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[T I N

Abstract: Tourism is distinctly regional with respect to the regional distribution of tourism resources,
tourist attractions and supply, and spatial continuity of tourist activities. Using point-of-interest
data from 2166 tourist attractions in the Yangtze River Delta, this study analyzes the spatial distribu-
tion pattern of tourist attractions and their influencing factors by applying the methods of nearest
proximity index, kernel density analysis, standard deviation ellipse, hotspot analysis, and spatial
superposition analysis. The results show that the number of modern recreational tourist attractions
accounts for the largest proportion. The spatial distribution pattern shows more attractions in the
north than the south and more in the east than the west. The spatial density of tourist attractions in
Shanghai is far greater than that in other regions, followed by Jiangsu and Zhejiang. The five types
of tourist attractions show a significant aggregation state. Natural ecological tourist attractions are
clustered near Nanjing and Huangshan; historical and cultural tourist attractions are formed in a
T-shape by Shanghai, Hangzhou, and Nanjing; modern recreational tourist attractions are clustered
in Shanghai and Hangzhou; and industrial integration tourist attractions are clustered in Shang-
hai, Nanjing, and Hangzhou. Physical geography, traffic, and social economy are the main factors
affecting the spatial distribution of tourist attractions.
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1. Introduction

Tourist attractions act as gathering places to display tourism resources and are the
core and location of tourism activities [1]. Tourist attractions can be scenic spots, nature
reserves, cultural museums, tourist resorts, geoparks, etc. They have functions for visiting,
leisure /vacation, recreation, and fitness [2]. Therefore, many scholars have explored and
analyzed the classification of tourist attractions. For example, Pearce et al. divided tourist
attractions into two categories, namely, natural and human-made [3]. This classification
is similar to the classification of tourism resources and shows that tourist attractions com-
monly have integrated elements that are natural and human-made and cannot be separated
completely, especially tourist attractions with both natural and cultural heritage. Leask
classified tourist attractions according to the natural or human-made, paid or free, public
or private, local or regional market, and domestic or international market [4]. However,
he did not propose the names of various tourist attractions, only the classification criteria.
Lew pointed out that most studies basically have classified tourist attractions from three
perspectives, namely, ideographic, structural, and tourist cognition perspectives [1]. How-
ever, regardless of the type of tourist attractions, their goal is to provide tourists with a
comfortable travel experience and to achieve the social, economic, and environmentally
sustainable development of tourist attractions [2].
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Tourist attractions are a very general concept and generally refer to a number of
geographically connected places with a number of common characteristics, including trans-
portation networks and tourism service facilities composed of regional units [2]. Its interior
has the characteristics of consistency, relevance, and integrity. It can be restricted by the ad-
ministrative region but also can break through the constraints of the administrative region
based on landform, landscape, social and cultural relations, and economic relations [5]. Its
spatial span varies greatly, from as large as a country to as small as a village. Although
there is no definition that applies to all tourist attractions, all tourist attractions have the
following basic characteristics. First, they are located in a region with a clear geographical
scope. Second, they are based on tourism resources. Third, they are places for engaging in
tourism and leisure activities.

The spatial pattern of tourist attractions not only involves the distribution state and
element combination of tourist attractions but also has a significant impact on the spa-
tial behavior of tourists [6,7]. For example, Pan et al. analyzed the spatial distribution
characteristics of 2424 A-level tourist attractions in China based on methods such as the
nearest neighbor index, K-index, and hotspot clustering in GIS. Furthermore, the spatial
distribution of tourist attractions has a significant impact on the spatial and temporal
behavior of tourists, regional tourism income, and social development level. Previous
studies on the spatial structure of tourism mainly used location theory, central periphery
theory, and the core edge model to explore the spatial structure and the evolution process
of tourism destinations [8,9]. However, there are few studies on the spatial pattern of
tourist attractions, which mainly focus on the spatial distribution characteristics of tourist
attractions [10,11], influencing factors [12,13], spatio-temporal evolution [14], and optimal
path [15]. For example, Kang et al. analyzed the spatial structure of the tourist attraction
system in Seoul, South Korea, using a geographic information system based on anchor
point theory [16]. Based on the data of high-level tourist attractions in Inner Mongolia,
China, Wu et al. systematically sorted out the spatial distribution pattern, accessibility, and
influencing factors of various tourist attractions by using methods such as nearest neighbor
index, kernel density, accessibility, and spatial autocorrelation [17].

The research objects of previous studies are mostly A-level tourist attractions. Recently,
some scholars have conducted classification research for all tourist attractions in the region,
using mathematical statistics and spatial analysis as the main research methods. For exam-
ple, Guo et al. took all tourist attractions in Shanxi Province, China as the research object.
Based on their classification, they studied the spatial distribution pattern, distribution
direction, and spatial distribution characteristics of different categories of tourist attractions
based on GIS analysis technology [18]. In addition, Matthews et al. pointed out that the
superposition of two or more attractions creates a cumulative attraction, which can provide
a critical mass that cannot be provided by individual attractions and is essential for attract-
ing tourists [19]. Wang et al. further analyzed the spatial structure of tourist attraction’s
cooperation in the Yangtze River Delta of China by using geographic information systems
and social network analysis methods [11]. Therefore, it is of great practical significance to
study the spatial pattern of tourist attractions and their influencing factors.

Although some scholars have found that the size of regional tourism attractions is
closely related to the degree of spatial agglomeration of tourist attractions [20-30], the
previous research objects of the spatial distribution of tourist attractions were mostly A-
level tourist attractions, and there was a lack of research on the spatial distribution of all
existing tourist attractions after systematic sorting and classification. Few studies have
focused on the spatial patterns of tourist attractions in geographically similar and culturally
similar regions (such as the Yangtze River Delta). In particular, the tourist attractions in
the Yangtze River Delta region of China, due to their small differences in tourism resource
endowments and similar types, have more intense competition among themselves and
greater internal friction. In addition, using big data and traditional geographic information
systems to study the spatial pattern of tourist attractions in the Yangtze River Delta region
is even rarer. To fill this research gap, this study first classified the tourist attractions in the
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Yangtze River Delta region, and then studied the spatial distribution pattern, distribution
direction, and influencing factors of tourist attractions based on point-of-interest (POI) data.
The research questions of this study are as follows. What categories can tourist attractions
be divided into? What is the spatial pattern of different types of tourist attractions? Are
there spatial differences? If there are spatial differences, what are the influencing factors?
These issues reflect the spatial structure and spatial distribution of tourist attractions. It is
of great significance to understand the spatial organization and attractiveness of tourist
attractions for the purpose of policymaking for tourism spatial planning. To answer these
questions, we established three sub-goals.

First, based on previous studies, this study uses ArcMap 10.7 software to analyze the
spatial pattern of tourist attractions using the methods of average nearest neighbor (ANN)
analysis, kernel density analysis, standard deviational ellipse, and hot spot analysis.

Second, the main factors affecting the spatial pattern of tourist attractions are clarified
by using spatial superposition analysis from the three aspects of physical geography,
location and transportation, and social economy.

Third, this study provides a basis for clarifying the advantageous tourism resources of
cities and finding the growth poles of tourist attractions. It also provides a reference for the
rational development of tourism resources, the orientation of tourism development, and
the corresponding tourism marketing strategies.

2. Materials and Methods
2.1. Study Area

The Yangtze River Delta region is referred to as the Yangtze River Delta. There are
41 cities, including Shanghai, Jiangsu, Zhejiang, and Anhui provinces. The Yangtze River
Delta is located in the lower reaches of the Yangtze River in China, bordering the Yellow
Sea and the East China Sea. It is located at the intersection of the rivers and seas. There are
many coastal ports along the river, and it is an alluvial plain formed before the Yangtze
River enters the sea. At the end of 2019, the Yangtze River Delta had a population of
227 million, covering an area of 358,000 square kilometers. In 2020, the GDP of the Yangtze
River Delta region was 24.5 trillion yuan. The urbanization rate of permanent residents
has exceeded 60 percent. With less than 4 percent of China’s land area, it has generated
nearly one-quarter of China’s total economic output and one-third of China’s total imports
and exports. In 2019, the density of the railway network in the Yangtze River Delta reached
325 km per 10,000 square kilometers, 2.2 times the average level in China.

The Yangtze River Delta is rich in tourism resources and highly developed in tourist
attractions, including natural and ecological tourist attractions, such as Huangshan and
Taihu Lake; historical and cultural tourist attractions, such as Xidi and Hongcun; and
human-made tourist attractions, such as Disneyland and Songcheng. The Yangtze River
Delta enjoys high accessibility, with numerous air, high-speed rail, and high-speed stations
and a dense road network, with basically seamless connections between various transporta-
tion modes. In addition, it has superior accommodation and catering facilities which can
meet the needs of different people for entertainment, business, and other aspects. Thus, it
is representative to select the tourist attractions in the Yangtze River Delta as a case study.

2.2. Data Collection and Analysis

Gaode Map (Amap) has Grade A surveying and mapping qualification for navigation
of electronic Maps, Grade A surveying and mapping aerial photography, and Grade A
surveying and mapping qualification for Internet Map service. Moreover, Gaode Map has
the characteristics of deep POI, and its data are scientific, real-time, and effective. Therefore,
this study extracted 3533 POI data points from Gaode Map on 19 March 2022. Cities in the
Yangtze River Delta were selected as the selected region, and three keywords of “tourism”,
“tourist attraction”, and “scenic spot” were entered. The attributes of POI data points
included city, name, address, longitude and latitude coordinates, and other information.
The POI extraction process contained the keywords related to “tourism” in the data points,
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such as “hotel” and “tourist hotels”. As tourist attractions are the research object, this
study is not related to other parts of the travel service industry. Thus, after eliminating
duplicate data and “tourist hotels” where the research object is not based on POI data,
we retained a total of 2166 POI data. POI data are points of interest on a map. POI data
belongs to the category of geospatial big data, which represents the point-like spatial data
of real geographic entities, generally including name, category, geographic coordinates,
and other information. Due to its low acquisition cost and high data accuracy, POI data can
meet the requirements of urban spatial layout planning and has been widely applied in the
field of regional planning research, such as urban functional area identification, residents’
spatio-temporal behavior, urban structure analysis, natural environment assessment, etc.
POI data comes from a wide range of sources. Amap and Baidu Map can provide all kinds
of POI data needed for research. Researchers can use Python, Java, and other programming
languages to obtain the relevant JSON format data through API, and then extract the
required POI data from the JSON data.

2.3. Research Methods

Due to the differences in natural geographical environment, history, economy, culture,
and other aspects in different regions of the Yangtze River Delta, the distribution of tourist
attractions in the Yangtze River Delta may also be different. In this study, the average nearest
neighbor analysis, kernel density, standard deviational ellipse, and hot spot analysis were
selected to explore the overall spatial distribution pattern, agglomeration characteristics,
distribution direction, and spatial distribution characteristics of specific cities of tourist
attractions in the Yangtze River Delta. The spatial pattern of tourist attractions was studied
by using the correlation method of global spatial distribution and local spatial distribution
in GIS spatial analysis from the whole to the local order. This can also be seen as a
consecutive analysis line of spatial analysis.

2.3.1. Average Nearest Neighbor Analysis

ANN analysis measures the distance between the centroid of each element and the
centroid of its nearest neighbor. It then computes the average of all those nearest neighbor
distances. The ANN is calculated by dividing the observed average distance by the expected
average distance. The ANN can be calculated by

ANN = & 1)
Dg

In Formula (1), Do is the average of the distance between the measuring element
and its nearest neighbor element centroid and D is the average distance of the random
distribution of factors. If ANN is greater than 1, it is a random distribution; if ANN is less
than 1, it is an agglomeration distribution.

2.3.2. Kernel Density
We applied kernel density to analyze the spatial density of tourist attractions [8], and

its formula is as follows:
fulx) = — fk(x_x") )
2 —
nh = h

In Formula (2), x is the longitude and latitude position shown in the POI data of tourist
attractions, x; is the tourist attractions formed with x as the center of the circle and # as the
radius, and the number of them is n.

2.3.3. Standard Deviational Ellipse

The standard deviational ellipse in the spatial analysis was first proposed by Lefever in
1926 [31]. We used this method to analyze the direction of the spatial distribution of tourist
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attractions. First, we determined the center of the circle. We directly used the arithmetic
mean center to calculate the center of the ellipse. The formula is as follows:

n ‘_72

SDE, = # 3)
n (g —Y)?

SDE, = # )

In Formulas (3) and (4), x; and y; are the spatial position coordinates of each element,
and X and Y are the arithmetic mean centers. SDE, and SDE, are the center of the ellipse.

Then, we took the X axis as the criterion; due north (12 points direction) is 0 degrees,
with clockwise rotation to determine the direction. The calculation formula is as follows:

tanf = u
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In Formulas (6)—(8), x; and y; are the difference between the average center and the x
and y coordinates. Finally, we determined the length of the X-axis and Y-axis as follows:

Oy = \/E\/Z?l (551 COS: _]71‘ Sing)z (9)

no(% o ~ 2
0y = \[2\/21'—1(951 Smi+ yicos ) .

2.3.4. Hot Spot Analysis

We used hot spot analysis to identify spatially significant hot and cold spots by using
the local General G index given a set of weighted elements. Getis-Ord G was utilized to
analyze the identification of hot spots. The formula is as follows:

G; (d) =Y Wi(d)X;/ Y X; (11)
j=1 j=1

In Formula (11), W;;(d) represents the impact degree of individual i to individual j in
space, X; is the attribute value of the location j. Further standardization of G; leads to the

following formula:
Z(G}) = [G; — E(G))/\/Var(G;) (12)

In Formula (12): E(G;) and Var(G}) are the matrix of expectation and variance,
respectively. When it shows statistical significance, if Z(G}) scores over 0, the higher the
score, the denser the high-value clustering of target object attributes (to form hot spots);
when Z (Gl* ) scores below 0, the lower the score, the denser the low-value clustering of
target object attributes (to form cold spots) [18]. Hot spot analysis checks every element in
the environment of neighboring elements. Therefore, a single element and its surrounding
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are all high values; that is, the area is a gathering area of high values with high values,
which is called a hot spot. On the contrary, the cold spot indicates not only the low value
itself but also the low value adjacent to it, that is, the aggregation area of low value and low
value. We applied this method to analyze the spatial agglomeration of tourist attractions.

3. Spatial Patterns of Tourist Attractions
3.1. Classification of Tourist Attractions

Most previous research on the classification of tourist attractions refers to the clas-
sification method of tourist resources, but there are some essential differences between
tourist resources and tourist attractions. Tourism resources [22] are the elements that attract
tourists to visit tourist destinations and are the basis of tourism product development,
while tourist attractions [23] are the product of the market-oriented development of tourism
resources and the main body of tourism destination marketing. Therefore, this study refers
to the classification standards in “The Development Report of China’s Tourist Attractions
(2019-2020) Fact Sheet” published by the Ministry of Culture and Tourism of China and
divides the tourist attractions in the Yangtze River Delta into five categories: natural eco-
logical tourist attractions, historical and cultural tourist attractions, modern recreational
tourist attractions, industrial integration of tourist attractions, and other kinds of tourist
attractions (Table 1).

Table 1. Types of tourist attractions in the Yangtze River Delta.

i . E les of Touri
Categories Quantity xamples of Tourist

Attractions
Natural ecologlcal tourist 404 Huangshan Scenic Area
attractions
Historical and cultural tourist 598 Mr. Chiang Kai-shek’s former
attractions residence
Modern recreat.lonal tourist 951 Shanghai Disney Resort
attractions
Industrial integration of 190 CCTV Wuxi Studios
tourist attractions
Other kinds of tourist 23 Shanghai Tower

attractions

Among them, natural ecological tourist attractions refer to scenic attractions based
on natural ecological tourism resources (including forests, waters, geology, landforms,
etc.). Historical and cultural tourist attractions refer to the attractions based on various
historical and cultural tourist resources (including ancient villages, war sites, museums,
etc.), such as cultural relics, arts, social environment, ethnic customs, and material pro-
duction. Modern recreational tourist attractions refer to a recreational area that relies on a
variety of recreational activities, elements, services, and reception facilities, including theme
parks, resorts, rural areas, urban parks, and characteristic streets. Industrial integration of
tourist attractions refers to tourist attractions that are formed based on the intercrossing,
interpenetration, and gradual integration of tourism and other different industrial cate-
gories (including industrial tourism, science and technology education tourism, cultural
and creative tourism, etc.). Other kinds of tourist attractions refer to tourist attractions
(specifically buildings, sculptures, etc.) that cannot be counted among the above kinds of
tourist attractions.

In the division of tourist attractions, if we found mixed tourist attractions, we will first
judge what kind of tourism resources occupy the dominant position and classify tourist
attractions according to the tourism resources [1-18]. However, there are also exceptions,
such as some different types of tourism resources in the same tourist attraction that ob-
viously belong to different functional areas. In this case, we prefer to break it down. For
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example, the Huangshan Scenic Area belongs to natural ecological tourist attractions and
the Huangshan Resort belongs to modern recreational attractions. Therefore, Huangshan
Scenic Area and Huangshan Resort are regarded as two independent tourist attractions.

The number of various tourist attractions in descending order is modern recreational
tourist attractions, historical and cultural tourist attractions, natural ecological tourist at-
tractions, industrial integration tourist attractions, and other kinds of tourist attractions,
indicating that the marketization degree of tourist attractions is relatively high, and their
tourist products tend to be diversified. The number of modern recreational tourist attrac-
tions has far exceeded other types of tourist attractions, indicating that the development
of modern human-made tourist attractions is more in-depth. The number of historical
and cultural tourist attractions ranked second, indicating that the Yangtze River Delta is
rich in cultural tourism resources, including Nanjing, the ancient capital of the six Dynas-
ties, Shanghai, Anhui, famous for its ancient villages in southern Anhui, and Zhejiang,
represented by various neolithic sites, official kiln sites, and overseas Chinese hometown
culture. The number of natural ecological tourist attractions is the third, mainly because
the Yangtze River Delta has mountain-type tourism resources, including Zhejiang-Fujian
hills, Huangshan and Dabie Mountains, and dispersed river/lake tourism resources. The
number of industrial integration tourist attractions ranks fourth, which reflects the level of
economic development and modernization of the Yangtze River Delta region. However,
due to the lack of a deep foundation and large investment, there is still a gap between
their number and the top three tourist attractions. The number of other kinds of tourist
attractions ranked fifth, mainly as a small number of tourist attractions that could not be
classified into the specific types mentioned above.

Arcmap10.7 software was used to visually express the types of tourist attractions
(Figure 1). The vector map data of administrative boundaries were obtained from the
Database of the China National Basic Geographic Information System. The five types of
tourist attractions mentioned above are distributed in all cities of the Yangtze River Delta,
but there are spatial differences in the quantity distribution of the five types of tourist
attractions. The number of tourist attractions presents a spatial distribution pattern of more
in the north than the south and more in the east than the west.

Legend R
« Industrial integration of tourist attractions ’
Natural ecological tourist attractions
* Modern recreational tourist attractions
Historical and cultural tourist attractions 0 50 100 200
Other kinds of tourist attractions — — kM
Boundaries

Figure 1. Spatial layout of different types of tourist attractions.
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From the spatial density of tourist attractions (number of tourist attractions/land
area) (Table 2), various tourist attractions in Shanghai space density were significantly
greater than in other areas, including the historical and cultural tourist attractions, modern
recreational tourist attractions, and industrial integration of tourist attractions; the density
of other types of tourist attractions are twice that in other areas. This shows that the
tourist attractions in Shanghai have formed a certain agglomeration effect, and their overall
competitiveness is greater than that of surrounding areas. By comparing various tourist
attractions within the territory of Jiangsu, Zhejiang, and Anhui number, we can find that
historical and cultural tourist attractions in Jiangsu and Zhejiang natural ecological tourist
attractions, modern recreational tourist attractions, and industrial integration of tourist
attractions density have a certain comparative advantage, while the density of various
kinds of tourist attractions in Anhui province is relatively low.

Table 2. The density of the five types of tourist attractions (per 10,000 km?).

Categories
Natural Historical Modern Industrial Other Kinds
Region Ecological and Cultural  Recreational  Integration .
4 . . R of Tourist
Tourist Tourist Tourist of Tourist Attractions
Attractions Attractions Attractions Attractions
Shanghai 17.350 52.050 104.101 28.391 12.618
Jiangsu 9.795 21.082 23.134 3.358 0.373
Zhejiang 14.408 14.976 37.062 8.910 0.474
Anhui 9.707 12.919 17.559 2.998 0.428

3.2. Average Nearest Neighbor Analysis

The ANN analysis tool in the spatial statistics toolbar of ArcMap 10.7 software was
used to analyze the five categories of tourist attractions and their overall agglomeration
effect, and the ANN index of tourist attractions was obtained (Table 3).

Table 3. Results of average nearest neighbor analysis of tourist attractions.

Categories ANN z P
Natqral ecologlcal 0.79 _790 0
tourist attractions
Historical and
cultural tourist 0.64 —16.60 0
attractions
Mode.rn recrea’slonal 073 16,06 0
tourist attractions
Industr}al mtegre}tlon 0.71 _755 0
of tourist attractions
Other kmds.of tourist 0.47 —4.90 0.01
attractions
The general situation 0.66 3039 0

without classification

The ANN values of the five types of tourist attractions and their general situation
are all less than 1, and the Z value of the general situation is —30.39, indicating that
both the overall distribution of tourist attractions and their spatial distribution of various
types present a state of significant agglomeration. This may be due to the rich and dense
spatial distribution of tourism resources, resulting in similar spatial characteristics of
tourist attractions.
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3.3. Kernel Density Analysis

Using kernel density analysis in the spatial analysis toolbar of ArcMap 10.7 software,
the POI data of five types of tourist attractions were typed, and the results were visualized
and derived to obtain the spatial distribution and characteristics of each type of tourist
attraction (Figure 2).

>z
>z
>z

0 4 8 160 Miles.
"

0 40 8 160 Mies
[ ———

(a) (b) (©)

>z
>z

Legend
Boundaries

0 4 8 160 Miles 0 40 8 160 Miles
Lo [ ")

(d) (e)

Figure 2. Kernel density of the five types of tourist attractions (a) Natural ecological tourist attractions;
(b) Historical and cultural tourist attractions; (c) Modern recreational tourist attractions; (d) Industrial
integration of tourist attractions; and (e) Other kinds of tourist attractions.

Figure 2a shows that the two areas with the highest kernel density of natural ecological
tourist attractions are concentrated near Huangshan City and Nanjing City. In the Nanjing
area, there are Jiangxinzhou and the riverside scenic belt formed by the Yangtze River,
mountain-type tourist landscapes, such as Zhongshan Mountain and Qixia Mountain,
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and lake-type tourist landscapes such as Xuanwu Lake, while the high-density area with
Huangshan city as the core covers many famous mountains, such as Huangshan Mountain,
Jiuhua Mountain, Qiyun Mountain, and Tianzhu Mountain. These tourist attractions have
become the main tourist attraction for the area. Around the east side of Taihu Lake, there is
a relatively high-density area, which is the tourist landscape of the lakes scattered in the
lower reaches of the Yangtze River. The density was lower in northern Anhui, central and
northern Jiangsu coastal areas, and the area around Shanghai.

It can be seen from Figure 2b that the high kernel density distribution areas of historical
and cultural tourist attractions are concentrated in Shanghai, Hangzhou, Nanjing, and their
surrounding areas, which together constitute the T-shaped high-density center. This is
because Nanjing is the ancient capital of six dynasties in Chinese history, and its historical
and cultural tourism resources are rich. Shanghai and Hangzhou have always been places
where scholars, businesspeople, and travelers gather, leaving a lot of historical and cultural
tourist resources, such as ancient books and residential sites. Anhui is rich in tourism
resources along the Yangtze River and Dabie Mountains, and there are many relics and
memorials during the War of Resistance against Japanese Aggression. However, due to
the topography of Zhejiang-Fujian Hills, there are few historical and cultural tourism
resources in southern Zhejiang, and the density of historical and cultural tourist attractions
is also low.

According to the kernel density analysis chart of modern recreational tourist attrac-
tions, Shanghai is the area with the highest density. There are not only theme amusement
and leisure attractions, represented by Disneyland in the suburbs, within the city, Shanghai
Wildlife Park, Laowai Street Scenic Spot, and other parks and special streets cater to the
recreational needs of both tourists and citizens, stretching all the way to Zhejiang province.
In the northeast of Zhejiang, there is a relatively high-density area, namely, the leisure
resort area represented by the Moganshan B&B group. However, the density of most
of Anhui and northern Jiangsu is very low, which may be due to the relatively undevel-
oped economies of these regions and the limited funds for the construction of modern
recreational tourist attractions.

The industrial integration of tourist attractions in the kernel density analysis diagram
shows that the area near Shanghai, Ningbo, and Hangzhou form a high-density area,
largely due to its large number of industry categories, giving it a solid industrial foundation,
and leading to the integration of industry, agriculture, and tertiary sectors, which have
developed industrial tourism, and other tourist attractions.

Other kinds of tourist attractions are mainly single buildings and sculptures, such as
Shanghai Tower. The number of such tourist attractions is small and unevenly distributed.
However, Shanghai, Hangzhou, Nanjing, Hefei, and Huangshan and their surrounding
areas are relatively high-density areas. Because there is no high-density area, it shows that
it has not become a growth pole and is not dominant in the competition of various types of
tourist attractions in the Yangtze River Delta.

3.4. Standard Deviation Elliptic Analysis

The standard deviation ellipse in the spatial statistics toolbar of ArcMap 10.7 was
used to analyze the spatial distribution direction and trend of tourist attractions (Figure 3).
According to the shape of the standard deviation ellipse, the distribution direction of the
five types of tourist attractions presents a northwest to southeast trend. Comparing the
standard deviation ellipse shapes of the five types of tourist attractions, we see that other
kinds of tourist attractions have great differences in standard deviation ellipse shapes,
while the other types have little differences.
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[_Jotherkinds of tourist attractions
[Jindustrial integration of tourist attractions
D Modern recreational tourist attractions
[ Historical and cultural tourist attractions
[ Natural ecological tourist attractions

0 40 80 160 Miles
[

Figure 3. Standard deviation ellipse of the five types of tourist attractions.

The X-axis of the ellipse represents the spatial distribution direction of tourist attrac-
tions, and the shorter the X-axis is, the less obvious the direction is. According to the
order from a long to short X axis (Table 4), the length of the long half axis of the standard
deviation ellipse of the five types of tourist attractions is as follows: industrial integration
tourist attractions, historical and cultural tourist attractions, other kinds of tourist attrac-
tions, modern recreational tourist attractions, and natural ecological tourist attractions.
It is evident that the direction of the spatial distribution of industrial integration tourist
attractions is the most obvious, while the direction of the spatial distribution of natural eco-
logical tourist attractions is the least obvious, and the other three types of tourist attractions
fall in between. This may be because the industrial integration of tourist attractions can
reflect economic development factors and is largely affected by human factors, making its
spatial distribution direction the most obvious. Meanwhile, tourism resources in natural
ecological tourist attractions are shaped by natural internal forces and external forces, and
are natural expressions of topography and landform, making their distribution direction
the least obvious.

Table 4. Standard deviation ellipse parameters of the five types of tourist attractions.

The Length of the The Length of the Degree of Angle of

Type Major Axis Short Axis Deviation (0)
Natqral ecologmal 1.806 2.857 145.37
tourist attractions

Historical and
cultural tourist 2.765 1.618 133.51
attractions
Modern recreational 1.87 2.744 138.39
tourist attractions
Industrial integration 2.765 1,574 134.95
of tourist attractions
Other kinds of tourist 2686 1.746 113.48

attractions
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The length of the short half-axis of the ellipse (Y axis) represents the centrality of the
spatial distribution of tourist attractions and the size of the distribution range. According
to the length of the Y axis from long to short (Table 4), the length of the standard deviation
ellipse short half axis of the five types of tourist attractions is as follows: natural ecological
tourist attractions, modern recreation tourist attractions, historical and cultural tourist
attractions, other kinds of tourist attractions, and industrial integration tourist attractions.
Among them, the centripetal force of natural ecological tourist attractions is the weakest,
and its distribution range is the widest. The spatial distribution of industrial integration
tourist attractions has a stronger centripetal force and a higher degree of agglomeration.

From the angle of the ellipse (Table 4), the angle of natural ecological tourist attractions,
modern recreational tourist attractions, industrial integration tourist attractions, historical
and cultural tourist attractions, and other kinds of tourist attractions are between 90 and
180 degrees, showing a northwest to southeast trend, which is consistent with the shape
trend of the Yangtze River Delta administrative region. Among them, the deflection angle
of natural ecological tourist attractions is the largest, at 145.37°, which is consistent with
the terrain trend of Jianghuai Plain, Taihu Plain, and other plains of the lower reaches of
the Yangtze River as well as Dabie Mountain, Huangshan Mountain, and other mountains
and hills.

3.5. Hot Spot Analysis

Hot spot analysis in clustering distribution mapping in the spatial statistics toolbar of
ArcMap 10.7 software was used to obtain hot spot maps of the five types of tourist attrac-
tions (Figure 4). In Figure 4, blue represents the cold spot, green represents the sub-cold
spot, yellow represents the zero (also known as the transition zone), orange represents the
sub-hot spot, and red represents the hot spot. Due to the influence of physical geographical
factors, such as the Zhejiang-Fujian hills and Huangshan Mountain, the cold spots and
hot spots of natural ecological tourist attractions show a gradual change from south to
north. The hot spots appeared in some cities of Zhejiang province in the south, while the
cold spots appeared in Fuyang, Bozhou, Bengbu, and other areas in the north of Anhui.
The hot spots of historical and cultural tourist attractions appeared in Shanghai and its
surrounding areas, and the northern Jiangsu, Lu’an, Hangzhou, Ningbo, and other regions
also had high heat, while the cold spots appeared in Lishui and Wenzhou of Zhejiang
province. The cold spots and hot spots of modern recreational tourist attractions show an
obvious transition change from southeast to northwest. The hot spots appear in Shanghai
and most areas of Zhejiang province, while the cold spots appear in northern Anhui and
northern Jiangsu. Similar to the distribution characteristics of modern recreational tourist
attractions, the industrial integration tourist attractions show a pattern of centering on
Shanghai-Hangzhou-Ningbo and expanding outwards in a circle pattern. Hot spots appear
in Shanghai-Hangzhou-Ningbo and other regions, while cold spots appear in the northern
part of the Yangtze River. The hot spots of other types of tourist attractions appear in
Shanghai and surrounding cities, and the zero-point area occupies most of the region
without obvious aggregation phenomenon.
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Figure 4. Distribution of hot spots in the five types of tourist attractions: (a) Natural ecological tourist
attractions; (b) Historical and cultural tourist attractions; (c) Modern recreational tourist attractions;
(d) Industrial integration of tourist attractions; and (e) Other kinds of tourist attractions.

4. Factors Influencing the Spatial Patterns of Tourist Attractions

The spatial patterns of tourist attractions are comprehensively influenced by different
factors [30—45]. Based on previous studies, this study analyzes the influencing factors of
the spatial pattern of tourist attractions from the three dimensions of physical geography,
social economy, and traffic. Meanwhile, according to the frequency statistics method, the
influencing factors with high frequency in previous studies are selected. Natural geograph-
ical factors, such as landforms and river systems, are important landscape elements and
endogenous factors that affect the spatial patterns of tourist attractions. Good social and
economic conditions are the external guarantee for the stable and healthy development of
tourist attractions [46-57]. Finally, the connection of the traffic network can effectively con-
nect different types of tourist attractions, form a series of characteristic tourist routes, and
promote the reorganization and optimization of the spatial pattern of tourist attractions [20].

4.1. Physical Geographical Factors
4.1.1. Analysis of the Impact of Topography and Landform

Topography is the skeleton of tourist attractions. Undulating topography can increase
the sense of spatial hierarchy of tourist landscape and enhance its aesthetic value [46-57].
Different types of landforms can not only form tourist landscapes themselves but also form
higher tourist landscapes combined with other elements. Therefore, landform restricts the
spatial patterns of tourist attractions.

Figure 5 is obtained by superimposing the elevation layer and the spatial patterns
layer in tourist attractions. The elevation is represented by grayscale in the legend of
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Figure 5; the larger the grayscale value, the higher the elevation value. As shown in
Figure 5, topographically, the overall regional shape of the Yangtze River Delta is northwest
to southeast, which determines the consistency of the distribution direction of various
tourist attractions, namely, the northwest to southeast distribution. The Yangtze River
Delta is characterized by high terrain in the southwest and low terrain in the central and
northern areas. The south and southwest regions are mainly distributed in the southeast
hills, including Yandang Mountain, Huangshan Mountain, Dabie Mountain, and other
famous mountain tourist attractions. The central part is mainly the Yangtze River and the
Yangtze River Delta. To the north of the Yangtze River are the Jianghuai Plain and the
Huanghuai Plain, including the middle reaches of the Huaihe River Plain. Topographic
conditions determine that the distribution of natural ecological tourist attractions is mostly
concentrated in the southern part of the Yangtze River Delta, while the western part is flat.
Due to historical reasons, there are many poor areas and tourism development is late, so
the agglomeration area of natural ecological tourist attractions has not yet been formed.
Since ancient times, the mountainous area has been a battle place for military strategists.
Its special topographic conditions determine its important military strategic location, so
the southern part of the Yangtze River Delta has become a gathering area of historical and
cultural tourist attractions.

Legend
 Industrial integration of tourist attractions
> Natural ecological tourist attractions
+ Modern recreational tourist attractions

Historical and cultural tourist attractions
= Other kinds of tourist attractions

H-eVigligR:255 0 50 100 ZOEm
T E—

Low: 0

Figure 5. Coupling of topography and the spatial distribution of tourist attractions.

Because of the flat terrain, pleasant climate, and developed water system, the Yangtze
River Delta has many kinds of natural ecological tourist attractions, including mountain
type natural ecological tourist attractions represented by Jiuhua Mountain, river and lake
type natural ecological tourist attractions represented by Taihu Lake and Yangtze River,
and island type natural ecological tourist attractions represented by Zhoushan Islands
and Chongming Island. In addition, flat terrain is the base of human activities, thus
forming human history and culture, leaving a wealth of material and intangible cultural
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heritage. For example, the Beijing-Hangzhou Grand Canal built in ancient China made
Nanjing, Suzhou, Hangzhou, and Xuzhou become important commercial centers and
military strongholds, enriching historical and cultural tourism resources in the Yangtze
River Delta. In summary, cultural tourist attractions, such as historical tourist attractions,
modern recreation tourist attractions, and industrial integration tourist attractions, are
more distributed in the plain areas or areas with lower elevations, while natural tourist
attractions of famous mountains are more distributed in areas with higher elevations. Areas
with flat terrain and low altitude are suitable for production and living activities and are
rich in tourism resources. Therefore, altitude determines the type and distribution of tourist
attractions to a certain extent.

4.1.2. Influence Analysis of the River System

The Yangtze River Delta area has a developed water system and numerous rivers.
Coastal areas are the main places of human activities and the birthplace of civilization,
which affect the formation of cultural tourism resources. The river system itself is at the
same time a natural tourism resource and is important for the construction of landscape
elements, with waterfalls, fall deep pools, great tides, flowing water, spring discharge
pools, and mountain streams giving the landscape visual esthetics and beauty [58-61]. The
Yangtze River Delta area river network density is high, vertical, and horizontal. From the
perspective of water system characteristics, most areas of the Yangtze River Delta belong to
the Yangtze River basin, and the water system has a close coupling relationship with the
water landscape tourist attractions; that is, the tourist attractions formed by relying on the
water landscape tourism resources form a banded distribution along the river valley. In
this study, using the Arcmap software buffer analysis tool, the river system was analyzed
with a 3-km buffer zone from the main water system (Figure 6). We found that 292 tourist
attractions fall within the 3-km buffer zone, accounting for 13.5% of the total number of
tourist attractions. This shows that the river system is an important factor affecting the
spatial distribution of tourist attractions.

\ DR N
Legend e’ 0% :%m Meiid

oY L Qe %D g @

o Industrial integration of tourist attractions R

© Natural ecological tourist attractions

® Modern recreational tourist attractions

© Historical and cultural tourist attractions

© Other kinds of tourist attractions

——Majorrivers o SOENICO 200
) e kM

[ 3km buffer zone

Figure 6. Coupling of the river system and the spatial distribution of tourist attractions.
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4.2. Traffic Factors

Location and transportation factors determine the accessibility of tourist attractions [43].
Large numbers of tourists entering tourist attractions will necessitate transmission facilities
to improve and upgrade tourist services and promote the quality of tourist attractions;
at the same time, traffic lines linking with feeders can provide a “corridor effect” to pro-
mote the surrounding traffic service level of ascension, dilute the boundary of the block
effect of regional tourism development, speed up the process of spatial agglomeration
tourist attractions, and promote tourist attractions by the isolated dotted steering axis or
mesh layout.

Transportation in the Yangtze River Delta is developed. In 2020, the total number of
passengers transported in 41 cities of the Yangtze River Delta was 190.286 million, among
which, the number of railway passengers accounted for 69%, highway passengers 26%,
and ports and airports 4%, all ranking among the top in China. In particular, 41 cities in
the Yangtze River Delta, except Zhoushan, have opened high-speed railway lines, and
there are a total of 174 high-speed railway stations. Shanghai, Jiangsu, Zhejiang, and
Anhui provinces and one city have a total length of 5984.8 km. Among them, Shanghai
has 172.3 km of high-speed railway, Jiangsu 2021 km, Zhejiang 1510.1 km, and Anhui
2281.4 km.

Efficient modern transportation has shortened the time distance between cities, allow-
ing local markets to spill over. For example, the 1-h traffic line between Shanghai, Nanjing,
and Hangzhou has given rise to a series of four tourist attractions, especially promoting
the obvious gathering trend of modern recreational tourist attractions that rely more on
traffic and markets.

In this study, Arcmap 10.7 software, a GIS software developed by the Environmental
Systems Research Institute (ESRI) in Redlands, California, USA, was used to construct a
10-km buffer zone of main traffic arteries (mainly including railways and main highways)
(Figure 7). It was further concluded that a total of 1375 tourist attractions were distributed
within the 10-km buffer zone of main traffic lines, accounting for 63.83% of the total
number of tourist attractions. Among them, there are 1051 tourist attractions along the
main highway routes, accounting for 48.79% of the total number of tourist attractions. The
number of tourist attractions along the railway line is 1072, accounting for 49.77% of the
total number of tourist attractions.

Legend
- Industrial integration of tourist attractions
Natural ecological tourist attractions
* Modern recreational tourist attractions
> Historical and cultural tourist attractions
Other kinds of tourist attractions
—— The main road
= The main railway
Main railway 10km buffer zone
Main highways 10km buffer zone

0 50 100 200
— e— kT

Figure 7. Coupling of the main traffic lines and the spatial distribution of tourist attractions.
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Generally, the density of tourist attractions is consistent with the density of the traffic
network, showing characteristics of being higher in the east than in the west, and higher
in the south than in the north. Traffic factors affect the accessibility of tourist attractions
and change tourists’ mode of travel. At present, southern Jiangsu, Shanghai, and north-
ern Zhejiang have entered the development stage of city integration, which has obvious
transportation advantages compared with northern Jiangsu and northern Anhui.

4.3. Social and Economic Factors

Social and economic factors promote the development of tourist attractions. Similarly,
the improvement of the social and economic level also provides an economic basis for
the development of tourism. With the improvement of residents” income levels, their
tourism demand is gradually increasing. According to the per capita GDP of cities and
the distribution of tourist attractions in 2020, Shanghai has 130, and its per capita GDP
is 155,800 yuan, both of which are far ahead of other cities. Both measures are also high
in Suzhou, Hangzhou, Nanjing, and Ningbo but low in Yicheng, Huaibei, and Tongling.
There is a strong correlation between the level of social and economic development and
the number of tourist attractions (Figure 8). Social and economic factors can affect the
development of tourist attractions in different regions. In 2020, the tourism industry was
seriously affected by the COVID-19 epidemic, but the free admission policy of A-level
tourist attractions in the Yangtze River Delta played an important role in stimulating the
rapid recovery of the tourism industry and stimulating tourist consumption. The rise and
prosperity of the tourism industry fundamentally stimulates the development of tourist
attractions. The formation and development of the five tourist attractions are directly
affected by the economic level.

Legend
- Industrial integration of tourist attractions
> Natural ecological tourist attractions
* Modern recreational tourist attractions
> Historical and cultural tourist attractions
= Other kinds of tourist attractions
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Figure 8. The coupling between social economy and the distribution of tourist attractions.
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5. Discussion

Although it is very important to study the types of tourist attractions and the degree
of spatial agglomeration of tourist attractions, there is limited research on the spatial
patterns and influencing factors of overall tourist attractions in specific regions and their
components. To address the research gap and further study the spatial structure of the
distribution of different types of tourist attractions, this study not only classifies the tourist
attractions in the Yangtze River Delta but also explores their spatial structure characteristics
and influencing factors.

Tourist attractions are widely distributed in terms of spatial density and spatial dis-
tribution characteristics. This may be due to the rich tourism resources and developed
regional economy, which ultimately has created a large number of tourist attractions and
a high degree of development. This finding validates the view of Wang et al. [28]. In
addition, both the overall spatial distribution of tourist attractions and the spatial distri-
bution of their various types show a significant agglomeration and trend from northwest
to southeast. Among them, the natural ecological tourist attractions in Huangshan city
and Nanjing city are the core. The historical and cultural tourist attractions are centered
in Shanghai, Hangzhou, and Nanjing. Shanghai is the core of modern recreational tourist
attractions, and the core of industrial integration tourist attractions are in Shanghai, Nan-
jing, and Hangzhou. Other types of tourist attractions are mainly concentrated in Shanghai,
Hangzhou, Nanjing, Hefei, and Huangshan. It is easy to observe that the core clustering
places of tourist attractions are distributed in municipalities directly under the central
government (Shanghai), provincial capital cities (Hangzhou, Nanjing, and Hefei), or tourist
cities (Huangshan and Ningbo), and the number of tourist attractions decreases from these
cities (as the core) to surrounding areas. The basic reasons for this discovery may be that the
regional central city or city is a famous tourist resort, with strong regional economic devel-
opment and good infrastructure, making it a destination of choice for tourists; however, the
limited bearing capacity of a single tourist attraction may deter tourists and be the driver
for more tourist attractions to develop more fully. Thus, the viewpoints of Gunn et al. are
supported and conform to the law of distance attenuation [62,63].

The spatial patterns of tourist attractions are mainly affected by three factors: physical
geography, social economy, and traffic. The first choice for site selection of tourist attractions
in the Yangtze River Delta is along rivers, traffic routes, or areas with concentrated tourism
resources and a developed economy. This also validates the findings of Truchet et al. [55].

This study contributes the following to the broad literature. Previous studies mainly
focused on the classification, evaluation, and spatial distribution of tourism resources,
ignoring the central role of tourist attractions. Therefore, the empirical analysis of the
spatial patterns of different types of tourist attractions in this study can supplement relevant
research on tourist destinations to a certain extent. In addition, this study reveals that
physical geography, transportation accessibility, and social and economic conditions have a
significant impact on the development and layout of tourist attractions.

This study also provides a basis for identifying advantageous tourism resources and
determining the growth poles of tourist attractions. It provides a reference for the rational
development of tourism resources, the orientation of tourism development, and correspond-
ing tourism marketing strategies. In addition, the overall comprehensive analysis and
classification of the spatial distribution characteristics of tourist attractions in the Yangtze
River Delta are conducive to overcoming the defects of traditional official data, clarifying
the types of tourism resources in surrounding cities, mining the characteristic resources of
surrounding cities, and providing a reference for tourism positioning, adapting measures
to local conditions, and developing characteristics and personalized tourism modes to
promote the sustainable development of tourism in the Yangtze River Delta region.

6. Conclusions

In this study, 2166 tourist attractions in the Yangtze River Delta region were selected
as the research object. Using ArcMap 10.7 software, a GIS software developed by the
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Environmental Systems Research Institute (ESRI) in Redlands, CA, USA, the spatial pat-
terns of tourist attractions were analyzed using the methods of nearest proximity index,
kernel density analysis, standard deviation ellipse, and hot spot analysis. Spatial superpo-
sition analysis was used to clarify the relationship between the spatial patterns of tourist
attractions and physical geography, transportation, and social and economic factors.

The main conclusions of this study are as follows.

First, among the 2166 tourist attractions, the number and proportion of the category of
modern recreational tourist attractions are the highest. Natural ecological tourist attractions
and historical and cultural tourist attractions also have a large proportion. The proportion
of industrial integration tourist attractions and other kinds of tourist attractions is relatively
small. In general, the spatial patterns of these tourist attractions are more in the north than
the south, and more in the east than the west. The spatial density of tourist attractions
in Shanghai is much higher than that of other regions, followed by Jiangsu and Zhejiang,
while Anhui has the lowest spatial density. Such a conclusion is consistent with the research
conclusions of Xu et al. [64] and Han et al. [65]. Xu et al. and Han et al. also pointed out
in their studies that the density of high-grade tourist attractions in the eastern part of the
Yangtze River Delta was higher than that in the western part, which was consistent with the
conclusion of this study. Furthermore, they showed that the density of high-grade tourist
attractions in the Yangtze River Delta was higher in the south than in the north. This is
because there are more low-grade tourist attractions in the northern part of the Yangtze
River Delta than in the southern part. If all tourist attractions are regarded as research
objects, there will be a spatial pattern with more tourist attractions in the north and fewer
in the south.

Second, the five types of tourist attractions show significant spatial aggregation,
including natural ecological tourist attractions in Nanjing, Huangshan area; the historical
and cultural tourist attractions cluster in the vicinity of Shanghai, Hangzhou, and Nanjing,
forming a T-shaped cluster state; and modern recreational tourist attractions cluster in
Shanghai and Hangzhou. Industrial integration tourist attractions are clustered in Shanghai,
Nanjing, and Hangzhou and other kinds of tourist attractions are prominent in Shanghai;
there is no obvious agglomeration in the region. Due to the different classifications of tourist
attractions, the conclusions cannot be compared with those of other scholars. However,
from only the agglomeration area of tourist attractions, many scholars also believe that
Shanghai, Nanjing, Hangzhou, Ningbo, and Huangshan are the cities with the most
agglomeration of tourist attractions [11,64,65].

Third, the spatial distribution direction of modern recreational tourist attractions
and industrial integration of tourist attractions is obvious. The centripetal force of the
spatial distribution of industrial integration of tourist attractions and historical and cultural
tourist attractions is stronger. The deviation angles of the standard deviation ellipses
of the five types of tourist attractions are all between 90 and 180 degrees, showing a
northwest-southeast trend. This is consistent with the shape trend of the Yangtze River
Delta administrative region.

Fourth, there are different degrees of cold spots and hot spots in the spatial patterns
of the five types of tourist attractions. Except for natural ecological tourist attractions in
Nanjing and Huangshan, the other four types of tourist attractions are located in Shanghai
and its adjacent areas. This conclusion validates the study of Xu et al. who, based on the
panel data of 3A or above tourist attractions in the Yangtze River Delta from 2001 to 2015,
comprehensively applied mathematical statistics and GIS spatial analysis methods, and
concluded that Shanghai has always been the polar core center of the Yangtze River Delta
region [64].

Fifth, physical geography, transportation, and social and economic factors affect the
spatial patterns of tourist attractions. This is partly consistent with the research conclusion
of Kang et al. [16] and Wu et al. [17]. They believe that the spatial pattern of tourist
attractions is affected by four factors: resource endowment, transportation network, natural
environment, and economic level. The conclusion is compared with the lack of resource
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endowment factor. However, this study classifies tourist attractions based on tourism
resources, so resource endowment will naturally have an impact on the spatial pattern of
tourist attractions. In short, this study comprehensively analyzed the spatial distribution
characteristics and differences of different types of tourist attractions in the Yangtze River
Delta region. The advantages of this approach are that it can overcome the defects of
traditional official data and clarify the types of tourism resources in various cities, so as to
provide a reference for each city to excavate characteristic resources, find accurate tourism
positioning, and develop characteristic and personalized tourism models according to local
conditions so as to promote the sustainable development of tourism in the Yangtze River
Delta region. The conclusions obtained in this study effectively make up for the lack of
research by Yang et al. [66] and Yao et al. [67].

However, this study has the following limitations. It did not assign weight to the level
of tourist attractions in the data calculation and analysis. In addition, the analysis of the
influencing factors of the spatial patterns of tourist attractions lacked combined qualitative
and quantitative methods, resulting in a lack of in-depth analysis of the influencing factors.
In future research, the comprehensive use of mathematical statistics could be used for
further exploration of the data.
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