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Abstract: This paper principally focuses on the morphological differences, spatial pattern and regional types of rural settlements in
Xuzhou City of Jiangsu Province in China. Using satellite images of Xuzhou City taken in 2007 and 2008 and models of exploratory
spatial data analysis (ESDA) and spatial metrics, the paper conducts a quantitative analysis of the morphological pattern of rural settle-
ments, and finds significant characteristics. First, rural settlements in Xuzhou City are significantly agglomerated in terms of their spa-
tial distribution; meanwhile, there is significant variation in the geographical density distribution. Second, the scale of rural settlements
in Xuzhou City is larger than the average in Jiangsu Province, and the histogram of the scale data is more even and more like a gamma
distribution. There are a significant high-value cluster in the scale distribution, and local negative correlation between the scale and den-
sity distribution of rural settlements in Xuzhou City. Third, the morphology of rural settlements in Xuzhou City shows relative regularity
with good connection and integrity, but the spatial variation of the morphology is anisotropic. Finally, according to the characteristics of
density, scale, and form of rural settlements, the rural settlements of Xuzhou City are divided into three types: A high-density and
point-scattered type, a low-density and cluster-like type and a mass-like and sparse type. The research findings could be used as the sci-
entific foundation for rural planning and community rebuilding, particularly in less-developed areas.
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1 Introduction tionships among the settlement form, the environment

and production (Jin, 1982).

Rural settlements are places of habitation, production
and living for rural people, and are affected profoundly
by the natural conditions and factors of rural society,
economy and culture. The geography of rural settle-
ments relates to the structural type, distribution charac-
teristics, evolution, environmental (natural and social)
relations and transformation and reconstruction of these
settlements (Li and Zhang, 2012). Research on rural
settlements will not only improve the land-use planning
and layout of residential areas but also reveal the rela-
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In the research area of the morphological differences
and spatial patterns of rural settlements, relevant studies
abroad have focused on: 1) the relationships among the
rural population, rural industries and settlements
(Smailes et al., 2002; Neil et al., 2005; Paul, 2009); 2)
the effects of the form of rural settlements on public
service facilities (Halseth and Ryser, 2006; Holmes,
2008); 3) the evolution of the landscape of rural settle-
ments (Paquette and Domon, 2003; Marc, 2004); and 4)
the behavior of rural settlements (Hall, 1996; Jensen,
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2006; Sevenant and Antrop, 2007; Njoh, 2011). Rural
settlement geography abroad is increasingly paying at-
tention to the socialization and reconstruction of rural
settlements (Terry, 1996; Keith and Angel, 2001). Do-
mestically, recent researches have investigated: 1) the
system and structure of rural settlements in typical areas
(Wang et al., 2001; Guo et al., 2012); 2) geographical
types of rural settlements (Long et al., 2009a; Shan et
al., 2012); 3) the evolution of rural settlements in the
process of Chinese industrialization and urbanization
(Zhen et al., 2008; Liu and Zhang, 2009); and 4) rural
settlement ecology (Liu et al., 2001; Chen et al., 2005).
In response to the government policy of building a new
socialist countryside implemented in recent years, stud-
ies have increasingly focused on rural urbanization, ru-
ral communities, the 'hollowing out’ of rural settlements,
and the optimized regulation of rural settlements (Wang
et al., 2005; Long et al., 2009b). Consequently, the
characteristics of the spatial reconstruction and typical
patterns of rural settlements have become hot research
topics in academia. Remote sensing and geographic in-
formation systems could be useful tools for the research
(Xu and Wan, 1997), however, the application of these
tools is still at a preliminary stage. For example the ex-
traction and temporal comparison of the land-use infor-
mation of settlements based on remote sensing imagery
neglect spatial patterns of rural settlements that could be
extracted by spatial analysis (Tian et al., 2003).

There are significant regional differences in the natu-
ral environment, economic development and cultural
context in Jiangsu Province (Ma et al., 2012). Xuzhou
City, as an administrative region in the northern Jiangsu,
has a pattern of rural settlements that is typical for the
region’s unique natural, economic and cultural environ-
ment. Using satellite remote-sensing imagery of Xuzhou
City, we analyze the spatial data of rural settlements,
and find characteristics of the scale, structure, spatial
distribution, and morphological variation of rural set-
tlements in Xuzhou City, and moreover, classify types of
rural settlements by spatial clustering analysis. The re-
search findings could be used as the scientific founda-
tion for rural planning and community rebuilding, par-
ticularly in less-developed areas. And exploratory spa-
tial data analysis (ESDA) which we employed in this
paper can be referenced for rural geography and will
assist in the innovation of new research methods.

2 Materials and Methods

2.1 Study area

Xuzhou City is located in the northwest of Jiangsu
Province and the southeast of the North China Plain, and
it is mostly comprised of plains, with small areas of
hillocks and mountains in the central and eastern regions.
Xuzhou City consists of one city proper, three countries
(Fengxian County, Peixian County and Sunning County),
and two county-level cities (Pizhou City and Xinyi City)
(Fig. 1). In 2010, the total land area of the city was 11
258 kmz, of which rural settlements covered 962.15 km®.
The total population of the city was 9.5761 x 10°, in-
cluding a rural population of 6.9881 x 10°. There were a
total of 2400 administrative villages and 11 438 natural
villages, and cultivated land covered an area of 590 992
ha.

2.2 Data sources

The basic data were obtained from the image fusion
(multi-spectrum, 10 m spatial resolution) of SPOT 2/4
satellite remote-sensing imagery and LANDSAT TM
satellite remote-sensing imagery taken in 2007 and 2008,
following geometric correction and coordinate registra-
tion based on 1 : 50 000 topographic map. Then the
data were further processed by interpretation and
vectorization to extract the borders of rural settlements
in Xuzhou City, which were used as the main data
sources in the research.

2.3 Methods

The vector data of rural settlements in Xuzhou City
were converted to grid data using an ArcGIS platform.
Then, a quantitative analysis of the spatial pattern of
rural settlements was conducted by using models of
ESDA and spatial metrics. Finally, types of rural settle-
ments were classified by means of hierarchical cluster
analysis.

2.3.1 Indexes of metrics of landscape pattern

Fragstats 4.1 software was used to calculate the land-
scape shape index (LSI), mean landscape area (AREA-
MN), patch size coefficient of variation (PSCV), patch
size standard deviation (PSSD), cohesion index
(COHESION), aggregation index (Al), and split index
(SPLIT) of rural settlements. The definition, calculation
formula and unit of each index are explained in detail in
Fragstats Help.
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Fig.1 Location of study area

2.3.2 ESDA

Using data of land use of rural settlements interpreted
from the remote-sensing imagery, the central positions
of rural settlements and attributes of the land area were
abstracted. We used various tools in ESDA, namely the
average nearest-neighbor index (ANN), Ripley’s K,
kernel density estimation (KDE), Getis-Ord General G
and Getis-Ord Gi' to analyze the spatial distribution,
spatial variation, spatial agglomeration, and other het-
erogeneous characteristics of the pattern of rural settle-
ments. The specific formulas are as follows.

(1) ANN. The average distance between the center of
each rural settlement and the nearest neighboring rural
settlement is compared with the expected average dis-
tance that is assumed to have a random distribution, so

as to judge whether rural settlements have a random
distribution or aggregated distribution. The measure is
calculated as follows.

o > d./n
ANN == -=-L_
De \ }’I/A/2

where D_0 is the observed mean of the distance between

(M

each rural settlement and their nearest neighbor; 36 is

the expected average distance that is assumed to have a
random distribution; d; equals the distance between set-
tlement i and nearest settlement; 7 is the total number of
settlements; and A is the area of the research
region. If ANN is smaller than 1, rural settlements have
an agglomerated distribution; if ANN is larger than 1,
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they tend to have a random distribution.

(2) Ripley’s K. This statistic is mainly used to deter-
mine the spatial distribution law of rural settlements at
different scales. The formula is as follows:

K(d)zAiZn:é‘U(Zd) (G,j=1,2,3,...ni#j,d;<d)
i=1 j=1 N

()

L(d)= %d)—d )

where A is the area of the research region; » is the num-
ber of settlements; d refers to the spatial scale; d;(d) is a
weight; d; represents the distance between settlement i
and settlement j, and 6;(d) = 1 (dy < d) or 6(d) = 0 (d; >
d). To linearize the expected value and maintain the sta-
bility of the standard deviance, Besag proposed to re-
place K(d) with L(d), whose expected value is zero un-
der the assumption of a totally random spatial distribu-
tion (Besag, 1977). The graph of L(d) versus d can be
used to analyze and examine the spatial pattern of a
multi-scale landscape. When L(d) > 0, rural settlements
have an agglomerated distribution; when L(d) < 0, they
have a uniform distribution; and when L(d) = 0, they
have a completely random distribution.

(3) KDE. 1t is a statistical method of nonparametric
density estimation. A smooth round surface is estab-
lished at each point (the central point of rural settlement)
in the region. The distance from the point to the refer-
ence position is then calculated by using a mathematical
function, the sum of all surfaces in the reference posi-
tion is obtained, and the peak and kernel of these points
are established to create a smooth and continuous sur-
face. KDE is described as follows:

1 & d.
- k L
f(x,p) v ?:1 (n ) “4)

where f(x, y) is the estimated density at position (x, y); n
is the number of observation point; 4 represents the
bandwidth or smoothing parameter; K is a kernel func-
tion; and d; refers to the distance from position (x, y) to
observing position i.

(4) Getis-Ord General G. This index is used to test the
general spatial distribution pattern of attribute values of
rural settlements, i.e., a high-value agglomeration or
low-value agglomeration. Its formula is as follows.

G(d) =Y S Wi xx [ 33 XK )

i=1 j=1 i=l j=1

2(G)=G(d)- EG)/ Var(G) (6)

where W;(d) is the spatial weight between settlement i
and settlement j, defined by the distance range (d); X;
and X; are the attribute values of settlement i and settle-
ment j , respectively; and # is equal to the total number
of settlements. Z(G) is obtained after the normalization
of G(d), in which E(G) and Var(G) are the expected
value and variance of G(d). When G(d) is higher than
E(G) and Z(G) is significant, a high-value cluster ap-
pears in the study area; when G(d) is lower than E(G)
and Z(G) is significant, a low-value cluster appears in
the study area; and when G(d) approaches E(G), vari-
ables in the study area have a random distribution.

(5) Getis-Ord Gi'. This index is used to test whether
there exists an obvious high-value or low-value cluster
in local areas. The statistic reveals ’hotspots’ and
‘coldspots’ in a visual way, and is calculated as

G =Y Wz:/(d)Xj/Zn:]X/ ©)
J=

Jj=1

Z(G)=Gi - E(Gi")/Var(G/) (8)

where W(d), n and X; are the same as in Equation (5).
For the sake of explanation and comparison, Z(G;) is
obtained after the normalization of G, , in which E(G*i)
and Var(G')) are the expected value and variance of G;'.
If Z(G*,-) is positive and statistically significant, values
around settlement i are high (higher than the mean), and
the area is a hotspot of a high-value cluster; if Z(G ;) is
negative and statistically significant, values around set-
tlements 7 are low (lower than the mean), and the area is
a coldspot of a low-value cluster (Ma et al., 2008).

2.3.3  Cluster analysis

Cluster analysis is an important method of spatial data
mining, and a multivariate statistical means for multi-
element classification and geographical division. The
basic principle is to find a close relation between sam-
pled data quantitatively with a certain similar or differ-
ence index, and then cluster the data with this relation.

3 Results

3.1 Characteristics of spatial distribution of rural
settlements

We use the ANN, Ripley's K, and KDE to reveal the
characteristics of the spatial distribution of rural settle-
ments in Xuzhou City.
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Table 1 Index of spatial metrics of rural settlements in Xuzhou City
Distribution of rural settlements Scale of rural settlements Form of rural settlements
ANN AREA-MN PSSD PSCV LSI COHESION AL SPLIT
Value 0.570 4.387 5.472 126.557 180.798 89.804 84.260 2357437

Notes: ANN, the average nearest-neighbor index; AREA-MN, mean landscape area (ha); PSSD, patch size standard deviation (ha); PSCV, patch size
coefficient of variation; LSI, landscape shape index; COHESION, cohesion index; AL, aggregation index; SPLIT, split index

(1) Rural settlements are significantly agglomerated
in terms of their spatial distribution since the ANN in
Xuzhou City is 0.57 (Table 1). Ripley’s K curve (Fig. 2)
shows that L(d) is larger than values on the upper en-
velop, indicating that there is a significant agglomerated
distribution at different spatial scales. However, there
are changes in the agglomeration level of rural settle-
ments in Xuzhou City. L(d) maintains a rising trend over
0-63 km and shows higher increases. L(d) reaches an
approximate maximum at 63 km and then changes little,
indicating that the agglomeration level firstly increases
and then keep smooth as the distance increases.
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Fig. 2 Ripley’s K curve of rural settlements in Xuzhou City

(2) Rural settlements have great regional differences
in terms of their density distribution. KDE is employed
to generate a density map of rural settlements in Xuzhou
City (Fig. 3). From the density map, we found the fol-
lowing characteristics. First, the average density of rural
settlements in Xuzhou City is only 1.97 settlements/km?,
which is lower than the average level of 4.98 settlements
/km” in Jiangsu. Second, the rural settlements in Suining,
Peixian and Pizhou have higher density; the average
density is 2.45 settlements /km” and there is a center of
high density exceeding 3.5 settlements/km’ in the
southeast of Suining. Finally, the rural settlements in
Xuzhou proper, Xinyi and most parts of Fengxian hav-
ing a sparse distribution, with average density of 1.51
settlements/km’, are a low-density area of rural settle-
ments in Xuzhou City.

3.2 Characteristics of scale distribution of rural
settlements

We use the patch size of rural settlements as the variable
to analyze the pattern of the scale distribution in Xuzhou
City. Employing the frequency histogram, the Getis-Ord
General G, Getis-Ord Gi*, and landscape indexes such as
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Fig. 3 Density map of rural settlements in Xuzhou City
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AREA-MN, PSSD and PSCV, we find the overall char-
acteristics of the scale distribution of rural settlements in
Xuzhou City. The results are as follows.

First, AREA-MN and PSSD in Xuzhou City are
4.387 and 5.472 ha, respectively, both of which are
higher than the averages of 1.462 and 4.048 ha in Ji-
angsu. Furthermore, the former is about three times that
in Jiangsu, which indicates that rural settlements in
Xuzhou City tend to have a larger scale compared with
the average in Jiangsu. Meanwhile, we see that PSCV in
Xuzhou City is only about 50% of the average for Ji-
angsu, showing that the scale gap between the rural set-
tlements in Xuzhou City is relatively small (Table 1).

Second, from the frequency histogram of the scale
data for rural settlements in Xuzhou City (Fig. 4), we
find skewness of 0.22 and kurtosis of —0.533, and the
median value approaches the mean. The above results
indicate that the distribution of data is more like a
Gamma distribution with skewness towards the left. The
distribution of the scale data of rural settlements in
Xuzhou City is even.

Third, using the results of the Getis—Ord General G
(Table 2), we find that G(d) of the scale of rural settle-
ments in Xuzhou City is higher than E(G), and Z(G) is
19.827974, which indicates that the possibility that the
agglomeration model results from a random process is
no more than 1%. The spatial distribution of rural set-
tlements in Xuzhou City shows significant high-value
clustering.

Finally, from the visualization of Getis-Ord Gi* (Fig.
5), we find the following spatial pattern. 1) There is a
significant regional difference in the scale distribution of
rural settlements in Xuzhou City, where rural settle-
ments in the northwest of Fengxian, the north of Xuzhou
Proper, and the north of Pizhou have significant high-

8004

2001
100 4

value clustering. 2) Small villages are mainly distributed
in Suining and the central Peixian, the hilly areas in the
southeastern Xuzhou Proper, and the eastern Xinyi. 3)
There is local negative correlation between the scale and
density spatial distribution of rural settlements. This
negative correlation with small size and high density of
rural settlements is more significant in Suining, which is
located in the south of Xuzhou Proper.

3.3 Characteristics of morphological difference of
rural settlements

We use the LSI, COHESION, AI and SPLIT as the
qualitative metrics of the morphological difference of
rural settlements (Table 1). The results are as follows.

(1) The LSI measures the irregularity or complexity
of the morphology (border) of rural settlements. The LSI
of Xuzhou City is 180.78, which is much lower than the
average for Jiangsu (861.491), showing that the mor-
phology of rural settlements in Xuzhou City is regular
and simple.

(2) To study the characteristics of the morphology
difference of rural settlements from a micro perspective,
we further generate the spatial trend chart of the mor-
phology based on the LSI of rural settlements in each
village and town(Fig. 6). We find that there is an in-
verted U-type trend in the south-north and east-west
directions, the rangeability of which is higher in the
east-west direction than in the south-north direction.
This pattern demonstrates significant anisotropy in the
morphology variation of rural settlements in Xuzhou
City.

(3) In the morphological pattern of rural settlements,
COHESION reflects the level of connection or continu-
ity, Al reflects the level of agglomeration, while SPLIT
reflects the level of fragmentation. SPLIT increases as

=
1234567 89101112131415161718192021222324 252627282930 50 100 200
Area (10'm")

Fig. 4 Frequency histogram of scale of rural settlements in Xuzhou City
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Table 2 Estimation of Getis-Ord General G for scale of rural
settlements in Xuzhou City

G(d)
0.000049

2G)
19.827974

E(G)
0.000045

p
0.000000

Value

the patch size reduces or the number of patch increases.
Table 1 shows that rural settlements in Xuzhou City
have a relative high degree of COHESION and Al but a
low level of SPLIT. These results indicate good connec-
tion and integrity.

3.4 Regional types of rural settlements

According to the characteristics of density, scale, and
form of rural settlements, we adopt seven indexes for
cluster analysis: patch density (PD), mean landscape
area (AREA-MN), patch size coefficient of variation
(PSCV), patch size standard deviation (PSSD), mean
shape index (MSI), area-weighted mean patch fractal

dimension (AWMPFD), and mean nearest neighbor dis-
tance (MNN). Employing the hierarchical cluster
(Ward’s method, squared Euclidean distance) and using
4 km x 4 km grid cells as analysis units, we classify the
rural settlements of Xuzhou City into three types (Fig. 7,
Table 3).

4 Conclusions

Most studies that have analyzed rural settlements have
considered the spatialization of attribute data while ne-
glecting the spatial association rules hidden in data. In
this study, we use different tools of comprehensive
analysis, such as ESDA and spatial metrics, to find
characteristics of the spatial pattern of rural settlements
in Xuzhou City. The comprehensive analysis helps us
better describe the spatial pattern of rural settlements
and to make up for the deficiency of research on rural
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Fig. 5 Hot spots mapping for scale of rural settlement in Xuzhou City
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Fig. 6 Spatial trend for morphology of rural settlement in Xuzhou City
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Table 3 Types and characteristics of rural settlements in Xuzhou City

Types

Distribution range

Characteristics

Typical image

High-density and
point-scattered
type

Low-density and
cluster-like type

Mass-like and
sparse type

This type is mainly distributed in
west of Suining and Fengxian.
This type covers an area of
2050.3 km?, accounting for
19.1% of rural area.

This type is mainly distributed in
Peixian, south and central part of
Pizhou and parts of Xinyi.

This type covers an area of
3382.8 km’, accounting for
31.5% of rural area.

This type is mainly distributed in
Xuzhou Proper, north of Pizhou,
and parts of Xinyi and Fengxian.
This type covers an area of
5321.9km’, accounting for 49.5%
of rural area.

Density of rural settlement is higher but
size is smaller, and connectivity and integ-
rity of their form are poor. Area is mainly
traditional agriculture region with small
farming radius, and regional economic
development is relatively backward. Inten-
sity of land use is low, and has great poten-
tial of exploration.

Density of rural settlements is lower than
Suning and Fengxian, and scale is me-
dium-sized. Boundary of rural settlement is
relatively fragmentized, but spatial distri-
bution presents mostly cluster-like. This
region has a relatively higher level of agri-
culture and industrial development.

Density of rural settlements is very low,
and form presents bigger mass with sparse
distribution. Settlements mainly located in
higher terrain or hilly land. Local agricul-
tural production is mainly dry farming with
large farming radius.

settlements with traditional analysis.

We obtained important findings for Xuzhou City in
the case study: 1) In terms of their spatial distribution,
rural settlements in Xuzhou City are significantly ag-
glomerated. However, there are changes in the agglom-
eration level at different spatial scales. The agglomera-
tion level firstly increases and then remains almost con-
stant as the distance increases. The average density of

rural settlements in Xuzhou City is lower than that in
Jiangsu, but its spatial distribution has significant varia-
tion. There is a higher density of rural settlements in
Suining, Peixian, and Pizhou and a lower density in
Xuzhou Proper, Xinyi , and most parts of Fengxian. 2)
In terms of scale, rural settlements in Xuzhou City are
larger than the average in Jiangsu Province. There is
significant high-value clustering in the scale distribution.
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Large-scale villages are mainly located in the northwest
of Fengxian, the north of Xuzhou Proper and the north
of Pizhou. while small villages are mainly distributed in
Suining and central Peixian, the hilly areas in southeast-
ern Xuzhou Proper, and eastern Xinyi. 3) In terms of the
morphological distribution, rural settlements have rela-
tive regularity with good connection and integrity, but
the spatial variation of the morphology is anisotropic.

Overall, the spatial pattern of rural settlements in
Xuzhou City is profoundly affected by the geomor-
phology, agricultural production mode, and regional
culture. This region mainly comprises denudation plains
and hilly land, has rich arable land and a sparse river
network, and has local agricultural production based
mainly on traditional dry farming with two crops a year
and a large farming radius. Therefore, the rural settle-
ments tend to have a centralized distribution. Moreover,
rural residents are inclined to live within their clans in-
fluenced by the regimen of kinship ties, leading to large-
scale settlements with good regularity and connection.

According to the characteristics of density, scale, and
the form of rural settlements, the rural settlements in
Xuzhou are divided into three types: a high-density and
point-scattered type, a low-density and cluster-like type,
and a mass-like and sparse type. For the first type, we
must accelerate consolidation of rural settlements, opti-
mize the spatial layout, and improve the intensity of
land use; for the second type, we must accelerate agri-
cultural industrialization, put forward the construction
of new rural communities, and raise the level of rural
public service; for the third type, we must advance rural
urbanization, push population and industry to gather in
small towns, and construct a system of new villages and
small towns.

We should point out that there are weaknesses to the
study presented in this paper. For example, we only used
morphological data of rural settlements to quantitatively
analyze the morphological differences, spatial pattern
and regional types of rural settlements in Xuzhou City.
Our future research will focus on how to combine social
and economic analyses in an effort to study optimal
regulation models for a rural settlement system in this
area more comprehensively and systematically.
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