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Abstract

Chengdu-Chongging economic circle (hereinafter referred to as “Chengyu Region”) is
a key construction region of China’s major development strategy. The development of
regional tourism plays an important role in the optimization of regional economy and
industrial structure. In this paper, ArcGIS 10.5 was used as the main analysis tool to ana-
lyze the temporal and spatial distribution of A-level tourist attractions in Chengyu Region,
and makes factor analysis and interactive analysis on the factors affecting the distribution
of tourist attractions by geographic detector model. The results show that: 1. The distri-
bution of tourism attractions in Chengyu Region is mainly concentrated type, and the
distribution of the natural landscape, cultural landscape, rural pastoral and modern enter-
tainment in Chengyu Region are all concentrated type. 2. In terms of the distribution char-
acteristics of kernel density, there is a significant deviation between the spatial distribution
of A-level tourist attractions and tourism income in Chengyu Region. Through the analysis
of the dynamic development of A-level tourist attractions in 2010, 2015 and 2021, tourism
in Chengyu Region show a good situation of "driven by two cities and blooming in many
places." Among them, Chengdu and Chongqing have obvious advantages, and Yibin has
become an important city second only to Chengdu and Chongqing. 3. In terms of spa-
tial correlation, the spatial distribution of A-level tourist attractions in Chengyu Region
has a significant spatial autocorrelation. The local spatial autocorrelation of A-level tour-
ist attractions includes H-H (high-high), H-L (high-low) and L-H (low-high) clustering
types. 4. In terms of influencing factors, traffic location, water system, topography and
social and economic development level are the important factors affecting the spatial dis-
tribution of regional A-level tourist attractions. Among them, the level of social and eco-
nomic development has the greatest impact on regional tourism. Finally, based on relevant
theories, this paper puts forward countermeasures and suggestions for regional coordinated
development, so as to guide the sustainable development and management innovation of
regional tourism industry.
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1 Introduction

In April 2016, the Development Plan of Chengdu-Chongqing Urban Agglomeration
was officially approved. As the most economically and culturally developed region in
western China, Chengdu-Chongqing urban agglomeration plays a "growth pole" and
a practical and exploratory role in promoting the coordinated regional development
of the whole country. In November 2018, the Opinions of the Central Committee of
the Communist Party of China and the State Council on Establishing a New Mecha-
nism for More Effective Regional Coordinated Development explicitly required that
Chengdu and Chongging be the center to lead the development of the Chengdu-Chong-
qing urban agglomeration and promote the integrated development of related sectors.
In October 2020, the Political Bureau of the CPC Central Committee held a meeting
to review the Outline of the Plan for the Construction of Chengdu-Chongqing eco-
nomic circle, requiring Chengdu-Chongqing economic circle (hereinafter referred to as
"Chengyu Region or region") to lead the construction of "Belt and Road," and actively
participate in the double cycle of domestic and international economy. Whether in the
development of the western region or in the Belt and Road Initiative, the Chengyu
Region plays an important role with its special geographical location. As an important
part of the national development strategy, the state has high hopes for the Chengyu
Region. How to promote regional economic development and the integration of sectors
requires cooperation and promotion between different urban areas, different depart-
ments and different industries in the region, and the tourism industry plays an impor-
tant role. Chengyu Region is located in the western part of China, with a long history
of development, strong cultural heritage, rich landscape resources and a broad tourism
market. The development of tourism in the region is of great significance to the eco-
nomic development and industrial structure optimization of Chengyu Region. As an
important part of the tourism industry, tourist attractions are the basic material condi-
tions for the development of regional tourism. The spatial structure of tourist attrac-
tions profoundly affects the development strategy of regional tourism and is the basis
for directing the planning, development and management of regional tourism (Wang,
2008). In 1999, the China National Tourism Administration formulated “Standard
of rating for quality of tourist attractions” as a quality certification system for tour-
ist attractions. In 2003, the 1999 edition of “Standard of rating for quality of tourist
attractions” was revised to form the current edition. The tourist attractions (herein-
after referred to as "A-level tourist attraction") in this standard refer to independently
managed area with functions such as sightseeing, leisure and entertainment, as well as
tourist facilities and services. The evaluation system was established in this standard
to comprehensively evaluate the resource quality, development level and facilities of
every attractions, and so on. Based on the evaluation results, the tourist attractions are
classified into five levels: A, AA, AAA, AAAA and AAAAA( hereinafter referred to
as "IA," "2A," "3A," "4A" and "5A"). If A tourist attraction is rated "5A," it means it
has the most beautiful scenery, the best service and perfect facilities (National Tourism
Administration, 2003). The spatial structure of tourist attractions in Chengyu Region
has an important influence on whether the regional tourism industry can finally attain
integrated development on the basis of cooperation. In order to achieve a long-term
mechanism of overall planning and coordination of the regional tourism industry, the
optimization of the spatial structure of regional tourist attractions is an important pre-
requisite (Zhang et al., 2021).
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2 Literature review

The spatial pattern of tourist attractions reflects the relationship between the development
of tourism and population (Wang et al., 2019), economy (Sun et al., 2021) and society
(Stepchenkova & Park, 2021). Since the authentication system of A-level tourist attractions
was launched in 1999, experts and scholars have conducted a lot of research on its certifi-
cation standards (Hu et al., 2016), tourist attractions management (Ahn & Jeong, 2021),
tourism development (Wigckowski, 2021) and tourism attraction (Luo et al., 2021), and
made many achievements. At present, most of the studies on spatial distribution of tourist
attractions focus on few samples or small areas, or network analysis is performed using
data from travel blogs, reviews or images on social media platforms (Sun et al., 2020; Shi
et al., 2020; Jiang et al., 2021; G. S. Kim et al., 2021). In the past five years, the main
research methods use neural network predictive model (Li, 2020) deep learning (Tae-
charungroj & Mathayomchan, 2019), gravity analysis (Zhang et al., 2022), cluster analysis
(Duarte-Duarte et al., 2021), spatial measurement (Kim et al., 2022), social network analy-
sis (Bustamante et al., 2019; Chung et al., 2020; Gan et al., 2021; Li & Weng, 2016) and
so on. Besides, using the spatial distribution of tourist attractions, scholars also conducted
the study of travel route recommendation (Castillo-Vizuete et al., 2021) and recommen-
dation system construction (Abbasi-Moud et al., 2021). The spatial distribution of tourist
attractions is mainly concentrated in aggregation and nonequilibrium (Zhang et al., 2020).
Due to lack of research data or outdated data, some studies have lacked guidance and refer-
ence significance. In addition, the current economic situation and policy are complex and
changeable, so relevant research should keep pace with the times.

This paper analyzes the spatial distribution of tourist attractions, and many studies are
involved for the influence factors. Social and economic conditions, tourism resources,
infrastructure construction, regional cultural influence, ecological environment carrying
capacity, the tertiary industry development, tourism service level, life security system are
the main driving factors affecting the tourism economy space differentiation (Usui et al.,
2021). As the provincial capital city, Urumgqi has the advantages in politics, economy, cul-
ture, transportation, geography and other aspects (Liu et al., 2022). On the macroscale,
the cities with developed economy and mature tourism industry are more affected, but the
impact difference in the scale is further expanded. On the microscale, cultural attractions or
well-known attractions are much more affected than natural and religious attractions (Yang
et al., 2021). Despite the importance of transportation for the shaping of tourism networks,
the current research mainly focuses on urban daily travel behavior at the cost of tourism,
which is regarded as a special behavior (Kirilenko et al., 2019; Qiu et al., 2021; Wang et al.,
2021). Shi et al. (2020) think that the higher the glacier comprehensive potential index, the
better the traffic conditions, the richer the glacial resources, the stronger the economic and
social foundation, the closer the tourism market, the better the glacier area, and the richer
the tourism resources. In this paper, the above research uses geographical detectors on the
influence of landform characteristics, traffic, water system and county administrative center
on the spatial distribution of tourist attractions, which mainly answers the question of the
degree of influence and interaction.

Chengyu Region is an important part of China’s major national development strategy
in 2016, which plays a driving role in Belt and Road construction. As an important part
of regional economic construction, the development of tourism can play important role.
The development of A-level tourist attractions reflects the development and management
level of regional tourism resources, and the level of tourist attractions directly reflects the
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recognition of the government and tourists of the tourist attractions. To a certain extent,
the distribution of A-level tourist attractions can reflect the development of regional tour-
ism. Therefore, the number and spatial distribution characteristics of A tourist attractions
largely reflect the spatial structure of regional tourism (Getis & Ord, 2010). This paper
collects the coordinate point data and rating time of A-level tourist attractions in 2021,
analyzes the spatial distribution of A-level tourist attractions and influencing factors using
ArcGIS10.5 and Geodetector, and optimizes the spatial structure of the unbalanced and
insufficient tourism development, so as to provide theoretical support and practical refer-
ence for the comprehensive, coordinated and sustainable development of tourism in other
regions in China.

3 Materials and methods
3.1 Studyarea

Chengyu Region refers to parts of Chongqing and Sichuan Province, with a geographical
range of 101°56’ ~109°15’E, 27°40’ ~32°19’N, includes 15 cities in Sichuan Province, 27
districts (counties) in Chongqing and parts of 2 districts (counties) in Chongqing, covering
a total area of 185,000 square kilometers, making it the most economically and cultur-
ally developed region in the western region. In addition, it is worth emphasizing that the
Chengyu Region is not the whole area of Sichuan and Chongqging. We can see that the
fringe of the region is divided off from Fig. 1, because some areas are relatively back-
ward. In 2019, the total GDP of Chengyu Region reached about 7200.457 billion yuan,
accounting for 7.32% of the national total GDP. Among them, the total tourism revenue
reached about 16,581.1, accounting for 23% of the total regional GDP. By 2010, there were
130 A-level tourist attractions in Chengyu Region, 332 A-level tourist attractions in 2015,
and 689 A-level tourist attractions in 2021. As of 2021, 689 A-level tourist attractions in
Chengyu Region comprise 13 graded 5A, 273 graded 4A, 286 graded 3A, 113 graded 2A
grade and 4 graded 1A.

3.2 Data source

Chengyu Region mainly includes parts of Sichuan Province and Chongqing. The data of
Sichuan Province come mainly from Sichuan Department of Culture and Tourism, the end
data are obtained through April 30, 2021. The data of Chongqing tourist attractions come
mainly from Chongqing Tourism and Cultural Development Commission, and the end date
is September 12, 2020. As all the A-level tourist attractions only have address information,
the coordinate data are obtained through the Google Earth address. The rating time of each
tourist attraction was obtained from regional statistical yearbook, or by grabing national
official website and regional official website. The data of tourist revenue are obtained from
tourism statistical yearbook (2010, 2015 and 2021) of Sichuan Province and Chongging.
In addition, POI is a short form of point of interest, which stands for one point. POIs
stand for all points. The tourist attractions, no matter their size, are abstracted into a sin-
gle point. And the POI mentioned in the article refers to tourist attractions. Classification
methods refer to the Classification of Tourist Attraction released by China Tourist Scenic
Spot Association in December 2019. Large categories divide A-level tourist attractions into
natural landscape, cultural landscape, rural landscape and modern entertainment landscape.
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Fig. 1 Map of Chengyu Region

Vector data of administrative divisions, regional boundaries, rivers and roads are obtained
from google Earth, and social and economic statistics are derived from the provincial and
regional statistical Yearbook, statistical bulletin and relevant official websites.

4 Study methods

The research method mainly includes two aspects: The first is the analysis of the temporal
and spatial distribution characteristics of A-level tourist attractions, including the kernel
density analysis, nearest-neighbor distance analysis, spatial autocorrelation analysis and
gravity center track analysis of A-level tourist attractions; the second is the analysis of the
influencing factors of the spatial distribution of A-level tourist attractions, mainly using
kernel density analysis and Geodetector.

4.1 Analysis of the kernel density

The kernel density analysis method is a spatial analysis method based on nonparametric den-
sity estimation that can further expand the information stored in the point elements into the
plane, which is often used to detect local density changes in the dotlike sample distribution (Yu
et al., 2015). The kernel density analysis method can clearly describe the spatial distribution
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characteristics of tourist attractions in Chengyu Region and provide an intuitive reference for
studying the overall layout of tourist attractions. The specific formula is as follows:

1% (x-X)
f(x)_E;KT (1)

In the formula, f(x) is the kernel density value of the tourist attraction x to be evaluated, h
is the search radius of point x and X;, is the tourist attraction within the search radius, x-X; is
the relative distance from point x X; to , K is the kernel density coefficient, n is the number of
the tourist attractions, and the larger the value of f{x), the higher the density of tourist attrac-
tions here.

4.2 Analysis of the nearest-neighbor distance

The POIs present a scattered distribution in the area. The nearest-neighbor distance is used
to describe the proximity of point-like things in geographic space (Lin & Zheng, 2017). The
research used the nearest-neighbor distance to measure the agglomeration trend of tourist
attractions in Chengyu Region and distinguish the spatial distribution type of tourist attrac-
tions. The calculation formula is as follows:
R
= )
In the formula, R is the nearest-neighbor index, 7| is the theoretical average nearest-neigh-
bor point distance of the POIs, and r;; is the actual average nearest-neighbor distance of the
POIs. When R=1, it means that the tourist attractions are distributed randomly; when R< 1, it
means that the tourist attractions are concentration distribution; when R > 1, it means that the
tourist attractions are in a uniform distribution.

4.3 Spatial autocorrelation

The global spatial autocorrelation refers to the statistical correlation of spatial attributes dis-
tributed in different spatial locations within the study area (Lv & Cao, 2010). In general, the
global spatial autocorrelation is measured with the help of the global spatial autocorrelation
(Moran’s I)(formula 3), reflecting the distribution characteristics of the spatial study elements
within the study area(Liu et al., 2016). The local spatial autocorrelation (formula 4) used to
represent the spatial distribution and interaction of A-level tourist attractions in Chengyu
Region in different research units. The calculation formula is as follows:

1= Pa— 3)
SZZZWU
i=1j=1
X —X «
;= 152 > Wy(X; - x) )
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In the formula, X; and X/- represent the number of tourist attractions, respectively, in
space units i and j; W;; is the spatial weight matrix; n is the number of spatial units in the
n n

area; §% = l 2‘1 Xi- X2, X = ZIX
i= Jj=

4.4 Analysis of gravity center track

The gravity center refers to the action point of the resultant force produced by the gravity
of each part of the object. The gravity model has been widely applied in many fields such
as economy, industry, population, usually used to compare the change of the distribution of
gravity center of the same kind of space elements or the space distribution of gravity center
of different types of the elements(Sun et al., 2008; Zhao et al., 2010); the formula is:

YAX YA
i=1 i=1
oX,Y)=|——,— ®)
YA A,
i=1 i=1

In the formula, (x; y;) represent geographic coordinates of tourist attractions; O(X, Y)
represen geographic coordinates of the spatial distribution center of tourist attractions. Fur-
ther measuring the direction of space movement of gravity center (Zhao et al., 2010), the
formula is:

D j=Rx \/(Yf—yj)2+ (5= x,)° ©

In the formula, 0 is angle of movement of gravity center: Due east is 0°; 0°~90° is
northeast; 90° ~ 180°is northwest; -90° ~0° is southeast; -180° ~-90°is southwest. The dis-
tance of space movement of gravity center (Zhong et al., 2014) is given in the formula as
follows:

Di;=RX \/(yi_yj)2+ (xl-—xj)z O

4.5 Geodetector

The Geodetector was originally based on the geographical perspective proposed by Wang
(Wang & Xu, 2017). This study used the Wang’s Geodetector model for calculation (Wang
et al., 2016). An algorithm is about detecting the spatial difference of the influence factors
on the dependent variables (Hu et al., 2020; J. Yang et al., 2019). The formula is:

L
)y Nh";%
h=1

No?

i t- ®)

where the ¢ value represents the influence degree of each detection factor on the distribu-
tion of A-level tourist attractions in Chengyu Region. L represents the variable stratifica-
tion, that is, classifification or partition; N, and N represent the number of units in layer h
and the entire region, respectively. o° refers variance.
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5 Results and analysis
5.1 The classification of A-level tourist attractions

This study is divided according to the scientific attributes of tourism resources, divided
into natural landscape, cultural landscape, rural countryside and modern entertain-
ment. This article mainly refers to “the classification of tourist attractions” released
by China Tourism Scenic Spot Association in November 2020 and draws lessons from
the research results of Guo Laixi and Li Donghua (Guo et al., 2000; Li et al., 2020).
The A-level tourist attractions are systematically classified in Chengdu and Chongqing
region. In the analysis process, among the natural landscape of tourist attractions, 10
of tourist attractions are distributed by wetland type. At the same time, it is not easy to
define whether it is lake or river type, and wetland type is added. Among 15 5A-level
tourist attractions, in addition to Deng Xiaoping hometown, Zhu De hometown, the
campus of Chongqing GuangYi middle school is memorial tourist attractions, Lang-
zhong ancient city is Historic site tourist attractions, and others are either the combina-
tion of mountain, water and forest or the combination of mountain, water and religious.
The landscape of high-level tourist attractions is complex and diverse, giving a person
comprehensive three-dimensional feeling.

In addition, the most of hot spring tourist attractions are the same of resort; indus-
trial, popular science and production scenic spots are very similar.It is worth mention-
ing that the rural pastoral category is a new the type of scenic area category added to
the classification of tourist attractions, accounting for 23.95% of A-level tourist attrac-
tions in the region.Under the background of the country vigorously advocating all-for-
one tourism and rural tourism, Chengdu-Chongqing economic circle is the region with
the most densely populated, concentrated industries and the highest urban density in
the western region, and it is also a demonstration area for the national implementation
of new urbanization. (Table 1) For Chengyu Region with strong historical and cultural
heritage and local ethnic characteristics, rural tourism has become the characteristics of
regional tourism.

5.2 The type of spatial distribution of A-level tourist attractions

As shown in Table 2., the distribution ratio of A-level tourist attractions in Chengyu
Region is mainly counted. Since the number of 1A tourist attractions is few, it was elimi-
nated in the research process. Only the distribution of 5A, 4A,3A and 2A tourist attractions
is counted, accounting for the ratio of the corresponding column (the level of tourist attrac-
tions). From the table, we can see that natural landscape and cultural landscape account for
a relatively high in high-level tourist attractions, and these two tourist attractions play an
important role in China’s tourism resources. Rural pastoral category is the type of tourist
attractions gradually developed in the development process of China’s tourism industry and
plays an important role in rural tourism, and accounts for a relatively high ratio of 3A and
2A tourist attractions. In this paper, the analyze tool of the average nearest proximity index
is used to calculate the nearest proximity index of tourist attractions with different catego-
ries in Chengyu Region. The results are shown in Table 2., which shows that the overall
distribution type of tourist attractions in Chengyu Region is the clustering type, forming a
spatial agglomeration with Chengdu and Chongging as the core.
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Table 1 The number of various types of A-level tourist attractions

Scenic area category Scenic area type Number (A) Total (A) Occupy (%)
Natural landscape Mountain type 95 217 31.49%
Forest type 30
Lake type 38
River type 25
Marine type 1
Prairie type 3
Hot spring type 15
Wetland type 10
Cultural landscape Historic site type 68 260 37.74%
Religious type 23
Intangible cultural heritage type 14
Industrial type 12
Popular science type 5
Memorial ground type 55
Cultural garden type 50
Resort type 19
Town type 14
Rural landscape Village type 33 165 23.95%
Agricultural landscape type 84
Production land type 45
Homestay type 3
Modern entertainment landscape Theme park type 20 47 6.82%
Cultural performing type 1
Shopping entertainment type 2
Cultural venue type 17
Characteristic block type 7
Total 689 100%

5.3 The kernel density analysis of A-level tourist attractions

In order to obtain the spatial distribution of A-level tourist attractions in Chengyu Region
more intuitively, this paper used ArcGIS10.5 kernel density analysis tool to analyze the
kernel density of A-level tourist attractions in Chengyu Region and divided them into 9
categories according to the natural breakpoint method to obtain the kernel density maps of
different landscape types in Chengyu Region (Fig. 2). Finally, the kernel density distribu-
tion of scenic spots in Chengdu-Chongging region is obtained, with Chengdu and Chong-
qing as the important core and some areas as the secondary core.

As is seen from Fig. 2a, the highest density of A-level tourist attractions in Chengyu
Region is concentrated in the two core areas of Chengdu and Chongqing, and Yibin has
a good momentum of tourism development, becoming the deputy core area of the region.
Compared with nuclear density of Fig. 2b(natural landscape), Fig. 2c(cultural land-
scape), Fig. 2d(rural pastoral landscape), Yibin is very important area in the three types
of landscapes, plus its important geographical location (located at the junction of Yun-
nan, Guizhou, Sichuan, interchange of Jinsha River, Minjiang River and Yangtze River),
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Table 2 Type of spatial distribution of tourist attractions

Category S5A 4A 3A 2A Average Predicted R Spatial distribution
observed mean type
distance distance
Natural land- 9 103 74 29 13479.13 17036.48 0.7912 Clustering type
scape
Occupy (%) 69.23 37.73 25.87 25.66
Cultural land- 4 119 103 34 10956.87 15404.66 0.7113 Clustering type
scape
Occupy (%) 30.77 43.59 36.01 30.09
Rural landscape 0 34 88 42 13742.37 19731.59 0.6965 Clustering type
Occupy (%) 0.00 1245 30.77 37.17
Modern 0 17 21 8 20301.16 26462.96 0.7672 Clustering type
entertainment
landscape
Occupy (%) 000 623 734 17.08
Total 13 273 286 113 6463.79 10048.08 0.6433 Clustering type
Occupy (%) 1.89  39.62 41.51 16.40

Fig. 2 The spatial kernel density analysis of various types of A-level tourist attractions
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Table 3 The number of A-level

. . . Statistical Year 5A 4A 3A 2A 1A Total
tourist attractions in each

stafistical year 2010 4 6 33 36 1 130
2015 11156 97 66 2 332
2021 13 273 286 113 4 689

Yibin plays a important role in the development of tourism in Chengyu Region, Yibin,
and Chengdu and Chongqing have formed a stable triangular structure as shown in Fig. 2b
Among the natural landscape tourist attractions, Chongqing, known for its "mountain
city" and "fog capital," plus the important geographical location of the main stream of the
Yangtze River, its natural landscape is in an absolute dominant position in the regional
tourism industry. Figure 2c Chengdu-Chongqing cultural landscape, Chengdu and Chong-
qing are important cores. The south of Sichuan has advantage status of region, especially
Leshan, Yibin, Zigong and Neijiang. Leshan is our country historical and cultural city, in
the confluence of Dadu River, Qingyi River and Minjiang River, and famous Leshan Bud-
dha is strong cultural heritage. Mianyang, Suining, Nanchong and Guang’an are located
in the north of Chengyu Region. And the distribution of cultural landscape attractions in
Chengyu Region is fully rolled out, and the development is relatively balanced. Among the
rural pastoral scenic spots, Chengdu has become an absolute core city, with Ya’an, Leshan,
Yibin, Chongqing downtown, Wanzhou district, Dazhou, Nanchong and Mianyang City
forming a core arc.

5.4 Temporal and spatial evolution and kernel density analysis of a-level tourist
attractions

In Table 3. and Fig. 3, the three statistical times, respectively, refer to the number of A-level
tourist attractions by 2010, 2015 and 2021 in Chengyu Region.

The data of A-level tourist attractions in Chengyu Region in 2010, 2015 and 2021 are
selected for kernel density analysis, which reveals the evolution law of spatial distribution
kernel density of A-level tourist attractions in Chengyu Region. It can be seen from Fig. 3
that the spatial distribution kernel density of A-level tourist attractions in Chengyu Region
has changed significantly. In 2010, two high-density areas in Chengyu Region were located
in Chengdu and Chongqing, respectively, with obvious regional boundaries and relatively
small spatial kernel density as a whole. In 2015, the high-density areas of A-level tour-
ist attractions were still Chengdu and Chongqing, and the scope and density depth gradu-
ally expanded. The relatively high-density areas have changed, and the medium density
areas located in Leshan, Yibin, Suining, Mianyang and Guang’an are growing. In 2021,
two main core areas and multiple secondary core areas will be formed. The secondary core
areas located in Leshan, Yibin, Suining, Mianyang and Guang’an are growing, forming
an overall spatial layout of "one axis and multiple cores." The "one axis" is located on the
connecting line between Chengdu and Chonggqing, and the multiple cores are carried out
around two main cores and one axis. It is worth noting that the development of Chongqing
is in a strong position at the beginning and insufficient in the later stage.
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Fig. 3 The kernel density of A-level tourist attractions. AThe kernel density of A-level tourist attractions
in 2010. B The kernel density of A-level tourist attractions in 2015 C The kernel density of A-level tourist
attractions in 2021

5.5 Comparative analysis of space-time movement of a-level tourist attractions
and tourism revenue

5.5.1 Evolution of gravity center of A-level tourist attrctions

According to the geographical coordinates of Chengyu Region, the tourism revenue of
each city and the geographical coordinates of tourist attractions in 2010, 2015 and 2021,
the geometric center of region, the gravity center of spatial distribution of A-level tourist
attractions(hereinafter referred to as”’gravity center of tourist attractions”) and the gravity
center of tourism revenue, offset direction and offset distance are calculated, respectively,
according to gravity center model of Eq. 5-7, as shown (Table 4.).

On the whole (Fig. 4), the gravity center of tourist attractions in Chengyu Region is
inconsistent with that of tourism revenue. The gravity center of tourist attractions tends to
shift from north to south and from east to west, and the gravity center of tourism revenue
tends to shift from south to north, from east to west and then to east. The offset directions
of the two are inconsistent, and the offset amplitude is small.

Compared with the geometric center, the gravity center of tourism revenue is west, and
the gravity center of tourist attractions is southwest. The development of tourist attractions
reflects the degree of regional investment in tourism construction. From the analysis, it can
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Table 4 Gravity center of tourist attractions and tourism revenue in 2010, 2015 and 2021

Statistical Year 2010 2015 2021
Gravity center of tourist Longitude 105.6583 105.6125 105.4656
attractions
Latitude 30.0599 30.03304 30.01137
Offset distance (m) 5323.7 14,371.1
Offset direction West by south 41°  West by south 14°
Gravity center of tourism  Longitude 105.584813 105.584813 105.60685
revenue
Latitude 30.193779 30.193779 30.203258
Offset distance(m) 13,499.6 2367.1
Offset direction West by north 17°  East by north 27°
Legend
O  Center of Tourism Revenue +
== == Track Line of Tourism Revenue
® Center of Tourist Attraction —
* Geometric Center
[ city Boundary

Urban Agglomeration Area

Devang

Chengdu

Chongging

Fig. 4 Evolution track of gravity center of tourist attractions and tourism revenue

be seen that there is an obvious mismatch and inconsistent trend between input and output
in Chengyu Region.

5.5.2 Spatial differentiation of gravity center
Through the evolution track and process change gravity center of tourist attractions in

Chengyu Region (Fig. 4), it can be seen that the tourist attractions and tourism reve-
nue have both similarities and obvious differences in space. The same points are mainly
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Fig. 5 The local Moran’s I of A-level tourist attractions

reflected in: First, they always deviate from the geometric center and are always in the
western part of the geometric center, which shows that the tourism construction in
Chengyu Region is gradually developing to the West. At the same time, the benefits
brought by tourism investment are also apparent in the western part; second, the hori-
zontal migration speed is significantly faster than the vertical migration speed, indicat-
ing that the late development advantage of western tourism is obvious, which proves
that the national policy has an obvious driving effect on the tourism development of
Chengyu Region.

The differences are obvious, which are mainly reflected in: First, in terms of loca-
tion, the gravity center of tourist attractions and the gravity center of tourism revenue
in Chengyu Region are always in different positions, with tourism revenue developing
towards the northwest and tourist attractions developing towards the southwest. The
speed of change is also different. The development of tourism revenue first accelerates
and then slows down, indicating that after 2010, with the improvement of people’s liv-
ing standards, people’s tourism demand is also expanding rapidly. The change of tourist
attractions first slow down and then accelerate, indicating that the construction of tour-
ist attractions is in the stage of accelerated development. China’s tourism industry has
accelerated construction and achieved good development in the past decade.

5.6 Spatial autocorrelation analysis of tourist attractions in chengyu region in 2021

With the help of the fishing net creation tool under ArcGIS10.5 spatial analysis, a
10 km*10 km uniform grid with Chengyu Region is constructed, and each grid forms an
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evaluation unit (Fig. 5).Use spatial autocorrelation tools to analyze the spatial correla-
tion of geographical elements (Tourist Attractions in Chengyu Region in 2021). Moran’s
I is selected as the global indicator to show the global spatial distribution features of
the region. The value range of Moran’s I is [— 1, 1]. When Moran’s I is greater than 0,
there is a positive spatial correlation. The closer the value is to 1, the more obvious the
agglomeration in the spatial distribution of regions with higher or lower development
levels of tourism urbanization. In contrast, when the value is closer to— 1, it indicates
that the spatial difference in the development level of tourism urbanization between the
city and the surrounding cities is large. When Moran’s I is equal to 0, it means that
there is no spatial autocorrelation (S. Zhang et al., 2019). By spatial autocorrelation
analysis tool of ArcGIS10.5, the results show that the value of Moran’s I is 0.238982
(Z-score =15.596254, P-value =0). The result indicates that the spatial distribution of
A-level tourist attractions is obvious the agglomeration in Chengdu-Chongqing region.
In general, the local spatial distribution of research objects is divided into four types:
H-H (high-high), H-L (high-low), low L-L (low-low) and L-H (low-high). The signifi-
cant local spatial autocorrelation of A-level tourist attractions in Chengdu-Chongqing
region includes H-H (high-high), H-L (high-low) and L-H (low-high)(Fig. 3).

H-H type represents that both the development level of tourist attractions in a grid unit
scenic area and tourist attractions in its surrounding grid are high, which shows the dif-
fusion effect in the spatial correlation. In Chengdu-Chongqing region, H-H type areas
are scattered in Dazhou district and Wanzhou district of Chongqing, Leshan, Mingshan
district of Ya’an, Zigong, Luzhou, Nanchong, Fucheng district of Mianyang which have
sporadic small area distribution. The districts of Jiangbei, Yuzhong, Nan’an, Jiulongpo,
Dadukou of Chongqin, Chengdu, Yibin are contiguously distributed in a larger area.
In these areas, the popularity and market share of scenic spots are high, which drives
the development of surrounding areas and forms a good interaction. The distribution
of the H-L area in Chengdu-Chongqing region is relatively scattered, accounting for
a relatively high proportion which accounts for 43.42% of the significant local spatial
autocorrelation areas. The H-L type indicates that the development level of the central
tourist attractions is good, and the development level of the surrounding grid tourist
attractions is weak, showing the effect of polarization in the spatial correlation. The L-H
area belongs to the transition area in the spatial correlation. It can be seen from Fig. 3
that the H-H area in Chengdu-Chongqing region is mostly accompanied by L-H area
around, which shows that the development of regional tourist attractions shows a rapid
development momentum.

Overall, the spatial correlation of A-level tourist attractions in Chengdu-Chongqing
region is mainly negative correlation, with H-L grid unit accounting for 43.42% of signifi-
cant local spatial autocorrelation; L-H grid unit accounting for 35.23% of significant local
spatial autocorrelation; and positive correlation type H-H accounting for 21.35% of signifi-
cant local spatial autocorrelation.
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Table 5 Detection results of the

X X X X
spatial evolution influencing ! 2 3 4
factors of A-level tourist .
. q statistic 0.098 0.036 0.150 0.335
attractions
p value 0.000 0.000 0.000 0.000

6 Influencing factors of spatial distribution of a-level tourist
attractions

Many scholars have discussed the influencing factors of the spatial distribution of tour-
ist attractions in different regions. Referring to the existing research results and combined
with the actual situation of the spatial distribution of tourist attractions in Chengyu Region,
this study believes that topography (DEM), transportation (distance from the nearest traf-
fic), water system (distance from the nearest water system) and socioeconomic develop-
ment level (distance from the administrative center of county) have a significant impact on
the spatial distribution of regional socioeconomic. In order to verify this conclusion, this
paper analyzes the correlation between the spatial distribution of regional tourist attrac-
tions (Tourist Attractions in Chengyu Region in 2021) and DEM(X), water system (X,),
transportation (X;) and socioeconomic development level (X,).

6.1 Factor detection spatial distribution of A-level tourist attractions

It can be seen from Table 5. that the four driving factors selected in this paper have sig-
nificant effects on the spatial distribution of tourist attractions (P value <(0.001), among
which the factor of socioeconomic development level has the greatest impact on the spatial
distribution of tourist attractions. The data we selected here are the geographical location
of the administrative center of county in Chengyu Region, which is the political, economic,
cultural and population center of the region. It shows that the current spatial distribution of
tourist attractions is highly dependent on regional population and economy. The situation
was built 20 years ago by relying on natural resources, and human endowment has fully
stimulated people’s innovation ability, optimized the industrial structure and opened a new
situation for the development of tourism. The second is transportation. As an important
factor affecting the development of tourism, transportation plays a great role in affecting
the spatial distribution of tourist attractions and plays an important role in this study (Q
value=0.150). Landform and water system are also the key factors affecting the spatial
distribution of A-level tourist attractions.

6.2 Interaction detection spatial distribution of a-level tourist attractions

Interaction detection identifies the interaction of different explanatory variables and evalu-
ates whether the joint action of the two factors will increase or weaken the explanatory
power of the dependent variable, or whether the influence of the factors on the dependent
variable is independent of each other. Through interaction detection, the results are shown
in Table 6. which shows that the interaction of any two variables on the spatial distribution
of regional A-level tourist attractions is greater than the independent effect of one variable.
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Il  Inecton detcionof X% %«
tourist attractions X, 0.098

X, 0.133 0.036

X5 0.219 0.181 0.150

Xy 0.398 0.367 0.428 0.335

7 Conclusions and suggestions
7.1 Conclusions

On the whole, the distribution of A-level tourist attractions in Chengyu Region is mainly
on the agglomeration type. It mainly takes Chengdu and Chongqing as the main core and
Yibin city as the secondary core. Natural landscape tourist attractions are mainly distrib-
uted in the Yangtze River basin and area with higher elevation on the edge of region. The
natural landscape, cultural landscape, rural landscape and modern entertainment in A-level
tourist attractions in Chengyu Region all show agglomeration types.

In terms of kernel density characteristics, there are significant differences in kernel den-
sity distribution of A-level tourist attractions in Chengyu Region, and Chengdu and Chong-
qing have obvious advantages, which are both at the core of the kernel density analysis
of tourist attractions classification. In terms of the development of A-level tourist attrac-
tions, Yibin has become the second most important city after Chengdu and Chongging.
The important geographical location and unique natural environment resources make Yibin
an important core of the region. There is a significant deviation between the spatial distri-
bution of A-level tourist attractions and tourism income in Chengyu Region. Through the
analysis of the dynamic development of A-level tourist attractions in 2010, 2015 and 2021,
tourism in Chengyu Region shows a good situation of "driven by two cities and bloom-
ing in many places." Among them, Chengdu and Chongqing have obvious advantages, and
Yibin has become an important city second only to Chengdu and Chongqing.

In terms of spatial correlation, the spatial distribution of a-level tourist attractions in
Chengdu-Chongging Region has significant spatial autocorrelation. The local spatial
autocorrelation of A-level tourist attractions in Chengdu-Chongqing Region is signifi-
cant, including H-H (high-high), H-L (high-low) and L-H (low-high) clustering types.
The positive spatial autocorrelation was only H-H (high-high) type, which was mainly
distributed in Chengdu, Chongging and Yibin, accounting for 21.35% of the local spatial
autocorrelation significant areas. There are two types of negative spatial autocorrelation,
which are H-L (high-low) and L-H (low-high). The distribution of negative spatial auto-
correlation was scattered, accounting for 78.65% of the significant regions of local spatial
autocorrelation.

Impact factors of the distribution of A-level tourist attractions in Chengdu-Chongqing
region mainly include traffic, river system, topography and social and socioeconomic
development level; tourism resources endowment is the important basis of development
of A-level tourist attractions in Chengyu Region. The traffic location is an important factor
affecting the development of A-level tourist attractions, and social and economic develop-
ment level is the important metric of regional tourism development. In addition, due to the
unavailability of data, the detection of influencing factors lacks the analysis of time dimen-
sion. More accurate and profound research can be carried out in the follow-up.
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7.2 Theoretical and policy contribution

The huge economic impact of tourism has triggered a series of studies. However, previous
studies usually only provide specific results (i.e., a narrow scope of sample region and the
geographical location is inaccurate, which is limited by the geographical location of the
tourist attractions and the availability of the rated years of tourist attractions). Therefore, in
order to solve the problem of narrow geographical scope, this study selected 16 cities and
related areas in Sichuan Province and Chongqing, assigned the rating time of each tourist
attraction, and analyzed the time dimension. This paper analyzes the temporal and spa-
tial distribution characteristics of tourist attractions, matches them with regional tourism
income and reveals the deviation between investment and income distribution of tourist
attraction. At the same time, the development autocorrelation of tourist attraction is ana-
lyzed by using Moran’s 1. This paper attempts to study the influencing factors of the spatial
distribution of tourist attractions (social development level, transportation, water system
and topography) by using geographic detector. The results show that the four influencing
factors have a significant impact on the spatial distribution of tourist attractions, among
which the social development level has the greatest impact. It can be seen that after the
full develeped of natural resources and historical and cultural resources, the future tourism
development will focus on construction of social humanity tourist attractions.

In addition, the another purpose of this study is to provide empirical enlightenment for
policy makers to seek the spatial layout of tourism development in a competitive environment
and realize the coordinated and sustainable development of regional tourism. In addition to
the suggestions given in the specific results, we also describe the practical guidance from a
macroperspective. First, it implements the tourism strategy of high-quality and coordinated
development. From the "dual-core and multi-center" model of the spatial structure of tourist
attractions in Chengyu Region, it can be inferred that the central cities such as Leshan, Yibin
and Guang’an have significantly weakened the agglomeration trend of the whole region, but
there are still differences with Chongqing and Chengdu. Therefore, the formulation of regional
tourism policies in the future should fully consider the spatial characteristics of unbalanced
development, strengthen the thinking of "one game of chess," and strive to achieve regional
multi objectives, such as inclusive development, differentiated development, and realize the
comprehensive, coordinated and high-quality development of tourism in Chengyu Region.
Secondly, it is imperative to speed up the development of tourism in the east and north of
Chongqing. The results show that compared with the tourism core circle, the main urban area
of Chongqing has developed rapidly. The early development is better than other urban areas
in Chengyu Region. In the later construction, except Dazhou and Wanzhou, other areas are
relatively weak. These areas further improve the supporting comprehensive urban and tourism
infrastructure on the basis of consolidating and optimizing the existing advantages, and the
optimization and upgrading of tourism products to gradually enhance the carrying capacity.

Secondly, as Sichuan and Chongqing belong to independent administrative divisions,
they have received many constraints in the interconnection of tourism economic construc-
tion. The imbalance of tourism development in Chengdu-Chongqing Region is due to the
boundary of administrative regions restricts. Breaking administrative barriers, strengthen-
ing regional integration adjustment and promoting regional coordinated development are
the current problems to be solved in the region.

At present, Chengdu, Chongqing and the area between them have a good development;
the same as the south of Chengdu-Chongqing Region is also developing in a good direc-
tion. In view of the development of regional tourism industry, it is necessary to focus on

@ Springer



The temporal and spatial distribution characteristics and... 8695

the northern Chengdu-Chongqing area and the northeast corner of Chengdu-Chongqing
Region (districts and counties under Chongging). To build chengdu-Chongqing dou-
ble-city economic circle, we should not only concentrate on the two ends, but also take
the middle. While making Chongging and Chengdu two "polar core cities" bigger and
stronger, we also need several "central city points" to support and enhance coordinated
regional development. It is suggested to focus on the development of rural tourism, in view
of the regional characteristics, and the scenic spots of village type and production area type
should be built.

Data availability The data that support the findings of this study are available from the corresponding author
upon reasonable request.
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