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Abstract 

The Yangtze River Basin (YRB) is the birthplace of Chinese civilization and is rich in traditional village resources. Study-
ing their spatial distribution characteristics and influencing factors can guide the protection, inheritance, and devel-
opment of traditional villages in YRB. This study takes 5 batches of 3346 traditional villages in YRB since 2012 as the 
research object. Using the nearest neighbor index, kernel density analysis, standard deviation ellipse, and Geodetector 
model, we analyzed the spatial distribution characteristics of traditional villages in YRB and detected their influencing 
factors. The results show that the distribution of traditional villages in YRB exhibited a spatial pattern of cohesive clus-
ters, forming a high-density area and development center in the junction zone between Guizhou and Hunan prov-
inces and southeast of Anhui Province, and secondary-density areas in Northeast Yunnan Province and east Jiangxi 
Province. The results of the Geodetector show that the formation of the spatial distribution pattern of traditional 
villages in YRB is affected by the combined effects of natural and socio-economic factors, among which elevation and 
NDVI were the main factors, and the interaction of multiple factors showed an enhanced trend. The findings of this 
study can provide scientific decision-making support for the development and protection of traditional villages in 
YRB.

Keywords  Traditional villages, Spatial distribution characteristics, Influencing factors, Geodetector model, Yangtze 
River Basin

Introduction
Traditional villages have a long history and are carriers 
of Chinese traditional culture, with rich historical and 
cultural value [1]. As modernization, industrialization, 
and urbanization have accelerated in China in recent 
years, traditional villages are gradually dying out under 

the external environment’s impact. With the disappear-
ance of traditional villages, as well as the regional history 
and cultural heritage they carry, they also die out [2, 3]. 
Traditional villages are also the roots and birthplace of 
the nation and the origin of its culture. Meanwhile, tradi-
tional villages’ rich history and culture mean that they can 
bring economic benefits as important tourism resources 
[4]. Villages are the carrier for the implementation of 
China’s rural revitalization strategy, and traditional vil-
lages, as key areas, should receive sufficient attention for 
their protection [5]. The protection of traditional villages 
is the inheritance and protection of traditional culture, 
and it can also promote the creative transformation of 
traditional culture and help rural revitalization. There-
fore, the preservation of traditional villages is of great 
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significance to historical and cultural inheritance, eco-
nomic development, and rural revitalization. Congratula-
tively, the Chinese government has published 5 batches 
of traditional villages since December 2012 and included 
them in the national strategy for historical and cultural 
preservation, laying the foundation for the protection of 
traditional villages. However, regarding the necessity and 
long-term nature of traditional village protection, there is 
not yet a perfect law and regulation on traditional villages 
in China, and the theoretical research on traditional vil-
lages lags [6].

Optimizing the spatial distribution characteristics of 
traditional villages is the essence of preserving traditional 
villages, which is echoed by the study of the spatial pat-
tern characteristics of traditional villages [7]. Further-
more, the distribution of geographical elements is often 
spatially regular rather than chaotic, and the optimiza-
tion of the overall spatial distribution of traditional vil-
lages should be approached from a spatial perspective 
[5, 7]. Simultaneously, the study of the factors influenc-
ing the law of geographical differentiation of traditional 
villages can provide policy reference for corresponding 
differentiated protection measures [4]. A large number 
of scholars have conducted in-depth discussions on the 
spatio-temporal patterns of traditional villages and the 
factors influencing them. Previous studies on traditional 
villages mainly focus on the cultural value and connota-
tion of traditional villages [8–11], the layout of traditional 
villages [12–14], the cultural landscape of traditional 
villages [15–18], the environmental elements of the for-
mation of traditional villages [19–22], and the tourism 
development of traditional villages [23–27]. However, 
most of the studies are mainly qualitative descriptions 
and case studies, and the research methods are relatively 
single. Recent years have seen the emergence of digital 
technologies such as Geographic Information Systems 
(GIS), City Intelligent Modeling (CIM), and the Internet 
of Things (IoT), which have taken the study of the preser-
vation and operation of traditional villages to new heights 
[28–30]. GIS-based research can monitor the spatio-
temporal distribution of traditional villages and their 
influencing factors at multiple scales in sequence, and 
analyze their geographical differentiation patterns and 
the evolutionary characteristics of their formation. From 
the perspective of geography, a series of spatial statistics 
are used to study the spatio-temporal characteristics of 
traditional villages, which can quantitatively analyze their 
geographical differentiation and deterministic influenc-
ing factors, and provide spatially differentiated decisions 
for the conservation of Chinese traditional villages.

Previous studies have mostly focused on large-scale 
national, provincial, and municipal levels [31–36], 
and smaller scales such as county and township levels 

[37–41]. In addition, most studies focus on static spa-
tial distribution, and relatively few studies involve the 
dynamic evolution process of traditional villages [38–
41]. The choice of influencing factors focuses on natu-
ral, socio-economic, and ethnocultural factors, and the 
specific research methods include kernel density analy-
sis, nearest neighbor index, imbalance coefficient, and 
spatial autocorrelation analysis [38–41]. There are also 
studies on geographically weighted regression analysis 
of traditional villages based on grid units [5]. In general, 
the research on traditional villages mainly qualitative 
description and then combined with quantitative calcu-
lation methods to explore their spatial distribution and 
influencing factors.

The Yangtze River Basin (YRB) is one of the cradles of 
Chinese civilization, with a long and splendid history and 
ethnic culture, and also has many traditional villages as 
cultural carriers. However, with the construction of the 
Yangtze River economic belt, traditional villages are fac-
ing challenges such as decreasing numbers and backward 
living conditions of village residents. Therefore, it is typi-
cal to choose traditional villages in YRB, the analysis of 
its spatial distribution characteristics and influencing fac-
tors not only contributes to the protection of traditional 
villages in YRB but also has important reference value for 
the study of traditional villages in other similar areas. In 
this study, the spatial analysis method is used to analyze 
the spatial distribution characteristics of traditional vil-
lages, and the Geodetector method is used to detect the 
formation mechanism of the spatial pattern of traditional 
villages, which further provides scientific guidance for 
the development and protection of traditional villages. 
This study is mainly devoted to (1) determining the spa-
tial distribution characteristics of traditional villages in 
the YRB and (2) investigating the main factors affecting 
the spatial distribution of traditional villages in the YRB.

Study area overview and data sources
Study area overview
The YRB straddles three major economic zones in China: 
the middle, east, and west, and contains 19 provinces, 
cities, and districts, and 968 county-level administra-
tive regions, with a total area of about 1.8 million km2, 
accounting for 18.8% of China’s land area  (Fig.  1). The 
terrain in YRB is high in the west and low in the east, 
and can be roughly divided into five types of landforms: 
plateau, mountains, basin, hills, and plains from west to 
east. The birthplace of the YRB (Qinghai-Tibet Plateau) 
has a plateau mountain climate with strong radiation, a 
large diurnal temperature range, low temperature, and a 
long cold season; the rest of the region has a subtropical 
monsoon climate, with four distinct seasons, high tem-
perature and rainy summer, mild and less rain in winter, 
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small daily temperature difference, and pleasant climate. 
Yangtze River is the “Mother River” of China, which has 
nurtured profound Chinese civilization and formed many 
traditional villages with values of history, culture, and 
architectural art. As of June 2019, a total of 3,346 villages 
in YRB have been selected for the list of Chinese tradi-
tional villages, accounting for 49.07% of the total number 
of Chinese traditional villages. Identifying the spatio-
temporal distribution of traditional villages in the YRB 
and exploration of the formation mechanism of their spa-
tial patterns is very necessary for the development and 
protection of traditional villages in the YRB.

Data sources
It is difficult to obtain comprehensive, continuous data 
on the same data platform, so this study synthesizes data 
from multiple sources. The spatial distribution datasets of 
5 batches of Chinese traditional villages used in this study 
are from the Global Change Science Research Data Pub-
lishing System (http://​geodoi.​ac.​cn/​WebCn/) [42–44]. 
The geometric center of traditional villages is extracted 

by referring to the Baidu map and Google earth image 
and then extracting village coordinates from the text 
prompt of the village name or traditional village image. 
For those where the village cannot be found on the map 
and no reference image was available, the coordinates of 
the higher administrative unit where the traditional vil-
lage is located are used as the geographical coordinates 
of the village [32]. Furthermore, the sources and descrip-
tions of the spatial data used in this study are shown in 
Table 1. Unlike other factors, vegetation cover and slope 
direction need to be obtained by pre-processing NDVI 
data and DEM data respectively in ArcGIS. Among 
them, vegetation cover was calculated by the like-element 
dichotomous model, and slope direction was obtained 
by calculating the raster surface. Then, we use the spatial 
analysis module (Spatial Analyst Tools/ Zonal/Zonal Sta-
tistics As Table) of ArcGIS software to calculate the val-
ues of each influence factor in each grid. The elevation, 
slope direction, and vegetation cover were averaged for 
each grid, and the GDP and population were summed 
over the grid. For rivers and transportation, we calculate 

Fig.1  Spatial distribution of 5 batches of traditional villages in YRB

Table 1  Data sources for driving factors

RESDC data center for resources and environment, Chinese Academy of Sciences. GDP economy density

Variables Data sources Data format Description

Elevation RESDC (http://​www.​resdc.​cn) GeoTIFF (1000 m-resolution) Characterization of topographic conditions

Slope direction RESDC (http://​www.​resdc.​cn) GeoTIFF (1000 m-resolution) Characterization of topographic conditions

River National Geomatics Center of China (https://​
www.​webmap.​cn)

Shipfile Characterization of hydrological conditions

Vegetation cover RESDC (http://​www.​resdc.​cn) GeoTIFF (1000 m-resolution) Characterization of vegetation cover conditions

GDP RESDC (http://​www.​resdc.​cn) GeoTIFF (1000 m-resolution) Characterization of the level of economic devel-
opment

Population World pop project (https://​www.​world​pop.​org) GeoTIFF (1000 m-resolution) Characterization of population density

Transportation Gaode Maps (http://​www.​geoda​ta.​cn) Shipfile Characterization of traffic conditions

http://geodoi.ac.cn/WebCn/
http://www.resdc.cn
http://www.resdc.cn
https://www.webmap.cn
https://www.webmap.cn
http://www.resdc.cn
http://www.resdc.cn
https://www.worldpop.org
http://www.geodata.cn
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the total length of rivers and roads within each grid to 
characterize their conditions.

Methods
Nearest neighbor index and variation coefficient
In this study, the nearest neighbor index method and 
Tyson polygon variation coefficient method are used to 
determine the spatial distribution of traditional villages. 
The nearest neighbor index R is defined as the ratio of 
the actual nearest neighbor distance rI  to the theoretical 
nearest neighbor distance rE  [45]. The equations are:

where R is the nearest neighbor index; rI  is actual near-
est neighbor distance; rE  is the theoretical nearest neigh-
bor distance; n the is the number of traditional villages in 
YRB; γi is the actual distance between the ith traditional 
village and its nearest traditional village; S is the total 
area of YRB. When R > 1, it indicates that the spatial dis-
tribution pattern of traditional villages in YRB is uniform; 
when R < 1, it is cohesive; when R = 1, it is random; and 
when R = 0, it indicates complete concentration [46].

Because the nearest proximity index method has a 
certain degree of uncertainty in determining the spatial 
morphology of geographical factors, this study also uses 
the Tyson polygon coefficient of variation method to 
conduct a secondary verification of the spatial distribu-
tion morphology of traditional villages in YRB. The varia-
tion coefficient CV is defined as the ratio of the standard 
deviation of the Tyson polygon area to the mean value 
[47]. The equations are:

where CV is the coefficient of variation; Sst is the stand-
ard deviation of the Tyson polygon area;S is the mean 
of the Tyson polygon area; Si is the area of the ith Tyson 
polygon; n is the number of traditional villages in YRB; 
S is the area of the YRB region. If CV ≤ 33%, it indicates 
that traditional villages in YRB are spatially uniformly 
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n
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distributed; if 33% < CV < 64%, they are randomly distrib-
uted; if CV ≥ 64%, they are clustered.

Kernel density analysis
In this study, the spatial distribution density of traditional 
villages is measured by kernel density analysis. Ker-
nel density analysis takes the traditional village element 
points as the center of the circle, and the density value at 
the center of the circle is the highest, indicating that the 
element points are the densest; the farther away from the 
center of the circle, the lower the density value, indicating 
that the feature points are sparse [48]. The equations are:

where f(x) is the kernel density estimate; n is the number 
of traditional villages; h is the search radius (bandwidth); 
k
(
x−xi
h

)
 is the kernel density function; (x − xi) is the dis-

tance value from the estimated value point x to some tra-
ditional village point xi; Dm is the median of the distance 
from the average centroid of traditional villages to each 
traditional village; SD is the standard distance from the 
average centroid of traditional villages to each traditional 
village; min indicates the distance that will be calculated 
using the smaller one calculated from the two options.

Geographical concentration index
This study uses the geographical concentration index to 
determine the degree of the spatial distribution of tradi-
tional villages in terms of aggregation. The specific calcu-
lation equation is:

where G is the geographical concentration index of tra-
ditional villages, Xi is the number of traditional villages 
in the ith county-level administrative region; T is the 
total number of traditional villages; N is the total num-
ber of county-level administrative regions. The value of 
G is between 0 and 100; the larger G is, the more con-
centrated the distribution of traditional villages among 
county-level administrative regions; conversely, the more 
scattered the distribution of traditional villages is.
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Spatial equilibrium degree
To portray the equilibrium of the spatial distribution 
of traditional villages in YRB, this study introduces 
the Gini coefficient and Lorenz curve for quantitative 
description. The Gini coefficient is mainly an impor-
tant method to analyze the balanced variability of the 
spatial distribution of research objects in the region. 
The equations are:

where Gini denotes the Gini coefficient; Pi denotes the 
proportion of traditional villages in the ith county-level 
administrative region to the total number of traditional 
villages in YRB; N is the number of county-level admin-
istrative regions in YRB; C is the degree of equilibrium 
of the spatial distribution of traditional villages. The 
Gini coefficient ranges from 0 to 1. The larger the Gini 
coefficient is, the smaller the C, and the higher the con-
centration of traditional villages in a certain region; con-
versely, the more unbalanced the spatial distribution of 
traditional villages. On this basis, the Lorenz curve was 
made with the horizontal coordinate of each county-level 
administrative district and the cumulative percentage of 
the number of traditional villages in each county-level 
administrative district as the vertical coordinate. If the 
arc of the curve is larger, it indicates that the spatial dis-
tribution of traditional villages is less balanced.

Standard deviation ellipse
The standard deviation ellipse method of spatial offset 
degree can reflect the nature of spatial distribution such 
as centrality, spatial extent, and evolution direction of geo-
graphical elements based on parameters such as the center, 
long and short axes, azimuth, and flatness of the ellipse [49, 
50]. In this study, the above method is adopted to measure 
the degree of offset of traditional villages in YRB in terms of 
spatial distribution.The equations are:

(9)Gini =
−
∑N

i=1 PiInPi

InN

(10)C = 1− Gini

(11)X =

∑n
i=1 wixi∑n
i=1 wi

(12)Y =

∑n
i=1 wiyi∑n
i=1 wi

where X  and Y  are the arithmetic mean center; xi and yi 
are the coordinates of the spatial location of the ith tradi-
tional village; SDEx and SDEy are the variance of the long 
and short axes of the ellipse; θ is the azimuth of the ellipse 
(the angle of clockwise rotation to the long axis of the 
ellipse in the due north direction); x̃l and ỹl are the devia-
tion of the coordinates of the spatial location of the tra-
ditional village to the mean center. In general, the longer 
the long semi-axis of the ellipse, the more obvious the 
directionality of the spatial distribution of traditional vil-
lages; the longer the short semi-axis, the greater the dis-
persion of the spatial distribution of traditional villages; 
and the azimuth of the ellipse indicates the direction of 
the main trend of the spatial distribution of traditional 
villages [49, 50].

Geostatistical analysis
In this study, we introduced various functions of ArcGIS, 
including overlay analysis, buffer analysis, statistical anal-
ysis, and intersection analysis. Specifically, we use super-
position analysis to investigate the spatial distribution of 
traditional villages regarding elevation and slope direc-
tion. Buffer analysis was used to study the spatial distri-
bution of traditional villages about rivers (1  km, 5  km, 
and 10  km buffer zones were established). Statistical 
analysis was used to study the spatial distribution of tra-
ditional villages regarding GDP and population. Finally, 
we use intersection analysis to investigate the relation-
ship between the spatial distribution of traditional vil-
lages and transportation. However, the above methods 
can only support qualitative analysis, but not quantitative 
analysis.

Geodetector model
Geodetector is mainly used to detect the spatial differ-
ences of geographical elements and analyze their driving 
forces, including factor detection, interaction detection, 
risk area detection, ecological detection, etc. [51]. To 
quantitatively analyze the influence of each influence 
factor on the spatial layout of traditional villages, we 
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ỹ2l
)
+

√(∑n
i=1

x̃2l −
∑n

i=1
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introduced a Geodetector model. This study mainly uses 
this method to detect the intensity and interaction of the 
factors that affect the spatial distribution of traditional 
villages. The specific calculation equation is:

where q denotes the measure of the strength of the effect 
of an influencing factor and takes a value between 0 and 
1. The closer to 1, the greater the strength of the effect of 
the influence factor; L is the number of influence factors; 
Nh and σ 2

h  are the number of cells and variance of the cor-
responding influence factors; N and σ 2 are the number of 
cells and variance of the whole, respectively.

Results
Spatial distribution pattern of traditional villages in YRB
The coefficient of variation (CV) of the spatial distribu-
tion of traditional villages in each batch of YRB was 
calculated, as shown in Table  2. The results show that 
although the traditional villages in YRB show cohesive 
cluster distribution in spatial distribution, the near-
est neighbor index (R) and the CV are different for each 
batch, which indicates the different degrees of cohesive 
cluster distribution of different batches of traditional vil-
lages. Specifically, the R was the largest for the first batch 
of traditional villages (0.58), followed by the R for the 
fourth batch (0.70), and the smallest for the second batch 
(0.48). The CV was the largest for all batches (404.06%) 
and the smallest for the first batch (187.23%).

Spatial distribution density
The results of kernel density are shown in Fig.  2. It can 
be seen that the batch 1 traditional villages formed 2 
significant density cores, one located in the border area 
of Guizhou Province, Hunan Province, and Guangxi 
Zhuang Autonomous Region, the other in the border 
area of Anhui Province and Jiangxi Province, and sev-
eral sub-level density cores scattered throughout the 
YRB. Compared with batch 1, the density cores in the 
border area of Guizhou Province, Hunan Province, and 

(16)q = 1−

∑L
h=1Nhσ

2
h

Nσ 2

Guangxi Zhuang Autonomous Region were reduced in 
scope, and the other density cores in the border area of 
Anhui Province and Jiangxi Province were reduced to the 
dense cores of the next level. Batch 3 traditional villages 
form three notable density cores: the first has the largest 
extent located in the border area of Guizhou Province, 
Hunan Province, and Chongqing City, the second in the 
southeastern area of Anhui Province, and the third in the 
northeastern area of Yunnan Province. The Batch 4 tradi-
tional villages mainly have two significant density cores, 
one located in the border area of Guizhou Province and 
Hunan Province and the other in the southeastern area of 
Anhui Province, in addition to numerous sub-level den-
sity cores distributed in various parts of the basin, espe-
cially in the northeastern area of Sichuan Province and 
Jiangxi Province. Compared with batch 4, batch 5 has a 
reduced range of density cores located in the border area 
of Guizhou and Hunan provinces, and the density cores 
located in the southeastern area of Anhui Province are 
unchanged, in addition to a significant reduction of sub-
level density cores. Comparing the kernel density maps of 
these 5 batches of traditional villages, we can find that the 
first batch of traditional villages laid the general pattern 
of the spatial distribution of traditional villages in YRB, 
and the subsequent 4 batches of traditional villages sup-
plemented and improved the first batch, finally forming 
2 significant density cores in the junction zone between 
Guizhou and Hunan provinces and southeastern Anhui 
Province, the spatial distribution pattern of traditional 
villages in YRB with the northeast of Yunnan Province 
and the east of Jiangxi Province as the secondary density 
core.

Geographical concentration
The results of the geographic concentration index of 
traditional villages in YRB are shown in Table 3, where 
Ga indicates the geographic concentration index of 
traditional villages in YRB under uniform distribution 
among county-level administrative regions. It can be 
seen that the geographic concentration indices (G) in 
the actual situation are all greater than the geographic 

Table 2  Nearest neighbor index and coefficient of variation of traditional villages in YRB

Batch Nearest neighbor index (R) Coefficient of Variation (CV) (%) Distribution pattern

All batches 0.55 404.06 cohesive clusters

First batch (2012.12) 0.58 187.23 cohesive clusters

Second batch (2013.08) 0.48 239.81 cohesive clusters

Third batch (2014.11) 0.54 224.09 cohesive clusters

Fourth batch (2016.12) 0.57 215.21 cohesive clusters

Fifth batch (2019.06) 0.52 298.92 cohesive clusters
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concentration indices (Ga) under the uniform distri-
bution, which indicates that the spatial distribution of 
traditional villages in YRB is not uniform among the 
county-level administrative regions. The G is not the 
same among batches of traditional villages, for exam-
ple, the first batch of traditional villages has the largest 
G value of 16.49 compared with other batches, which 

indicates that the spatial distribution of traditional vil-
lages in different batches varies among county-level 
administrative regions in the study area.

Degree of spatial equilibrium
To quantitatively describe the inbalance of the spatial 
distribution of traditional villages in YRB, this study 

Fig. 2  Kernel density of traditional villages in YRB

Table 3  Geographical concentration index of the spatial distribution of traditional villages in YRB

Batch Actual geographical concentration 
index (G)

Geographical concentration index under balance distribution (Ga)

All batches 8.37 3.21

First batch (2012.12) 16.49

Second batch (2013.08) 15.88

Third batch (2014.11) 9.74

Fourth batch (2016.12) 8.64

Fifth batch (2019.06) 11.94
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calculates the Gini coefficient and the degree of equi-
librium C of traditional villages in YRB in each county-
level administrative region, and the results are shown in 
Table 4. The results show that the Gini coefficient is from 
smallest to largest in batch 2, batch 1, batch 3, batch 5, 
batch 4, and all batches, and the corresponding degree of 
equilibrium C is decreasing in order. This indicates that 
the spatial distribution of traditional villages in YRB in 
the corresponding batches is more unbalanced. The arc 
size of the Lorenz curve of the spatial distribution of tra-
ditional villages in YRB also verifies the above conclusion 
(Fig. 3).

Degree of spatial excursion
Moreover, this study used the spatial statistics tool 
of ArcGIS to analyze the degree of spatial offset of 

traditional villages in YRB, and the results are shown in 
Fig. 4 and Table 5. The spatial distribution center of tra-
ditional villages in YRB is mainly located in the north-
western part of Hunan Province, among which the batch 
2 and batch 3 traditional villages fall at the junction 
of Hunan, Chongqing, and Guizhou provinces, which 
indicates that the traditional villages in YRB are mainly 
located in Hunan Province with a small degree of offset. 
The standard ellipse flatness of the spatial distribution of 
each batch of traditional villages is from batch 4, batch 5, 
batch 1, batch 2, and batch 3 in descending order, which 
indicates that the corresponding batches of traditional 
villages in YRB have increasingly clear directional rows 
in spatial distribution, and the distribution range is also 
larger. From the azimuthal size of the standard ellipse 
parameter, the spatial distribution of traditional villages 
in different batches is more consistent in terms of direc-
tionality. The azimuth of the standard deviation ellipse is 
closest to that of batch 5, which indicates that the direc-
tion of the spatial distribution of batch 5 traditional vil-
lages is close to that of the whole; the long semi-axis, 
short semi-axis, and flatness are closest to that of batch 1, 
which indicates that the directionality and dispersion of 
the spatial distribution of batch 1 traditional villages are 
similar to that of the whole.

Analysis of factors influencing the spatial distribution
The spatial distribution of traditional villages is affected 
by different factors, such as topography and terrain, 
regional economic conditions, population density, and 

Table 4  Gini coefficient and distribution balance degree of 
traditional villages in YRB

Batch Gini coefficient Distribution 
balance 
degree

All batches 0.82 0.18

First batch (2012.12) 0.66 0.34

Second batch (2013.08) 0.65 0.35

Third batch (2014.11) 0.72 0.27

Fourth batch (2016.12) 0.77 0.23

Fifth batch (2019.06) 0.74 0.26

Fig. 3  Lorentz curve of the spatial distribution of traditional villages in YRB
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traffic conditions [34–37]. Integrating previous research 
results and based on the availability of data, this study 
selects 7 factors, including elevation, slope direction, 
river, vegetation cover, GDP, population, and transpor-
tation, starting from both natural and socioeconomic 
aspects. At the same time, the intensity of each influenc-
ing factor on the spatial distribution of traditional villages 
was calculated by Geodetector.

Figure 5 shows that the traditional villages in YRB are 
mainly located in Anhui, Jiangxi, Hunan, and Guizhou 
provinces in the eastern part of the YRB, where the ele-
vation is relatively low, and to a lesser extent in Sichuan 
and Yunnan provinces in the western part of the YRB. 
The statistical results show that most of the villages are 
located between 200 and 2000  m in elevation, and the 
data of traditional villages located in low hill/plain areas 
(< 500  m), low mountain/hill areas (500–1000  m) and 
middle and high mountain area (1000–2000 m) are 1884, 

865, and 321 respectively, accounting for 56.31%, 25.85%, 
and 9.59% respectively. The results show that traditional 
villages are mainly concentrated in low mountain/hill 
areas below the elevation range of 2000 m, which is con-
sistent with the results of previous studies [31], indicat-
ing that suitable elevation is an essential condition for the 
formation and protection of traditional villages.

Table  6 results show that the proportion of tradi-
tional villages in YRB is higher in the northwest, west, 
and southwest directions, accounting for 43.81% of the 
total; if classified by yin and yang slopes, the number of 
traditional villages with yang slopes (90–270°) is 1686, 
accounting for 50.39% of the total; the mean and median 
slope directions of all traditional villages are about 200°. 
The above results indicate that the sunny slopes are more 
suitable for the distribution of traditional villages, which 
is also consistent with the traditional Chinese culture of 
“sitting in the north and facing south”.

Fig. 4  Standard deviation ellipse of the spatial distribution of traditional villages in YRB

Table 5  Parameters of standard deviation ellipse of the spatial distribution of traditional villages in YRB

Batch Long axis of ellipse/km Short axis of ellipse/km Azimuth angle Oblateness

All batches 731849.01 349731.96 82.65° 0.5221

First batch (2012.12) 710493.62 342882.03 79.47° 0.5174

Second batch (2013.08) 776391.63 298258.029 78.11° 0.6158

Third batch (2014.11) 804687.58 299217.86 74.34° 0.6282

Fourth batch (2016.12) 691229.71 380870.02 93.69° 0.4490

Fifth batch (2019.06) 675415.51 345902.84 85.59° 0.4879
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The results of river show that there are 632 traditional 
villages distributed in the 1  km radius, accounting for 
18.89% of the total; in the 5 km radius, there are 1517 
traditional villages distributed, accounting for 45.34% 
of the total. Within a 10 km radius, there are 2375 tra-
ditional villages, accounting for 70.98% of the total.

The statistical results of vegetation cover degree 
showed that the vegetation cover of the area where the 
traditional villages were located ranged from 0.08 to 
0.9, and the average vegetation cover was about 0.78. 
There were 2858 traditional villages with vegetation 
cover of no less than 0.70, accounting for 85.42%, which 
indicated that the high vegetation cover areas with a 
better ecological environment were helpful for the sit-
ing of traditional villages (Fig. 6).

With the help of the ArcGIS platform, we counted 
the GDP of the YRB where the traditional villages 
are located, and its average value is 11,416,500  yuan/
km2, which is much lower than the average value of 
15,928,100 yuan/km2 of the YRB. If less than 75% of the 
GDP of the YRB (11,946,100  yuan/km2) is considered 

an underdeveloped area, the number of traditional vil-
lages is 2619, accounting for 77.85%, which indicates 
that traditional villages in YRB are mainly located in 
places with weaker economic development.

We counted the population density of the area where 
the traditional villages are located in YRB, and its mean 
value is 226.23 persons/km2, which is higher than the 
population density of 160.68 persons/km2 in YRB; mean-
while, we found that the median population density of 
the traditional villages is 170.89 persons/km2, which is 
different from the mean value of 226.23 persons/km2, 
indicating that lower population density is beneficial to 
the retention of traditional villages. The above results 
indicate that the YRB has an inherent advantage in terms 
of the population density for the formation of traditional 
villages.

This study uses Gaode Map 2020 national urban road 
dataset and ArcGIS platform to dissect the YRB into 
5 km*5 km grids, totaling 95,572, and calculates the road 
length of each grid to represent the traffic density, and 
the traffic density of the area where its YRB traditional 

Fig. 5  The relationship among the spatial distribution of traditional villages, elevation, and aspects in YRB

Table 6  Statistical table about the aspect of traditional villages in YRB

Aspect North Northeast East Southeast South Southwest West Northwest

Range/° 0–22.5/337.5–360 22.5–67.5 67.5–112.5 112.5–157.5 157.5–202.5 202.5–247.5 247.5–292.5 292.5–337.5

Number/Percentage 439/13.12% 295/8.82% 342/10.22% 352/10.52% 452/13.51% 465/13.90% 485/14.49% 516/15.42%
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villages are located. The results show that the traffic 
density in YRB is 0–21.94 km/km2, while the maximum 
traffic density in the area where traditional villages are 
located is only 10.69  km/km2, and the traffic density of 
154 traditional villages is 0, which indicates that there is 
no direct access to convenient roads within 1 km of the 
area, revealing that the traffic accessibility of traditional 
villages is poor, but the indirect protection of traditional 
villages has played a good role.

Comparison of factors influencing the spatial distribution 
of traditional villages
The results of the above analysis show that the elements 
affect the spatial distribution of traditional villages, and 
to quantitatively analyze the strength of each influenc-
ing factor, this study takes the number of traditional 
villages in the unit grid as the dependent variable and 
each influencing factor as the independent variable 
and uses Geodetector to quantitatively calculate the 

strength of their effects. Firstly, the YRB is divided into 
10 km*10 km grids, totaling 24,299, of which 2149 grids 
have traditional villages; secondly, the ArcGIS platform 
is used to count the values or  average values of tradi-
tional villages and each influencing factor in each grid 
(Table 7); subsequently, the natural breakpoint method 
is used to discretize them into 5 levels concerning pre-
vious studies; finally, Geodetector software was used to 
calculate the intensity of each influencing factor on the 
traditional villages in YRB (Table 7).

The explanatory power of each factor on the spatial 
differentiation of traditional villages from strong to 
weak is elevation, vegetation cover, traffic, slope direc-
tion, water system, GDP, and population. Among them, 
elevation and vegetation cover are the main factors 
influencing the spatial distribution of traditional vil-
lages in YRB, followed by traffic, slope direction, water 
system, and other secondary factors. The explana-
tory power of natural factors such as elevation and 

Fig. 6  Number of traditional villages in YRB under different vegetation coverage

Table 7  Geodetect results of spatial differentiation of traditional villages in YRB

Dependent variable Index Index descriptions Value

Y—Number of traditional villages(per 100km2) X1—average elevation (m) The average elevation per grid 0.037150

X2—average aspect (°) The average aspect per grid 0.007763

X3— density of hydrographic net (km/100km2) Length of river per grid 0.001557

X4—vegetation coverage Vegetation coverage per grid 0.024474

X5—GDP (ten thousand yuan /100km2) The total GDP per grid 0.001011

X6—population (per 100km2) The population per grid 0.000677

X7—transportation (km/100km2) Length of road per grid 0.013153
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vegetation cover is more significant, indicating that 
elevation and vegetation cover has the strongest influ-
ence on the spatial differentiation of traditional villages 
in YRB.

In ancient societies, where agriculture was the main-
stay, the factors considered in selecting village sites were 
mainly high-quality arable land, sufficient and clean 
water sources, excellent natural environment, and few 
natural disasters, thus mountainous and hilly areas with 
a relatively high elevation and high vegetation cover were 
more suitable for traditional village sites than plain areas 
in some aspects. Transportation is the factor that has 
the greatest impact on traditional villages among socio-
economic factors, the higher the accessibility of a region, 
the more frequent the communication with the outside 
world, and the greater the influence on the local culture, 
thus the lower the accessibility is, the better the preser-
vation and continuation of traditional villages. Compar-
ing the natural factors and socioeconomic factors, the 
former has more influence on the spatial distribution 
of traditional villages, indicating that natural factors are 
the main reason for the location of traditional villages 
and the main factor for the preservation of traditional 
villages.

The interactions between different influencing fac-
tors are shown in Table 8, which shows that natural and 
socio-economic factors combine to impact the forma-
tion of the spatial pattern of traditional villages, and all of 
them are multi-factor interactions showing the phenom-
enon of effect enhancement. The intensity of the effect 
of the enhancement between different factors on their 
traditional villages varies, for example, the two factors of 
the maximum synergistic intensity are elevation and pop-
ulation, and the two factors of the minimum synergistic 
intensity are GDP and population.

Conclusion and discussion
Discussion
This study analyzes the spatial distribution characteris-
tics of traditional villages in the YRB based on the data 
and ArcGIS platform, and qualitatively analyzes the rela-
tionship between their spatial distribution and natural 
and socio-economic factors. On this basis, Geodetector 
model is used to calculate the action intensity of different 
influencing factors, and the spatial distribution pattern 
and formation reasons of traditional villages in YRB are 
further understood. The specific results are as follows: 
the calculation results of the nearest neighbor index and 
coefficient of variation show that the traditional villages 
in YRB are distributed in cohesive clusters in space, but 
the degree of cohesive clusters distribution of each batch 
of traditional villages is different; the results of kernel 
density analysis show that the traditional villages in YRB 
form 2 significant density cores in the intersection of 
Guizhou Province and Hunan Province and southeastern 
Anhui Province in spatial distribution, and northeastern 
Yunnan Province and eastern Jiangxi Province; the results 
of the geographical concentration index show that the 
spatial distribution of traditional villages in the Yangtze 
River valley is uneven among county-level administrative 
regions, and the concentration degree of spatial distribu-
tion among different batches of traditional villages is dif-
ferent; Gini coefficient, equilibrium degree C, and Lorenz 
curve jointly show and verify that the equilibrium degree 
of different batches of traditional villages is different; the 
results of spatial deviation analysis show that the spatial 
distribution center of traditional villages in YRB is mainly 
in the northwest of Hunan Province, and the spatial dis-
tribution direction and scope are consistent.

Qualitative analysis of the influencing factors shows 
that the natural factors in the area where the traditional 

Table 8  Main interaction factors and associated changes

The interaction factor detection results (q-values),
a Two-factor enhancements, and
b Nonlinear enhancements

Interaction factors X1 X2 X3 X4 X5 X6 X7

X1 0.037150 / / / / / /

X2 0.044392a 0.007763 / / / / /

X3 0.039348b 0.009501b 0.0015576 / / / /

X4 0.046889a 0.029668a 0.026169b 0.024474 / / /

X5 0.041303b 0.009223b 0.003065b 0.024880a 0.001011 / /

X6 0.055767b 0.009376b 0.003725b 0.027683b 0.001088a 0.000677 /

X7 0.047431a 0.020514a 0.015050b 0.0330452a 0.014241a 0.024564b 0.013153
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villages are spatially distributed are mainly below 
2000  m above sea level, sunny slopes, within 10  km 
from rivers, and high vegetation coverage; for socioeco-
nomic factors, the traditional villages are mainly dis-
tributed in areas with low GDP, low population density, 
and poor accessibility.

The calculation results of the Geodetector show that 
elevation and vegetation coverage are the main factors 
that affect the spatial distribution of traditional villages 
in YRB, followed by traffic, slope direction, water system, 
and other secondary factors. The interaction between dif-
ferent influencing factors shows that natural and socio-
economic factors jointly promote the formation of the 
spatial pattern of traditional villages in YRB.

Factors influencing the spatial pattern of traditional 
villages
As one of the important natural factors of traditional vil-
lages, elevation plays a decisive role in the topography 
and terrain of the location of traditional villages. Dif-
ferences in elevation lead to differences in temperature, 
precipitation, sunlight radiation, and other conditions in 
traditional villages at different elevation, thus making the 
structure and ways of villages distinctive [6]; secondly, the 
increase in elevation leads to an increase in the degree of 
topographic relief, which leads to a decrease in the acces-
sibility of villages and a lower degree of communication 
between traditional villages and the outside world, which 
is beneficial to the preservation of traditional villages and 
the protection of their cultural heritage. The slope direc-
tion of the mountainous area where traditional villages 
are located has a great influence on the intensity of solar 
radiation and sunshine duration, and is an important ref-
erence element for the location of traditional villages, so 
the slope direction is also one of the important factors 
affecting the spatial distribution of traditional villages [6]. 
Water is a necessity for human life, so traditional villages 
are generally formed within a specific range of rivers. 
Human settlements in general are built near water, and 
this spatial characteristic near water is directly related to 
the traditional Chinese concept of settlement layout [52]. 
In general, areas with better ecological environments are 
more suitable for the formation and development of tra-
ditional villages [5], and vegetation cover can reveal the 
difference between good and bad ecological environ-
ments to some extent [5]. Generally speaking, a greater 
vegetation cover represents a better ecological environ-
ment [5].

The difference in regional economic development lev-
els has a certain degree of connection to the preservation 
and retention of traditional villages. Generally speaking, 
the lower the level of economic development, the more 
the number of traditional villages is relative, the reason 

is mainly that the backward economic development will 
make transportation and other infrastructure construc-
tion slower, thus creating the necessary conditions for 
the retention of traditional villages. The population is 
the basis for the formation of traditional villages, but 
the development of the times has led to the migration 
of densely populated areas to cities, which has led to a 
decrease in the number of traditional villages and even 
their extinction. Therefore, the analysis of the popula-
tion density of traditional villages is of great significance 
for their preservation and retention. Transportation is a 
precondition for the development of a region, and if the 
traditional villages are weakly accessible, they are not eas-
ily affected by the external environment, which plays an 
important role in their preservation and development.

Policy implications
In the process of urbanization, the extinction of many 
traditional villages has brought irreparable damage to 
traditional Chinese history and culture, cultural diversity 
and regional cultural ecology have been greatly affected, 
so how to preserve traditional villages is a challenging 
task. Most of the traditional villages in the Yangtze River 
valley are in areas with low traffic accessibility, socio-
economic backwardness, and good ecological environ-
ment, and spatial differentiation of traditional villages is 
strongly affected by natural factors, similar to the spatial 
distribution of traditional villages in the Yellow River 
basin, which is also the birthplace of Chinese civilization 
[53]. Under the current social and economic background, 
traditional villages are easily affected and destroyed by 
the external environment. Therefore, the protection and 
development of traditional villages in the Yangtze River 
valley should be determined comprehensively according 
to the specific conditions of each region. The results of 
this study can provide a policy reference for the differen-
tiated conservation of traditional villages.

From the geographical differentiation of traditional 
villages, they are mainly concentrated in the middle and 
lower reaches of the Yangtze River basin because of the 
healthy ecological environment and high level of eco-
nomic development in these areas. In the upper reaches, 
most of the traditional villages are concentrated in less 
economically developed areas and ecologically fragile 
areas, while the population of these traditional villages 
is scattered and the resident population is mainly elderly 
and children, which lacks development vitality. For 
the traditional villages that are gradually dying out, we 
should give full play to their cultural advantages, set up 
special funds to develop rural tourism, drive the employ-
ment of young people in the area, and promote the return 
of the population to these villages. Meanwhile, traditional 
villages have significant spatial clustering characteristics, 
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and their development and utilization should take into 
account the complementary advantages of neighboring 
villages to maximize their value. In assessing traditional 
villages, a broader perspective should be taken, as arti-
ficial division often brings about the fragmentation of 
traditional villages in the region. The development of pro-
tected areas for traditional villages may be the solution.

The study also found that elevation and vegetation 
have a greater influence on the formation of the spatial 
pattern of traditional villages, and the synergistic effect 
of elevation and population is also stronger. Site con-
ditions such as elevation cannot be changed, but veg-
etation can be artificially altered. As mentioned above, 
strengthening the ecological construction of existing 
traditional villages, developing rural tourism, and pro-
moting population return can also be important means 
to regulate the spatial distribution pattern of traditional 
villages. Starting from its influencing factors, optimiz-
ing the spatial distribution of traditional villages and 
giving full play to their cultural and economic spatial 
spillover effects will not only enhance their cultural 
inheritance but also further prevent traditional villages 
from dying out.

The establishment of traditional village protection system
The development and conservation of traditional villages 
should be considered from three aspects: life, production, 
and ecology. Traditional villages often have multi-func-
tional characteristics such as economic function, social 
and cultural function, and ecological function. This also 
corresponds to the three aspects of production, life, and 
ecology. Traditional villages have formed distinctive pat-
terns and characteristics over a long period of time, and 
have evolved under the exogenous pull of socioeconomic 
development.

From the production perspective, the industrial display 
model should be developed. Relying on the surrounding 
cities and towns to develop the traditional village econ-
omy using industrial display conditions, villagers partici-
pate in the industrial display services comprehensively 
and effectively. Through government intervention, social 
capital intervention enables local villagers to benefit from 
industrial development and increases the opportunities 
for self-development, thus realizing sustainable protec-
tion and development of traditional villages.

From the perspective of life, the protection of tradi-
tional villages should not only be rooted in the deep 
local vernacular culture, but also in the form of innova-
tive development. Relying on the rich cultural heritage of 
traditional villages, the organic connection between the 
conservation elements is established through heritage 
conservation, and conservation is based on the whole. In 
addition, the systematic conservation and utilization of 

villages can be realized by deeply exploring the organic 
integration of traditional village original appearance con-
servation and folk culture.

Finally, under the ecological perspective, ecological res-
toration of traditional villages needs to be adhered to. As 
mentioned above, vegetation restoration can significantly 
affect the spatial pattern of traditional villages. Tradi-
tional villages should focus on the harmonious symbiosis 
with the natural environment. Since ancient times, China 
has been influenced by the idea of heaven-and-man 
combination, forming an ecological only of harmonious 
coexistence between man and nature. In the process of 
developing and protecting traditional villages, we should 
control the limits of artificial expansion, optimize the 
spatial structure, pay attention to ecological perception, 
and enhance ecological resilience.
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