
Year 0°-0.5° 0.5°-2° 20-5° 50-15° 15°-35°
CA (ha) NP CA (ha) NP CA (ha) NP CA (ha) NP CA (ha) NP
1990 2699.51 1406 1128.83 485 1445.41 677 700.42 439 70.95 59
2000 3433.36 1531 1531.94 591 1353.37 736 936.94 484 99.19 72
2010 4434.67 1208 1844.31 413 2247.40 652 1027.21 420 112.68 85
2020 6001.43 1086 2572.48 432 2732.25 573 659.99 299 55.06 43

serves as an important traffic corridor. There are Hejiang
River, Dong’an River, Daning River, Lisong River and
other branches in the Hejiang River Basin. During the Re-
public of China period, materials were mainly transported
by these rivers. Waterway transportation was relatively
developed, and numerous settlements formed on the banks
of the river. Based on a buffer analysis of the main rivers
in the basin at 1 km intervals, they were overlaid with the
distribution layer of rural settlements to explore the influ-
ence of rivers on the spatial distribution of rural settle-
ments. As shown in Table 5, rural settlements are concen-
trated within 1 km of the main rivers. The farther the dis-
tance from the main rivers, the fewer the number and
smaller the area of patches of settlements. In general, the

areas of rural settlements in each buffer area increased from
1990 to 2020, while the numbers of patches mostly in-
creased to 2000 and then began to decline, which was basi-
cally consistent with the change of rural settlements in the
whole Hejiang River Basin.
3.3.3 Geographical factors
With the development of economy and society, the scale and
layout of rural settlements are deeply affected by the loca-
tion conditions. This paper selected traffic factors, urban
factors and industrial park factors to study the influences of
location conditions on the spatial evolution of rural settle-
ments.

(1) Traffic factors: Traffic conditions influence the spatial
layout and evolution of rural settlements by changing the
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Table 5 Distribution characteristics of rural settlements in different areas of influence of the rivers

Distance from main river

Year <1 km 1-2 km 2-3 km 34 km >4 km

CA (ha) NP CA (ha) NP CA (ha) NP CA (ha) NP CA (ha) NP
1990 2009.16 908 887.3 516 756.52 373 683.83 326 1708.31 943
2000 2360.74 963 1264.17 597 973.89 434 752.79 406 2003.21 1014
2010 3063.98 818 1859.39 539 1404.12 349 938.69 267 2400.09 805
2020 4245.76 845 2198.11 448 1442.41 302 1349.38 279 2785.55 559

location of rural settlements. In recent years, the Luoyang-
Zhanjiang Railway, the Guilin-Wuzhou Expressway, the
Guangzhou-Hezhou Expressway, and the Guiyang-Guangzhou
High-speed Railway have been put into operation one after
another, which has improved the transportation conditions
of many settlements and enhanced their geographical ad-
vantages. Taking the interval of 1 km as the analysis radius,
the buffer zones of railway, expressway, national road and
provincial road in Hejiang River Basin were determined,
and then overlaid with the rural settlements to study the dis-
tributions of settlements in the different road buffer zones.

As shown in Table 6, with the increase in the distance from
the main road, both the number and area of rural settlement
patches showed decreasing trends. In 1990, 2000, 2010 and
2020, the proportions of rural settlements in patch areas
were 18.43%, 28.11%, 35.31% and 46.30%, respectively. At
the same time, the proportions of the number of rural set-
tlements in the four time points were 19.54%, 25.45%,
31.68%, and 39.83%, which indicates that the rural settle-
ments in this area have been continuously expanding and
developing toward agglomeration, and it is the best location
for the layout of rural settlements.

Table 6 Distribution characteristics of rural settlements in the areas affected by different road buffers

Distance from main road

Year <1 km 1-2km 2-3km 3-4km >4 km

CA (ha) NP CA (ha) NP CA (ha) NP CA (ha) NP CA (ha) NP
1990 1114.26 599 693.41 361 492.13 260 35451 175 3390.80 1671
2000 2067.39 869 1331.58 516 736.90 322 499.65 258 2719.28 1449
2010 3413.46 880 1656.89 486 800.66 263 699.45 262 3095.82 887
2020 5565.26 969 1934.25 428 796.75 118 592.38 121 3132.57 797

(2) Urban centers’ factors: The urban center has good
traffic conditions and service facilities, and its radiation can
promote the development of the surrounding areas, so the
rural settlements tend to gather in the township centers. The
residences of each county and township government were
regarded as the town centers, and a multi-ring buffer zone of
the town center was established with a radius of 2 km. Table
7 shows that there is a close spatial relationship between
rural settlements and towns in the Hejiang River Basin, and
they are mainly distributed within 6 km of the urban center,
which is reflected by the small number of patches, large
patch size and rapid change of rural settlements. In the area
more than 6 km away from the urban center, the patch quan-
tity and patch size were lower, and the change was slow.
Among the buffer zones, the number and area of rural set-
tlements distributed within 2—4 km of the urban center are
the largest, and the change is the most obvious. In the past
30 years, the number of patches has decreased by 295, but
the area has increased by 2190.53 ha, and the settlements in
this region have become more densely distributed.

(3) Industrial factors: By virtue of the scale effect of pro-
duction space, industrial parks obtain huge economic benefits,
play important roles in attracting population aggregation,
solving employment problems and promoting regional eco-
nomic growth, and can directly change the spatial layout of
rural settlements. In the 1990s, Hejiang River Basin built a
batch of industrial parks, including the Wanggao industrial
park, Dongrong industrial park, Huarun industrial demonstra-
tion zone of circular economy, Zhongshan industrial park and
others as autonomous region level industrial parks, in addition
to the autonomous region class A industrial park of Hezhou
electronic science and technology of ecological industrial
park and the class B industrial park of the Fuchuan industrial
clusters. Industrial parks effectively promote the aggregation
of major local industrial enterprises, and their total output
value accounts for a significant proportion of the total industri-
al output value of the region. Multi-ring buffers were created at
1 km intervals and superimposed with the rural settlements at
each time point to study the influence of industrial parks on
the evolution of settlements. As shown in Table 8, with the
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Table 7 Distribution characteristics of rural settlements in different areas of influence of urban centers

Distance from urban center

Year <2 km 2-4 km 4-6 km 6-8 km >8 km

CA (ha) NP CA (ha) NP CA (ha) NP CA (ha) NP CA (ha) NP
1990 1737.16 724 2138.01 1136 1329.65 728 626.48 354 213.81 124
2000 1941.14 720 2785.86 1257 1672.77 837 672.82 405 282.21 195
2010 2510.88 670 3826.48 997 2161.37 632 792.41 276 375.13 203
2020 3250.35 505 4328.54 841 2870.42 614 1016.39 262 555.49 211

Table 8 Distribution characteristics of rural settlements in the different influence area buffers of industrial parks
Distance from industrial park

Year <1 km 1-2 km 2-3 km 34 km >4 km

CA (ha) NP CA (ha) NP CA (ha) NP CA (ha) NP CA (ha) NP
2000 3.00 4 27.28 16 17.67 11 55.27 15 7251.58 3368
2010 80.60 19 238.35 45 307.42 65 723.76 100 8316.14 2549
2020 135.86 14 426.21 38 421.59 64 867.01 98 10170.54 2219

increase in the distance from the industrial park, the number
and area of rural settlements showed upward trends. Com-
pared with traffic factors and urban factors, the construction
of industrial parks has little influence on rural settlements in
the Hejiang River Basin. Within the range of 4 km from the
industrial park, the number of patches and the size of set-
tlements are small, and the development and construction of
industrial parks and rural construction do not effectively
form a benign interactive development mode.

3.3.4 Policy factors

The regulatory behavior of the government guides the spa-
tial development of rural settlements, which can change the
layout of settlements in a short time, and show sudden
characteristics. For example, Hezhou is an important city in
the Hejiang River Basin that has completed the renovation
of 122000 rural dilapidated houses by 2020 after it was in-
cluded in the national pilot scope of dilapidated house ren-
ovation in 2009. The increase of residential land has pro-
moted the rapid expansion of rural settlements. During the
“13th Five-Year Plan” period, a total of 12000 households in
Hezhou took advantage of the policy of relocation for pov-
erty alleviation from inhospitable areas. In addition, 61620
poor households were relocated to 25 centralized resettle-
ment sites, where the large-scale construction of basic sup-
porting facilities and public service facilities such as water-
ways, power grids, public sports and sports, as well as em-
ployment, entrepreneurship and poverty alleviation work-
shops were carried out, and the original house sites were
reclaimed. During the 12th Five-Year Plan period, Hezhou
completed 163 large-and medium-sized reservoir resettle-
ment new village construction projects, with more than
4200 households resettling from the benefited reservoir are-
as with a population of more than 20000. A number of new

village demonstration sites, including Shangchengtou Mi-
grant Village in Fuchuan County and Southwest Migrant
Village in Babu District, have had a profound impact on the
evolution of the spatial pattern of rural settlements.

4 Discussion

This paper analyzed the overall pattern and spatial differen-
tiation characteristics of rural settlements in the Hejiang
River Basin from 1990 to 2020, and the influences of topo-
graphic factors, river factors, location factors and policy
factors on the spatial distribution of rural settlements were
discussed. The main conclusions focus on five aspects of the
rural settlements. 1) In terms of the scale, the number of
patches of rural settlements in Hejiang River Basin in-
creased at first and then decreased, while the patch area and
average patch area increased continuously, indicating that
the spatial distribution of rural settlements tended to become
more concentrated. 2) In terms of distribution, the patch
density of rural settlements decreased year by year, the de-
gree of fragmentation decreased, the connectivity increased,
and the distribution became denser. 3) In terms of shape, the
complexity of rural settlement patches increased at first and
then decreased, the boundary tortuosity decreased and the
shape became more regular, but the index remained at a
high value. Therefore, planning and guidance should be
strengthened to promote the regularity of settlement layout
in the future. 4) There were obvious regional differences in
the distribution of settlements, which were denser in the
northwest and southeast, sparser in the middle and west,
higher density in the plains and hills, and lower density in
the mountains. The area density of patches was also high in
the high-density region. 5) Terrain factors, river factors and
location factors all have significant effects on the spatial
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pattern of settlements. Among them, terrain affects the for-
mation and expansion of rural settlements. The settlements
are mainly concentrated in the plain areas with an elevation
less than or equal to 200 m and a slope range of 0°-0.5°.
With the rise in altitude and the increase in slope, the num-
ber of settlements decreases significantly. The Hejiang Riv-
er Basin has well-developed waterway transportation, and
many rural settlements have formed along the river banks,
which are concentrated within 1 km of the main rivers. Un-
der the influence of the radiation of the traffic and adminis-
trative centers, rural settlements in the regions up to 1 km
away from the main roads and 6 km away from the urban
centers expand rapidly, but the development and construc-
tion of industrial parks and rural construction have failed to
form a benign interactive development mode. The govern-
ment has organized and implemented the relocation of
households from inhospitable areas, the renovation of di-
lapidated houses, the construction of new villages for reser-
voir migrants and other works, which have had a profound
impact on the evolution of the spatial pattern of rural set-
tlements.

5 Conclusions

The village is a more complete slice of people’s social life,
S0 paying attention to the evolution of the rural settlement
space can provide a better understanding of the development
of the area (Fei, 1991). Hejiang River Basin, as a minority
area and a poverty-stricken area, has a weak economic
foundation and is relatively underdeveloped in South China.
At present, many rural settlements are still expanding to
places with poor terrain and location conditions. In addition,
under the influence and drive of the rapid urbanization and
industrialization of metropolitan areas, the evolution of rural
settlements to a high-level is an inevitable trend. In the pro-
cess of that evolution, the ecology and traditional settlement
patterns of rural settlements will inevitably have contradic-
tions and conflicts with economic development (Zhu et al.,
2017). In future development, attention should be paid to
scientifically guiding the population to the key towns, spe-
cialized towns and other areas with good production condi-
tions, integrating the layout of scattered villages with frag-
mented landscapes, and promoting the intensive, efficient
and green ecological development of urban and rural areas,
so as to achieve regional sustainable development.
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