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Abstract
The study and protection for traditional villages are very important for us to
protect Chinese historical and cultural heritage. Data show that under the
condition of rapid urbanization. The number and coverage of traditional villages in western China are decreasing. It is impossible to effectively protect a
large number of rural settlements at the bottom of China’s traditional settlement system. Therefore, it is necessary to explore the spatial survival status of
traditional villages and protect them comprehensively and extensively. Using
the digital elevation model (DEM) data of traditional villages in Gansu Province, China, published by the Ministry of Housing and Urban Development
and the attribute data obtained by the Statistics Bureau of Gansu Province,
China, the nuclear density, the Mulan indices, the correlations between the
heights and the centers are calculated and used to study the spatial different
characteristics of the villages, and a number of results have been achieved: 1)
In spatial differentiation, the spatial agglomeration of the villages is obvious
and different, which can be seen by the distribution of the villages from along
the upper reaches of the Yellow River to the southeast, and the distribution of
prefecture-level cities is related to the landforms. 2) In vertical spatial distribution, the span of the altitude data is large. Among the villages, the Zagana
Village in Diebu County of Gannan City is the highest and the Zhengjiashe
Village in Bingkou Town of Longnan City is the lowest. With the increase of
altitude, the number of traditional villages generally shows a tendency of decrease. 3) The spatial differentiation of the traditional villages has a clear
normal distribution with the elevation, and the spatial differentiation is low,
showing a distinct gourd-like structure; the eastern and southern regions are
more concentrated, while the northern and western regions are less concen-

Oct. 14, 2020

12

Journal of Geoscience and Environment Protection

J. L. Jin, H. W. Yan

trated. 4) The spatial differences of the traditional villages have the characteristics of regional differences, which are weakly related to the distance between the central cities and occur mainly in the Longnan mountain regions,
the Loess Plateau in the middle of Longzhong and the Gannan plateau. The
results of this study are a useful support in protection of traditional villages in
provincial scale. It helps to enhance the integrity and systematicness of the
protection of the spatial distribution of traditionally villages. The Chinese
government had put forward the “Poverty alleviation strategy” to help Gansu
Province to get out of the villages’ trouble. Viewed from this angle, the research for effective patterns of traditional villages’ protection and exploitation
plays a crucial role in the development of China’s “Poverty Alleviation Strategy”.
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1. Introduction
Traditional villages are the villages that well preserve their historical features,
have unique folk customs, and their inner architectural environment, architectural style and locations have little change after years and are still serving the
people today (Cao & Zhang, 2013). It is of significance to study the spatial differentiation of traditional villages at different scales, such as the natural environment, folk culture and architectural landscape of the villages, for the distribution
and influential factors of traditional villages in different regions are useful tools
in sustainable development of rural areas and protection of traditional villages
(Jin, 1988).
The spatial distribution of traditional villages is the result of the combination
of natural, social and historical factors (Brunhes & Bates, 1913). The selection of
spatial location reflects the history, current situation and future direction of the
evolution of rural space. The study of spatial distribution mainly focuses on the
location characteristics and structural types of villages, as well as the building
forms and materials related to habitat conditions (Packman & Pacione, 1986).
Rural population migration, land use patterns and environmental policy
changes, rural settlement planning and other aspects have been greatly enriched,
and the research results on spatial evolution rules and patterns of rural settlements have become increasingly abundant (Hudson, 1969; Bylund, 1960; Pacione, 1984; Lewis, 1986). Past achievements in traditional villages study are
mainly in settlement cultures (Vos & Meekes, 1999; Lipsky, 1995), village landscapes (Lepp, 2007; Marschalek, 2008; Scott & Murray, 2009), and sustainable
development of villages (Kastenholz et al., 2012; Chen & Nakama, 2010; Sterkenburg, 1990; Madu, 2010). Spatial distribution characteristics and patterns of
traditional Chinese villages have also been studied (Kang et al., 2016; Tong,
2014; Liu et al., 2014). Lu et al. (2004) and Ji et al. (2015) analyzed spatial scale,
DOI: 10.4236/gep.2020.810002
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spatial evolution process and influential factors of traditional villages. Many
other explorations are on spatial syntactic forms, influential factors and ethnic
characteristics of traditional villages at the provincial level (Xiong, 2014; Liu et
al., 2010; Sun et al., 2017; Yuan et al., 2017; Feng et al., 2017; Tong & Long, 2007;
Li et al., 2015). The literature studied the spatial distribution characteristics of
rural settlements in low mountainous and hilly areas of the Loess Plateau, loess
hilly areas of Longzhong, and mountain hill transition areas from the perspective of local special areas (Liang & Zhao, 2001; Jiao et al., 2013; Guo et al., 2013;
Ma, Li, & Shen, 2012; Xia et al., 2020).
There are many enlightenments that can be gleaned from studying traditional
villages at the macro-level, local distribution characteristics and influential factors of traditional villages in the above-mentioned literature, but there is a lack
of in-depth study on different spatial scales at the regional level of Gansu Province. Therefore, on the basis of previous studies, using geographic information
systems (GIS) and Geo-Statistics as tools, this paper intends to explore spatial
differentiation characteristics of 36 national-level traditional villages in Gansu
Province for the purpose of providing a reference for the protection of traditional villages.

2. Materials and Methods
2.1. Study Areas
Gansu is situated in the west of China, between northern latitude 32˚11' and
42˚57', and eastern longitude 92˚13' - 108˚46'. The topographic shape of Gansu
Province is narrow and long. The provincial territory of Gansu Province is 1655
km long from east to west and 530 km wide from north to south. It is dominated
by plateau and mountain areas. Its landform is complex and diverse. Mountains,
plateau, plains, valleys and deserts distribute in the province (Figure 1).
There are 12 prefecture-level cities, two autonomous prefectures and 86 counties (cities and districts), including four county-level cities, 58 counties, seven ethnic autonomous counties and 17 municipal districts. As shown in Table 1, the
province is divided into six types of topographic areas: Longnan Mountains,
Longzhong Loess Plateau, Gannan Plateau, Qilian Mountains, Hexi Corridor,
and Beishan Mountains. Since 2012, Gansu Province has four batches of 36 villages listed in the list of traditional Chinese villages published by the Ministry of
Housing and Construction, accounting for 0.87% of the country’s 4153 traditional villages, ranking the 21st among the provinces in China. Because Gansu
Province is located in the northwestern inland and its economy is underdeveloped, the inheritance and protection of the traditional villages are not done well
in past years.

2.2. Data Source
Based on the application program interface (API) of the Baidu map application
program, the longitude and latitude coordinates of the 36 national traditional
villages in four batches in Gansu Province published by the Ministry of ConDOI: 10.4236/gep.2020.810002
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struction, China were obtained, and the distribution map was constructed. From
the statistical data of Gansu Provincial Bureau and the work reports of the prefecture-level governments of Gansu Province, the attribute data of the terrain
areas were obtained. The digital elevation model (DEM) data of the traditional
villages were captured by the Google Earth Pro.

Figure 1. Study area (a) and elevation distribution (b).
Table 1. Distribution of cities in topographic areas in Gansu Province.

DOI: 10.4236/gep.2020.810002

Topographic Area

City

Longnan Mountain Area

Longnan

Longzhong Loess Plateau

Lanzhou, Silver, Tianshui, Linxia, Dingxi, Qingyang, Pingliang

Gannan Plateau

Gannan

Qilian Mountains

Zhangye

Hexi Corridor

Wuwei, Zhangye (Ganzhou), Jinchang, Jiuquan (Suzhou), Jiayuguan

Beishan Mountain

North of Shule River in Jiuquan City
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3. Research Ideas and Methods
In this study, Google Earth Pro was used to determine the geographical coordinates and elevations of the traditional villages according to their addresses.
By calculating the distance between traditional villages and its central location, combining the DEM data, the spatial database of the traditional villages
was established. Using the methods of spatial analyses and metrologically
geo-statistical analyses, the land was registered on the basis of a 1:50,000 topographic map of Gansu Province.

3.1. Kernel Density
The kernel density estimation method is a nonparametric method (Kang et al.,
2016) used to estimate the distribution density function. Assuming that the distribution density function of the kernel density estimation method is f, the calculation of kernel density is as follows:
1 n
 x − xi 
fˆh ( x ) =
kh 
∑

nh i =1  h 

(1)

 x − xi 
where, kh 
 is the kernel function; h is the bandwidth, and h > 0 is the
 h 
smoothing parameter, which is the main factor affecting the kernel density estimation.

3.2. Global Spatial Autocorrelation (Moran’s I)
The global spatial autocorrelation index is used to analyze the spatial characteristics of the attribute values of geographic data in the whole research area
(Tong, 2014). Moran’s I is a method to test the global clustering, and the calculation formula is as follows:
n
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where, xi represents the observed value of the object at i ; and x =

1 n
∑ xi is
n i =1

the spatial weight value.

3.3. Normal Distribution
The normal distribution, also known as the Gaussian distribution, is a common
method of probability distribution in geographical statistics. The function is as
follows:
f ( x) =
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In the formula, x is a variable; µ is the expected value; σ 2 is the standard deviation; and the Gaussian distribution is bell curve of X  N µ , σ 2 .

(

)

4. Results and Analysis
4.1. Density Spatial Differentiation
Google Earth (Google Inc., Mountain View, CA, US) was used to locate the traditional villages in Gansu Province, mark the central location of residential areas
and extract geographic information in order to directly reflect the regular patterns of spatial differentiation using Arcgis10.0 (Environmental Systems Research Institute Inc., Redlands, US) for visual expression of density mapping and
spatial differentiation as shown in Figure 2. The density distribution of traditional villages in Gansu Province has great regional differences, with an average
distribution density of 0.78, mainly concentrated in Longnan, Baiyin, Lanzhou,
Gannan, and other cities and prefectures. There are 16 cities in Longnan, with a
density of 5.73, ranking the first in the province; the values for Lanzhou, Baiyin,
and Tianshui are 3.06, 2.36, and 2.08, respectively. There are no traditional villages in Dingxi, Jiayuguan, Jinchang, Jiuquan, and Wuwei.
According to the statistics of the spatial differentiation of each prefecture and
city, the hierarchical settings in the layer attributes were used for visual expression to obtain the distribution of traditional villages. Figure 2 shows the centralized distribution of the traditional villages in the prefectures and cities of Gansu
Province. The distribution of the traditional villages in Gansu Province is uneven, with obvious spatial agglomeration characteristics. According to the degree
of agglomeration, they are the mountain agglomeration area in South Gansu, the
Loess Plateau agglomeration area in Central Gansu and the plateau agglomeration area in South Gansu.
This paper analyzes the spatial distribution density of traditional villages in
Gansu Province by using the intuitionistic and smooth kernel density estimation
method, and uses kernel, an integrated kernel density tool in spatial analysis, to
estimate the kernel density. In order to reflect the spatial distribution situation of
the traditional villages in Gansu Province as a whole, considering the distance
between the traditional villages and the central cities, the bandwidth was set at
30 and 50 km, and the distribution of core density of the traditional villages in
Gansu Province is shown in Figure 3 and Figure 4. The results show that the
spatial differentiation of the traditional villages in Gansu Province is a low-value
aggregation, and the spatial shape shows an obvious a gourd-like structure, that
is, the traditional villages in Gansu Province in the eastern regions and the
southern regions are more concentrated, while the northern and western regions
are less concentrated.

4.2. Vertical Spatial Differentiation
The difference in altitude and topography of the traditional villages in Gansu
Province directly affects the spatial differentiation and forms certain characterisDOI: 10.4236/gep.2020.810002
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tics. Based on a Google Earth search of the altitude of traditional villages in
Gansu Province, the altitude data span of the traditional villages in Gansu Province is large. The lowest is Zhengjiashe, Bikou Township, Wenxian County,
Longnan City, with an altitude of 659 m, and the highest is Zhagana Village, Diebu County, Gannan City, with an altitude of 2950 m. If the villages are grouped
using 500 m as the interval value of elevation, the traditional villages are located
between 1000 m - 1499 m and 1500 m - 1999 m above the mean sea level (Figure
5). The traditional villages are clustered along the upper reaches of the Yellow
River to the southeast, and the distribution of the prefectures and cities is related
to the geomorphic types.

Figure 2. Density map of traditional villages in Gansu Province.

Figure 3. Kernel density and elevation distribution of the traditional villages in
Gansu Province (30 km bandwidth).
DOI: 10.4236/gep.2020.810002
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Figure 4. Kernel density and elevation distribution of traditional villages in Gansu
Province (50 km bandwidth).

Figure 5. Spatial distribution of traditional villages in Gansu Province.

4.3. Spatial Autocorrelation
The analysis of the overall Moran’s I of the spatial distribution of traditional villages in Gansu Province is shown in Figure 6. The calculated value of Moran’s I
is −0.0095. Moran’s I < 0 indicates the spatial negative correlation. The smaller
the value, the greater the spatial difference. Moran’s I is −0.0095 shows that the
spatial differentiation of traditional villages in Gansu Province is random,
showing the agglomeration of similar regions in space. According to the analysis
of Moran’s scatter map (Figure 6), most areas are located in the LH and HL quadrants. The spatial differentiation of traditional villages in Gansu Province
shows the spatial correlation of low-value agglomeration, that is, the spatial agDOI: 10.4236/gep.2020.810002
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glomeration in the mountainous areas of South Gansu and the Loess Plateau of
central Gansu. In terms of quantity, the spatial distribution of traditional villages
is quite different; the scale distribution is relatively scattered, and the regional
distribution is polarized.

4.4. Analysis of the Distance between the Altitudes and the
Centers
Statistical Product and Service Solutions (SPSS) was used to analyze the altitude
and center distances of traditional villages in Gansu Province. As shown in Figure 7, the traditional villages have an obviously normal distribution with altitude, and the spatial differentiation and low-value cluster, e.g. the eastern and
southern regions, are relatively clustered, while the northern and western regions are less clustered. The analysis of the distances between the villages and the
central cities are shown in Figure 8, which shows that the traditional villages are
concentrated 10 km - 20 km from the central city, and the number decreases
with the increase in the distance.
Pearson’s correlation coefficient was applied to test the correlations between
the traditional village altitude and the distance from the center in Gansu Province, as shown in Table 2. The value of the Pearson coefficient is 0.087. It is between 0.0 and 0.2 which indicates that the traditional village altitude and distance from the center in Gansu Province are weakly correlated or uncorrelated;
the significance value was 0.612 which is greater than 0.05, indicating that the
correlation between the two is not strong. The distance between the traditional
villages and the central city in Gansu Province is weakly related. Under the influence of different geomorphic types, the traditional villages are mainly distributed along the roads, rivers or Valley Economic Belts in the mountainous areas
of South Gansu, the Loess Plateau of central Gansu, and the plateau of South
Gansu.

Figure 6. Moran scatter map of traditional villages in Gansu Province.
DOI: 10.4236/gep.2020.810002
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Figure 7. Normal distribution of altitude of traditional
villages in Gansu Province.
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Figure 8. Distance distribution of traditional villages in
Gansu Province.
Table 2. Pearson analysis of altitude and center distance of traditional villages in Gansu
Province.
Traditional villages
Altitude

Correlation and significance

Altitude

Distance between centers

Pearson Relevance

1

0.087

Significance (bilateral)

Distance between centers

0.612

Pearson Relevance

0.087

Significance (bilateral)

0.612

1

5. Concluding Remarks
The spatial autocorrelation of Moran’s I in traditional villages of Gansu Province
has been analyzed using the methods of spatial analysis of core density, Moran’s
index, correlations between elevations, and the central areas in GIS, and statistical metrology. Influenced by nature, economy, social culture and many other
factors, the traditional villages in Gansu Province show significant imbalance in
space.
DOI: 10.4236/gep.2020.810002
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1) In terms of spatial differentiation, the spatial agglomeration is obvious and
different, which is manifested as the agglomeration along the upper reaches of
the Yellow River to the southeast, and the distribution of prefectures and cities is
related to geomorphic types. The broken terrain is the main factor affecting the
distribution of traditional villages.
2) In the vertical spatial distribution, the altitude data span is large. The highest is Zhagana Village in Diebu County, Gannan City, and the lowest is Zhengjiashe Village, Bikou Township, Wenxian County, and Longnan City. As the
elevation increases, the number of the traditional villages in Gansu Province
fluctuates, but shows an overall decrease trend. Restricted by the particularity of
terrain, the influence of road, river or Valley Economic Belt on the spatial distribution of traditional villages is consistent.
3) The spatial differentiation of the traditional villages is obviously normally
distributed with the altitude, and the spatial differentiation is concentrated with
a low value, showing an obvious gourd-like structure, e.g. the eastern and southern areas are more concentrated, while the northern and western areas are less
concentrated. Most of the traditional villages prefer to choose the river valley
bottom with gentle terrain and close to the water source.
4) The spatial differentiation of traditional villages shows the characteristics of
a regional difference, which is weakly related to the distance change of the central city, mainly distributed in the mountainous area of South Gansu, the loess
plateau of Central Gansu, and the plateau of South Gansu. The traditional villages are concentrated in the straight-line distance of 10 - 20 km from the central
town, and most of the traditional villages are within 50 km from the central
town.
On the one hand, it has a certain economic foundation, which can develop
and protect the traditional villages; on the other hand, it can avoid destroying
the traditional villages because of the rapid development of economy and urbanization. This study discusses the relationship among different geomorphic
types, distribution density, elevation and distance between the centers of traditional villages in Gansu Province at provincial level. The development and protection of traditional villages in the special regional environment of Gansu
Province have great significance, but the study of traditional villages in Gansu
Province lacks exploration of the spatial forms, locations, economic cultures,
type characteristics and influence of traditional villages at the micro-level of
multi-scale and multi-perspective factors. In the future, it is necessary to explore
the form types and influential mechanism of spatial distribution of traditional
villages in Gansu Province based on multi-scale and multi-perspective factors
and the methods and approaches of the traditional villages’ protection systems.
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