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Abstract: The optimization of a tourism economic network is critical in the promotion of the high-
quality development of a regional tourism economy. In order to explore the spatial network structure
of the tourism economy of the Yangtze River Delta urban agglomeration and its influencing factors,
this study used a modified gravity model and social network analysis methods for evaluation
and analysis. The results show the following: (1) the spatial network of the tourism economy in
the Yangtze River Delta urban agglomeration in 2016–2021 was characterized by significant non-
equilibrium; however, that trend has weakened, and the tourism connections are now stronger in
economically developed regions. (2) The density of the network structure was slightly strengthened.
The structure of the tourism economy network shows an obvious core–periphery distribution pattern.
The external radiation of the center city was enhanced, and the core area of the network expanded.
(3) The concept of the “small world” is characterized by a significant evolution from five major
associations to four major associations during the study period. (4) The quadratic assignment method
(QAP) of regression analysis showed that tourism service reception capacity, tourism information
flow, tourism resource endowments and transportation convenience make a significant contribution
to the formation of the spatial network of inter-city tourism economic connections. The results of this
study can provide a theoretical basis for the optimization of the tourism economic network of urban
agglomerations and the scientific decision-making underpinning tourism economic cooperation.

Keywords: tourism economic network; modified gravity model; social network analysis; Yangtze
River Delta

1. Introduction

Tourism plays an important role in promoting economic development and stimulating
consumption [1,2]. Tourism destinations are an important component of tourism as a whole
and are the main locations for tourist activities, which include countries, regions, cities
and specific attractions [3]. With the rapid development of tourism, tourist destinations
have frequently cooperated in terms of source markets, resource development and other
aspects, and tourism development links have become increasingly close, forming a complex
and robust spatial structure in the tourism economy [4]. This complex structure includes
within it the flow of economic elements of tourism, the dissemination of information and
communication and the geographical elements of cities of different sizes [5]. The spatial
network structure of the tourism economy can facilitate the rapid flow of tourism economic
factors such as capital, technology and talent among tourism destinations [6] and achieve
spatial coordination among tourism destinations and simultaneous development of tourism
industries by consolidating tourism economic linkages [7]. Therefore, the spatial network
structure of the tourism economy in tourist locations has become a topic of concern for
many scholars.
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The network of tourism destinations is a geographical system connecting nodes (des-
tinations) with links (routes between destinations) to boost their joint development. The
network structure is the set of these nodes and links [8]. Aleksanyan [3] states that the
tourism destination is a geospatial concept. He argues that the tourism destination as
a spatial unit has to be managed, and considering the administrative unit as a tourism
destination proves to be an effective way of managing it. Gan et al. [9] argues that tourism
connection and cooperation between tourism destinations are driven by government in-
tervention rather than market mechanisms and that governments play a dominant role
in tourism activities. Therefore, it is important that administrative units correspond with
tourism destinations, from a geographic perspective, to help explore the network structure
of tourism destinations. In previous studies on the network structure of tourist destinations,
many scholars have analyzed them from the supply and demand perspectives [10]. The
research on the supply side has focused on the tourism organization of destinations and
their interconnectedness [11,12]; meanwhile, the scholarly attention on the demand side
has mostly focused on tourism mobility in destinations [13–15] and tourism flow [16,17].
However, there are relatively few studies on the spatial network structure of the tourism
economy in tourist destinations; in particular, there is a scarcity of studies that apply geo-
graphic theories to explore the spatial network structure of the tourism economy in urban
agglomerations [9]. The need for integration of social and economic development has made
urban agglomerations a fundamental geographic level of regional development [18]. The
spatial network structure of the tourism economy in urban agglomerations can reflect the
connections and correlations between different urban tourist destinations in the spatial
domain, which plays an indispensable role in the tourism–industrial coordinated devel-
opment of urban agglomerations [19]. Relevant studies have shown that exploring the
spatial network structure of the tourism economy in urban agglomerations can effectively
identify the roles and positions of different cities in the tourism development pattern; in
turn, this can provide effective theoretical support in promoting the integrated develop-
ment of tourism in urban agglomerations and optimizing the regional tourism spatial
pattern [9,20,21]. Therefore, a rigorous and comprehensive analysis of the spatial network
structure of the tourism economy in urban agglomerations is of great practical significance.

As the most economically developed region in China, the urban agglomeration of the
Yangtze River Delta (YRD) plays an extremely important role in China’s economy, ecology
and tourism and serves as an important vanguard for China’s participation in international
competition [22]. However, at present, unbalanced and uncoordinated development of the
tourism economy in the YRD urban agglomeration still exists, including blind competition
between tourism cities, duplication of tourism projects occurring from time to time and
the synergistic effect of the tourism industry failing to be given full play, which hinders
the process of tourism integration. In terms of the spatial network structure of the tourism
economy, the 41 cities in the YRD urban agglomeration are interwoven into a complex
network system due to their tourism economic ties, and each node city has both a different
role and position in the network. The lack of an accurate positioning of the cities’ functions
and roles in the network has led to the failure of the high-quality synergistic development
of the YRD tourism industry.

The research objective of this study is to explore the spatial structure of the tourism
economic network of the YRD urban agglomeration in order to grasp the status and role of
different YRD cities within the network. At the same time, we aim to gain insights into the
determinants of the tourism economic network’s spatial structure with a view to providing
theoretical support to optimize the pattern of tourism economic development in the YRD
urban agglomeration. The empirical analysis of this study includes three specific elements.
The first is the quantitative evaluation of the intensity of the urban tourism economy
based on the modified tourism economy gravity model; the second is the construction of
a spatial correlation matrix for the tourism economy and the exploration of the spatial
network structure and the evolutionary law of the tourism economy in the YRD urban
agglomeration using social network analysis. The third element is the use of the quadratic
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assignment method (QAP) to test the main factors affecting the spatial network of the
long-term tourism economy.

2. Literature Review
2.1. Spatial Network Structure in Tourist Destination

Spatial structure, as a geographic term, reflects the organizational structure formed
through the action of human economic and cultural activities within a certain geographical
range [23]. The tourism spatial structure refers to the degree and state of spatial agglomera-
tion formed by the interaction of tourism economic objects in an identified space, which
is the projection of tourism activity onto the geographical space, reflecting the spatial
attributes and interrelationships of tourism activities [24].

In recent years, with the rapid development of information technology, tourist des-
tinations have become increasingly interconnected beyond geographical restrictions. In
addition, exploring the spatial network structure of tourist destinations has become a new
focus for scholars. In this context, the network perspective has gradually been introduced
into regional tourism research [10], and social network analysis has appeared in tourism
research more and more frequently. The current research on the spatial network structure of
tourist destinations mainly focuses on inter-organizational relationships and the networks
of attractions and destinations [25]. From the perspective of inter-organizational relations,
the research on network analysis mainly focuses on the characteristics of cooperative net-
works among relevant organizations. Tran et al. [26] analyzed the network relationship
between different travel agencies and found that the network between travel agencies repre-
sents a loosely connected feature, and the degree of cooperation and collaboration between
travel agencies in the network is still very limited. Kim and Scott [27], through collating
relevant news reports involving the tourism industry and its development from 1945 to
1999, found that in the tourism development network, tourism interest was initially strictly
controlled by the central government but then gradually dispersed to local governments,
the private sector, non-private sectors and overseas’ departments and that the structural
characteristics of the tourism development network also changed from a hardware-based in-
frastructure to a “soft power” infrastructure dominated by products, activities and festivals.
Due to the fact that tourist destinations consist of different types and levels of tourism sup-
pliers and tourist organizations [28], scholars have started from the supply perspective to
explore the characteristics of tourist destination networks [29] and the core factors affecting
the network structure [30]. Wang et al. [31] utilized the modified structural gravity model
to evaluate the spatial network structure of the tourism economy in 15 cities in Xinjiang.
They found that the density of tourism economic association networks among these cities
is relatively low, indicating a lack of close economic ties. Wang and Xia [32] visualized the
spatial evolutionary characteristics of tourism economic connections at the provincial level
in China. They discovered that different provinces have varying positions and roles in the
tourism economic spatial association network. Provinces with developed economies in the
eastern region play a more significant role in the overall network structure, serving as the
central and dominant force within the network. Wang et al. [33] focused on national parks
in central China as their research subject. They employed social network analysis methods
to explore the network structure of tourism economic connections between these national
parks. Their study confirmed the imbalanced spatial distribution characteristics of tourism
relationship strength among national parks in the central region.

Some scholars have started from the perspective of tourist demand, analyzing the
spatial network structure of tourist destinations [9,33,34]. Stienmetz and Fesenmaier [35]
started from the spatial mobility of tourist activities and analyzed the network structure
characteristics of attractions within the American city of Baltimore. They ultimately found
that urban attraction clusters can be formed through both geographic proximity and activity
types. Liu, Huang and Fu [10] used social network analysis to explore the demand network
relationship between tourist destinations and, ultimately, found that tourists’ travel choices
will be affected by the spatial characteristics between tourist destinations. The more scenic
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spots of different levels and types there are, the more connections there are in the tourist
destination network.

Overall, the frequency of network analysis in studies of the spatial structure of tourist
destinations is increasing, and exploring the formation and development of these net-
work structures has become an important direction in tourism research. Therefore, this
study attempts to investigate the spatial network structure characteristics and influenc-
ing factors of the YRD urban agglomerations at the level of the tourism economy from a
networked perspective.

2.2. Spatial Network Structure of Tourism Economy in Tourist Destination

The tourism economic network comprises a tourism spatial structure formed by
the frequent flow of regional tourism activities, tourist traffic, tourist commodities and
tourist infrastructure elements among tourist destinations [36], which are the core content
of destination network research in tourism. Tourism economic connections are an inte-
grated reflection of the flow of tourism factors and reflect the spatial structure of regional
tourism economy.

Most of the current research on the spatial network of the tourism economy employs
mathematical models to reflect the structure of the region’s tourism economic network by
quantitatively evaluating the tourism economic connections between tourist destinations.
The specific research methods include gravity models and social network analysis [37]. As
a result of the rapid development of urbanization and tourism in China, some Chinese
scholars have regard cities as important tourist destinations providing the spatial basis and
important support for the development of regional tourism and constituting indispensable
components in the process of tourism economic connection [38,39]; therefore, many Chi-
nese scholars have utilized gravitational models and social network analysis to explore
the structure of tourism economic networks in urban tourism destinations. Zhang and
Xia [40] utilized the gravitational model to evaluate the intensity of tourism economic ties
among 17 cities in Anhui Province, China. They found that the tourism economic ties of
southern cities were significantly stronger than those of northern regions. Moreover, due to
factors such as geography and transportation, there is no necessary connection between
a city’s tourist centrality and the volume of its tourism economic ties. Yang et al. [41]
utilized the gravitational model and social network analysis to discover that there exists a
core–periphery characteristic in the tourism network space of the Beijing–Tianjin–Hebei–
Xiongan region of China. Beijing and Tianjin are the core of the entire regional tourism
economic connection. Wang et al. [42] employed social network analysis to examine the
structural attributes of the tourism economic network in the Wuhan metropolitan region
in China. Their findings suggested that the overall connectivity density of this network
is comparatively low, indicating a nascent stage in its network structure. Meanwhile,
Wuhan has strong monopoly in the tourism economic network structure. An interesting
phenomenon can be found through the above scholars’ case studies on China. It is that
the cities with stronger connections in the regional tourism economic network, such as
the southern part of Anhui Province in China, Beijing and Tianjin, and Wuhan, are all the
economic cores within the study area. Therefore, it is not difficult to determine that cities
with the advantage of developing tourism economic connections are more likely to have
economic connections with other cities in the region [43].

In addition, other scholars have explored the economic networks of tourism destina-
tions based on the perspectives of countries, specific attractions, etc., using gravity models
or social network analysis. Xie et al. [44] analyzed the spatial structure characteristics
and effects of the tourism economy in the European Union. The results of the gravity
model showed that France, the United Kingdom, Austria, Germany and Italy have a
high strength of tourism connections and play an important role in the network. Baggio
et al. [45] introduced the methodology of network science and its application scenarios in
the field of tourism research and found the local stakeholders exhibit a very low degree of
tourism economic collaboration or cooperation through a case study (Elba, Italy) based on
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social network analysis. Sørensen [46] concluded that the local tourism economic network
consists of a combination of local, weak, dense and non-local, strong, sparse networks
through an empirical study of destination firms in the province of Málaga, Spain. This
configuration is a result of the economic and cultural distances between tourism firms
within the destinations and, conversely, of the economic and cultural proximities of spa-
tially distant tourism firms. Ibragimov et al. [47] explored the economic determinants of
tourism in Central Asia based on a gravity model. It was found that tourism in Central Asia
is considered to be both more distance- and price-elastic. Bai et al. [48] constructed the Belt
and Road International Tourism Cooperation Network (ITCN) based on the perspective
of tourism economic cooperation and further found, using social network analysis, that
Eastern Europe, North Asia Pacific and South Asia are at the core of the network, while the
Middle East, the Americas and Africa are at the periphery of the network.

In summary, although there is an increasing body of research on the analysis of
tourism economic networks in tourist destination by scholars, some shortcomings still
exist. Firstly, in terms of research methods, the gravity model has been widely used in the
field of regional socioeconomic connections at the beginning of the 21st century, but many
previous studies overlooked the directionality and difference in economic connections
between regions when applying this model. Calculation using the traditional gravity
model would make the tourism economic connection strength between different regions
the same, leading to a lack of precision in the research results. However, by improving the
traditional gravity model through the construction of a correction coefficient method, this
problem can be effectively solved, and it can then more accurately reflect the differences in
tourism economic connections between regions.

Secondly, in the selection of the period of time for research, few scholars have included
the COVID-19 period in their studies. The occurrence of the COVID-19 pandemic caused
huge damage to the global tourism industry [49]. Including the COVID-19 period in the
research scope can fully identify the resilience and recovery degree of tourism economic
connections between regions when facing external, sudden risks. Therefore, the innovation
of this study lies in including the COVID-19 period in the research scope, constructing and
applying the modified gravity model, reflecting the temporal and spatial characteristics
of the tourism economic spatial network between regions to a greater extent and further
improving the research methods and content in the field of the tourism economic network.

3. Materials and Methods
3.1. Study Area

The Yangtze River Delta (YRD) urban agglomeration (Figure 1) is located in the alluvial
plain of the lower reaches of the Yangtze River, covering 41 cities, including Shanghai,
Nanjing, Hangzhou and Hefei, with Shanghai as the core, and spanning the provinces of
Jiangsu, Zhejiang and Anhui. This study selected the YRD region as the subject of its case
study for the following reasons.

First of all, the YRD region occupies a pivotal strategic position in China’s modern-
ization and opening-up pattern, is the largest urban agglomeration in China and also the
earliest region to explore the spatial layout of cities and carry out the development and
construction of tourism projects. In 2019, the gross domestic product (GDP) of the YRD
reached CNY 23.72 trillion, accounting for nearly a quarter of China’s total economic output
with less than 4% of the country’s land area. This emphasizes the practical significance of
using the region as a case study [50].

Secondly, the YRD region has an excellent ecological environment and rich tourism
resources, and it is the region with the most 5A scenic spots in China, with the number of 5A
scenic spots accounting for more than one-fifth of those in the country as a whole. It receives
hundreds of millions of domestic and foreign tourists every year. The development and
growth of the tourism economy in the YRD urban agglomeration has created a great number
of employment opportunities for the region and effectively driven regional economic
growth; therefore, it is significant to choose the YRD as a research case.
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3.2. Data Sources

This study used 41 cities in the YRD as the research object. The data required for
this study were obtained from China Statistical Yearbook, China Tourism Statistical Yearbook,
China Science and Technology Statistical Yearbook, China Transportation Statistical Yearbook and
China Environmental Statistical Yearbook. The study period was limited to 2016–2021 for the
following specific reasons.

First, China’s short- and medium-term planning has traditionally been based on five-
year periods. The beginning and end of the “Thirteenth Five-Year Plan” was 2016 and
2020, respectively. Second, the YRD’s tourism resources are extremely rich and highly
complementary. The Cultural and Tourism Alliance was established by the Shanghai,
Jiangsu, Zhejiang and Anhui cultural and tourism departments in 2019 [50]. In addition,
according to Ruan et al. [51], policy effectiveness can exhibit some data lag. The data from
2021 were chosen to ensure that the policy planning matched the data validity. Meanwhile,
the COVID-19 outbreak in 2020 wreaked havoc on regional tourism development and
had a significant impact on inter-city tourism economic connections [49]. Therefore, the
data for the period 2016–2021 can reveal the cyclical trend of the tourism economy in the
macro context of national and regional policy planning and the occurrence of public health
emergencies. The choice of research time is reasonable and sufficient.

3.3. Research Methods
3.3.1. Modified Gravity Model

The gravity model originated from Newton’s law of gravity, which was first applied to
tourism research by Crampon (1966), who believed that tourism between cities would also
form an attraction to each other in the same way as gravitational forces operate and, thus,
proposed the gravity model in tourism [44]. The gravity model can describe the strength of
the relationship between two regions by integrating geographic distance, economic level
and population size [52,53] and is suitable for measuring the strength of tourism economic
ties between cities [44]. The gravity model is now widely used in tourism economic
relations. However, the traditional model ignores the directionality and difference of
tourism economic ties between different cities, resulting in the gravitational pull of large
cities on small and medium-sized cities and the gravitational pull of small and medium-
sized cities on large cities to be equal, causing inevitable bias in the results of studies in
this area. GDP per capita is an important indicator of the level of comprehensive regional
economic performance which can generally reflect the development of the tourism economy
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and effectively compensate for the shortcomings of the traditional gravity model [54]. Thus,
this study reflects the degree of tourism economic interaction between different cities based
on the total tourism revenue and the total number of tourists in the cities, as well as the
geographic distance between the cities, and incorporates GDP per capita into the formula
to construct the correction coefficient Kij, thereby characterizing the directionality and
variability of the tourism economic connections between the cities. In addition, according
to previous findings in the literature on the case of China, it can be found that regions with
stronger economies are more likely to have tourism connections with other regions [9,40–42].
And the subject of this study, the YRD urban agglomeration, is the most representative
region in China. Therefore, this study utilizes the gravity model to establish the hypothesis
that the tourism connections of one city to another city increase as the city’s economic level
becomes higher. The specific formula is as follows:

Rij = Kij

√
PiVi

√
PjVj

D2
ij

(1)

Kij =
Gi

Gi + Gj
(2)

Ci =
n

∑
j=1

Rij (3)

where Rij is the degree of tourism economic connection between city i and city j; Pi and Vi
denote the total number of tourists and total tourism revenue of city i, respectively; Pj and
Vj are the total number of tourists and total tourism revenue of city j; Dij is the road distance
between city i and city j; Kij denotes the gravitational constant; and Gi and Gj are the per
capita GDP of city i and city j. This study will visualize the results of modified gravity
model with the help of GIS. ArcGIS will help to prepare several geographical charts [55].
They will present the status of tourism economic connections between cities during the
study period.

3.3.2. Social Network Analysis (SNA)

Social network analysis is a method used to study social network members and their
relationships. By analyzing the relationships among network members, it can both reflect
the evolutionary characteristics of the overall network structure and reveal the connection
structure among network members and their attribute characteristics [56]. Social network
analysis is now widely used in economics, sociology, management, geography, tourism and
other disciplines [57–60]. Ucinet 6 and Gephi are two of the most commonly used software
programs to implement social network analysis. Ucinet 6 supports users in constructing
network models, measuring and analyzing various attributes in the network and exploring
patterns and relationships in the network [61]. Gephi provides a 3D rendering engine
that displays large networks in real time and accelerates exploration with a flexible multi-
tasking architecture that allows users to work with complex datasets and generate valuable
visualizations [62]. Therefore, this study used Ucinet 6 and Gephi 0.10.1 software to select
indicators, such as network density, network centrality, core–periphery structure and
modularity analysis, to intensively analyze the evolutionary characteristics of the tourism
economic network structure of the YRD urban agglomeration. Meanwhile, the quadratic
assignment procedure (QAP) was used to test the main factors affecting the spatial network
of the tourism economy. The specific formulas refer to the relevant literature [63,64].

Network density reflects the overall structural characteristics of the network and
measures the overall tightness of the network.

Network centrality includes degree centrality, closeness centrality and betweenness
centrality. Degree centrality is the degree to which a node is centrally located in the network,
closeness centrality is how easy it is for nodes to make interconnection and betweenness
centrality is the degree to which a node has control over other nodes in the network [65].
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The core–periphery structure is a methodology used to delineate the core and periph-
eral areas of an overall spatial network of tourism economic connections and to measure
the density of the economic connections between them [20,66,67].

Modularity analysis is the most applied method to delineate the quality of research
associations [68]. The structure of associations is an interesting phenomenon in com-
plex networks, and the optimal division of associations can be achieved through the
modularity degree. This determines the quality of associations divided by the degree of
connection between the members within those associations and between the members of
different associations.

The quadratic assignment method (QAP) is an effective analytical method for studying
relational data [69]. QAP specifically includes both QAP correlation analysis and regression
analysis. QAP correlation analysis is used to investigate whether two relational matrices are
related or whether a relationship exists between one attribute and another. QAP regression
analysis is an analytical method that investigates the relationship between multiple matrices
and a single matrix and evaluates the significance of the regression coefficients.

4. Results
4.1. Strength of the Tourism Economic Connection

The tourism economic connection strength of the YRD urban agglomeration was
measured using the modified gravity model and visualized with the help of ArcGIS 10.2
software. In 2016, as can be seen in Figure 2, the top three cities in terms of tourism economic
connection were Huzhou → Shanghai, Shaoxing → Ningbo and Wenzhou → Wuxi, and
the bottom three were Huaibei → Liuan, Huaian → Huaibei and Xuancheng → Huaibei.
The top three cities are all located in the southeastern part of the YRD, and these cities,
as the core growth poles of the regional tourism economy, play a significant role in the
external radiation of growth in tourism. In terms of spatial patterns, the tourism economy
of the YRD urban agglomeration shows strong spatial non-equilibrium characteristics,
with a significant polarization of tourism economic connections, and with some marginal
cities such as Huaibei, Lianyungang and Fuyang not having strong tourism economic
connections. In 2021, tourism connections increased in some cities located in the western
and northern regions but decreased between cities in the southeast. Huzhou → Shanghai
remained the two cities with the strongest tourism connection, but the connection decreased
by 52.19% from 2016. Overall, the spatial connection network of tourism economy in YRD
cities has tended to develop in the direction of equalization.
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In terms of total tourism economic connection, Figure 2 shows that in 2016, the
average value of total tourism economic connection was 3145.08. Compared to other cities
in the YRD, the total number of tourism economic connections is higher in the cities of
Shanghai, Wuxi, Suzhou and Nanjing. These cities are all characterized by developed
economies, indicating that the higher the economic level of a city, the easier it is to generate
tourism economic connections with other cities. Cities such as Huaibei, Bengbu and
Bozhou are in a remote position in the tourism economic network, and the total number of
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tourism economic connections is low. In 2021, the average value of total tourism economic
connection in these cities decreased to 2067.06. Zhoushan, Taizhou, Shaoxing, Quzhou
and other southern regions decreased more significantly, while Bozhou, Fuyang, Huaian,
Lianyungang and other cities located in the northern region saw a significant increase in
the total tourism economic connection, with, for example, the growth rate of total tourism
economic connection in Huaibei reaching 42.25%. In general, the trend in the total amount
of tourism economic connections in the YRD cities shows a significant differentiation, with
the northern area showing a growth trend and the southern area showing a decline.

4.2. Tourism Economic Network Structural Characteristics
4.2.1. Overall Network Density Characteristics

In order to better reflect the overall economic connection characteristics, Gephi soft-
ware was used to map the structure of the tourism economic network of the YRD urban
agglomeration in 2016 and 2021. The mean value of the grid value of the tourism economy
network matrix for each year was used as the threshold for binarization, and, as shown
in Figure 3, the structural density of the tourism economy network in 2021 was slightly
tighter than in 2016, with a network density of 0.159 in 2016 and a network density of 0.172
in 2021. In recent years, although the cities in the YRD have been affected by COVID-19,
with the gradual recovery in the cities’ tourism industry, the frequency of inter-city tourism
contacts has begun to strengthen again, and the imbalance has weakened, revealing the
synergistic development of the regional tourism economic network.
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4.2.2. Evolutionary Trend of the Centrality

The centrality of each city in the YRD in 2016 and 2021 was calculated using Ucinet
6 software, and the results are shown in Figure 4. Observing the degree centrality, the
degree centrality of cities in the YRD increased from 2016 to 2021, and the tourism and
economic ties between cities became closer, with the northern part of the region showing
the greatest improvement. The cities of Shanghai, Wuxi, Hangzhou and Hefei have a
higher degree centrality than other cities. The factors that these cities share are that they
are economically developed, located in transportation hubs and have a higher radiation
effect and driving ability on the tourism economy. The degree point centrality is low
in cities such as Huaibei, Huaian and Liuan, which are on the outer edges of the YRD
and have inconvenient tourism and economic exchanges with other cities in the region,
resulting in weak spatial associations with other cities. In terms of closeness centrality, the
closeness centrality of each city in the YRD has increased significantly, indicating that the
rate of tourism resource flow between cities in the YRD region has accelerated and the
volume of tourism flow elements has increased significantly. The high closeness centrality
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of Shanghai, Wuxi and Hefei indicates that these cities are able to quickly generate links
with other cities within the tourism and economic connection network of the YRD urban
agglomeration. In terms of betweenness centrality, the differences in betweenness centrality
in the entire tourism economy connection network in both 2016 and 2021 are significant,
with obvious polarization characteristics. Shanghai, Wuxi and Nanjing have higher values
of betweenness centrality, indicating that the tourism economy of these cities is at the
center of the whole network and, therefore, has a stronger control over other cities. Bengbu,
Bozhou, Huaibei and other cities have smaller values of betweenness centrality, indicating
that the tourism economy of these cities is less independent in the overall network, a
situation which is closely related to the local transportation conditions, socioeconomic
development ability and other factors.
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4.2.3. Core–Periphery Model

Using Ucinet 6 software, the tourism economic connection of the YRD urban agglom-
eration was divided into core and fringe areas (Figure 5), and the spatial network density
of the tourism economic connection between the core and fringe areas was also calculated
(Table 1).
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Table 1. Network core–periphery density matrix.

Area
2016 2021

Core Periphery Core Periphery

Core 0.769 0.126 0.480 0.091
Periphery 0.143 0.057 0.112 0.071

In terms of network density, the spatial network density of tourism economic connec-
tion shows a decreasing trend except for an increase between cities within the peripheral
areas, indicating that the tourism economic connection of the cities located in these areas
are demonstrating improved recovery, and the circulation rate of the tourism economic
connection between these cities is accelerated; meanwhile, the tourism economy of the
other cities in the YRD has not yet recovered completely from the impact of COVID-19.

From the perspective of spatial distribution, the core area of the spatial network
of tourism economic connection in the YRD region in 2016–2021 continues to expand,
spreading from the southeast to the west and northwest, with cities in the peripheral areas
gradually joining the core structure, and the core area spreading from the initial 13 cities
to 19, with cities such as Xuzhou, Fuyang, Anqing and others becoming the new core
area. Most of the cities in the eastern part of the YRD were in the core area, belonging to
the absolute core area and playing a central driving role in the whole network of tourism
economic connection. Lianyungang, Bozhou, Huaibei and other cities have always been in
the peripheral areas; in fact, they belong to the absolute peripheral areas; this is because
these cities have fewer tourism resources of their own and are unable to produce enough
attractions for tourists. In addition, the distances from densely populated cities such as
Shanghai and Nanjing to these cities are relatively long, resulting in difficulties in forming
large-scale tourism demand; this restricts the ability of these cities to interact in the spatial
network of the regional tourism economy.
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4.2.4. Modularity Analysis

Using Gephi software, a random network was generated with the number of nodes
as 41 and the probability of connectivity as 0.05; the average clustering coefficient of the
random network obtained was 0.019, and the average path length was 2.344. The average
clustering coefficient of the tourism economic network of the YRD urban agglomeration in
2016 was 0.578, and the average path length was 2.067. The average clustering coefficient
of the tourism economic network of the YRD urban agglomeration in 2021 was 0.683, and
the average path length was 2.108. Compared with a random network of the same size,
the tourism economic network of the YRD urban agglomeration shows larger clustering
coefficients and smaller average path lengths and is significantly represented by the “small
world” characteristic. The average clustering coefficient increased from 0.578 to 0.683,
indicating that the spatial aggregation level of the tourism economic network has been
increasing, and the network cohesion is strong. The average path length increased slightly,
from 2.067 to 2.108, indicating that the level of accessibility of the tourism economic network
has decreased, and the network accessibility between cities in the YRD region needs to
be enhanced.

The association identification of tourism economic networks through the modularity
analysis and segmentation of associations is based on the weighting degree. As shown
in Figure 6, the tourism economic network of the YRD urban agglomeration was mainly
divided into five associations in 2016. The number of cities in the five associations is 6, 14, 5,
9 and 7, respectively. In 2021, the regional tourism economy experienced rapid recovery, the
frequency of interactions between cities’ tourism economies increased and the number of
tourism economy network associations consolidated from five to four. The number of cities
covered by Type I, Type III and Type IV associations expanded to 10, 8 and 11, respectively;
the number of cities covered by Type II associations decreased to 12; those cities covered by
Type V associations were fully integrated into the other associations. It is worth noting that
because the tourism economies of the cities were still affected by COVID-19 at this stage,
the degree of restoration of tourism connection between different cities varied, which led
to a great change in the members of each network association, and this drastic change also
showed that the tourism economic network between cities within the association was not
yet solid and had significant flexibility.
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Figure 6. Structure of tourism economic network associations in the YRD urban agglomeration;
(a) 2016, (b) 2021.

4.3. Factors Influencing the Tourism Economic Network

In order to further explore the influencing factors of the spatial network structure of the
tourism economy, this study refers to the previous literature and selects six core variables to
be analyzed through the construction of a matrix using Ucinet 6 software. Specific variable
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and measurement indexes are shown in Table 2, in which tourism information flow is
measured with the big data of the Baidu index [70].

Table 2. Variable and measurement indexes.

Variable Measurement Indexes References

Tourism information flow Baidu search index [52]
Tourism resource endowments A-level attractions [20]

Transportation convenience Road density [20]
Urbanization level Urbanization rate [52]

Industrial structures The percentage of total
tourism revenue in GDP [56]

Tourism reception capacity Star-rated hotels [52]

4.3.1. The QAP Correlation Analysis

QAP correlation analysis is based on matrix data arrangements to compare the similar-
ity of two matrix values. Using Ucinet 6 software, the matrix data were randomly arranged
5000 times to obtain the correlation coefficients between the spatial correlation matrix of
the tourism economic network of the YRD urban agglomeration and its influencing factors.
The results are shown in Table 3.

Table 3. QAP correlation analysis.

Coefficient Significance

Tourism information flow 0.279 0.001
Tourism resource endowments 0.274 0.001

Transportation convenience 0.351 0.000
Urbanization level 0.312 0.007

Industrial structures. −0.261 0.124
Tourism reception capacity 0.372 0.001

Table 3 shows that the correlation coefficients of tourism information flow, tourism
resource endowment, transportation convenience, urbanization level and tourism service
reception capacity are significantly and positively correlated with spatial correlation at the
1% level. The industrial structure did not pass the significance test, which indicates that the
industrial structure of this city has no significant correlation with spatial correlation.

4.3.2. QAP Regression Analysis

QAP regression analysis is used to explore the regression relationship between a matrix
of multiple independent variables and a matrix of dependent variables. In this study, the
non-significant variable (industrial structure) was deleted and the remaining five indicators
with significant correlation coefficients were selected as the independent variables for QAP
regression analysis. The data were randomly arranged 20,000 times using the Ucinet 6
software, and the results are shown in Table 4. According to the regression coefficients of
the software and its significance test results, the following variables have a significant effect
on the formation of the spatial correlation network: tourism information flow, tourism
resource endowment, transportation convenience and tourism reception capacity.
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Table 4. QAP regression analysis.

Unstandardized Standardized Significance
Coefficient Coefficient

Tourism information flow 0.151 0.129 0.012
Tourism resource endowments 0.685 0.164 0.002

Transportation convenience 0.793 0.176 0.006
Urbanization level 0.417 0.080 0.124

Tourism reception capacity 0.919 0.213 0.019
Intercept 0.285

R2 0.369
AdjR2 0.363

The coefficients of the tourism reception capacity and tourism information flow matrix
are significantly positive at the 5% level, indicating that tourism service reception capacity
and tourism information flow will contribute to the formation of spatial associations.
Tourism reception capacity is an important criterion for measuring the service quality of a
city, which, in turn, has a significant role in driving the tourism economy [71]. In general,
ordinary travel agencies will prioritize the safety and comfort of accommodations when
arranging tourists’ itineraries, leading to closer tourism ties between cities with a higher
tourism reception capacity [20]. Tourism information flow is a measure of the attention of
city tourism networks, and the transmission of tourism information affects the aggregation
and flow of tourism economic factors between cities, thus influencing the spatial pattern
of the regional tourism economy [72]. In order to increase their attractiveness to tourists,
tourism destinations will transmit information about tourism resources to tourists through
various Internet platforms, facilitating the diffusion of tourism information flows. This
diffusion of tourism information significantly enhances the attention paid by tourists to the
destination which, in turn, generates more passenger flows and is crucial to the impact of
inter-city tourism economic connections [52].

The spatial correlation coefficients of tourism resource endowments and transportation
convenience are significantly positive at the 1% level, indicating that these factors both
make a positive contribution to the formation of spatial correlations. The reason for this
is that tourism resources are the core component of tourism products and the key to the
tourism industry. The southern area of YRD is richer in tourism resources compared to other
cities in the region and is, therefore, more attractive to residents of other cities, in terms of
tourism resources; this makes it easier to generate tourism economic links with other cities.
Convenient transportation is a prerequisite for promoting regional tourism cooperation,
which affects the flow of people, goods, information and other elements between cities.
The time–space compression effect brought about by the continuous improvement of
transportation facilities meets the efficiency and convenience travel needs of tourists,
reduces the resistance of tourism economic radiation and has a profound impact on regional
tourism economic ties [73].

In addition, the level of urbanization fails the test of significance, indicating that there
is no significant effect with the formation of a spatial correlation.

5. Discussion

The research objective of this study is to explore the spatial complexity and influencing
factors of the tourism economic network in the YRD urban agglomeration. This study not
only measures the strength of tourism economic ties between cities in the region, but also
provides a targeted analysis of the dynamic evolution of the spatial network structure and
the influencing factors.

First, from 2016 to 2021, the trend in the strength and total amount of tourism economic
connections in the YRD urban agglomeration showed a significant differentiation, with the
northern part showing a growth trend and the southern part showing a declining trend.
This is an important finding of this study, and the findings are in line with the present reality
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of tourism development. The COVID-19 pandemic has led to significant impacts on inter-
city tourism connections [49]. Cities with well-developed tourism economies were more
affected by COVID-19 and have a harder time recovering from it. The different degrees
of tourism recovery in different cities have led to significant differences in the trends of
tourism economic connections and aggregates between cities in the YRD. Meanwhile, from
the characteristics of total tourism economic connections, Shanghai, Wuxi, Suzhou, Nanjing
and other economically developed cities have higher tourism connections, indicating that
the higher the economic level of a city, the easier it is to create tourism economic connections
with other cities. This verifies the hypothesis and confirms the study of Gan, Voda, Wang,
Chen and Ye [9]. In terms of the structural characteristics of the overall network, the density
value of the network increased slightly during the present study period, indicating an
increase in intra-regional tourism economic connections. This is closely related to the
significant increase in tourism economic connections between the cities of Bozhou, Fuyang,
Huai’an and Lianyungang in the northern region.

Second, the results of the degree, closeness, betweenness centrality and analyses
showed that the central cities of Shanghai, Wuxi, Hefei and Hangzhou show strong central-
ity characteristics and have a strong driving effect on the surrounding areas. During the
present study period, although the intensity of the non-equilibrium of the spatial network
of tourism economy in the YRD urban agglomeration was weakened, it still shows high
centrality values concentrated in individual cities with developed economy and excellent
transportation conditions, which is consistent with the findings of Chen, Wang, Zheng,
Han and Yang [20].

Third, the tourism economic network shows an obvious core–periphery structure, and
in 2016, the overall network structure developed unevenly, showing a spatial pattern of
“high in the southeast and low in the northwest”. By 2021, the spatial layout pattern of
the core area had not changed significantly, but some northwestern cities, such as Xuzhou,
Fuyang and Anqing had become the new core area. Overall, the core area is gradually
expanding, and the core cities play a radiation-driven role for the neighboring cities, which
confirms the findings of Gan, Voda, Wang, Chen and Ye [9].

Finally, based on the results of the QAP regression analysis, it was found that tourism
reception capacity, tourism information flow, tourism resource endowments and transporta-
tion convenience have a significant impact on tourism economic networks. These findings
provide a theoretical basis for policy makers in promoting the coordinated development
of regional tourism and enhancing inter-city tourism connections. Through the dynamic
spatial Durbin model, Ruan and Zhang [52] found that transportation convenience and
tourism reception capacity have a significant impact on tourism economic connections
in the YRD urban agglomerations, which is consistent with the results of our analysis.
Therefore, the results obtained through QAP regression analysis are consistent with the
actual status of tourism development in the YRD region. However, it is worth noting
that the YRD is a typical region in China where human–land conflicts are prominent, and
strong economic power is accompanied by continuous ecological pollution [50]. Therefore,
the existing ecological carrying capacity of the region should be fully considered in any
development of tourism resources, construction of tourism facilities and development of
scenic spots. The construction of tourism facilities needs to strictly control the scale of
tourism so as not to cause damage to the regional ecological environment.

5.1. Theoretical Implications

This study has several important theoretical implications. First, in terms of research
methodology, this study used the modified gravity model to calculate the intensity of
tourism economic connections between regions. Tourism revenue, the number of tourists
and the geographical distance between regions were selected to reflect the degree of
tourism economic interactions between different cities, and the modified constant was
constructed with GDP per capita as the core to build a spatial tourism economic connection
matrix, which makes up for the shortcomings of the traditional gravity model in terms of
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direction and precision. Secondly, this study adopts the social network analysis method,
using the Ucinet 6 and Gephi software to dynamically analyze the characteristics of the
tourism economic network structure and its influencing factors from the perspective of
network structure, which enriches the study of tourism spatial network. Finally, this
study incorporates COVID-19 into the research time range, fully revealing the state of the
tourism economic network in the face of the impact of COVID-19, which makes up for the
shortcomings of the research in this field in terms of time selection.

5.2. Policy Recommendations

This study provides an important reference for the government to identify the roles
and functions of cities in the regional tourism economic development network at the macro
level, which is conducive to the targeted follow-up tourism economic cooperation and
connections among cities in different regions. The following countermeasures are proposed
in conjunction with the research results:

First of all, combined with the spatial distribution characteristics of the tourism eco-
nomic network, the spillover effect of the tourism economy of the dominant cities should
be brought into play. It is necessary to continue to maintain the central position of Shang-
hai, Wuxi, Hefei, Hangzhou and other cities, to give full play to their agglomeration and
diffusion effects in the regional tourism economic network and to reduce the divergence of
tourism interests between regions. It is necessary to actively break down regional admin-
istrative barriers and explore cross-regional tourism cooperation mechanisms. Through
the establishment of a mechanism for sharing the benefits of tourism development, it will
promote the rapid flow of tourism economic factors such as talents, technology, capital
and information among different cities so as to enhance the tourism economic ties between
cities, alleviate the imbalance in tourism economic development and create a new pattern
of tourism economic development that is mutually beneficial and win–win.

Second, it is necessary to emphasize the role of tourism information flow in promoting
the spatial network of regional tourism economic ties. It is necessary to actively promote
the in-depth integration of tourism and big data and to implement the strategy of tourism
informatization. The government, industry organizations and enterprises should make
joint efforts to build a tourism information-sharing platform and a tourism information
database and make use of the monitoring and feedback of big data to strengthen the
dynamic assessment and trend prediction of regional tourism attractiveness. At the same
time, tourism destinations should pay attention to changes in tourism consumer demand in
a timely manner with the help of the Internet information platform, develop more targeted
and effective tourism marketing strategies and stimulate potential travelers in different
cities to generate tourism concerns and tourism demand through a proliferation of tourism
information so as to enhance tourism economic ties with other cities.

Third, the correlation between transportation convenience and tourism economic
network should be fully considered to provide targeted development countermeasures for
cities with different power roles. Marginal cities such as Lianyungang, Bozhou and Huaibei
should enhance the degree of embeddedness in the transportation network, continuously
improve the tourism transportation conditions and strive to establish long-term tourism
cooperation mechanisms with core cities such as Shanghai, Wuxi and Hangzhou. Cities
with well-developed transportation locations should combine their established advantages,
integrate tourism resources, extend tourism routes, expand tourism development markets,
realize the expansion of the scope of tourism industry clusters and enhance the efficiency
of regional tourism economic ties.

Finally, although the endowment of tourism resources and the reception capacity of
tourism services will have a significant impact on the regional tourism economic network, it
is important to fully recognize the pressure on the regional tourism ecological environment
caused by their development and construction. Under the premise of protecting the envi-
ronment, it is necessary to develop tourism resources moderately, improve tourism service
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facilities and enhance the tourism attraction and service quality of tourism destinations for
tourists, thus promoting the strengthening of tourism economic connections.

6. Conclusions

This study measured the intensity of tourism economic connections among 41 cities
in the YRD from 2016 to 2021 using a constructed modified gravity model and explored
the spatial structure of the tourism economic network of the YRD urban agglomeration
and its influencing factors through the application of social network analysis. Finally, the
following conclusions were drawn:

• The spatial network of the tourism economy during the study period is characterized
by obvious non-equilibrium; however, the intensity of non-equilibrium was weakened,
and the degree of tourism economic connections was stronger in economically devel-
oped cities. The changes in the spatial patterns of the intensity and total amount of
tourism economic connections between cities varied greatly, with the northern region
showing growth, and, in contrast, the southern region showing a decline.

• The tightness of the tourism economic network structure was slightly strengthened,
and the tourism economic interaction between cities became tighter. The degree of
centrality increased, with Shanghai, Wuxi, Hefei and Hangzhou, as economically
developed central cities, showing a strong radiation effect and a strong driving effect
on the surrounding areas. The spatial network of the tourism economy presents a clear
core–periphery distribution pattern, with the core area expanding from 13 in 2016 to
19 in 2021. Most of the cities in the eastern part of the YRD belong to the absolute
core area, while the northern cities, such as Lianyungang, Bozhou and Huaibei, have
always been on the periphery, which belongs to the absolute peripheral area.

• The “small world” characteristic is significant; the cohesion level of the tourism eco-
nomic network of the YRD urban agglomerations is enhanced. In the period 2016–2021,
the five associations evolved into four associations, and the tourism economic network
between cities within the associations has significant flexibility.

• The results of QAP regression analysis show that tourism reception capacity, tourism
information flow, tourism resource endowment and transportation accessibility make
a significant contribution to the formation of the spatial network of tourism economy
among cities.

This study explores the structural characteristics and influencing factors of the tourism
economic network of the YRD urban agglomeration, and the results can provide a the-
oretical basis for the optimization of the tourism economic network and the scientific
decision-making underlying tourism economic cooperation. However, there are still some
limitations to this study which can be further improved in the following aspects. First, due
to the limitations regarding data availability, this study only selected data from 2016 to 2021
and failed to analyze the evolutionary pattern of the tourism economic network of the YRD
urban agglomerations over a longer period of time. Second, the study area of this study was
limited to only the YRD region, and subsequent studies should be conducted on a larger
scale, including areas such as the Yangtze River Basin or the Yellow River Basin, to further
expand the scope of the study and the sample size in order to enhance the generalizability
of the results. In addition, the factors affecting the urban tourism economic network are
multifaceted, and this study only studied six aspects: tourism information flow, tourism
resource endowments, transportation convenience, urbanization level, industrial structures
and tourism reception capacity. The next step in this research should increase the number
of influencing factors to enhance the scientific nature of the research. Finally, this study
used QAP regression analysis to explore the influencing factors of tourism economic net-
work structure, which can be further explored with spatial econometric modeling, GTWR
modeling and other methods in order to validate and supplement the research results of
this study accordingly.
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