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Abstract: Scientific analysis of the spatial features and driving factors of homestead agglomeration in
different landform types of mountainous and hilly areas in Southwest China is of great significance
for the optimization of national spatial patterns and high-quality rural development. This paper
selects 22 villages in 3 towns with different landform types in Chongqing and examines the spatial
features and driving factors of homestead agglomeration in different landform types from the per-
spectives of terrain gradient, kernel density estimation, farmer household agglomeration status, and
landscape index. We analyzed the agglomeration spatial features of different landform types and
explored their driving factors and mechanisms. It was found that (1) the distribution of homesteads in
mountainous and hilly areas has obvious terrain gradient characteristics, and the layout of platform
area homesteads is not constrained by terrain conditions. (2) Chongqing homesteads show a spatially
dispersed pattern, but the degree of homestead spatial agglomeration varies significantly among
different landform types, with those in mountainous and hilly areas being mainly dispersed and
those in platform areas being mainly clustered. (3) Homestead spatial agglomeration is characterized
by a combination of factors inside and outside the rural system and farmers’ willingness. There are
differences in the driving factors of homestead agglomeration in different landform types. Homestead
agglomeration in mountainous and hilly areas is mainly driven externally, while homestead agglom-
eration in platform areas is mainly driven internally. In both situations, farmers’ willingness must be
fully considered. The results of this study can provide a scientific basis for the spatial planning and
optimal allocation of land resources in the southwestern hilly area.

Keywords: GIS spatial analysis; geographic detector; the terrain gradient; kernel density; driving factor

1. Introduction

Homesteads are the main settlement form of the rural population [1]. Their spatial
layout and optimization are an important part of rural reconstruction [2] and is also a key
topic in academia [3,4]. China has entered a critical period of socioeconomic transformation
and development. Economic reconstruction, social relationship changes, urban-rural inte-
gration, and land system reform are continuously impacting the traditional human-land
relationship system in the countryside. Homestead spatial reconstruction is an important
way to optimize the spatial pattern of the countryside and improve its spatial governance.
In recent years, China has implemented abundant practices for homestead spatial recon-
struction, such as “relocating and merging villages” [5], “increasing and decreasing at the
same time” [6], “merging villages together” [7], “separation of powers in homestead” [8,9],
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and so on. However, most of these practices focus on adjusting the physical space pattern to
achieve “spatial replacement”. Researchers from various countries have studied the various
aspects of the homestead from the point of view of farmers as the subject of homestead
use, which has been permeated by a range of non-farm activities and therefore has led to
the disappearance of villages due to the relocation of more farmers [10], in addition to the
phenomenon of the urban population moving to the countryside, this phenomenon has
influenced the spatial changes in the use of the rural homestead [11]. Researchers have
also studied homestead use in terms of building color, internal structure, and external
space [12,13]. In addition, it has been pointed out that livelihood capital and socio-economic
transformation have a strong interactive effect on rural living space [14], and that living
space is different from the living environment and should contain social as well as cultural
values that are based on the results of social and cultural roles, so scholars have also focused
on the neighbors of farm households [15], livability of the elderly [16], mobility of rural
community residence of retired university teachers [17], and the well-being and sense of
place attachment of farm households, thus building beautiful homes together [18]. The
living environment of farmers interacts with the surrounding natural, economic, social, and
cultural environments [19]. A comprehensive understanding of homestead agglomeration
spatial features and mechanisms requires the integration of human and natural factors into
a unified framework for analysis which could provide guidance for the optimal layout of
homesteads in the future.

In the context of the agricultural land and homestead “separation of powers” reforma-
tion, guiding the homestead to moderate agglomeration is an excellent way to combine
“top-down” government intervention and “bottom-up” farmer participation. In the early
1940s, the geographer Yang Renzhang, when examining the homestead layout of the hill
area, pointed out that “village houses in the area are mostly distributed on the remnant hills
and do not encroach on the farmland where crops are grown” [20]. Over time, although
there is a clear trend for homestead space to shift from dispersal to agglomeration [21,22],
the current homestead distribution is discrete, with low population density [23]. Overall,
the general character of the homestead layout remains highly fragmented, with a large
number of small-scale agglomerations [24]. Based on the description of the spatial features
of homesteads, scholars have proposed a positive change in the rural territorial system
through rural reconfiguration and optimization [2,25,26]. At the same time, it has been
pointed out that guiding rural households in mountainous areas to move to hills or plains
for moderate agglomeration can help to allocate public service facilities or infrastructure
and develop tourism [27]. Moderate homestead agglomeration planning is an important
regulatory tool to transform rural settlements from disorder to order. It is also an im-
portant tool to solve the dilemma of the construction land shortages while integrating
urban and rural resources. In addition, it is conducive to promoting rural revitalization
and integrated urban-rural development [28]. Specifically, it can have a significant impact
on rural-spatial optimization by reshaping farmer behaviors, institutional structures, and
national policies [29], reorganizing rural socioeconomic patterns, and optimizing regional
spatial patterns through optimal allocation and effective management. These effects can
reduce infrastructure investment costs and optimize the spatial pattern of homesteads by
agglomerating originally independent and scattered rural residences to more level and
suitable spaces for living and development [30]. Homestead agglomeration characteristics
reflect the regional characteristics of the rural human-land relationship system. The selec-
tion and use of homesteads by farmers constitute the native landscape of the countryside.
By analyzing the homestead spatial features and patterns of different landform types, this
study can efficiently promote new urbanization and rural revitalization, factors that are
important to Chongging.

Studies related to rural construction spatial features include the spatial evolution
and optimization of the rural residential area [31-33], the distribution density of the rural
residential area [34], the optimization of the rural residential area [6,35], the spatial reor-
ganization of the rural area [36-38], and the siting layout of these areas [39—41]. Most of
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the recent studies consider these rural residential areas as points from a macro perspec-
tive. Although some scholars have explained the internal structure and function of these
sites at a micro level [42,43], they have predominantly given attention to how well farmer
households live together [44-46] and optimize their lives [47,48]. The empirical relationship
between the social behavior of micro-subjects and polygon features based on homestead
polygons has not been sufficiently studied. To this end, this paper uses push-pull theory as
the basis, selects towns in the mountain, hill, and platform areas of Chongging, and applies
participatory rural appraisal (PRA) and GIS technology to reveal the spatial features of
homestead agglomeration and its main controlling factors by combining the spatial, social,
and physical attributes of the homestead and analyzing, from a microscopic perspective, the
homestead spatial features and driving factors of homestead agglomeration under different
territorial systems of human-land relationships. It also provides a reference for formulating
spatial reconstruction strategies that conform to the evolution of rural human-land relations
and adapt to the development trend of rural transformation, while offering support and
guidance for the improvement of rural spatial governance capacity.

2. Materials and Methods
2.1. Overview of the Study Area

Chonggqing is located between 105°11’E~110°11’E, 28°10'N~32°13'N, in the middle
of the transition from the Qinghai-Tibet Plateau to the middle and lower reaches of the
Yangtze River Plain. The terrain is undulating, as it is high at the south and north ends and
low in the Yangtze River valley in the middle zone. Chongging has many high mountains,
such as Daba, Wu, and Qiyao Mountain. There are eight major categories of landform types
in Chongqing, namely, middle mountain, low mountain, high hills, medium hills, low
hills, gentle hills, mesa, and platform. In this paper, the landforms are divided into three
categories: mountains (middle mountains and low mountains), hills (high hills, middle
hills, low hills, and slow hills), and platforms (platforms and flat dams). The mountainous
region is represented by Zhongyi Town of Shizhu County and Sanjian Town of Fengdu
County. The hilly areas are represented by Shitan Town in the Banan District and Zhushan
Town in the Liangping District. The platform area is represented by Tai’an Town in the
Tongnan District (Figure 1). The basic information about townships and towns is shown
in Table 1.

Table 1. Basic information for the selected towns.

Studv Area Tai’an Shitan Town Zhongyi Town
udy (Platform Area) (Hill Area) (Mountain Area)
Population density 605.11 299.44 5156
(person/km?)
Construction land area 15457 157.81 172.82

per capita (m?/person)

Area and administrative

region

Location

It covers an area of 60.81 km? and has

The town covers an area of 52.09 The whole area covers 160 km?2,

11 administrative villages, including
Toutan, Tagou, Guanding, Yujian,
Tonggu and Tai’an Community, and
Weijia Community.

It is located in the southwest of
Tongnan District, north of the city,
south of Tangba Town, west of Baizi
Town, and east of Tianjia Town.

km?2, with 4 administrative villages
under its jurisdiction, namely,
Fangdou, Waneng, Tiantai, and
Shuangzhai, with a total of 25
villager groups.
It is located in the south of Banan
District, bordering Shilong Town
and Nanchuan Shentong Town in
the east, adjacent to Liangshi
Township in Qijiang District in the
south, and connected to Jiulong
Town in the west.

with 7 administrative villages,

including Longhe, Guangming,
Huaxi, Yanjing, Pingba, Quanxing,
and Jianfeng, and 34 villager groups

under its jurisdiction.
It is located in the middle of Shizhu
County, bordered by Lingshui Town
in the east, Shazi Town in the south,
Qiaotou Town and Sanyi Township
in the west, and close to Huangshui
Town, a major tourist town, in the
north.
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Table 1. Cont.

Study Area

Tai’an
(Platform Area)

Shitan Town
(Hill Area)

Zhongyi Town
(Mountain Area)

Terrain

Industry situation

The elevation is between 163~346 m,
the overall terrain is high in the north
and south and low in the middle, and

the geological structure belongs to

Chuanzhong gentle fold area. The
slope is between 0~53°, and the area
below 15° accounts for 95.82% of the

total area; the overall terrain is flat.

With obvious advantages in industrial
resources, three leading industries
have been formed: manufacturing,

food service, and aquaculture. As the

largest fish breeding base in the
southwest, “Tai’an yu” is well-known
in China and abroad. Tai’an town is
rich in water resources. With the
22 km of Qiongjiang River crossing,
gentle current, and sufficient water
resources all year round, it is the
county’s agricultural science and
technology test and demonstration

The elevation is between
520~1132 m, and the terrain is a low
hill landscape area, with a high
elevation in the north and south and
a low elevation in the east and west.
The relative height difference is
562 m. The slope is between 0~57°
and the area between 6~20°
accounts for 61.85% of the total area
of the town. The overall terrain is
mainly gentle slopes.

It is a typical agricultural town with
the rapid development of
eco-agriculture. It has established
special breeding bases that can
produce high-quality crops and
pollution-free vegetables. The
pollution-free vegetables have been
certified by the Ministry of
Agriculture. The industrialization
and large-scale operation of
agriculture are still in the initial
stage. The development of the
industrial economy is relatively
weak, lacking comparative

The elevation is between
777~1892 m. The highest point is
the junction of Dafengbao in
Huangshui Town and Zhongyi
Town. The lowest point is the end of
Tengzigou Reservoir within Longhe
Village. The slope is between 0~67°,
and the whole township is
dominated by steep slopes, with
little flat terrain, mainly along the
Longhe and Guantian River gullies.

The town has formed three major
types of industries, namely,
cultivation (Coptis chinensis Franch,
huangjing, Peucedanum
praeruptorum Dunn), agricultural
product processing (honey and
bamboo), and rural tourism (Dawan
homestay, the family yards, and
riverain family). Through online
and offline methods, the sales of
honey, bamboo, and other
agricultural products grossed over
18 million CNY in 2020.

Figure 1. Schematic diagram of the study area.
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2.2. Data Source

The data used in this paper and its sources are as follows. First, homestead data
are obtained from local governmental documents, high-definition remote sensing image
maps, and the preliminary results of the Third National Land Survey provided by the
Ministry of Natural Resources. The homesteads in DLTB are then extracted. Second, the
data on the number of farm households corresponding to the homestead polygon are
obtained in two ways: high-definition remote sensing images and field research. The data
are stored to provide support for the analysis of homestead agglomeration spatial features.
(3) DEM data were downloaded from a geospatial data website (http:/ /www.gscloud.cn/.
1 November 2021) with a spatial resolution of 30 m. The elevation and slope data are
calculated from DEM data. (4) Socioeconomic data are obtained from official local statistics
and our questionnaire. (5) Data on individual farmers’ perceptions and willingness were
obtained from field research in each village. A total of 370 questionnaires were obtained,
with 348 valid questionnaires and an effective rate of 94.1%. Data on the current status and
structure of homestead utilization and farmers’ homestead agglomeration intentions were
compiled from the questionnaires. The characteristics of the farm household sample are
shown in Table 2.

Table 2. Characteristic distribution of farmer samples.

Indicators Category Number Rate (%)
Under 29 9 2.49
30~39 12 3.33
Interviewee Age (years) 40~49 56 15.97
50~59 116 33.40
60 and above 156 4481
Illiteracy 95 27.47
. . Never Went to School 152 43.68
Interviewee Education Primary School 80 23.03
Level High School 16 457
Junior College and above 4 1.25
Number of Interviewed 1~3 164 47.10
Family Members 4~6 170 48.96
(persons) 7 and above 14 3.94
Ratio of Actual Number 0~30 60 17.22
of Laborers in the 30~70 128 36.72
Surveyed Households (%) 70~100 160 46.06

2.3. Research Methodology
2.3.1. GIS Spatial Analysis Method

(1) Terrain niche index. A terrain gradient viewpoint was adopted to analyze the
homestead spatial distribution in different landform types. Calculations were made by
Map Algebra’s Raster Calculator tool in ArcGIS. The terrain niche index is a comprehensive
terrain index, and its calculation formula is

K =1og10[(H/Hy+1)(G/Go +1)] 1)

where K is the terrain niche index; H and G are elevation and slope values, respectively;
and Hy and Gy are the average elevation and average slope values, respectively. The terrain
niche index is positively correlated with elevation and slope values [49]. In this paper, the
elevation, slope, and terrain niche index were graded with the actual conditions of the case
towns and divided into eight grades in turn (Table 3).
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Table 3. Elevation, slope, and terrain niche index in different landform types.
Tai’an Town Shitan Town Zhongyi Town
(Platform Area) (Hill Area) (Mountain Area)
OKLevel o Elevation Terrain Elevation Terrain Elevation Terrain

Slope (*) (m) Niche Index (m) Niche Index (m) Niche Index
1 0,2) <214 (0.270,0.414) <649 (0.255,0.404) <953 (0.205,0.370)
2 (2,6) (214,244) (0.414,0.48574) (649,702) (0.404,0.474) (953,1073) (0.370,0.451)
3 (6,10) (244,255) (0.485,0.550) (702,749) (0.474,0.535) (073,1173) (0.451,0.515)
4 (10,15) (255,265) (0.550,0.613) (749,796) (0.535,0.593) (173,1267) (0.515,0.571)
5 (15,20) (265,275) (0.613,0.679) (796,843) (0.593,0.653) (1267,1361) (0.571,0.624)
6 (20,25) (275,286) (0.679,0.754) (843,895) (0.653,0.718) (1361,1461) (0.624,0.677)
7 (25,30) (286,300) (0.754,0.854) (895,961) (0.718,0.800) (1461,1577) (0.677,0.738)
8 >30 >300 (0.854,1.203) >961 (0.800,1.020] >1577 (0.738,0.918)

(2) The distribution index, which can reflect the distribution frequency of homesteads
in each terrain, is used to describe the distribution of homesteads in certain terrain condi-
tions (elevation, slope, and terrain niche index). The distribution was calculated as follows.

P = (S;i/Si)/(Si/Sr) @

P represents the distribution index, j represents the grade of certain terrain conditions,
Sij represents the coverage of the rural residential area in j grade terrain gradient, S;
represents the total coverage of the rural residential area in the whole area, S; represents
the total coverage if j is the terrain gradient in the study units, and St represents the total
land coverage in the study area. P > 1 means that the distribution of rural residential areas
in terrain j is dominant. The larger the P value is, the higher the dominance.

(3) Kernel density estimation. Kernel density estimation (KDE) is a nonparametric
surface density estimation method that is often used to analyze the spatial distribution of
point-like elements. The higher the value of kernel density is, the denser the distribution of
rural residential areas [50]. Its expression is as follows.

f(x,y) = n;;k(i) )

f(x,y) represents the estimated density in location (x,y), n represents the number,
h represents the bandwidth, k is the kernel function, and d is the distance to the No. i
viewing position.

2.3.2. Landscape Pattern and Indices

Landscape pattern indices reflect the structural composition of the homestead land-
scape and measure the spatial distribution characteristics of its polygon [51]. Homestead
number, homestead density, average homestead distance, average homestead polygon
population, homestead area per capita, average polygon area, distance index, area index,
etc., can quantitatively describe homestead spatial features.

2.3.3. Geographic Detector Model

Geographic detectors are a set of statistical methods for detecting stratified spatial
heterogeneity and revealing the driving forces behind it [52]; they are used in this paper to
detect the driving factors of homestead agglomeration features in different landform types.
The formula is as follows.

1 & )
q=1-— 2 10, 4)
no? =

q represents the detection factors of the homestead agglomeration impact mechanism,
ny, represents the sample number of the area in the next level, n represents the sample
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number of the whole area, L represents the number of the study areas in the next level,
and 0'% is the variance of the study area in the next level. The interval of q is {0,1}. The
larger the q value is, the higher the impact of the driving factor. This paper analyses the
spatial driving factors of homestead agglomeration by selecting driving factors from three
aspects: external driving factors (physical geographic conditions, location conditions, and
policies), internal driving factors (population mobility, homestead idleness, village market
development, etc.), and farmers’ subjective intentions (Table 4).

Table 4. The driving factors of homestead agglomeration.

Factors Factors Calculation
Natural geographic Elevation x; Using the Block Statistics tool of DEM data used in ArcGIS
Slope x; software
Distance from the main traffic road x3
. Distance to the center of the town x4 Using field research data for calculation
Location .
Distance to the center of the county x5
Average distance of farm xg
Population density x; Total population/administrative area
GDP per capita xg Total GDP/Population
Urbanization rate xg Number of urban population/Total population
Socioeconomic Outworker ratio xqg Number of outworkers/total population
conditions Homestead vacancy rate xq; Number of idle homesteads/total number of homesteads
Degree of Vlllage market.development X2 Calculated based on socioeconomic data obtained from
Cooperative establishment x;3 .
1 . field research by the research team
Development of socialized services x4
. . Total demolition area in the past 5 years/total homestead
Land ticket policy x15 . L .
. area (using the towns as the statistical unit)
Policy e L.
The area of newly built “poverty alleviation and
Migrant Relocation X34 relocation” plots in the past 5 years/total area of
homestead (using the towns as the statistical unit)
Compensation method x17 Based on field research data assignment
Subjective willingness Agglomeration willingness x;g Based on research data

3. Homestead Agglomeration Features in Different Landforms

The spatial agglomeration of homesteads varies in different areas due to different
landform types, individual and family characteristics, housing utilization, infrastructure,
social interaction, and life, as well as individual subjective perceptions and current condi-
tions of the village. The spatial agglomeration characteristics of homesteads in different
landform types are analyzed in terms of terrain gradient, kernel density estimation, farm
household agglomeration situation, and landscape pattern index, which provide a basis
for an objective and profound understanding of the human-land relationship system in
different areas.

3.1. The Terrain Gradient Features of Homesteads

By summarizing the distribution of homesteads in three different landform types on
different gradient levels of elevation, slope, and terrain niche index (Figure 2), it can be seen
that the distribution index of mountainous and hilly areas shows an overall decreasing
trend as the terrain gradient of elevation, slope, and terrain niche index increases, and the
distribution index of platform areas show less change. This indicates that the distribution of
homesteads in mountainous and hilly areas is more influenced by terrain conditions, while
the distribution of homesteads in platform areas is not constrained by terrain conditions.
Zhongyi town, which is located in the mountain area, has the best homestead distribution
in the area with an elevation level of 1 to 2, i.e., <720 m, slope level of 1 to 4, i.e., <15°, and
terrain niche index level of 1 to 3, i.e., <0.515. The hilly area has the best agglomeration
in the area with an elevation level of 1, i.e., <649 m, slope level of 1 to 4, i.e., <15°, and
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terrain niche index level of 1 to 4, i.e., <0.593. The platform area homestead agglomeration
is mainly influenced by traffic, location, and other conditions.

10.0 10.0 10.0
9.0 9.0 9.0
x 8.0 x 8.0 x 8.0
S 70 3 7.0 S 7.0
= = £
< 6.0 < 6.0 < 6.0
= 50 = 5.0 = 5.0
3 40 2 4.0 3 40
Z 3.0 Z 3.0 Z 30
Q 20 O 20 0 20
1.0 1.0 1.0 =
0.0 0.0 & 0.0 oo d%
123 456 78 12 3 456 7 8 123456738
Elevation level Slope level Topographic level
—®&— Zhongyi —&—Shitan Tan’ an —®&— Zhongyi —&— Shitan Tan’ an —@— Zhongyi —A— Shi tan Tan’ an

Figure 2. Homestead distribution index at different gradient levels.

3.2. Homestead Kernel Density Estimation

With the kernel density tool in ARCGIS 10.2, kernel density estimation was performed
for three township homesteads. There are three findings. First, the spatial distribution
of homesteads within Zhongyi Town, a mountainous township, varies significantly, with
high-density areas scattered in a dotted pattern, mainly in Huaxi Village in the central
and western part and Jianfeng Village in the east. In addition, high-density areas are
also scattered in the southeastern part of Pingba Village and the central part of Quanxing
Village. Further analysis combined with remote sensing images and field research shows
that the main high-density areas are primarily government-set residential settlements
and their surrounding areas and larger-scale natural settlements, such as the residential
site in Jianfeng Village, the vicinity of the Rongchuang cluster in Huaxi Village, and the
traditional residential area in Quanxing Village (Figure 3-1). Their main distribution is
characterized by scattered homesteads (Figure 3-4), while the house structures are mainly
all wood (Figure 3-7). Second, the Shitan Town homestead, which is located in a hill area,
generally shows a dense distribution in the west and a scattered distribution in the east.
Specifically, it is mainly distributed in the south of Shuangzhai Village, the west of Waneng
Village, and the west and middle of Fangdu Village. The distribution of the Tiantai village
homestead is more fragmented. Homestead distribution densities are mainly located on
gently sloping areas with elevations between 650 and 850 m (Figure 3-2). Homesteads
are mainly located in areas with lower elevation, flatter terrain, and better infrastructure
(Figure 3-5), and the houses are mostly two stories and mainly of brick and concrete
construction (Figure 3-8). Third, the distribution of homestead density in platform area
towns, such as Tai’an town, possesses some geographical variability, showing a relatively
dense pattern in the south and a sparse pattern in the north. Some of the villages in
the south of Tai’an Town, such as Tagou Village, Tangshi Village, Tonggu Village, and
Yujian Village, have a more contiguous and dense homestead distribution; these villages
are mainly located near rivers, at lower elevations and flatter slopes. The distribution of
homesteads has a high correlation with rivers and topography (Figure 3-3). Homestead
distribution is relatively concentrated (Figure 3-6), with a better economic development
advantage and a micro landscape dominated by small farmhouses (Figure 3-9)



Land 2022, 11, 1363 90f17

>z

\V YN L O
P el euly SE R,
;L-\’/ of S\ !r o,
(/ (in:émur@ }.."" ‘\\_\
\-\‘ ?.; '\z. Legend . L
L ..\’\ Kemel Density :u" l)w:ily lu.-m-.u F.):::"y
“—-A\’ [ | 0-0000000 "oee B~
B e i .
0 Stm [ evenss. viceens 0 2im
3-1.Spatial distribution of core density of 3-2.Spatial distribution of core density of 3-3.Spatial distribution of core density of
homestead in Mountainous Areas homestead in Hilly Area homestead in platform area

(Zhongyi Township) (Shitan town) (Tai'an town)

- N

3-4. Layout form of homestead 3-5.Layout form of homestead 3-6.Layout form of homestead
in Mountainous Areas in Hilly Area in platform Area

(Zhongyi Township) (Shitan town ) (Tai'an town)
*-“:?: ’ -

3-7.House structure in Mountainous Area 3-8.House structure in Hilly Area 3-9. House structure in platform Area
(Zhongyi Township) (Shitan town ) (Tai'an town)

Figure 3. Characteristics of homestead features in different landscapes of Chongging. Note: 3-1,
3-2 and 3-3 are nuclear density analysis diagrams of different geomorphic types; 3-4, 3-5 and 3-6
are layout form of homestead in different geomorphic types; 3-7, 3-8 and 3-9 are house structure in
different geomorphic types.
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3.3. Homestead Agglomeration Features

The scale of homestead agglomeration can be expressed by the number of households
in each homestead polygon. It is found that 83.95% of the homestead polygons in mountain
areas have fewer than five households. This percentage is 82.12% in the hill area and
70.06% in the platform area. This shows that the Chongqing homestead has a spatially
decentralized pattern. The proportion of one-household dispersal varies significantly
among the homesteads in different landforms. Zhongyi town, Shitan town, and Tai’an
town have 57.64%, 47.65%, and 25.57% of the total polygon of single-family scattered houses,
respectively. Shitan town and Tai’an town are dominated by 2-5 household agglomerations,
accounting for 50.48% and 62.48%, respectively (Figure 4). Overall, the scale of homestead
agglomeration in Chongging is mainly less than five households, showing the spatial
agglomeration characteristics of scattered living in mountain areas and scattered-gathered
living in hill areas and platform areas.

70.00
60.00
50.00
40.00
30.00
20.00 |

10.00 I ‘

o LI | T |

1 2 3 -4 5~10 10-20 20~30 Above 30

proportion (%)

Number of households

B Zhongyi Township M Shitan town Tai'an town

(. In the Mountainous Areas) (. In the Hilly Area) (In the platform area

Figure 4. The statistics of the homestead polygon number in different landforms.

3.4. The Landscape Index Distribution Features of Homesteads

Chonggqing landform types are complex and diverse, and the spatial distribution of
homesteads varies greatly. Because the homestead polygon is a landform polygon, the
study uses the polygon density, distance index, and area index of landscape patterns and
indices to analyze the distribution characteristics of the homestead (Table 5). The specific
characteristics of the spatial distribution of different landform types of homesteads are as
follows. First, the density of homesteads is the largest in the platform area, followed by the
hill area and the mountainous area. The reason for this distribution is that the platform
area has the largest number of homestead polygons per unit area, while the mountain area
has less population and fewer homestead polygons. Second, the average distance between
homesteads and homestead area per capita decreases gradually from the mountain-hill
platform, indicating that the layout of mountain area homesteads is scattered and roughly
utilized. Third, the distance index and area index increase from the mountain-hill platform,
which indicates that homestead spatial agglomeration increases with decreasing elevation.
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Table 5. Spatial distribution and land use characteristics of homesteads with different landform types.

Homestead Homestead  Homestead Homestead Average Distance Area
Landform . Area Per . .
Town Tvpes Polygon Density Average Cavita Polygon Indices  Indices
yp Number (pcs) (pcs/km2)  Distance (m) 2 pit Area (m?) (dy) (S;)
(m*/capita)
Shizhu
County — \ 1 untain 597 3.22 87.81 172.82 1610 658 0.006
Zhongyi
Town
Banan
District Hill 1603 29.83 42.09 157.81 1115 906 0.034
Shitan Town
Tongnan
District Platform 3492 57.39 26.67 154.57 1154 867 0.066

Tai’an Town

Note: Distance index di = ni/ai, where ni is the number of settlement polygons within the study area and ai is
the total area of settlements within the study area. Area index Si = ai/A, where ai is the total area of settlements
within the study area and A is the total area of the study area [6].

4. Homestead Agglomeration Mechanism in Different Landform Types

The above study indicates that there are significant differences in homestead agglom-
eration spatial features in different landform types. Therefore, the influencing factors
are detected from three aspects: internal drive, external drive, and farmers’ subjective
willingness. The influencing mechanism is analyzed. The internal driving factors include
economic development, rural population movement, and homestead idleness, while the
external driving factors include topographic conditions, location factors, and policy-driven
factors. The subjective willingness of farmers is also analyzed. The mechanism of home-
stead spatial agglomeration in different landform types is analyzed from the above three
aspects to provide empirical evidence for the spatial reconfiguration of rural settlements.

4.1. Homestead Agglomeration Driving Factor Identification in Different Landform Types

Geo Detector software was used for the geographical detection of driving factors of
homestead agglomeration characteristics in different landform types. The results show that
the characteristics of homestead spatial agglomeration in Chonggqing are influenced by a
combination of internal driving factors, external driving factors, and farmers” willingness.
However, the driving forces of homestead spatial agglomeration characteristics differed
among landform types (Table 6). The factors with a larger influence in the platform area are
mainly x12, x11, x18, x17, and x8. Hill area factors with stronger influence were x18, x10,
x6, x15, and x2. The mountain area factors with high impact were x10, x11, x1, x5, and x3.

Table 6. Geographical exploration results of driving factors of residential land agglomeration in
different types of landforms.

Platform Area Hill Area Mountain Area
Factor Factor Factor
Sequence 9 Sequence 9 Sequence 9
x12 0.423 x18 0.445 x10 0.416
x11 0.411 x10 0.418 x11 0.400
x18 0.328 X6 0.385 x1 0.290
x17 0.311 x15 0.333 x5 0.212
x8 0.287 x2 0.298 x3 0.188
x10 0.274 x8 0.283 x16 0.167
x13 0.188 x5 0.243 x2 0.144

x14 0.143 x4 0.166 x18 0.112
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Platform Area Hill Area Mountain Area
Factor Factor Factor
Sequence 9 Sequence 9 Sequence 9
x15 0.133 x3 0.094 x4 0.086
x3 0.098 x1 0.088 x15 0.078
x4 0.088 x11 0.076 X6 0.073
x2 0.064 x16 0.062 x8 0.070
x5 0.042 x12 0.054 x9 0.066
X6 0.031 X7 0.042 x12 0.054
X7 0.023 x13 0.030 x13 0.044
x9 0.012 x14 0.000 x17 0.033
x16 0.000 x17 0.000 X7 0.012
x1 0.000 x9 0.000 x14 0.002

4.2. Analysis of the Internal Mechanism of Homestead Agglomeration in Different Landform Types
4.2.1. Internal Driving Mechanism Analysis

In terms of socioeconomic development factors, market development, homestead idle-
ness, and GDP per capita have the greatest impact in the platform area. The main reason is
that the platform area has the advantages of flat terrain and convenient transportation. At
the same time, due to favorable policies of “separation of powers” of agricultural land and
homesteads, large-scale operations of agricultural land have been formed through land
transfer, liberated rural labor, and freed farming households. In addition, these operations
liberate the rural labor force. Farmers can choose to move to urban areas for employment
and purchase houses, resulting in more homesteads being left idle and providing condi-
tions for the withdrawal of homestead use rights or market access. Farmers can develop a
collective economy by reclaiming or renting their homesteads to collective economic orga-
nizations, thus making the spatial layout of the homestead more concentrated. The ratio of
outworkers and the rate of homestead idleness have a stronger influence on homestead
agglomeration in mountain and hill areas. With the development of the social economy,
the number of local migrant workers is increasing, and more farmers are choosing to buy
houses in the city, which leads to the idleness of homesteads in remote areas. This directly
affects the spatial agglomeration characteristics of the homestead.

4.2.2. External Driving Mechanism Analysis

In terms of terrain conditions, the natural environment varies among landform types.
Differences in the degree of fragmentation of cultivated polygons lead to differences
in the farming patterns of farmers. The mountainous and hilly areas are mainly dry
land with small plots and relatively little land transfer. For the convenience of farming,
homesteads are scattered in areas with high elevations and slopes. The platform area is
flat and continuous due to the advantage of topographic conditions. The location of the
homestead is mainly based on transportation conditions or kinship and is not constrained
by topographic conditions. Hill area homestead agglomeration is strongly influenced by
the average cultivation distance. Due to the fragmentation of the hill area land polygon
and the limited conditions for large-scale land management, the area is still dominated
by the farming family business method. Farmers have a high degree of dependence
on the land and are not willing to relocate for a centralized living. The distance to the
center of the county and the distance to the main roads are the most influential factors
in the mountain area. It is not convenient for farmers in the mountain area to go out
to work, shop, or send their children to school. Farmers who are able to do so will
take the initiative to buy houses in areas with convenient transportation conditions, thus
directly driving homestead agglomeration spatial pattern changes. In terms of policy,
the implementation of the Chongqing land ticket policy integrates market mechanisms
and government leadership. The land ticket production process integrates homestead
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reclamation into the integrated management of land consolidation, arable land occupation
and replenishment, and ecological restoration. The land ticket production process integrates
homestead reclamation into integrated management, such as land consolidation, arable
land occupation and replenishment, and ecological restoration. Farmers voluntarily choose
homestead reclamation to buy houses in the city, which directly affects the spatial layout
structure of the homestead.

4.2.3. Analysis of Farmers’ Subjective Willingness

Farmers are the main subject of homestead utilization. The location and use of home-
steads directly affect the characteristics of homestead spatial agglomeration. In the survey
sample, 166 households were willing to agglomerate (47.7% of the total number of house-
holds surveyed), and 182 households were not willing to agglomerate (52.3% of the total
number of households surveyed). There is no polarization of homestead agglomeration
willingness among farmers in Chongging. Homestead agglomeration can be driven by
publicity, government subsidies, and house-for-house exchange. There are also differences
in farmers” homestead agglomeration willingness in different landscape areas. The ratio
of farmers’ willingness to homestead agglomeration in the mountain area is 48.56%, the
hill area ratio is 58.70%, and the platform area ratio is 62.5%. Survey respondents in the
mountain area were older. The older the farmers in this area are, the fewer opportunities
for nonfarm employment, the more dependent they are on their familiar environment, and
the lower their willingness to live in a centralized manner. The selected hill area town is a
typical agricultural town. Its agricultural industrialization and large-scale operation are
still in the initial stage of development. The homestead agglomeration decision could be
influenced by farmers’ age, the ratio of the number of family workers outside, and the
behavioral decisions of neighbors.

5. Discussion
5.1. The Advantage of the Synergistic Perspective of Human and Natural Factors

With the development of social and economic transformation, the role of social, eco-
nomic, cultural, and other human elements in shaping homestead space is becoming
increasingly stronger. The interplay of human and natural elements is also becoming
increasingly complex, and the intensity of the role of each element in homestead agglomer-
ation varies greatly. First, taking the natural environmental factors as the entry point, this
paper analyzes the spatial clustering characteristics of homesteads varying under different
natural local conditions such as topography and landform. Thus, the analysis proves that
the natural conditions have a direct influence on the spatial agglomeration of homesteads.
In addition, the human factors are combined to establish the driving force system of home-
stead clustering in different geomorphological types. The researchers assisted the use of
geographic probes as a device to identify the strength of their driving effects and analyzed
the driving mechanisms from three aspects: intrinsic driving, external driving, and farmers’
subjective will. This paper avoids considering only the influence mechanism of spatial
material form and natural elements and instead incorporates human and natural factors
into a unified framework for analysis [53,54], delving into different landform type areas
for comparative analysis, while fully considering the subjective will of farmers, to provide
guidance for the optimal layout of homesteads in the future.

5.2. Extension of Research Results

The rural homestead in the hilly mountain area-hill of southwest China is still dom-
inated by fragmentation. This is due to the moderate farming distance of the farmers.
However, China is now comprehensively promoting the implementation of a land system
reform and rural revitalization strategy, such as “three rights to separate” agricultural land
and “three rights to separate” homestead. Therefore, as the income of farmers increases,
more farmers are relocating on their own, and more administrative villages are planning
centralized settlements for a better and more optimal layout of basic services. Thus, it
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can be seen that the moderate clustering of homesteads is the trend for the layout of ru-
ral homesteads in the future. Homestead spatial layout and reconstruction is a systemic
project that requires, in parallel, systemic and holistic thinking, government intervention
mechanisms, system synergy, and a commitment to build a platform for homestead ag-
glomeration spatial optimization. The policy formulation should consider not only the
socioeconomic and ecological benefits but also the living standards and happiness of the
micro-subject farmers. At the same time, it is necessary to promote several reforms, such
as a land system and household registration system to bring into play the comprehensive
effect of the system reform.

5.3. Policy Suggestions for Future Homestead Agglomeration

Zhongyi town, Shitan town, and Tai’an town represent townships in the mountain,
hill, and platform areas of Chonggqing, respectively. Their development history, infrastruc-
ture conditions, and socioeconomic development levels differ significantly. The spatial
agglomeration patterns of these rural settlements with different landform types vary greatly.
This is not only related to the natural environment, such as topography and landscape, but
to socioeconomic conditions, such as infrastructure, economic development, and policy
initiatives as well; it is also directly related to the subjective will of farmers. Therefore,
when optimizing and reconstructing rural settlements, it is necessary to develop regionally
differentiated optimization paths according to local conditions. For the mountain area-hill
in southwest China, farmers should be guided to locate homestead concentrations in areas
with convenient transportation and production; the scattered homesteads guided by plat-
form areas become relatively clustered. In addition, with respect for the local architectural
and cultural characteristics and living habits of the residents, we propose planning and
design requirements for homestead clustering in order to achieve the goal of improving the
quality of the rural living environment and further promote the construction planning of
“beautiful homes” in the mountain area-hill of southwest hills.

5.4. Limitations

In this paper, 17 driving factors were selected based on the data of 348 research ques-
tionnaires. The amount of data was limited and had a relatively simple set of driving
factors. This may have led to a lack of robustness in the geographical detection results.
Although the results of this study provide a reference for practical village planning, they
cannot provide an implementable agglomeration planning scheme. To improve the practi-
cality of moderate homestead agglomeration planning, more basic data and more detailed
driving factors should be explored in the study area, and the spatial optimization scheme
of homestead agglomeration should be developed scientifically by considering the field
conditions and the practical needs of farmers comprehensively and carefully.

6. Conclusions

This study takes the representative townships of three major landform types in
Chongging as samples and analyses the homestead spatial agglomeration characteris-
tics of different landform types in four aspects: terrain gradient, kernel density estimation,
agglomeration characteristics, and landscape indices. The paper also investigates the driv-
ing factors and mechanisms from the internal driving factors, external driving factors, and
the farmers’ willingness survey with 348 valid questionnaires from 22 villages. The main
findings are as follows.

The distribution of the Chongqing homestead has obvious terrain gradient charac-
teristics. With the increase in terrain gradients, such as elevation, slope, and terrain niche
index, the overall trend of the homestead distribution index decreases. The distribution
of homesteads is influenced by the topographic conditions. As the terrain gradient rises,
the topography, climate, soil and water, and other natural geographic conditions gradu-
ally worsen, resulting in inconvenient transportation, poor infrastructure conditions, and
limited industrial development which are not conducive to farming households living or
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engaging in various production activities. Farmers should be guided to live and work in
areas suitable for moderate agglomeration.

The overall layout of the Chongqging homestead is mainly decentralized, but the
degree of homestead agglomeration varies among different landform types, increasing
in the mountain area-hill area-platform area agglomeration. Socioeconomic development
is influenced by natural conditions to a certain extent. Homesteads in mountainous and
hilly areas have a scattered spatial layout, poor infrastructure conditions, a high degree
of idleness, and a traditional “masonry and wood” structure. Homesteads in platform
areas have a relatively agglomerated spatial layout, excellent infrastructure conditions,
reinforced concrete structures, and beautiful courtyards with greenery around the houses.

The homestead spatial agglomeration characteristics of rural settlements are driven
by a combination of internal and external factors and farmers” willingness; however, the
driving factors of homestead agglomeration vary among landform types. There are dif-
ferences in the driving factors of homestead agglomeration in different landform types.
Mountainous and hilly areas of homestead agglomeration are driven by external factors
such as elevation, slope, and location conditions. Internal driving factors such as the out-
working ratio and homestead idleness rate are also important factors. Farmers’ willingness
is another factor. These factors together influence the homestead agglomeration of the area.
Platform area homestead agglomeration is driven by internal factors such as economic
development, farmers’ livelihood patterns, and household income. Farmers” willingness
is, again, the other factor. Together, these factors influence homestead agglomeration in
the area.
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