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Abstract: At present, the formation, evolution and simulation of spatial structure of village and small town are becoming the

focus in the fields of geography, planning, remote sensing science, geographic information science and other related disciplines,

which also receives the close attention of the management. In this study, we take Xianghe County of plain, Miyun County of

mountainous area and Kunshan City of aqueous area for examples where characteristic analysis of village and small town spatial

structure is carried out. The location and spatial scope models of village and small town based on grid are established, which is

carried out with the help of GIS spatial analysis and modeling technology. In addition, according to Tyson polygon model, a new

idea is brought forward that the spatial range of village and small town is determined by land-benefit instead of distance. The

two models can provide reference for location and scope determination of village and small town because the factors are more

comprehensive and more specified. This research can provide help for the planning of village and small town.
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1 INTRODUCTION

Most of the settlements in village and small town are short
of unified planning, or the planning is not sufficiently imple-
mented in the past. Therefore, the settlements are messy and
scattered. Furthermore, the infrastructure and service facilities
are dated, and the living environment is poor in those areas. It is
necessary to urgently carry out structural optimization and
planning of rural settlements, enhance the infrastructure and
service facilities, and improve people’s living conditions, espe-
cially to strengthen the management and planning of settle-
ments in rural areas and thus to meet people’s desire for better
living environment (Yang, 1993). At present, the main work
lies in coordinating the relationship among the rural villages,
production, living and the environment, exploring the proper
size of settlements and the transformation ways in different
regions, studying the reasonable structure of rural settlement
system, and making these towns as the core in the multi-level
economy (Jin, 1988). Based on the extraction of spatial ele-
ments in the village and small town, the spatial structure fea-
tures of the corresponding targets are analyzed, the structural
composition and the space allocation relationship of different
elements are studied, the interaction among nature, organisms
and social elements in humankind are constructed. This re-
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search can provide technical support for quantitative analysis of
village and small town and serve for the town planning.

2 RESEARCH AREA AND DATA SOURCE

LANDSAT/TM image data are used in this research. Three
representative areas, Xianghe County of plain area, Miyun
County of mountainous area and Kunshan City of aqueous area,
are taken as examples based on different terrain and the classi-
fication analysis of the settlements.

Xianghe County is located in the region of 39°36'—39°51'N,

116°52'—117°11'E, between Beijing and Tianjin. It covers a

total area of 458km” and has a population of 310,000. Xianghe
County lies adjacent to Beijing on the southwest and governs 7
towns and 2 townships. This county is located in the south of
the Yanshan Mountains and the transition zone from the Chao-
bai River flood plain fan to the edge of the alluvial plain. The
stratum belongs to the large zone of North China Region, which
is covered by the fourth stratum. Its topography is flat and
brown and damp soils make up of primary soils in this county.
It has a continental warm climate, four clear seasons, and a long
development history (Zhang et al., 2004).

Miyun County is located in north-east of Beijing, south of
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the Yanshan Mountains, north of North China Plain, which
belongs to handover areas between plain and mountain. Miyun
County covers an area from 116°39'33"E to 117°30'25"E
(69km) and from 40°13'7"N, to 40°47'57"N (64km). The east
and north part of this county borders on Xinglong, Chengde,
Luanping County in Hebei Province respectively. The west is
adjacent to Huairou District. The south adjoins Shunyi and
Pinggu District. There is a distance of 65km from the county to
Dongzhimen in Beijing. The total area is 2226.5km’, 13.5 per-
cent of Beijing. The county takes the form of a triangle and it is
the county owning the largest land area in Beijing (Dai et al.,
2002).

Kunshan City is located in the southeast of Jiangsu Province.

Its longitude is ranging from 120°09'04" to 120°48'21" and the
latitude is from 31°06'34" to 31°32'36” (Long et al., 2007). It
lies between Shanghai and Suzhou and has a superior geo-
graphical location. It is linked with Changshu and Taicang in
Jiangsu Province from north to northeast, bordering on Jiading
and Qingpu in Shanghai from south to southeast. The west is
adjacent to Wujiang City and Suzhou City. The biggest distance
of straight line is 33km from east to west, and 48km from south
to north. It has a total area of 927km?* and a total population of
650,000 (Liu, 2005).

3 CHARACTERISTIC ANALYSIS OF SPATIAL ST-
RUCTURE IN VILLAGE AND SMALL TOWN

Spatial distribution describes the characteristics of spatial
variable and spatial object from a global view. The qualitative
description of spatial distribution is discrete on the surface. The
spatial distribution is quantitatively measured with density,
average, extremum, deviation and so on. In this paper the fea-
ture parameters of spatial distribution in small town and village
is extracted including rural areas, densities and distances be-
tween rural.

The present situation of village and small town is the
portraiture and comprehensive reflection of spatial development
in the history. It shows the geographical foundation and reality
phase of the spatial development, which indicates the natural
trend of future development to a certain extent. The distribution
characteristics are extracted from comprehensive analysis of
many villages and small towns in a wider space. The basic pa-
rameters which reflect distribution characteristics can be ob-
tained from image interpretation and GIS. According to the
requirements of precision, the size of the grid is set by 30m in
all layers. The changes of village and small town are analyzed
using data processing and analysis in this study, which will
provide a basis and reference for the plan of village and small
town. The spatial data and attribute data are used and the vector
data of village and small town with the scale of 1:50000 are
chosen. The following characteristics analyses of the settlement

sizes and rural land scale are carried out.

3.1 The characteristics analysis of settlement area

The situations of rural settlements are analyzed, using the
proportion of rural settlements. The average area denotes the
rural land scale. The intensity of settlement is analyzed by DV
(density of village and small town).

3.1.1 PR (percentage of residential land)

RL
PR=——3r2 5 100% (1)

area

where PR denotes the proportion of residential land(%), RL,,
denotes residential area (km?) and TL,., denotes the total land
area (km®) in the formula(Masahisa, 1999). Distribution density
is the number of distributed object within the distributed region
and its expression form can be diverse. Formula(1) reflects the
proportion of region area within the total area. When the total
area keeps unchanged, the larger the residential area is, the
larger the density is.
3.1.2 MAV (mean area of village and small town)

n

2A

MAV ==L ()
n

where A; denotes i residential area, and n denotes the number of
rural settlements in the formula (Tian, 2002).
3.1.3 DV (density of village and small town)

n
DV =< 3)

where n denotes the number of rural settlements, and S denotes
the area of study area in the formula (Tian, 2002).

Taking the situation of 1991 for an instance, the characteris-
tics analysis of settlement area for plain, mountainous area and
aqueous area are analyzed and the results are listed in Table 1.
According to Table 1, proportion of rural settlement area is the
largest in plain area. The proportion of aqueous area is larger
than mountainous area. From the density of rural settlements,
the density of plain is the highest. And the density of moun-
tainous area is the lowest, which denotes that the north is low
and the south is high. The size of the rural settlements is greater
in plain area than in the mountainous area. The size of the rural
settlements in Xianghe County of plain area is 1.48 times of
that in Miyun County of mountainous area. The average scale
of the rural settlements in Kunshan City of aqueous area is 1.04
times of that in Miyun County of mountainous area. The num-
ber of villages and land scale are smaller because the elevation
is higher and traffic is inconvenient in the northern mountains.
Miyun Town is located in the south of Miyun County, where
terrain is relatively flat and the transportation is convenient.
Therefore, the density and land scale of villages and small
towns is larger in the south of Miyun County. Rural settlements
are relatively close in the plain areas and the distribution is
much denser. Similarly, the distribution of rural settlements is
sparse in the mountainous area because rural settlements are
more scattered in mountainous area and it is dense in the aque-

ous area.
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Table 1 Characteristics analysis of the area in village and

small town
Type Percentage/%  Density/(number/km?) Me/ell(rrlnz;rea
Plain area 14.71 0.4363 0.337
Mountainous area 2.77 0.1230 0.228
Aqueous area 8.44 0.3548 0.238

3.2 The land scale of settlements in county

The land scale of the rural settlements is not only impacted
by the natural conditions such as terrain, climate and so on, and
it is also restricted by economic conditions. The land scale also
reflects the differences of living habits. It is of great signifi-
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cance to carry out active research of rural settlements for ex-
ploring the living conditions of residents in rural areas and ex-
ploring the future trend of urbanization. Taking remote sensing
image and socio-economic data in 1991 as an example, the
grading scale and percentage of settlements are analyzed respec-
tively in Xianghe County, Miyun County and Kunshan City.
From Fig. 1—Fig. 3, we can see that the percentage of

residential land shows inverse proportion to the distance. The
nearer from the township, the greater the percentage of village
land for settlements is. The grading scales of rural settlements
show zonal differences in Xianghe County. Suyang Town in the
middle is the highest. Qukou Town in the northeast takes the
second place. The grading scales of southwest and southeast are
the smallest. The regional differences of the percentage are
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Fig. 2 The Grading scale and the percentage of residential land in Miyun County
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Fig.3 The grading scale and the percentage of residential land in Kunshan City
(a) The grading scale of residential land; (b) The percentage of residential land

clear for residen tial land in Xianghe County. Suyang Town in
the middle is the highest. Qukou Town and Qiantun Township
follow Suyang Town. The village and small town in the north-
east is the smallest. Fig. 2 shows the uneven spatial distribution
of towns in Miyun County. The grading scales of rural settle-
ments show zonal difference in Miyun County. The south is the
highest and the north is the smallest. The regional differences of
the percentage are clear for residential land in Miyun County.
Miyun Town and Shilipu are the highest. The Town close to
Miyun Town follows. The northwest and northeast are the
smallest. The grading scales of rural settlements show zonal
differences in Kunshan City. Yushan Town in the middle is the
highest. Bacheng, Zhangpu and Jinxi Town follow Yushan
Town. The east is smaller. Zhouzhuang Town is the smallest.
The regional differences of the percentage are clear for residen-
tial land in Kunshan City. Yushan in the middle and Zhouz-
huang Town are the highest. Zhangpu and Jinxi Town follow
Yushan and Zhouzhuang Town. The north and the middle is the
smallest.

4 THE LOCATION AND SPATIAL SCOPE MODEL
OF VILLAGE AND SMALL TOWN BASED ON
GRID

4.1 The location of village and small town

The village and small town is the area where the residents
rest and engage in production. A good living environment is the

basic requirement. Generally, people are long-term residents
and there will always be very little relocation after the settle-
ment is set up. Therefore, the choices have great impact on
living and production, which must be taken seriously. The site
selection is very important for the development of village and
small town. If the site selection is improper, there will not be
enough room for the village to develop in the future, or perhaps
traffic will be inconvenient, or water will be inadequate, or it is
more vulnerable to floods and other disasters. The site selection
should try to meet the requirements below: (DThe land should
be chosen near the production and operating area as far as pos-
sible and it is better to be chosen at wild hills, thin field and
slope which less account for or not account for farmland,
woodland and artificial pasture (Jin, 1989). @The water for
production and living should be adequate, and its quality must
be good (Jin, 1989). @The terrain should be high and helio-
tropic. The groundwater level needs to be low and thus the area
near the water is the best choice (Jin, 1989). @Geological con-
ditions is good and the traffic needs accessible (Ministry of
Housing and Urban-rural Development of People’s Republic of
China, 1982). ®It is important to avoid the area which is
passed through by railways, highways and transmission lines of
high-voltage. The inappropriate area such as mountain torrents,
tuyere and so on should also be avoided (Jin, 1989). ®Avoiding
the area of underground resources and important historical sites
(Ministry of Housing and Urban-rural Development of People’s
Republic of China, 1982). @DAvoiding the area with high inci-
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dence of endemic diseases (Jin, 1989). According to the above
mentioned rules, the selection model is established combined
with the specific traffic conditions, terrain, rivers distribution,
socio-economic conditions and status of development. The
model is shown as following:

erasiable(x’ y)= 1:(Xeconomy’ Xterrain’ Xroad’ Xriver) 4)
where Viesianie(X, Y) denotes the point which is appropriate to
build villages. Xcconomy denotes the economic benefits of the
point, Xi.in denotes the topographical features, X,,,q denotes
the distance from the highway, and X, denotes the distance
from the river in the formula. The conditions of this model
include that the higher economic benefits, the more inappropri-
ate building villages, and it is not suitable to building village in
the area with a slope more than 25° or 20m far away from the
road or 30m far away from the river. The technical flow chart
of the location selection is shown in Fig. 4.
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Fig. 4 Flow chart of village and small town location

In this study, TM data of Miyun County in 2001 is selected
(Fig. 5(a)). From remote sensing image, the land use types are
divided into 7 categories which include water, woodland, in-
dustrial and mining land, dry land, paddy field, roads and vil-
lages (Fig. 5 (b)). Most settlements are located in relatively flat
terrain in this area which has a large imbalance, low density and
is far from one to another. A part of settlements present the
shape of ribbon and arc along the foot. And there is a small
piece of woodland in the peripheral area. According to remote

sensing image and field survey, the overall plan of this region is
reasonable, but the traffic is not convenient and the topography
is fluctuating in some area. The 30m X 30m grid is chosen in
this study. Traffic, terrain, river and economic benefits are the
factors impacting location but there exist several differences
between impacts of the factors on the location. The weights of
factors are given in order to better reflect these differences. The
weights of factors denote the impact of location, so the reason-
ableness of determining weight is of great importance to loca-
tion selection. In this study, the weights of factors are deter-
mined by using the expert evaluation method. The weight of the
distance from water is 0.2. The weight of the distance from road
is 0.5. The weight of the slope is 0.2. The weight of land-use
types is 0.1. The location map is obtained by technical route
(Fig. 5 (c)) which divides the region into unsuitable areas, suit-
able areas, more suitable areas and the most appropriate areas.
This model may serve as scientific reference for village and
small town location.

4.2 The spatial scope of village and small town

Thiessen polygon model determines its ownership using
different distances from spatial points to two surrounding vil-
lages. This study makes an improvement to bring out the de-
termination of spatial scope by the concept of land benefit in-
stead of using the distance.

The villages are planned according to thiessen polygon

model. P={p;, p,, , pPn} denotes the set of villages, n denotes

the number of villages. Suppose p is a certain free point of rural
region, and E(p, p;) means the land benefit from free point p(X,
y) to planning village pi(X;, ¥i). The scope of the village p; is
shown as following:

Vi={peRE(p, p,)=E(p, pj), j=12,-,m, j=i} (5)

E(p,pi)) =0-C(p.p) (6)
where O denotes the output value and C denotes the cost in the
formula. The output value is the economic output of farmland,
woodland, pastures and industries from different land use. The
costs denote the consumption of transport time and energy
when lands are used. The factors impacting cost include the
distance to villages, roads conditions and so on.

The paper re-defines the basic principles of the spatial
structure optimization for village and small town and analyzes
village and small town planning through GIS spatial analysis
and modeling techniques. This research can provide scientific
basis for the planning of village and small town.

5 CONCLUSIONS

(1) The characteristics of spatial structure are analyzed. The
vector data with the scale of 1:50000 are chosen for the analysis
of spatial structure characteristics from both settlement area
characteristics and the settlement scale in the county region.

(2) The models of village and small town location and spa-
tial scope are established based on grid, which include the two
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Fig. 5 The original image, the results of interpretation and village and small town site
(a) Original image; (b) Image of interpretation; (c) Village and small town location

aspects of location and the determination of spatial scope. The
model of location is established by selecting the parameters
including traffic conditions, terrain, rivers distribution, eco-
nomic benefit and block use. According to thiessen polygon
model, the model of spatial scope is improved. And a new idea
is brought out to determine the spatial scope of villages using
the concept of land benefit. The model takes comprehensive
and specified factors into consideration, thus it can serve as
reference for location and spatial scope determination of village
and small town. This study contributes to the planning of vil-
lage and small town.
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