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Abstract: Traditional villages are important carriers of traditional cultural heritage, and they
have strong historical, cultural, aesthetic and tourism value for all countries and the international
community. In China, the number of traditional villages is currently decreasing each year, and the
precious material and non-material heritage is at risk of disappearing in the process of urbanization.
A comprehensive understanding of the spatiotemporal patterns of traditional villages on multiple
scales has important significance in protecting traditional culture, revitalizing traditional villages
and achieving sustainable urbanization. Therefore, the spatiotemporal characteristics of traditional
villages at the city, province, and geographic zone scales are explored by a series of Geographic
Information System(GIS)-based methods in this article. Specifically, the analysis units are multi-scale,
the applied methods are multi-variate, and the identified patterns are multi-perspective. The results
demonstrate that the distribution of traditional villages in China is unbalanced over space and time.
Moreover, the different spatiotemporal distributions of traditional villages are sensitive to scales.
These findings clarify differences in the corresponding geographic and environmental factors, the level
of economic development and local policy support. We further suggest that exploring the effective
and suitable modes of protection and rural development is necessary. The results of this article
revealing the unbalanced spatiotemporal distribution of traditional villages can provide valuable
suggestions and insights into alleviating regional inequality in China.

Keywords: traditional village; rural geography; spatial distribution; temporal changes;
multiscale; China

1. Introduction

Traditional villages, also called ancient villages, are non-renewable resources bearing traditional
cultural heritage, and they have strong historical, cultural, scientific, social, aesthetic and economic and
tourism value for all countries and the international community [1,2]. Many scholars are calling for the
protection of traditional villages. They are important carriers and manifestations of agricultural and
ecological civilization, and they have essential effects on the sustainability of the human settlement spatial
environment, stability of the society and future growth of the entire country [3,4]. In 1989, the United
Nations Educational, Scientific and Cultural Organization (UNESCO) emphasized the importance of
the protection of villages for traditional culture and folk customs [5]. In China, traditional villages were
first called ancient villages, and this term refers to the villages built before 1949 [6]. Approximately
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500–600 million people still live in the rural areas [7], and traditional villages can effectively reflect the
relationships between people and the land and between the historical background and social politics,
which have significant effects on the future growth of China [3,8–10]. Learning about the spatial and
temporal distributions of these villages is of great significance to reconstructing a sustainable rural
social economy and reducing the regional differences in rural transformation development [11,12].

However, with the rapid development of urbanization, many traditional villages are facing gradual
decay and decline due to various artificial or natural causes in China [13–15]. While urbanization
brings about the development of the rural economy, it causes the problem of low economic efficiency in
rural areas [15]. A strong mix of agricultural and industrial land and poor infrastructure in rural areas
leads to pollution of farmland, which in turn leads to ecological degradation of traditional villages
and harms food safety and health [16]. Under the above circumstances, the Chinese government has
begun to attach great importance to the issues relating to traditional villages including protection and
development [17]. In December 2012, the Ministry of Housing and Urban–Rural Development of the
People’s Republic of China, the Ministry of Culture of the People’s Republic of China and the Ministry
of Finance of the People’s Republic of China issued a notice to publish a list of traditional Chinese
villages and the selection criteria for defining traditional villages. Until 2019, China had published five
batches of traditional villages with a total number of 6819, illustrating that a large number of valuable
traditional villages have been protected and developed with great attention and promotion by the
government of China (http://www.mohurd.gov.cn/wjfb/201906/t20190620240922.html).

Recently, an increasing number of scholars have explored the topic of traditional villages in China.
Compared with early foreign research on traditional villages about the culture, landscape pattern,
spatial form and sustainable development of traditional villages [18–22], the research on traditional
Chinese villages focuses more on the revitalization, development and construction of traditional
villages, including the economy, tourism, traffic accessibility and resource management [1,6,17,23–26].
This focus is inseparable from the fact that China is a large agricultural country, and the issues of
agriculture, rural areas and farmers (i.e., the “three rural” issues) have always been major national
issues [27]. Moreover, the 19th National Congress of the Communist Party of China (CPC) put forward
the “strategy for rural revitalization”, which provides a rare opportunity for traditional villages to
achieve moderate, reasonable and sustainable development [28]. Furthermore, some scholars have
noted many differences between the mature system and complete industrial chain of traditional villages
in European countries and China [29]. The above studies and policies are of great significance in
guiding the formulation of strategies and policies related to the reconstruction of the rural economy and
the development of traditional villages, thus providing useful references for the effective promotion of
urban–rural integration in China. However, the status of the Chinese countryside within the whole
regional economic pattern has not been guaranteed [30]. Relevant studies on the current situation of
rural areas in China and the mechanisms of urban–rural differences still need to be further strengthened
and enriched, which is important for urban–rural integration and sustainable economic and social
development [11,31].

A traditional village is a region interwoven with economic and social activities and has obvious
comprehensive and regional characteristics. Therefore, from the perspective of geography, exploring the
spatial pattern of traditional villages and their evolution characteristics is necessary and meaningful [32–34].
However, systematic studies on traditional villages from the perspective of geography, especially
spatiotemporal perspectives, are still insufficient. Although some spatial research on traditional villages
exists, these studies have mostly been conducted across provinces, cities or a particular village in China.
The existing studies mainly focus on the temporal trend and spatial pattern at single-scale differences
and pay less attention to scale sensitivity and dependence [35–38]. The spatiotemporal differentiation
results of different responses of administrative divisions at different levels to regulatory policies and
declaration conditions in traditional villages are the comprehensive results of top-down national strategy
and bottom-up local response. In fact, fully grasping the scale differences and internal relations of the
spatial and temporal distribution of traditional villages is difficult as the spatiotemporal differentiation
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and correlation of the evolution of traditional villages at different scales is ignored. In recent years, an
increasing number of scholars have emphasized that the development trend and underlying mechanism
of geographic phenomena at different spatial scales may vary [39–42]. That is, exploring geographic
phenomena and processes at multiple scales is significant [43,44]. Because China comprises a vast
space with discrepancies and inequalities in geography and the economy, the spatiotemporal dynamics
and distribution of traditional villages are uneven in China. Therefore, analyzing and comparing
the spatiotemporal patterns of traditional villages at different scales may be meaningful. A deep
understanding of the spatiotemporal distribution characteristics and evolution rules of traditional
Chinese villages is necessary to reflect the dynamics of economic inequality. Thus, this study can help
formulate region-based policies to promote the development and protection of traditional villages and
enhance China’s competitiveness and further growth [45].

In view of this, we used multivariate GIS-based methods to explore the spatiotemporal distribution
and dynamics of traditional villages on multiple scales in China and reveal multi-perspective patterns
of traditional villages; this method is called the “3M” analytical framework. Studying the temporal and
spatial distribution characteristics of different batches can reflect the evolution law of human village
culture under the complex topographic elements in China, as well as the differences in the intensity
and effect of the development and protection of traditional villages in different regions. We attempted
to explore the inequality and dynamics of rural areas. Then, the degree of aggregation of traditional
villages at different spatial scales was analyzed, and the spatial distribution of hot spots and cold
spots can be further measured. Finally, a comparative multiscale distribution analysis of Chinese
traditional villages was conducted based on spatial pattern identification methods. In this paper, the
dynamic development and spatial pattern of Chinese traditional villages were measured and compared
from the three dimensions of zone, province and prefecture. By exploring the scale effect and space
effect of multi-scale villages, we hope to compensate for the deficiency of existing research results.
This article provides insights into rural revitalization and coordinated rural development throughout
China. Furthermore, the proposed framework can be extended to other countries and international
communities to reveal the spatiotemporal patterns of villages and provide decision support for the
spatial reconstruction of regional rural settlements.

2. Study Area

According to the standard of traditional village evaluation and identification index system (trial),
the Ministry of Housing and Urban–Rural Development, Ministry of Culture and Ministry of Finance
have released five batches of traditional villages, with a total number of 6819 (first batch of 646,
second batch of 915, third batch of 994, fourth batch of 1598 and fifth batch of 2666). In fact, all the
five batches are part of one single catalogue of similar traditional villages according uniform criterion,
with one first list (batch 1) progressively enlarged with more villages (batches 2 to 5). A large number of
traditional Chinese villages cover all of the provinces except Hong Kong, Macao and Taiwan, forming
the world’s largest and most valuable active agricultural civilization settlements. Notably, according
to the uniform criterion of declaring traditional villages, local provincial or municipal governments
conducted the preliminary evaluation and recommendation of the villages that conform to the criteria.
Then, afterwards, the expert committee for the protection and development of traditional villages
evaluated and identified and publicized them. The number of valuable traditional villages defined
in the five batches increased year by year, and the number of traditional villages defined in the
fifth batch reached a peak, accounting for 39.1% of the total number of traditional villages in China.
The related materials about national traditional villages mainly came from the official website of the
Ministry of Housing and Urban–Rural Development of the People’s Republic of China Construction
(www.mohurd.gov.cn) and the website of Chinese traditional villages (www.chuantongcunluo.com).
The research period of this article ends in 2019, and more than 80% of cities in China have declared
the existence of traditional villages within their area of influence according to the related criteria.
Additionally, in the study of geography, an increasing number of scholars have proposed that the
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development trends and underlying mechanisms of geographic patterns and processes are sensitive to
the varying spatial scales [39,46,47]. The distribution differences of traditional villages in China were
measured and compared at three spatial scales: geographic zone and provincial and prefectural level.
The research scope of this article does not include Hong Kong, Macao and Taiwan (Figure 1).

Figure 1. The study area and the distribution of cities with traditional villages.

3. Methodology

3.1. “3M” Analytical Framework

In this article, a “3M” analytical framework is proposed for exploring the spatiotemporal patterns
of traditional villages, and this framework includes multiscale research units and applies multivariate
analytical methods to identify the multiple perspectives of the spatiotemporal patterns (Figure 2).
Specifically, to measure and compare the changing trend and spatial pattern of traditional villages,
this article uses regional-, provincial- and prefecture-level units to study the temporal distribution
differences and their spatial patterns. The adopted multivariate methods include the spatial Gini
coefficient, hot spot analysis (Getis-Ord G∗i ) and weighted standard deviation ellipse, which can reveal
multiple perspectives of patterns, including degree of aggregation, regional inequality, clustering
distribution, directional distribution and degree of dispersion. The three selected methods are widely
used for identifying the spatial patterns in previous studies for exploring the spatial and temporal
distribution patterns of geographical phenomena [48–51]. The three methods are independent and not
redundant, and they can reflect the comprehensive and multilevel characteristics of the distribution
and dynamics of Chinese traditional villages. The proposed “3M” analytical framework in this article
can explore the heterogeneity of multiscale traditional villages and reveal the scale effects and spatial
effect of the uneven distribution of traditional villages throughout China. In this article, software
including Python, ArcGIS and Geoda were used to calculate the above indicators and visualize the
analytical results.
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Figure 2. The “3M” framework for spatiotemporal analysis of traditional villages in China.

3.2. Spatial Gini Coefficient for Measuring Spatial Inequality

The spatial Gini coefficient and Theil index are two complementary methods. Specifically,
the spatial Gini coefficient is an important method for studying the spatial distribution of discrete
regions in geography, and it is mainly used to compare the spatial distribution differences of regional
geographic features [52–54]. The Gini coefficient can be applied to measure the degree of aggregation
of traditional villages. The values of the Gini coefficients are within the interval [0, 1]. If the value of
the Gini coefficient is larger, the spatial distribution of traditional villages is much more unbalanced,
that is, the stronger the spatial concentration is. In other words, the closer the spatial Gini coefficient is
to 0, the more even the distribution of traditional villages will be. On the contrary, the closer the spatial
Gini coefficient is to 1, the more concentrated the distribution of traditional villages will be. The Gini
coefficient is based on the average deviation method and can be calculated as follows [55]:

G =
1

2n2µx

n∑
i=1

n∑
j=1

∣∣∣xi − x j
∣∣∣ (1)

where n is the total number of samples. µx represents the mean value of a unit attribute at a specified
scale. xi and x j are unit attribute values in the ith and jth unit, respectively. For example, in the province
scale, xi and x j represent the number of traditional villages in the ith and jth province, respectively.

3.3. Getis-Ord G∗i for Identifying Spatial Clustering Patterns

The Getis-Ord G∗i statistic is a famous hot spot analysis method, and it has been widely used in
many fields [56]; this method can be used to efficiently recognize the grouping of spatial patterns [57,58].
Through the results including the z score and p value, the samples of the high value or low value in the
spatial clustering can be identified. G∗i is given by
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where n is the total number of analysis units. x j represents the number of traditional villages of unit
(i.e., province/city) j. wi j denotes the spatial weight between region i and region j. In this article,
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the spatial weight is calculated based on the fixed distance band method. The G∗i statistic returned
for each unit of study is the z-score. If the value of G∗i is significantly positive, then the value around
region i is relatively high and belongs to a hot spot [59]. Otherwise, it is a cold area.

3.4. Weighted Standard Deviation Ellipse for Dispersion Patterns

The standard deviation ellipse (SDE) is usually applied to describe the spatial characteristics of
geographic entities, including the central tendency, dispersion and directivity [60,61]. The spatiotemporal
distribution pattern of geographic events has obvious characteristics of spatial anisotropy. The spatial
distribution of many geographic phenomena has obvious differences in the degree of dispersion in
different directions. For example, the occurrence of traffic accidents is usually distributed along the
road network, showing distribution characteristics similar to the morphology of main roads. Due to the
spatial correlation of the regional population and economic and social development level, the spatial and
temporal distribution of traditional villages studied in this paper also has the characteristics of spatial
anisotropy. In this paper, the SDE method is used to conduct an in-depth analysis of the directional
characteristics of traditional villages. The SDE is determined by the standard deviation (SD) of the
long axis, the SD of the short axis and the rotation azimuth. The long axis and short axis represent the
direction and range, respectively, of traditional village distributions. The ratio of the long axis to the
short axis indicates the flatness of the SDE. The SDs of the long and short axes are calculated as follows:

SDEx =

√
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(3)

where (xi, yi) are the spatial coordinates of the ith point element. (x, y) are the geometric central
coordinates of the point feature class. The rotation angle is calculated as follows:
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(4)

where (x̃i, ỹi) represents the deviation between the geometric center coordinates of the feature class
and the coordinates of (xi, yi). The SDs of the x-axis and y-axis are calculated as follows:
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2
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(5)

To correct the deviation caused by different probabilities, this article chose the total number of
traditional villages under the given scale as the weights for Equations (3)–(5), namely, the weighted
standard deviation ellipse (WSDE) [62]. The long and short axes (x-axis and y-axis) of the WSDE are
used to represent the spatial range of the traditional village distribution, and the long axis is used as the
main direction of the trend. The rotation of the elliptical azimuth can reflect the directional extension of
traditional village centers. The standard deviation of the long and short axes of the ellipse can reflect
the distribution and development trend and strength of traditional villages. For example, scholars can
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make a preliminary judgment whether the traditional villages in a certain region are distributed along
the river or road network. If the elliptic direction of a certain region is basically consistent with the
direction of the river, then the river network in this region has a great impact on the development of
traditional villages.

4. Spatiotemporal Patterns of Traditional Villages

4.1. Spatial Inequality of Traditional Villages

According to Figure 3a, the spatial Gini coefficients of different research levels (i.e., zone–province–city)
throughout China show obvious and significantly different degrees of polarization distribution.
The temporal tendencies of the Gini coefficients of the three levels are similar. The values of the Gini
coefficients in the five batches of traditional villages are, in decreasing order, as follows: city-level >

province-level> geographic zone level, illustrating that the smaller the spatial scale is, the greater the
spatial imbalance is in the distribution of traditional villages. This shows that the difference among
prefecture-level cities is the leading factor of the total inequality. In the temporal dimension, three scales
show a similar tendency of the degree of spatial concentration. According to the statistics of cities with
more traditional villages, 29% of the traditional villages are clustered in the top 2.7% of prefecture-level
cities, which illustrates that most of the traditional villages are concentrated in some specific provinces
and counties, such as Huangshan city in Anhui province and Jincheng city in Shanxi province.

Figure 3. The value of Gini coefficients (a) at various levels and (b) in seven geographic zones.

In other words, finding the spatial heterogeneity of the distribution of traditional villages is easier
with a smaller spatial scale. Specifically, the results above illustrate that traditional villages show the
strongest polarization characteristics at the municipal level, which is always higher than 0.75 and
once reached above 0.8. The Gini coefficients at the provincial level show medium disparity in the
distribution of traditional villages. Compared with the municipal and provincial levels, the coefficients
at the zone level have decreased significantly, indicating that traditional villages are relatively evenly
distributed at the zone level. The variation trend and spatial pattern of the distribution differences
of traditional villages on a single scale are one-sided. Relevant studies must pay more attention to
the scale sensitivity and scale dependence of traditional village distributions, which can reveal that
the smaller the spatial scale is, the greater the difference in the distribution of villages is and the
more significant the spatial agglomeration characteristics of traditional village spatial patterns are.
The results above show that the protection of traditional villages of different scales should be targeted
through precise measures, and the local measures should be closely based on the spatiotemporal
differentiation process and state of traditional villages of different scales.

For each geographic zone (Figure 3b), the Gini coefficients of northern China are largest and show
a trend of increasing with each batch, illustrating that traditional villages in northern China are the least
clustered and that the distribution is the most uneven due to the many divided villages in northern
China. The Gini coefficients of eastern China fluctuate between 0.40 and 0.59, illustrating that the
distributions of traditional villages are not equal. The change trends of the southwestern and southern
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regions are consistent with those of the whole country. In comparison, the distributions of southern
China are much more concentrated and uniform. Both the trend and level of southwestern China
are almost consistent with those of the whole country. The reason is that traditional villages in the
southwest are the most concentrated and densely distributed in China. The distribution characteristics
of the southwest can reflect the striking features and characteristics of China. Central China shows
obvious changes from a concentrated distribution to an uneven distribution. The polarized distribution
existed in the early period in northeast China but gradually changed to relatively balanced development.
The main reason may also be that each batch of traditional villages in the northeast contains very few
villages. The Gini coefficient in the north-western region has increased significantly, illustrating that
the distribution of traditional villages is unbalanced.

4.2. Hot Spot Analysis Representing Clustering Patterns

Figures 4 and 5 illustrate the hot spot analysis results of the spatial distribution and temporal
variations, respectively, of traditional villages at the province and city scales. Overall, the spatial
patterns of traditional Chinese villages show an aggregated trend with local fluctuations. The first,
second and fifth clusters tend to be strengthened, while the third and fourth clusters tend to be
weakened. The occurrence probability of hot spots and cold spots approved by traditional villages
has significant local characteristics. At the provincial scale, the distribution pattern differed across
the study period: the number of high-density areas in the southwest decreased, and the provinces
located in eastern China showed an increased number of traditional villages. The overall trend of
hot spot distribution is in eastern and south-eastern China, illustrating that traditional villages are
clustered in these areas. Only Hunan and Guangxi provinces are persistent hot spots in the five batches
of traditional villages. Yunnan, Chongqing and Guizhou are oscillating hot spots. The cold spots in the
provinces of north-eastern China are shrinking. The cold spots were concentrated in north-eastern and
northern China during the study period, especially in Jilin Province. In addition, the distribution of
the first batch is most similar to the distribution of all batches.   
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Compared with the hot spot analysis results at the province scale, the results at the city scale can
reflect more detailed potential and some different information. The most notable characteristics are as
follows: (1) some cities in Gansu, Shandong, Henan Jiangsu and Qinghai are cold spots. The cities in
Inner Mongolia are no longer cold spots. Instead, the fourth batch of traditional villages has a hot spot
in Inner Mongolia. (2) The provinces including Sichuan, Hunan, Guizhou, Chongqing and Yunnan all
have cities that are persistent hot spots. (3) The spatial agglomeration patterns of traditional villages
at the city scale are relatively scattered and specific in local areas. Figures 4 and 5 both reveal that
traditional villages in China mainly have the characteristics of hot spots in terms of spatial distribution.
The hot spots are concentrated in the southwest and southeast while the cold spots are concentrated in
the northeast, showing a significant north–south difference.

Combining the results of the hot spot analysis, the spatiotemporal distribution of Chinese villages
can be characterized by “more in the south and less in the north and more clustered in the south
and more dispersed in the north”, and they are influenced by natural conditions and human factors.
Specifically, the natural conditions including landform, climate, soil, vegetation and hydrology have an
important influence on the distribution of villages. Human factors including traffic location, population
density and economic development also have significant effects on the distribution and development
of villages. For example, the Sichuan Basin has unique topographic conditions, a warm and humid
climate and fertile and high-yield soil, which can provide a good living environment for the formation
and aggregation of villages. The traditional villages are clustered in the areas that are moist and warm.

4.3. WSDE and the Trajectories of WSDE Centers

4.3.1. All of China

The geometrical trajectories of the WSDE indicate different spatial patterns and temporal changing
trends of traditional village distributions at each scale of the analysis unit. Figure 6 shows the WSDEs
and the trajectories of the WSDE centers in China. The centers of the WSDE have always deviated to
the southeast of China’s geographic center. The locations of the WSDE centers are indicated by the
temporal and spatial variations in movements from the east–west–east, showing that the approval of
traditional villages began to shift to the east. Zhejiang, Fujian, Anhui and Hunan have further increased
financial support, technological investment and special advice for the protection of traditional villages
to improve the rural environment of traditional villages. These results are consistent with the results of
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the hot spot analysis in Figures 4 and 5. The oblateness first increased from 0.119 to 0.382 and then
decreased to 0.083, demonstrating that the orientation of the traditional village distribution is becoming
less obvious throughout China. In general, from the perspective of the whole country, a difference exists
between the long and the short half axes of the ellipse, indicating that the distribution of traditional
villages has a certain direction, and the expression direction of the long half axes is from northeast to
southwest. Although an angle exists between the boundary line of Hu Huanyong, the direction is
the same, indicating that population distribution is an important factor affecting the distribution of
traditional villages. According to the changes in the long and short half axes, the distribution direction
and scope have significantly weakened. The detailed results of the temporal WSDEs can be seen in
Table S1 in the Supporting Information file. The WSDEs of all of China reflect only macro trends,
and the microscopic details are analyzed by specific geographic zones and the containing provinces
as follows.

Figure 6. Weighted standard deviation ellipses (WSDEs) and trajectories of WSDE centers in China.

4.3.2. The Geographic Zones

The WSDEs and the trajectories of WSDE centers for seven geographic zones and subordinate
provinces are listed in the following figures. The detailed results of the temporal WSDEs can be seen
in Table S2 in the Supporting Information file. For Central China (Figure 7), the WSDE centers of
the first three batches are all around the geographic centers of Central China, illustrating that the
distributions of the first three batches of traditional villages are relatively uniform. The fourth and
fifth batches of traditional villages deviate to the southwest of the geographic center of Central China
(i.e., Hunan Province). This result is inseparable from Hunan Province’s increasing financial input,
rational use of resources, innovation of protection and development mode (i.e., classification protection),
and promotion of ecological agriculture development, primary processing of agricultural products and
other characteristic industries. The deviation illustrates that the recent traditional villages of Central
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China are concentrated in Hunan Province. In terms of stability, the moving trajectory of the WSDE
centers is relatively large, indicating that the stability of traditional village aggregation centers is weak
and that the degree of village clustering is low. This region is characterized by great topographical
fluctuations. In low-altitude plain areas such as Jianghan Plain, Dongting Lake Plain and Poyang Lake
Plain, due to high degree of urbanization, the villages are not easily preserved; therefore, few traditional
villages exist at present. Nevertheless, due to the relatively harsh natural environment, remote location,
traffic congestion, and slow economic development in the areas with high altitude, the traditional
villages are easy to preserve.

Figure 7. The WSDEs and the trajectories of centers for Central China and subordinate provinces.

For eastern China (Figure 8), the ranges of WSDE center movement trajectories are small, the stability
of traditional village aggregation centers is good, and the degree of aggregation of villages is high.
In addition, the trajectories of the centers are annular, which means that the distribution pattern
of traditional villages associated with the WSDE is highly clustered within eastern China, and the
aggregation effect in eastern China presents a small deviation from the whole. All WSDE centers
are located to the southeast of the geographic center of eastern China, demonstrating that the spatial
distribution of traditional villages has obvious heterogeneity. The villages are more heavily concentrated
in Zhejiang, Jiangxi and Fujian. The shapes of the WSDEs also reflect that the distributions of each batch
of traditional villages have little difference in time, i.e., the WSDEs show temporal stability. The eastern
coastal areas have unique geographic advantages including favorable climatic conditions, fertile soil,
and relatively rich water resources. More importantly, the rapid development of the regional economy
and the reasonable distribution of transportation infrastructure greatly promoted the development of
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non-agricultural industries in the region. Therefore, the clustering distribution characteristics of villages
are obvious.

Figure 8. The WSDE and the center trajectories for eastern China and subordinate provinces.

The spatiotemporal patterns of southern China (Figure 9) are similar to the patterns of eastern
China. The oblateness of southern China is smaller than that of eastern China, illustrating that the
distribution direction of traditional villages in southern China is not as strong as that in eastern
China. The range of the center movement trajectory is small and shows a ring structure, indicating
that the traditional villages in southern China are relatively stable in time and space, with little
difference in aggregation. Notably, the fourth batch of traditional villages shows an obvious change
in direction and center location, which shows a north–south direction and transforms to Guangxi
Province. In comparison, the second batch of traditional villages has a more obvious distribution
direction and discrete degree.

Southwestern China is a famous zone with a large number of traditional villages (Figure 10).
In terms of WSDE shapes, the WSDEs of the first three groups of traditional villages are flatter than
those of the last two groups, indicating that the orientation of the traditional village distribution in
southwestern China has weakened. The increase in the semi–minor axis shows a greater dispersion of
traditional villages in southwestern China, with a weaker centripetal force. The locations of WSDE
centers are near the geographic center of southwestern China, and they are concentrated in Yunnan and
Guizhou. The trajectories of the centers are obviously circular, and the range of movement trajectory is
small, illustrating that the stability of the traditional village aggregation center in southwestern China
is good, and the aggregation effect presents a small deviation. The southern region is mountainous and
hilly, with greater topographic relief. Obvious differences exist in regional resources, environmental
conditions and minority culture in these areas, and the traditional villages tend to show large-scale
clustering in areas with relatively superior environmental conditions.
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Figure 9. The WSDE and the center trajectories for southern China and subordinate provinces.

Figure 10. The WSDEs and the trajectories of centers for southwestern China and subordinate provinces.
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Compared with other zones, the spatiotemporal patterns of the traditional villages in northern
China have unique characteristics (Figure 11). Except for the second batch of traditional villages,
the traditional village distribution directions of all other batches are obvious (i.e., southwest–northeast).
The short radius of the WSDEs is much smaller than the long radius, and the distribution of each batch
of traditional villages has a strong centripetal force. The movement range of the WSDE centers is
small, and the stability of the aggregated centers of traditional villages is good, namely, concentrated in
Shanxi Province. However, the movement trajectory of the WSDE center is characterized by vibration,
indicating that the distribution of traditional villages associated with the WSDE has periodicity and
timeliness within the research scope.

Figure 11. The WSDEs and center trajectories for northern China and subordinate provinces.

The number of traditional villages in north-eastern China is currently the lowest in China
(Figure 12). The shapes of the WSDEs and the trajectories of the WSDE centers are slightly disorganized.
First, because the number of traditional villages is small, the first batch of traditional villages cannot be
used to construct WSDEs due to insufficient vertices. Second, the directions and shapes of WSDEs
vary greatly among the different batches, showing that the distribution randomness of traditional
villages in north-eastern China is strong, and the stability of aggregation centers is weak over time.
The spatial distribution of villages shows dispersive characteristics with a small scale resulting from
the traditional small-scale peasant economy development model in northeast China.

For north-western China (Figure 13), the WSDEs mainly cover Qinghai, Gansu, Ningxia and
Shaanxi Provinces, whereas Xinjiang is barely covered, illustrating that few traditional villages exist in
Xinjiang. Based on the shapes of the WSDEs, the distribution directions and degrees of aggregation of
traditional villages have changed. The first three batches of traditional villages are relatively dispersed,
showing a south–northwest direction. The distribution of the last two groups of traditional villages is
more concentrated, showing an east–west direction. According to the movement scope and trajectories
of WSDE centers, the first three groups of traditional villages have a small difference in distribution
and are relatively stable while the last two groups of traditional villages show few differences.



Land 2020, 9, 449 15 of 21

Figure 12. The WSDEs and the center trajectories for north-eastern China and subordinate provinces.

Figure 13. The WSDE and the center trajectories for north-western China and subordinate provinces.
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4.3.3. The Provincial Scale

The shapes of the center trajectories of the WSDEs indicate that the traditional villages in each
province present different spatial and temporal patterns (Figures 7–13, Tables S3–S9). In general, by
comparing the length and short axis, oblateness, center location and movement trajectory of each
province’s WSDE, the following conclusions can be obtained:

(1) The index of oblateness can be used to determine the direction and degree of centripetal force.
In total, it can be roughly divided into the following types: (1) inconspicuous directivity: Henan,
Zhejiang, Sichuan, Heilongjiang, and Jilin; (2) obvious directivity: Hubei, Hunan, Henan, Jiangxi,
Shandong, Guangdong, Hebei, Shanxi, Liaoning, Gansu, Qinghai, Shanxi, and Xinjiang; and (3)
alternate directions: Anhui, Fujian, Guangxi, Chongqing, Guizhou, Guangxi, Yunan, Beijing,
and Inner Mongolia.

(2) The locations of the WSDE centers relative to the geographic center of the province can reflect the
administrative patterns and temporal stability of traditional village distributions. The groups are
as follows: (1) near the geographic center with stability: Jiangxi, Zhejiang, and Fujian; (2) near the
geographic center with vibration: Henan, Hubei, Inner Mongolia, Hebei, Gansu, and Sichuan;
(3) off the geographic center with stability: Hubei, Anhui, Liaoning, Qinghai, Guangxi, Chongqing,
and Yunnan; (4) off the geographic center with vibration: Jiangsu, Shandong, Tianjin, Shanxi,
Shaanxi, Guangdong, Tibet, and Guizhou; and (5) other patterns: Shanghai, Tianjin, Jilin,
Heilongjiang, Xinjiang, Ningxia, and Hainan.

5. Discussion and Conclusions

Due to the imbalance of economic status, cultural deposits, natural conditions, population
distribution, etc., the distributions of traditional villages have geographic differences. Moreover,
different geographic spatial scales have different spatial differentiation characteristics, and different
times (i.e., different batches) also have different spatial differentiation changes in traditional villages.
The spatial pattern of five batches of traditional villages can reflect the interdependence of rural
geographic elements and the stage of socioeconomic transformation and development, which are
of great significance to the regional promotion and implementation of a rural revitalization strategy.
Moreover, considering the five batches of traditional villages with uniform criteria, the evolution
of approved traditional villages can analyze the change process and development of traditional
villages in different scales and reflect the changes and differences of relevant influencing factors,
such as economic input, policy support and rural vitality, etc. Therefore, this article discusses
the spatiotemporal distribution characteristics of villages based on the proposed “3M” framework.
The spatial and temporal processes of traditional village development can reflect the spatiotemporal
characteristics of urban development, especially the patterns of regional development and urbanization.
The measurement of multidimensional indicators for identifying spatial and temporal distribution of
traditional villages can help policy makers to formulate specific and targeted policies or projects for
traditional villages and rural development so as to improve the “shortest board” of rural economic
development and environmentally sustainable development and to seek breakthroughs in promoting
effective and sustainable development of rural economic reconstruction and urban–rural integration.
This article has positive significance for the study and analysis of traditional villages, and it has certain
reference value for the protection, development and utilization decisions of regional ancient villages.
The policy implications based on the corresponding results can be summarized as follows:

(1) From the spatial dimension, the distribution of traditional villages is very uneven, and it is
concentrated in southern and eastern China. This uneven geographic distribution is consistent
with the distribution of the “Hu Huanyong Line”, which divides China into roughly equal but
very different parts [63]. The coverage area and the centers of the WSDEs are mainly to the
southeast of the “Hu Huanyong Line”, illustrating that the regional differences in natural factors
(such as terrain, slope direction, and land use) and anthropogenic factors (such as population
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pattern, regional rural development level, financial assistance, cultural corridor and historical
and cultural background) make traditional village distributions different [64,65]. From temporal
dimension, it is apparent that the number of identified traditional villages is increasing year
by year. In order to protect traditional villages effectively, the types of protection of traditional
villages are being further improved, the intensity of protection are being strengthened and the
scope of protection is being expanded during identification. What is more, the public awareness
of protecting traditional villages is increasing. For western China, the most fundamental thing is
to promote the development of local economy and society, construct villager ideology, increase
financial input from the governments, encourage the participation and support of social forces
and support characteristic industries, which can provide opportunities for young people to
work, and prevent the “empty-nest” situation and “aging” of traditional villages in this region.
Therefore, the traditional villages can be preserved and developed better. For eastern and
southern China, which have clusters of traditional villages, the primary task should be to further
stimulate the vitality, capacity, motivation and competitiveness of traditional village development.
The development of traditional villages in the east and south is relatively new; thus, protecting
the buildings and structures of villages as well as preventing overdevelopment and protecting
the traditional culture contained in them is necessary. The dynamic inheritance of traditional
villages should give play to their own advantages, seize the opportunity for rural tourism, and
combine the development of traditional villages with ecological agriculture, characteristic folk
custom service, agricultural landscape and promotion of characteristic agricultural products [7].
In brief, the construction of traditional villages should be placed in the regional environment and
in future development, and integrated, long-term and localized planning should be made for
village architecture, industrial layout, history and culture.

(2) The results of the various spatial analysis methods in this paper show that the spatial distribution
of traditional villages differs with location, shape and density at different scales. That is,
the study of distribution differences of traditional villages is highly sensitive to changes in spatial
scale. In terms of the analysis of cold hot spots, the comparison between the provincial scale
and municipal scale shows that the smaller the spatial scale is, the greater the difference and
agglomeration of traditional villages are; meanwhile, the smaller the spatial scale is, the easier
it is to find the spatial heterogeneity of traditional village distribution. The analysis based
on the results of multiple scales is not only conducive to accurately grasping the distribution
law of traditional villages but also critical to the precision of the exploration and analysis of
the factors influencing traditional cultural villages. Based on a comprehensive analysis of the
multiscale spatiotemporal characteristics of traditional villages in China, this article summarizes
and proposes the basic principles and countermeasures for the coordinated development of
traditional villages. 1) Focusing on the coordinated development of traditional villages on
a small scale and classifying traditional villages with common features to protect them from
multilevel perspectives is important [66]. For example, the special opinion of Zhejiang that
divided traditional villages into “ancient architectural villages”, “natural ecological villages”,
“folk villages” and other types can be implemented in other provinces. 2) Paying attention to the
development of the whole system of traditional village groups in the region is wise [67]. According
to the main regional characteristics of traditional villages, the government can innovate and
build industry and product systems related to the development and revitalization of traditional
villages in the region. For example, in the eastern region, traditional village tourism routes with
stories of “Huizhou merchants in southern Anhui”, “the land of fish and rice in Jiangsu and
Zhejiang”, and “the red base areas in Jiangxi” can be designed to not only spread the diverse
culture of traditional villages but also improve the development of industries and economics.
3) Although the spatiotemporal distribution of traditional villages shows obvious differences at
diverse scales, the advances in new computer technology, network communication technology
and virtual simulation technology, the proposed national strategic system and improvement
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of the internationalization level provide equal opportunities for the local development of rural
areas [68]. For example, the city of Huangshan in Anhui Province has applied virtual simulation
technology to achieve digital protection of traditional villages.

This article explores the spatiotemporal distribution characteristics of traditional villages, which
are of certain reference value to decision-making related to the protection, development and utilization
of Chinese villages. However, this study still leaves room for future explorations. Studies on the
differences in Chinese traditional villages are highly sensitive to spatial scales. The construction and
optimization of a multi-scale and multi-mechanism composite theoretical framework is necessary
for future studies on the distribution of traditional villages. First, the precision of traditional village
analyses can be more refined, such as at the county scale [69]. Relevant studies can further support the
studies on regional imbalances in China. Second, the factors influencing the survival of traditional
villages, including the natural environment, social economy, regional policies and historical culture,
remain to be studied. Moreover, this article only selects some factors for qualitative evaluation and
explanation. Further research is needed to quantitatively analyze the factors affecting the distribution
differences of traditional villages. The factors influencing the distribution differences of traditional
villages at different scales still need to be determined to promote the protection and development of
rural areas. In combination with future relevant data collection, we will explore the spatiotemporal
effects of determinants on traditional villages at different spatial scales.
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