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ABSTRACT The rapid development of the high-speed railway (HSR) network has significantly improved
the tourism traffic conditions, which has led to a large increase in the number of tourists. This has posed a
new challenge for the tourism carrying capacity (TCC) of tourist attractions along the HSR. The purpose
of this paper is to measure the development level of TCC and HSR network, and to study the coupling and
coordinated development relationship between TCC and HSR network. The development level of TCC and
HSR network is calculated respectively. The coupling coordination model is used to study the coupling
and coordinated relationship of provincial TCC and HSR network. The results show that this coupling
coordination relationship has an overall upward trend. However, the degree of development of the TCC
in different provinces and cities is uneven, and the development advantages and disadvantages of the TCC
are also different. The development level of the HSR network in most provinces and cities in China is lower
than the level of TCC, which indicates that further increasing the construction of the HSR network will have
a better marginal effect for the development of the tourism industry in China. Therefore, it is extremely
important for China’s provinces and cities, especially in key tourism areas, to promote the coordinated
development of the HSR network capacity and TCC. At the same time, in the areas where the development
level of HSR network is higher than the level of TCC, measures should be taken to increase the protection
of tourism resources and the construction of tourism infrastructure, so as to avoid the destructive impact of
the fast-growing number of tourists on the development of local tourism industry.

INDEX TERMS High speed railway network, tourism carrying capacity, tourism industry, combination
weighting method, coupling coordination model.

I. INTRODUCTION
China’s tourism industry is one of the strategic pillar indus-
tries of the national economy. The healthy and sustainable
development of the tourism industry is of great signifi-
cance to China’s national strategy of economic recovery and
regional coordinated development. Since the implementation
of the ‘‘13th Five-Year Plan’’, the building of a moderately
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prosperous society in an all-roundway has put forward higher
requirements for the development of China’s tourism indus-
try. New models, such as ‘‘mass tourism’’, ‘‘omni-tourism’’
and ‘‘all-for-one tourism’’ [1], have injected continuous vital-
ity into the development of the tourism industry. With the
support of the high-accessibility high-speed railway (HSR)
network, the scale of national tourism has become unprece-
dented, and the shortening of travel times has allowed peo-
ple’s travel destinations to become more diversified. HSR
can change the spatial distance between regions, which has a
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profound impact on economic growth and industrial develop-
ment. Specifically, the impact on the development of tourism
economy is mainly reflected in three aspects: promoting the
flow of people, increasing infrastructure support and pro-
ducing urban siphon effect. First, the opening of HSR has
greatly facilitated the flow of tourists and the exchange of
information on tourist attractions. Secondly, theHSR network
has facilitated the travel of tourists and stimulated the rapid
growth of tourism support services such as hotels, restau-
rants and regional transportation. Finally, HSR has created
a clustering effect on the tourism economy, strengthening
economic ties between tourist and non-tourist cities.

According to the China Domestic Tourism Development
Report 2020, the scale of tourism reception in China has
maintained a steady growth, from 2.641 billion person-times
in 2011 to 6.016 billion person-times in 2019 [2]. On the
one hand, the rapid development of domestic tourism and the
surge in the number of tourists have brought huge benefits
in terms of promoting employment, increasing the incomes
of residents in tourist destinations and promoting cultural
heritage [3]. On the other hand, the surge in the number
of tourists has had different levels of impact on the local
economies, societies and ecological environments of tourist
areas. The extensive and even over-development of tourism
has led to a series of problems, such as population congestion,
traffic jams, environmental degradation and so on, imposing
higher requirements to the carrying capacity of some tourism
areas. Tourism carrying capacity (TCC) refers to the max-
imum ability (in terms of size and intensity) of the natural
human environment, tourism facilities, social economic envi-
ronment and tourist area residents to bear tourists and their
related activities over a certain period of time andwithin a cer-
tain region, under the premise of sustainable development [4].
TCC is an important standard for evaluating and measuring
the current situation and future development trends in tourism
regions. Meanwhile, it is an important basis for comprehen-
sively reflecting the characteristics of a tourism system and
measuring the coordination relationship between the tourism
environment and tourism development level.

The rapid development of the HSR network has improved
the accessibility between cities, activated the population flow
in tourist areas, and directed such flow, and promoted the
comprehensive rapid development of regional tourism. When
the HSR network matches the regional TCC, the HSR can
significantly improve the total tourism economy of urban
regions [5]. For Beijing, Guangzhou, Wuhan, Zhengzhou,
Changsha, Shenzhen, Foshan and other cities with good
tourism foundations, the HSR has had a positive polarizing
effect [6]. The opening of the HSR does not always have a
positive effect on regional tourism along the route, however,
and can even have a dampening effect if it does not match the
TCC. The opening of the HSR can even constrain tourism
development in non-tourist cities along the route, and may
even lead to a shrinkage of their tourism markets [7]. Thus,
matching the regional TCC to the HSR network is required,

so as to optimize the population flow and the direction of the
flow through the tourism areas, thus promoting the coordi-
nated and sustainable development of regional tourism.

Although the development of China’s HSR network has
greatly boosted the tourism industry in China, the coupling
coordination degree between the HSR network and TCC are
not balanced. For example, some tourism areas with high
TCC have inconvenient transportation, which greatly limits
the development of local tourism. Therefore, it is very impor-
tant to promote the coordinated development of the HSR
network and the TCC in China’s key tourism areas.

Previous related studies mainly focused on the influencing
factors and index system of TCC, the impact of HSR facilities
construction on regional tourism. However, less attention was
paid to the coordinated development relationship between
the regional HSR network and TCC. Therefore, we choose
more comprehensive indicators to construct the index system
of TCC, measure the TCC of key tourism regions, and fur-
ther use the coupling coordination degree model to measure
the coordination relationship between the HSR network and
TCC. The purpose of this paper is to evaluate the development
level of TCC of key tourism areas, the coupling coordination
relationship between the structure of HSR network and its
TCC, in order to provide theoretical guidance and support
for the coordinated development of regional HSR network
and tourism, which can further clarify the shortcomings of
regional TCC, and provide theoretical support for the healthy
development of tourism and rapid development of HSR net-
work worldwide.

The rest of the paper is arranged as follows. Section II
reviews relevant literature. Section III describes the data and
methodology of the paper. Section IV describes and discusses
the results. Section V gives a conclusion and suggestions.

II. LITERATURE REVIEW
A. INFLUENCING FACTORS AND INDEX SYSTEM OF TCC
Generally speaking, TCC mainly includes the carrying
capacity of tourism economic facilities (EFC), the carry-
ing capacity of tourism social culture (SCC) and the car-
rying capacity of tourism’s ecological environment [8], [9],
[10]. The main factors involved are economic (infrastructure,
economic pressure, social development, etc.), social (social
harmony, cultural atmosphere, residents’ psychology, etc.)
and ecological (environmental quality, natural resources, etc.)
[3], [11]. Different tourism regions have different tourism
resource endowments, and the main factors affecting the TCC
also differ. When studying the TCC of tourism areas, tradi-
tionally, themain influencing factors are selected and relevant
indicators are refined according to the resource endowment
characteristics of the tourism area. For tourism areas with
superior geographical locations or good economic develop-
ment, the selection of the influencing factors will focus on
economic and ecological factors. For example, when studying
the TCC of Shichahai Scenic Spot in Beijing, indexes such as
reception capacity and transportation capacity are selected to
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characterize the EFC, and indexes such as water environment,
atmospheric environment and solid waste discharge treatment
are selected to characterize the ECC [12]. For tourism areas in
remote locations, a lack of advantages in terms of geograph-
ical location or poor economic development, the selection
of influencing factors will often focus on the economic. For
example, the Ningxia Shapotou scenic area is geographically
remote and there is a limited level of economic development
in the tourism region. As a typical desert scenic area, its index
selection will focus on economic and environmental carrying
capacity indicators. Song et al. selected indicators such as
total GDP, total tourism revenue, the carrying capacity of
transportation facilities and catering facilities to characterize
its economic carrying capacity [13]. For some tourism areas
with strong ethnic customs and superior natural conditions,
the selection of influencing factors will often focus on ecolog-
ical and social factors. For example, when studying the TCC
of Jokhang Temple, a tourist attraction on the Tibetan Plateau,
previous research has paid more attention to the typical char-
acteristics of Tibet and focused on SCC and ECC. Indicators
such as tourist psychological carrying capacity and social
cultural carrying capacity have been selected to characterize
the SCC, while water compliance rate and ambient air quality
have been selected to characterize the ECC [14]. In addition,
in a study of the TCC of the Yarlung Zangbo Grand Canyon
Nature ReserveMurdoch area, due to the strong ethnic culture
and unique natural conditions of Murdoch, the population
concentration ratio and residents’ aversion to tourism were
selected to characterize the social environment, while the
oxygen content of the water and the forest coverage rate were
selected to characterize the ecological environment [15].

When constructing the evaluation index system of TCC,
scholars tend to select a small but representative number of
indicators from multi-dimensional influencing factors and
use a lot of methods such as hierarchical process analysis [16]
to construct the index system. For example, when analyzing
the TCC of Namco Scenic Spot in Tibet, Li [17] selected
indicators such as vegetation coverage rate, per capita land
resource area and landscape beauty to represent its ecological
dimension, and indicators such as the ratio of tourists to
residents, cultural diversity and visiting methods to represent
its social dimension. Indicators such as the reception capac-
ity of tourism service facilities, accommodation reception
capacity, and sewage and garbage treatment capacity were
selected to characterize its economic dimension. Then, the
index system of the TCC of the tourism area was constructed
from those indicators. The study found that the level of
economic facilities in the region seriously restricted the long-
term development of the local tourism industry, and that it
was imperative to improve the level of local economic devel-
opment. Wang et al. [18] constructed a TCC index system
for Diaoshuihu National Forest Park from four perspectives:
the natural environment, resource environment, economic
environment and social environment. Its indicators of the
ecological natural environment were mostly related to air

quality and waste treatment. The indicators of the ecological
resource environment were mostly related to the carrying
capacity of the area and park route. The economic environ-
ment indicators were mostly related to the supply of tourism
services, and the social environment indicators were related to
the psychological carrying capacity of tourists and the local
residents. The results showed that the Diaoshuihu National
Forest Park had a strong TCC. In addition, studies on issues
related to TCC also reflect domestic and foreign scholars’
recognition of tourism’s social responsibility [19].

In addition, the factors influencing TCC vary from one
tourism city to another depending on geographical location,
culture, resources and economic conditions. The influenc-
ing factors in terms of geographical location include topo-
graphic features (such as coastal cities, desert cities) [20],
[21], [22], etc. Cultural factors include indicators in terms of
the construction status of local colleges and universities, the
development status of cultural and art institutions [20], etc.
Resource factors include tourism resources [22], ecological
resources [21], etc. Economic factors include the construction
status of urban infrastructure, tourism service facilities [20],
[21], [22], etc. For example, it was found in one study that the
TCC of Qinhuangdao city was mainly affected by the three
dimensions of the natural environment, the economic envi-
ronment and the social environment. Its natural environment
was affected by the quality of the ecological environment and
tourism resources. The economic environment was affected
by the infrastructure conditions, tourism service facilities
and other factors. The social environment was affected by
harmony, cultural atmosphere, the scientific and technolog-
ical medical environment and other factors. The results of
the study indicated that enhancing the TCC of Qinhuang-
dao would require the strengthening of the management of
its tourism environment system and the coordination of the
development of tourist flows in the low and high seasons
of tourism [20]. The TCC of Pingdingshan was found to be
affected by resources, ecology, psychology, economy, and
other dimensions. By measuring the carrying capacity values
of each dimension, it was concluded that Pingdingshan’s ECC
seriously restricted the development of local tourism. The
government would need to strengthen resource protection
and develop scientificmanagement measures to guarantee the
long-term development of the tourism industry in Pingding-
shan [21]. In another study, the TCC of Gansu Province
was found to be affected by the three dimensions of the
ecological environment, the economic environment and the
social environment. The ecological environment dimension
was characterized by tourism resource quality and ecological
environment quality, the economic environment dimension
was characterized by infrastructure status and tourism ser-
vice facilities, and the social environment was characterized
by harmonious conditions, cultural atmosphere and scien-
tific technological security. The results indicated that the
province’s TCC potential showed an increasing trend year by
year [22].
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B. IMPACT OF CONSTRUCTION OF HSR FACILITIES ON
REGIONAL TOURISM
The construction of urbanHSR facilities has a universal influ-
ence on the development of regional tourism and changes
in regional tourism spatial patterns [23], [24], [25]. These
influences may be positive and promoting, but also negative
and restrictive.

From the perspective of regional tourism development,
on the one hand, the rapid development of the HSR network
improves inter-city accessibility, activates and directs the
population flow in tourism areas, and promotes the overall
rapid development of regional tourism. Studies have found
that HSR can significantly improve the total tourism econ-
omy of urban regions [5]. For example, Deng et al. [26]
pointed out that, for cities along the HSR, a 1% increase
in urban accessibility caused by the opening of the HSR
would increase the passenger flow of the city by 1.02%,
and also confirmed that the construction of the HSR in
the Yangtze River Delta had had a promoting effect on the
development of regional tourism there. Another study found
that the cities of Beijing, Guangzhou, Wuhan, Zhengzhou,
Changsha, Shenzhen and Foshan, all of which had a good
tourism base, had experienced better tourism development
under the influence of the opening of the Beijing-Guangzhou
HSR, showing a positive polarization effect. Taking Beijing
as an example, its tourism resources endowment and tourist
reception ability gave it the absolute advantage. After the
opening of the Beijing-Guangzhou HSR, the development
of Beijing’s tourism industry showed a more vigorous trend
[6]. On the other hand, the opening or rapid development
of the HSR will not always have a positive effect on the
development of tourism in all regions, and may even inhibit
it in certain circumstances. Another study found that, after
the opening of the inter-city HSR between Nanjing and
Hangzhou, the tourism competitiveness of Nanjing in the
Yangtze River Delta urban agglomeration did not increase
significantly. In the case without the HSR between Nan-
jing and Hangzhou, the urban tourism competitiveness of
Nanjing ranked third, while in the case with the HSR between
Nanjing and Hangzhou, its tourism competitiveness ranking
did not change [27]. In addition, Wang et al. [7] found that
the opening of HSR restricted the tourism development of
non-tourist cities along the route, and might even lead to the
contraction of their tourism markets.

The influence of HSR on the spatial pattern change of
urban regional tourism is also bidirectional. For example,
Zhao and Cao [28] analyzed the influence of the HSR
network on the tourism pattern of Guilin from two per-
spectives, before and after the opening of the HSR. The
research results showed that the opening of the HSR had
greatly improved the accessibility of Guilin to tourists, and
the tourism pattern of Guilin had changed from the previ-
ous point-like structure to a chain pattern, with the scale
of tourism constantly expanding. However, Mu et al. [29]
took the pattern of tourism traffic as the starting point and
studied the accessibility level of tourism traffic based on

the background of the HSR network in 13 prefecture-level
cities in Anhui Province. The results showed that the tourism
development pattern of Anhui Province was uneven, and the
accessibility level for tourism traffic differed between cities
due to the influence of the HSR network. The accessibility
level for tourism traffic was higher in the central and south-
ern regions than in the northern regions. For example, the
five cities of Hefei, Wuhu, Tongling, Chizhou and Huainan
showed a higher tourism traffic accessibility level than intra-
regional accessibility level, and were the first-ranked cities;
meanwhile, Suizhou, Maanshan, Huangshan, Chuzhou and
Huabei had a lower tourism traffic accessibility level than
intra-regional accessibility level, andwere third-ranked cities.
In addition, Du et al. [30] took Chongqing as the research area
to explore the influence of the HSR network on the tourism
spatial structure. The research results showed that, after the
Chengdu-Chongqing HSR was opened, Chongqing, as the
core tourism city at the end point of the HSR, had increased
its attraction index by 50.38, and the tourism attraction of
Chongqing’s was greatly enhanced. On the other hand, the
railway also intensified Chongqing’s tourism reception pres-
sure and environment bearing pressure.

Although the previous research on the factors that influ-
ence TCC and its index measurement has achieved rich
research results, there are still a series of problems to be
solved and reflected upon. Firstly, when selecting relevant
indicators for TCC, most previous studies only select a small
number of representative indicators. Too few indicators will
lead to incomplete relevant information, which may lead to
bias in the measurement of the TCC index. Secondly, in terms
of TCC measurement, few studies have explored and com-
pared the TCC and its spatial distribution in each key tourism
area in China. Thirdly, the rapid development of China’s
HSR network has had a profound impact on the tourism of
various provinces and cities, but few studies have analyzed
the coupling coordination relationship between China’s HSR
network and the TCC of key tourism areas. This study cal-
culates and compares the TCC of each key tourism area in
China, and analyzes and evaluates the coupling coordination
relationship between the HSR network and TCC in each
region. Based on the findings of this paper, we propose guid-
ing recommendations for different tourism areas to promote
the healthy and sustainable development of local tourism.

III. DATA AND METHONDS
A. STUDY AREA
This paper takes mainland China as the research area (exclud-
ing Hong Kong, Macao, Taiwan and Tibet), and focuses
on studying all national 5A-level scenic spots in the key
tourist areas of 30 provinces and cities in China, as shown
in Appendix Table 4. The specific method used in this paper
is shown in Figure 1.

B. EVALUATION INDEX SYSTEM OF TCC
The TCC of a tourist area needs to maintain the balanced
development of the economy, social culture and ecology of
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FIGURE 1. The framework of research method.

the region. Referring to previous studies [3], [11], [31], [32],
this study measures the TCC of each region based on the
three aspects mentioned earlier: economic facilities capacity
(EFC), social culture capacity (SCC) and ecological carrying
capacity [8]. Referring to the existing research on TCC at
home and abroad, according to the principles of a systematic,
comprehensive, scientific and operable construction of the
index system, three second-class indexes and ten third-class
indexes are selected to characterize the EFC, three second-
class indexes and nine third-class indexes for the SCC, and
two second-class and seven third-class indexes to characterize
the ECC. These are used to construct the evaluation index
system of the TCC, as shown in Table 1.

C. EVALUATION INDEX SYSTEM AND DATA SOURCES FOR
HSR NETWORK STRUCTURE IN TOURIST AREAS
This study focuses on exploring the coupling coordination
relationship between the HSR network and TCC in key

tourism areas of 30 provinces and cities. We explore the
potential impact of China’s HSR line construction on the
tourism development in various regions in China, and then
make policy recommendations. The indexes used for the
HSR network structure mainly consider the degree centrality,
closeness centrality and betweenness centrality, number of
HSR stations and the distance of local tourist attractions from
the nearest HSR station [33]. The degree centrality of the
HSR network reflects the direct connectivity of a province
or city (a larger value indicates a more direct route), the
closeness centrality reflects the ease of reaching the region
from other provinces or cities (a smaller value indicates a
lower average number of interchanges and easier access),
and the betweenness centrality reflects the transit and hub
position of a province or city within the whole HSR network.
The number of HSR stations in a province or city reflects the
traffic capacity of that province or city. The distance of a local
tourist attraction from the nearest HSR station reflects the
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TABLE 1. TCC evaluation index system.

HSR accessibility of that attraction. The above HSR network
index data is obtained from http://www.huochepiao.com/.

When building the HSR network, taking into account the
temporary lack of construction of HSR stations in Ningxia
and the special geographical location of Hainan (the island
cannot be connected to the HSR network of other provinces
and cities), these two provinces are not considered. Each
province or city is considered as a node of the network,
and the lines that operate (direct non-interchanges) between
HSR stations are considered edges in constructing the HSR
network of China. Based on the above network modeling pro-
cess, an HSR network diagram with 28 nodes and 459 edges
is obtained, as shown in Figure 2.

As mentioned above, in addition to the number of HSR
stations in a province or city and the distance from the
local tourist attraction to the nearest HSR station, this study
uses the three network measures of degree centrality DCa,
closeness centrality CCa and betweenness centrality BCa as
indexes of the HSR network structure, which are measured as
follows:

DC (a) =
k (a)
N − 1

CC (a) =
N − 1
N∑
b=1

dab

,BC (a) =

∑
b<k

gbk (a)
gbk

(1)

FIGURE 2. The structure of China’s high-speed rail network.

where k (a) represents the degree of node a, i.e., the number
of other provinces and cities that have direct HSR lines link-
ing them to a; N is the total number of nodes (i.e. provinces
and cities) in the network,N = 28; dab represents the network
distance from a to b, i.e., the number of interchanges that
need to be made when traveling from a to b; gbk denotes the
total number of shortest paths that exist between b and k (total
number of direct HSR lines); gbk (a) denotes the number of
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shortest paths from node b to node k that need to pass through
node a.

D. COUPLING COORDINATION DEGREE MODEL OF HSR
NETWORK AND TCC
1) INDEX WEIGHT CALCULATION BASED ON THE
COMBINATION WEIGHTING METHOD
Next, the combination weighting method (the entropy weight
method [34] and the coefficient of variation method [35] is
used tomeasure the indexweights and comprehensive evalua-
tion scores of the TCC and HSR network of the tourism areas.
The combination weighting method gives full play to the
advantages of the entropy weight method and the coefficient
of variation method, effectively avoiding the errors that can
be caused by the subjective judgment of the researcher. Its
specificmeasurement steps are as follows. Firstly, the entropy
weight method is used to measure the index weights of the
TCC and HSR network. Secondly, the coefficient of variation
method is used to measure the index weights of the TCC
and HSR network. Finally, based on the above two steps,
the combination weighting method is applied to obtain the
combined weights, determine the final index weights and
calculate the comprehensive evaluation score of each index.
The combination weighting method combines the advantages
of the entropy weight method and the coefficient of variation
method to improve the accuracy of the index weights and
make them more scientific and reasonable.

a: CALCULATING THE INDEX WEIGHTS OF THE TCC AND
HSR NETWORK BY THE ENTROPY WEIGHT METHOD
As a completely objective evaluation method, the entropy
weight method can effectively avoid scoring bias due to the
subjective judgment of the researcher. It uses information
entropy to calculate the entropy value of each index based
on the difference between the information of each index, and
finally obtains the index weights.
Step 1 Data Standardization: In order to eliminate the dif-

ferences in units and orders of magnitude among the different
indexes, we firstly standardize the original data. The specific
method is as follows [36]:

Positive indicator:

Y ′
ij =

Xij − minXij
maxXij − minXij

(2)

Negative indicator:

Y ′′
ij =

maxXij − Xij
maxXij − minXij

(3)

where Y ′
ij and Y ′′

ij represent the standardized value of the
index j for province or city i (i = 1, 2, . . . 30) (when stan-
dardizing the indexes of the EFC, j = 1, 2 . . . 10; when
standardizing the indexes of the ECC, j = 1, 2 . . . 9;
when standardizing the indexes of the SCC, j = 1, 2 . . . 7;
when standardizing the indexes of the HSR network,
j = 1, 2 . . . 5).

Step 2 Calculate the Information Entropy and the Weight
of Each Index: We measure the information entropy ej and
the weight Aj of the index j as follows [37]:

Pij = Yij/
30∑
i=1

Yij,

ej = −
1

ln 30

30∑
i=1

Pij × lnPij(0 ≤ e ≤ 1)

Aj = (1 − ej)/
K∑
j=1

(1 − ej) (4)

where Pij is the proportion made up by index j for
province/city i (i = 1, 2, . . . 30) out of the total of index j for
all provinces and cities (when evaluating the indexes of the
TCC, j = 1, 2 . . . 26; when evaluating the indexes of the HSR
network, j=1,2 . . . 5). K represents the number of indexes of
the three classes of TCC (for the weights of the indexes of
the EFC, K = 10; for the weights of the indexes of the ECC,
K = 9; for the weights of the indexes of the SCC, K = 7; for
the weights of the indexes of the HSR network, K = 5).

b: CALCULATING THE WEIGHTS OF THE TCC INDEXES AND
THE HSR NETWORK INDEXES BASED ON THE COEFFICIENT
OF VARIATION METHOD
In order to avoid a situation in which the final evaluation
results (the comprehensive evaluation scores of the TCC and
HSR network in each province and city) are too different due
to the use of a single method of index weight calculation,
the coefficient of variation method is introduced to make the
weighting result more objective and reasonable. First, we cal-
culate the coefficient of variation (the ratio of the mean and
the standard deviation), and then directly use it to calculate
the weight of the index. Suppose that, for the dimensionless
data matrix after the standardized processing, V = (xij)m×n,
m represents the number of evaluation samples, namely, the
number of provinces and cities, and n represents the number
of indexes. The measurement steps are as follows [35]:
Step 1: Calculate the mean value and standard deviation of

each column vector:

Yj =
1
m

m∑
i=1

Yijsj =

√√√√ 1
m

m∑
i=1

(Yij − Yj)2

Step 2: Calculate the coefficient of variation based on the
standard deviation and the mean value:

vj =
sj∣∣Yj∣∣

Step 3: Normalize the coefficient of variation to calculate
the weight:

wj =
vj
m∑
j=1

vj
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c: CALCULATING THE COMBINED WEIGHTS AND
COMPREHENSIVE SCORES OF THE TCC AND HSR NETWORK
BY THE COMBINATION WEIGHTING METHOD
The comprehensive scores of the EFC, SCC, ECC, TCC and
HSR network of the 30 provinces and cities in China are
calculated as follows:

Fi =

10∑
j=1

ŵj×Yij, Si =

9∑
j=1

ŵj × Yij,Ei =

7∑
j=1

ŵj × Yij

TCCi =

26∑
j=1

ŵj × Yij,Hi =

5∑
j=1

ŵj × Yij

ŵj = λAj + (1 − λ)wj (5)

where ŵj represents the combined weight, and λ is the pref-
erence coefficient, λ ∈ (0,1)

2) COUPLING COORDINATION DEGREE MODEL
The coupling coordination degree reflects the degree of coor-
dination development between systems [36]. A high degree
of coupling coordination indicates that there is a state of
coordinated development among the systems, which could
be reflected in mutual promotion of the EFC, SCC, ECC
and HSR network. A low coupling coordination degree indi-
cates uncoordinated development among the systems, in this
case unbalanced development of the EFC, SCC, ECC and
HSR network. Based on the coupling coordination model,
firstly, this study measures the coupling coordination degree
among the EFC, SCC and ECC (i.e., EFC-SCC-ECC) in the
provinces and cities, to clarify the internal coordination of
the development of the TCC. Next, the coupling coordination
degree between the TCC and the HSR network in each tourist
area is measured. The specific measurement steps are as
follows:
Step 1: Calculate the coupling degree CF−S−E

i (i =

1, 2, . . . 30) among the EFC, SCC and ECC, and the coupling
degree CTCC−H

i (i = 1, 2 . . . 30) between the TCC and HSR
network, in province/city i. The measurement steps are as
follows [40]:

CF−S−E
i =

{
Fi × Si × Ei

[(Fi + Si + Ei) /3]3

}1/3

CTCC−H
i =

{
TCCi × Hi

[(TCCi + Hi) /2]2

}1/2

(6)

Next, we calculate CF−S
i , CF−E

i and CE−S
i , which repre-

sent the coupling degrees between EFC and SCC, EFC and
ECC, and SCC and ECC respectively:

CF−S
i =

{
Fi × Si

[(Fi + Si) /2]2

}1/2

CF−E
i =

{
Fi × Ei

[(Fi + Ei) /2]2

}1/2

CS−E
i =

{
Si × Ei

[(Si + Ei) /2]2

}1/2

(7)

Step 2: Calculate the coupling coordination degree
DF−S−E
i among EFC, SCC and ECC, as follows [40]:

DF−S−E
i =

√
CF−S−E
i × T F−S−E

i (8)

where Ti is the comprehensive evaluation index of the three
subsystems of TCC in province or city i. T F−S−E

i = αFi +
βSi + ϕEi. α, β, ϕ represent undetermined coefficients, with
α+β +φ = 1, and by referring to relevant studies [41], [42],
we set α = 0.3, β = 0.3 and φ = 0.4.

Next, the coupling coordination degrees between EFC and
SCC, EFC and ECC, SCC and ECC, and TCC and the HSR
network are calculated as follows:

DF−S
i =

√
CF−S
i × T F−S

i

DF−E
i =

√
CF−E
i × T F−E

i

DS−E
i =

√
CS−E
i × T S−E

i

DTCC−H
i =

√
CTCC−H
i × T TCC−H

i (9)

where DF−S
i is the coupling coordination degree between

EFC and SCC, with T F−S
i = αFi+βSi, α = 0.5 and β = 0.5;

DF−E
i is the coupling coordination degree between EFC and

ECC, with T F−E
i = αFi + φEi, α = 0.4 and φ = 0.6; DS−E

i
is the coupling coordination degree between SCC and ECC,
with T S−E

i = βSi + φEi, β = 0.4 and φ = 0.6; DTCC−H
i

is the coupling coordination degree between TCC and the
HSR network structure, with T TCC−H

i = µTCCi + φHi,
µ = 0.5 and ϕ = 0.5.

Based on different ranges of coupling coordination degree,
the classification of the balance in the development is shown
in Table 2 below [43].

IV. RESULTS
A. ANALYSIS OF SPATIO-TEMPORAL DYNAMIC
EVOLUTION OF TCC IN CHINA
1) COMPREHENSIVE EVALUATION AND ANALYSIS OF TCC
Formulas (2) ∼ (5) were used to calculate the comprehensive
evaluation scores of the TCC and the three first-class indexes
of the TCC (EFC, SCC and ECC) for 30 provinces and
cities in China, from 2008 to 2017. The results are shown in
Figure 3
On the whole, the level of TCC in the provinces and cities

in China shows an upward trend from 2008 to 2017. The aver-
age annual TCC increased from 0.3496 in 2008 to 0.3941 in
2017, an increase of 12.7%. To some extent, the above results
show that the tourism development policies implemented by
the local governments have promoted the development of
tourism, reflected in a gradual improvement of infrastructure
such as transportation, accommodation and travel agencies,
an increased richness of tourism resources and the gradual
improvement of TCC. It can be seen from Figure 3 that
the SCC has played the largest role in the growth of TCC.
From 2008 to 2017, China’s SCC increased significantly,
with an average annual growth rate of 2.542%, which is an
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FIGURE 3. Evolution of TCC, ECC, EFC and SCC for 30 provinces and cities in China.

TABLE 2. Classification based on coupling coordination degree.

important reason for the improvement in China’s TCC. The
development of the SCC was mainly due to the change in the
unemployment rate, the possession of civil motor vehicles,
the number of college students and the number of cultural
and art institutions. This also shows that the improvement of
residents’ living standards and the development of cultural
and educational undertakings promote the improvement of
TCC.

Looking at the scores for the three first-class indicators of
TCC, before 2010, China’s ECC was relatively high, while
the EFC and SCC were relatively low. During this period,
China’s TCC was mainly limited by the social and cultural
aspects. Since 2011, on the one hand, the level of SCC has
been significantly improved, promoting the development of
China’s tourism industry; on the other hand, the EFC has been
overtaken by the SCC, and is now an important factor restrict-
ing the development of China’s tourism. In fact, China’s TCC
has been continuously limited by the EFC in recent years,
implying that increasing the construction of infrastructure
such as transportation and travel agencies will be conducive
to the further development of tourism in various regions.

It is worth mentioning that, although China’s ECC has
always been at a high level, with the improvement of the
EFC and SCC, the ecological advantage of the TCC has
begun to weaken. The ECC began to decline in 2014, and
especially since 2015 has tended to be lower than the SCC.
Facing the decline of the ECC, the government should give
full attention to it. While developing tourism, all regions
should pay attention to ecological issues such as environmen-
tal governance and resource protection, so as to ensure the
sustainable development of China’s tourism industry.

2) ANALYSIS OF SPATIO-TEMPORAL CHANGES IN TCC
In order to reflect the spatial differentiation characteristics
of TCC in China’s key tourist areas, we calculated the TCC
scores and their average annual growth rates for 30 provinces
and cities in China from 2008 to 2017 and constructed a
comprehensive development-level matrix diagram of TCC,
as shown in Figure 4.

From 2008 to 2017, the average TCC of the provinces and
cities in China was 0.38. Guangdong, Shandong, Zhejiang,
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FIGURE 4. Matrix diagram of TCC for provinces and cities in China from 2008 to 2017.

Henan, Liaoning, Sichuan, Hebei, Hubei, Anhui and Hunan
are located in the first quadrant, with TCCs higher than
the average, and average annual growth rates of their TCCs
greater than zero. Among these provinces and cities, Hunan
had the highest TCC growth rate, mainly because its EFC,
SCC and ECC all showed upward trends from 2008 to 2017.
Guangdong and Shandong rank high for TCC, but their TCC
growth rates were relatively small. The small growth rate
in the TCC of Guangdong was mainly related to a decline
in EFC, which in turn was mainly due to a decrease in the
number of vehicles in operation on the roads and an increase
in the natural population growth rate. The small growth rate
in the TCC of Shandong was mainly related to a decline in
ECC from 2008 to 2017, mainly due to a decrease in total
water resources. Therefore, in order to further improve the
level of TCC, Guangdong needs to stop the decline in EFC
and Shandong needs to stop the decline in ECC.

Shaanxi, Jiangxi, Fujian, Heilongjiang, Yunnan, Guangxi,
Chongqing, Shanxi, Inner Mongolia, Jilin, Guizhou, Xin-
jiang, Gansu, Hainan, Qinghai and Ningxia are located in
the second quadrant, with the average annual growth rates
of their TCCs greater than zero, but with TCCs lower than
the average. Among these provinces and cities, Guizhou and
Gansu had relatively high average annual TCC growth rates
(18.9% and 15.2% respectively), while Fujian andHainan had
relatively low annual growth rates. The increases in TCC in
Guizhou and Gansu were mainly due to increases in SCC,
of 22.1% in Guizhou and 37.7% in Gansu, from 2008 to 2017.
Hainan’s TCC and its growth rate were both small, mainly
because Hainan’s economic investment in tourism was insuf-
ficient, the supporting infrastructure not ideal, and its EFC,
SCC and ECC relatively low. The TCCs of Ningxia and
Qinghai occupied the last two places in the ranking through-
out the period, and the growth rates in their TCCs were
5.86% and 5.05% respectively. From 2008 to 2017, the
EFC and SCC in Ningxia and Qinghai increased, but their
ECCs showed a downward trend, indicating that Ningxia
and Qinghai should pay more attention to the governance of

the ecological environment and the protection of ecological
resources.

Tianjin is located in the third quadrant, with its TCC
lower than average and the average annual growth rate in its
TCC less than zero. This is mainly because Tianjin’s ECC
decreased from 2008 to 2017, which was mainly related to
a decrease in the disposal rate of domestic garbage, and an
increase in construction land area. Tianjin can improve its
TCC by improving the relevant indicators.

Jiangsu, Beijing and Shanghai are located in the fourth
quadrant, with TCCs higher than average but the average
annual growth rates in their TCCs less than zero. Jiangsu’s
TCC ranks second among the 30 provinces and cities, but
its average annual growth rate was less than zero, and its
TCC shows a downward trend. From 2008 to 2017, the EFC,
SCC and ECC in Jiangsu all decreased, with ECC decreasing
the most (10.04%). Therefore, although the level of TCC in
Jiangsu has been high, the development of its TCC does not
give cause for optimism. The relevant departments should
takemeasures to prevent the further decline of Jiangsu’s TCC.
The TCCs of Beijing and Shanghai also show a declining
trend, mainly because these cities have huge numbers of
tourists and high-density residential populations, putting a
heavy burden on ECC. Ecological resources have become
scarce, restricting the development of TCC in these cities.

B. ANALYSIS OF SPATIO-TEMPORAL CHANGES IN
EFC-SCC-ECC
In order to reflect the spatial distribution characteristics and
changes in EFC-SCC-ECC in China’s key tourist areas,
we calculated the EFC-SCC-ECC and its average annual
growth rate in 30 provinces and cities in China from 2008 to
2017 and constructed the comprehensive development-level
matrix diagram, as shown in Figure 5.
From 2008 to 2017, the average EFC-SCC-ECC for

provinces and cities in China was 0.605. Guangdong, Shan-
dong, Henan, Sichuan, Liaoning, Hebei, Anhui, Hubei,
Hunan and Jiangxi are located in the first quadrant of the
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FIGURE 5. Matrix diagram of the EFC-SCC-ECC for provinces and cities in China from 2008 to 2017.

FIGURE 6. Characteristics of HSR network in 28 provinces and cities in China.

matrix, their EFC-SCC-ECC being higher than average, and
its average annual growth rate greater than zero. Among
them, Hunan ranked first in terms of the average annual
growth rate of the EFC-SCC-ECC, while its EFC-SCC, EFC-
ECC and SCC-ECC all showed an upward trend. In Figure 4,
Jiangxi was in the second quadrant, while in Figure 5, it is
in the first quadrant, indicating that, although its TCC score
is low at present, its EFC-SCC-ECC is high. The average
annual growth rates of Jiangxi’s TCC and EFC-SCC-ECC
are both greater than zero. The coordinated development of

EFC, SCC and ECC in Jiangxi has grown and grown, and its
TCC developed steadily. Fujian, Yunnan, Guangxi, Shaanxi,
Heilongjiang, Chongqing, Inner Mongolia, Shanxi, Guizhou,
Jilin, Xinjiang, Gansu, Hainan, Qinghai and Ningxia are
located in the second quadrant, their average annual growth
rates of EFC-SCC-ECC being greater than zero, while their
EFC-SCC-ECCs are lower than average. The order of the
growth rates of EFC-SCC-ECC from highest to lowest are as
follows: Guizhou, Gansu, Yunnan, Guangxi, Shaanxi, Hei-
longjiang, Jilin, Inner Mongolia, Shanxi, Ningxia, Qinghai,
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Chongqing, Xinjiang, Fujian andHainan. Tianjin is located in
the third quadrant, with EFC-SCC-ECC lower than average,
and an average annual growth rate of EFC-SCC-ECC less
than zero. From 2008 to 2017, EFC-ECC and SCC-ECC in
Tianjin show a decreasing trend, with the fall in ECC themain
reason for this. Jiangsu, Zhejiang, Beijing and Shanghai are
located in the fourth quadrant, with EFC-SCC-ECC higher
than average, but average annual growth rate of EFC-SCC-
ECC less than zero. Among them, the EFC-SCC-ECC of
Shanghai was in the favorably balanced development stage in
2008 and 2011, and in the barely balanced development stage
in 2014 and 2017, showing a decrease. The classification of
the EFC-SCC-ECC of Jiangsu also decreased. The main rea-
son for this was again the fall in ECC, which led to the decline
of EFC-ECC and SCC-ECC, and in turn EFC-SCC-ECC.

In general, the provinces and cities with large growth rates
of EFC-SCC-ECC also show large growth rates of TCC,
such as Guizhou, Gansu, Hunan and Hubei. The provinces
and cities with small growth rates of EFC-SCC-ECC also
have small growth rates of TCC, such as Shanghai, Tianjin,
Hainan, Fujian, Zhejiang and Shandong. This shows that the
coordinated development of EFC, SCC and ECC is of great
significance for promoting the improvement of local TCC.

C. ANALYSIS OF SPATIO-TEMPORAL DYNAMIC
EVOLUTION OF THE TCC AND HSR NETWORK IN CHINA
1) ANALYSIS OF STRUCTURAL CHARACTERISTICS OF HSR
NETWORK AND ITS DEVELOPMENT LEVEL
In complex network theory, the indexes used to describe
the characteristics of a network structure mainly include the
degree centrality, closeness centrality and betweenness cen-
trality of the nodes. In this paper, these indicators of network
structure are used to reveal the characteristics of the HSR
network structure in China. According to the principle of
network construction, these characteristic values of China’s
HSR network are shown in Figure 6.
In the HSR network, the higher the degree centrality of a

network node, the more lines are connected to that node, and
the more important it is. The higher the closeness centrality
of a network node, the closer it is to the geometric center of
the network, the closer it is to the other nodes in the network,
and the more convenient travel to and from that node is. The
greater the betweenness centrality of anHSR network node is,
the more important the node is, because more shortest paths
go through it, making it a necessary part of many HSR lines.
As shown in Figure 6, the distribution trends of the degree
centrality and closeness centrality of the HSR network nodes
in the 28 provinces and cities in China are basically the same,
which shows that the more HSR lines are connected to a node,
the more convenient it is to reach other nodes in the network
from that node. Beijing, Shanghai and Henan all rank high
in degree centrality, closeness centrality and betweenness
centrality, which shows that they are of high importance to
China’s HSR network, and have good HSR accessibility. The
provinces and cities with the lowest node importance are

Qinghai, Chongqing, Xinjiang and Inner Mongolia. These
provinces and cities have relatively low degree centrality,
closeness centrality and betweenness centrality, which shows
that they have low HSR accessibility. In addition, we can see
from Figure 6 that the betweenness centralities of Beijing and
Sichuan are higher than those of other provinces and cities,
showing that they havemoreHSR lines passing through them,
and are highly important to the HSR network.

Then, we analyzed the impact of HSR on tourism by
combining the number of HSR stations and the distance from
national 5A-level scenic spots to the nearest HSR stations in
the different provinces and cities. We used formulas (2∼5) to
calculate the transport carrying capacity of the HSR network
structure in the 28 provinces and cities in China in 2017. The
calculation results are shown in Figure 7.

Beijing and Sichuan are the provinces with the highest
scores in the HSR network. Among them, although Bei-
jing has only three HSR and bullet train stations, its degree
centrality, closeness centrality, betweenness centrality and
distance from national 5A-level scenic spots to the nearest
high-speed station all rank first. This shows that there are
many HSR lines connected to Beijing in the HSR network
structure. In Beijing, the distances to other nodes in the
HSR network are also small, and the accessibility level of
the HSR in Beijing is high. Moreover, its national 5A-level
scenic spots have a high level of HSR accessibility, which is
conducive to the development of the local tourism industry.
Sichuan has 14 HSR and bullet train stations, ranking sec-
ond for the number of stations, and its HSR infrastructure
is more complete. Its betweenness centrality ranks second,
indicating that there are many railway lines in the network
passing through Sichuan, and its HSR accessibility level is
high. The provinces and cities with the lowest HSR network
scores are Inner Mongolia and Xinjiang. Inner Mongolia has
five HSR and bullet train stations, and its national 5A-level
scenic spots are the furthest away from the nearest HSR
station, at 786.17 kilometers. The HSR accessibility level of
its national 5A-level scenic spots is low. In addition, the HSR
network in Inner Mongolia has a betweenness centrality of
0.1, a degree centrality of 0.07 and a closeness centrality
of 0.95. The relatively low centrality index shows that there
are not many HSR lines connected with Inner Mongolia, the
distance from Inner Mongolia to other nodes in the network
is large and its HSR accessibility level is low. There are
only three HSR stations in Xinjiang, the distance between the
national 5A-level scenic spots and the nearest HSR station is
712.65 kilometers, its degree centrality is 0.15, its closeness
centrality is 0.84 and its betweenness centrality is 0.52. The
HSR accessibility of Xinjiang and its national 5A-level scenic
spots is poor.

2) ANALYSIS OF THE COUPLING COORDINATION
RELATIONSHIP BETWEEN TCC AND THE HSR NETWORK
In order to reflect the spatial distribution characteristics of
the coupling coordination relationship between TCC and
the HSR network, formulas (6∼9) are used for the same
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FIGURE 7. Scores of HSR network in 28 provinces and cities in china.

28 provinces and cities in China in 2017. The results are
shown in Table 3.

Overall, except in Inner Mongolia, Xinjiang and Qinghai,
the coupling coordination degree between TCC and the HSR
network in the provinces and cities studied is in the coordina-
tion stage. The overall coupling coordination degree between
the HSR network and TCC in China is relatively high, and
their development is relatively balanced. The provinces and
cities with a high degree of coupling coordination between
TCC and the HSR network are Shandong, Sichuan and Bei-
jing, which show favorably balanced development and score
more than 0.75. The provinces and cities with a low coupling
coordination degree are Inner Mongolia, Xinjiang and Qing-
hai, which show moderately imbalanced development. Inner
Mongolia, Xinjiang and Qinghai have lower levels of HSR
accessibility and HSR accessibility of their national 5A-level
scenic spots. These factors have led to lagged development
of their HSR networks, which is the main reason for the low
degree of coupling coordination between TCC and the HSR
network.

In addition, comparing the scores for TCC and the HSR
network in 2017, we can find that, except in Beijing, Tianjin,
Shanghai, Sichuan, Anhui and Fujian, whose HSR network
scores are larger than their TCC scores, and where the cou-
pling coordination degree between TCC and the HSR net-
work shows a lagging TCC level, the HSR network scores in
the provinces and cities are smaller than the TCC scores, and
the coupling coordination degree between TCC and the HSR
network shows lagging development of the HSR network.
This shows that Beijing, Tianjin, Shanghai, Sichuan, Anhui

and Fujian have a high level of HSR development, which
can attract more tourists through the advantage of fast and
comfortable HSR travel. On the one hand, the growth of
the number of tourists can promote the development of local
tourism, but on the other hand, it also brings challenges to the
ecological environment, ecological resources, infrastructure
and other aspects. Therefore, improving the TCC is the key
to further developing tourism in these areas. For the provinces
and cities whose score for the HSR network is significantly
smaller than that of the TCC, on the other hand, the devel-
opment level of the HSR is relatively low. Here, further
development of the HSR would be conducive to tapping the
potential of the local TCC and promoting the development of
tourism in these locations.

3) COMPREHENSIVE ANALYSIS OF HSR NETWORK AND TCC
In order to reflect the comprehensive development level of the
HSR network and TCC in China’s key tourist areas, a matrix
diagram of theHSR network and TCC is constructed based on
the scores for the HSR network and TCC in the 28 provinces
and cities in China in 2017, as shown in Figure 8.
Beijing, Guangdong, Henan, Sichuan, Anhui, Hubei, Zhe-

jiang, Hunan, Shandong, Hebei and Jiangsu are located in
the first quadrant, and their TCC and HSR network scores
are all higher than the average level. Also looking at the
information in Table 3, the coupling coordination degrees
between TCC and the HSR network for these provinces
are all located in the favorably balanced development stage,
and their coordinated development levels are relatively high.
Among them, the HSR network scores for Beijing, Sichuan
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TABLE 3. The coupling coordination relationship between TCC and the HSR network in China’s key tourist areas in the 28 provinces and cities in 2017.

FIGURE 8. Matrix diagram of HSR network and TCC in China’s key tourist areas in 28 provinces and cities.

and Anhui are all higher than their TCC scores, indicating
that improving the TCC would be conducive to promoting
the coupling coordination relationship between TCC and the
HSR network in these provinces and cities. The scores for
the HSR network in Guangdong, Henan, Hubei, Zhejiang,
Hunan, Shandong, Hebei and Jiangsu are all lower than their
TCC scores, indicating that the development of the HSR
would be conducive to promoting the improvement of the
coordination relationship between the TCC andHSR network
in these provinces and cities.

Shanghai, Fujian and Shaanxi are located in the second
quadrant, with HSR network scores higher than average,
but TCC scores lower than average. Looking at Table 3,
the degrees of coupling coordination between the TCC and
HSR network in Shanghai and Fujian are both located in
the favorably balanced development stage, while that for
Shaanxi signifies barely balanced development. The scores
for the HSR network in Shanghai and Fujian are higher than
those for TCC, indicating that improving the TCC would be
conducive to promoting the coordinated development of the
HSR network and TCC in those locations. The HSR network
score for Shaanxi is lower than the TCC score, indicating
that the development of the HSR would be conducive to

promoting the coordination relationship between TCC and
the HSR network in Shaanxi.

Tianjin, Guangxi, Yunnan, Heilongjiang, Jiangxi, Guizhou,
Shanxi, Inner Mongolia, Jilin, Gansu, Chongqing, Xinjiang
and Qinghai are located in the third quadrant, with TCC
scores and HSR network scores below the average. Tianjin’s
HSR network score is higher than its TCC score, while for
the rest of the locations the HSR network score is lower than
the TCC score.

Liaoning is located in the fourth quadrant, with a TCC
score higher than average, but an HSR network score
lower than average. Liaoning’s coupling coordination degree
between the TCC and HSR network is located in the favor-
ably balanced development stage, with higher coordinated
development. However, the HSR of Liaoning is lower than
its TCC, showing that the development of the HSR network
structure lags behind, and further development of the HSR
would be beneficial for promoting the coordination relation-
ship between TCC and the HSR network.

V. CONCLUSION AND SUGGESTION
The degree of coupling and coordination between TCC and
HSR network is an effective index to evaluate the healthy
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development relationship between regional tourism andHSR.
On the one hand, the coupling and coordinated develop-
ment between HSR and TCC enable the tourism industry to
take advantage of the convenient transportation conditions of
high-speed rail. Tourist destinations can fully tap the potential
of tourism resources while improving the accessibility of
transportation. On the other hand, the sound development of
tourism can attract more tourists and bring more passengers
to the HSR, thus promoting the development of the HSR
network. At present, China ranks first in the world in terms of
the length of HSR. China’s HSR network, with ‘‘eight hori-
zontal and eight vertical’’ trunk passages as the skeleton, elec-
trified transformation lines as the connection, and intercity
railways as the supplement, has gradually improved. China’s
HSR network construction and development level is at the
forefront of the world. In addition, due to the vast regional
area of China, there are differences in the development of
HSR and TCC among different provinces. The development
relationship between the structure of HSR network and HSR
also has a variety of different types. Therefore, taking China
as an example to study the coupling and coordinated devel-
opment relationship between HSR network and HSR has
many advantages. Firstly, it can provide relevant strategic
suggestions for the development of China’s tourism industry
and HSR. Secondly, the coupling coordination mechanism
between HSR and TCC can be understood by studying the
case of China and corresponding development suggestions
can be provided. Thirdly, this paper can provide reference for
the coupling coordinated development of HSR and tourism in
other countries.

From the perspective of TCC and the HSR network struc-
ture, this paper studied the EFC-SCC-ECC of 30 provinces
and cities from 2008 to 2017, as well as the coupling
coordination degree between TCC and HSR network of
28 provinces and cities in China in 2017. We have explored
the level of the TCC, the EFC-SCC-ECC and the coupling
coordination degree between TCC and the HSR network in
key tourist areas. Accordingly, the paper draws the following
conclusions.

Overall, China’s TCC increased from 2008 to 2017, with
an increase of 12.7%. In terms of the three first-class indexes,
the SCC has had the biggest effect on the growth of the
TCC, and has been an important factor in the improvement
of China’s TCC. With the development of the TCC, there
has been a change from limited SCC before 2010 to limited
EFC after 2011. In addition, with the improvement of the
EFC and SCC, China’s ECC began to decline, and future
developments of tourism should pay attention to environ-
mental governance, resource protection and other ecological
issues, so as to ensure the sustainable development of China’s
tourism industry.

In addition, due to the different development situation
of TCC and HSR network in different provinces, the cou-
pling coordination mechanism of HSR-TCC is also different.
Considering factors such as TCC, the EFC-SCC-ECC, and
the coupling coordination degree between TCC and HSR

network, the coupling coordination development mechanism
between HSR network and TCC can be divided into five
categories. (1) The development level of both HSR network
and TCC is higher, and the coupling and coordination degree
between them is higher. The provinces that meet the above
conditions are Beijing, Guangdong, Henan, Sichuan, Anhui,
Hubei, Zhejiang, Hunan, Shandong, Hebei and Jiangsu.
Although these provinces have good TCC and HSR devel-
opment conditions, the development of TCC and EFC-SCC-
ECC in some provinces and cities shows a downward trend,
such as Beijing and Jiangsu. The main reason for the decline
of TCC and EFC-SCC-ECC in Beijing and Jiangsu is the
decline in the level of ECC. In the context of the rapid
development of HSR and the increasing number of tourists,
how to take measures to improve their ECC and prevent the
further decline of TCC level is the key to maintain the high
coupling and coordinated development level between HSR
and TCC in the above two provinces. (2) The development
level of HSR network is higher, and the development level
of TCC is lower, but the coupling and coordination degree
between them is higher. The provinces that meet the above
conditions are Shanghai, Fujian and Shaanxi. Although the
TCC of Fujian and Shaanxi is lower than the average level, the
development of TCC and EFC-SCC-ECC of them both show
an upward trend, indicating that their tourism development
continues to improve. However, the development of TCC
and EFC-SCC-ECC in Shanghai showed a downward trend.
To prevent the further decline of TCC in Shanghai is an
important condition to maintain its high coupling and coor-
dinated development level between HSR and TCC. (3) The
development level of HSR network is lower, the development
level of TCC is higher, and the coupling and coordination
degree between them is higher. The province that meets the
above conditions is Liaoning. Liaoning not only has a high
TCC level, but also the development of TCC and EFC-SCC-
ECC is on the rise. Therefore, in order to avoid the decrease
of the coupling and coordinated development level between
HSR and TCC and restrict the development of local tourism,
Liaoning needs to increase the intensity of HSR construction.
(4) The development level of HSRl network and TCC is
lower, but the coupling and coordination degreel between
them is higher. The provinces that meet the above condi-
tions are Tianjin, Guangxi, Yunnan, Heilongjiang, Jiangxi,
Guizhou and Shanxi. Except Tianjin, the development of
TCC and EFC-SCC-ECC in the other provinces is on the
rise, and the development of tourism is in good shape. Fur-
ther strengthening of HSR construction is conducive to the
subsequent development of tourism in these provinces. The
development of TCC in Tianjin lags behind that of HSR,
and the development of EFC-SCC-ECC shows a downward
trend. Tianjin needs to take measures to prevent the further
decline of TCC. (5) The development level of HSR network
and TCC is lower, and the coupling and coordination degree
between them is lower. The provinces that meet the above
conditions are Inner Mongolia, Jilin, Gansu, Chongqing,
Xinjiang and Qinghai. For these provinces, the development
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TABLE 4. List of national 5A-level scenic spots in 30 provinces and cities in China.
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TABLE 4. (Continued.) List of national 5A-level scenic spots in 30 provinces and cities in China.

of HSR network can bring the necessary resources for the
development of local tourism and promote the development
of local tourism, but the primary task is to improve the TCC.
The reason is that the increase of the number of tourists can
promote the development of tourism economy in the short
term, but if the number of tourists exceeds its TCC for a long
time, it will inevitably lead to the destruction of its tourism
resources and ecological resources, resulting in the decline of

TCC, which is not conducive to the sustainable development
of tourism.

According to the development of TCC in different regions,
the development of HSR network will have different impacts
on local tourism. On the one hand, the method proposed
in this paper evaluates the development level of regional
TCC, which can clarify the tourism resource endowment of
different regions and the shortcomings of TCC development.
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On the other hand, it can evaluate the coupling coordinated
development between HSR and TCC and analyze the impact
of HSR network development on local tourism, which can
provide support for the study of how to realize the coupling
and coordinated development of the two. Local governments
should combine the local TCC and the actual development of
the HSR network to formulate the next tourism development
strategy.

According to the above analysis, the following suggestions
for improving the TCC level of provinces and cities are
made: (1) The difference in TCC between different regions is
mainly due to the unbalanced development of transportation,
economic development, infrastructure, ecological resources
and the ecological environment, which restricts the improve-
ment of the overall development level of TCC. Therefore,
provinces and cities should implement corresponding mea-
sures according to their own shortcomings in order to develop
their TCC. For example, in the coastal areas where EFC and
SCC are highly developed, improving ECC should be the next
focus for TCC development. In the northwest region, where
EFC, SCC andECC are all poorly developed, on the one hand,
national and government policies are needed to help develop
the economy, and promote infrastructure construction and
social cultural development; on the other hand, improving the
traffic accessibility of the northwest region will also be cru-
cial to its tourism development. How to seize the opportunity
of the opening of the HSR to promote the transformation of
tourism resources into economic resources and the formation
of a tourism industry in the northwest region is also an issue
that the relevant departments should focus on. (2) Facing
the current situation in which the development of the HSR
network is lagging behind TCC in most provinces and cities,
it is crucial to further increase the construction of the HSR
network to promote the development of the tourism industry
in such locations. (3) The improvement of living standards
not only stimulates people to travel and brings large numbers
of tourists to tourist areas, but also brings many challenges to
local tourism development. For example, the level of tourism
services will need to be raised, tourism-related facilities
enhanced and environmental governance improved. Dealing
with such challenges has become amajor problem in the quest
to achieve sustainable and healthy development of TCC.

There are still some limitations in the research process
of this paper, which we hope can be solved in future work.
Firstly, we used a unified indicator system to calculate and
evaluate the development level of the TCC of 30 provinces
and cities in China. However, different provinces and regions
have different tourism resource endowments, and their TCC
development depends on different resources. For example,
coastal cities rely more on coastal resources when developing
tourism while inland cities rely more on natural and cultural
landscapes. Therefore, in order to more accurately evaluate
the development level of TCC in different provinces and
cities, future research can consider establishing a differenti-
ated evaluation indicator system based on regional character-
istics. Secondly, although this paper analyzes the coordinated

development between TCC and HSR network, it does not
specifically quantify the impact of factors such as the sched-
ule between HSR stations on the accessibility of provincial
and municipal HSR. Subsequent studies can take relevant
factors into consideration to make a more comprehensive
evaluation of the development of HSR, so as to evaluate the
coupling coordinated development of HSR and TCC in a
more scientific and reasonable way.

APPENDIX
See Table 4.

REFERENCES
[1] H. Jiang, Y. Yang, and Y. Bai, ‘‘Evaluation of all-for-one tourism in

mountain areas using multi-source data,’’ Sustainability, vol. 10, no. 11,
p. 4065, Nov. 2018.

[2] China Domestic Tourism Development Report, Hubei, China, 2020.
[3] J. Wang, X. Huang, Z. Gong, and K. Cao, ‘‘Dynamic assessment of

tourism carrying capacity and its impacts on tourism economic growth in
urban tourism destinations in China,’’ J. Destination Marketing Manage.,
vol. 15, Mar. 2020, Art. no. 100383.

[4] W. Deng,Dictionary of Sociology. Shanghai, China: Shanghai Dictionary
Publishing House, 2009.

[5] D.-G. Wang, Y. Niu, and J. Qian, ‘‘Evolution and optimization of China’s
urban tourism spatial structure: A high speed rail perspective,’’ Tourism
Manage., vol. 64, pp. 218–232, Feb. 2018.

[6] H. Wu and X. Zhang, ‘‘Research on the lnfluence of high speed rail on
tourism development of cities along the line: Take Beijing-Guangzhou
high speed railway as an example,’’ Econ. Problems, vol. 11, no. 56,
pp. 85–94, 2020.

[7] J. Wang, Z. Cai, and X. Qin, ‘‘Measurement on total factor productivity
in China’s service industry,’’ Statist. Decis., vol. 36, no. 22, pp. 95–99,
2020.

[8] R. Ceccato and M. Diana, ‘‘Substitution and complementarity patterns
between traditional transport means and car sharing: A person and trip
level analysis,’’ Transportation, vol. 48, no. 4, pp. 1523–1540, Aug. 2021.

[9] R. C. de Sousa, L. C. C. Pereira, R. M. da Costa, and J. A. Jiménez,
‘‘Tourism carrying capacity on estuarine beaches in the Brazilian Amazon
region,’’ J. Coastal Res., vol. 70, pp. 545–550, Apr. 2014.

[10] J. Zelenka and J. Kacetl, ‘‘The concept of carrying capacity in tourism,’’
Amfiteatru Econ., vol. 16, no. 36, pp. 641–654, 2014.

[11] F. Ye, J. Park, F. Wang, and X. Hu, ‘‘Analysis of early warning spatial
and temporal differences of tourism carrying capacity in China’s island
cities,’’ Sustainability, vol. 12, no. 4, p. 1328, Feb. 2020.

[12] Y. Mi, Research on Tourism Environmental Carrying Capacity of Open
Scenic-Take Beijing ShiChahai as Example. Beijing, China: Beijing Jiao-
tong Univ., 2014.

[13] X. Song, L. Li, Y. Wang, L. Shi, P. Yang, and X. Gao, ‘‘Dynamic
assessment of tourism environmental carrying capacity of desert scenic
spot: A case study of Shapotou Scenic Spot in Ningxia,’’ J. Ningxia Univ.
Humanities Social Sci. Ed., vol. 41, no. Z1, pp. 138–147, 2019.

[14] W. Li, M. Zhang, and S. Ma, ‘‘Studies on the environment bearing
capacity appraisal indicator system of the Jokhang Scenic Zone,’’ Chin.
Agricult. Sci. Bull., vol. 28, no. 11, pp. 155–162, 2012.

[15] Y. Tang, Z. Wang, and X. Yang, ‘‘Study on evaluation index system of
ecotourism environmental bearing capacity–TakingMedog in the Yarlung
Zangbo Gorge Nature Reserve as an example,’’ J. Plateau Agricult.,
vol. 2, no. 5, pp. 558–562, 2018.

[16] Z. Morteza, F. M. Reza, M.M. Seddiq, P. Sharareh, and G. Jamal, ‘‘Selec-
tion of the optimal tourism site using the ANP and fuzzy TOPSIS in
the framework of integrated coastal zone management: A case of Qeshm
island,’’ Ocean Coastal Manage., vol. 130, pp. 179–187, Oct. 2016.

[17] L. Li, Y. Tashi, D. Bian, D. Dongru, O. Champa, and L. Zeng, ‘‘Research
on tourism carrying capacity of Namtso Scenic Area in Tibet,’’ Tibet Sci.
Technol., vol. 5, pp. 30–36, 2018.

[18] Y. Wang, J. Li, and M. Zhang, ‘‘Evaluation of tourism environmental
carrying capacity in diaoshuihu national forest park,’’ Int. J. Sustain.
Develop. Planning, vol. 15, no. 5, pp. 761–766, Aug. 2020.

VOLUME 11, 2023 20443



Z. Luo et al.: Research on the Coupling Coordination Relationship Between TCC and the HSR Network

[19] A. Alvarez-Sousa, ‘‘The problems of tourist sustainability in cultural
cities: Socio-political perceptions and interests management,’’ Sustain-
ability, vol. 10, no. 2, p. 503, Feb. 2018.

[20] X. Yang, G. Weng, J. Li, and Y. Hou, ‘‘Optimization of tourism environ-
ment carrying capacity in coastal cities: A case Study of Qinhuangdao
city,’’ Geography Geo-Inf. Sci., vol. 35, no. 4, pp. 134–140, 2019.

[21] Y. Zhao and L. Jiao, ‘‘Resources development and tourism environmental
carrying capacity of ecotourism industry in pingdingshan city, China,’’
Ecolog. Processes, vol. 8, no. 1, pp. 1–6, Dec. 2019.

[22] X. Yang, G. Weng, and X. Zhang, ‘‘Evaluation on tourism environment
bearing potential of provincial areas,’’ Statist. Decis., vol. 35, no. 8,
pp. 44–48, 2019.

[23] M. Li and J. Chen, ‘‘High-speed rail network in China: The contribution
of fast trains to regional tourism and economic development,’’ Tourism
Rev., vol. 75, no. 2, pp. 414–432, Nov. 2019.

[24] F. Wang, X. Wei, J. Liu, L. He, and M. Gao, ‘‘Impact of high-speed
rail on population mobility and urbanisation: A case study on Yangtze
River Delta urban agglomeration, Chinam,’’ Transp. Res. A, Policy Pract.,
vol. 127, pp. 99–114, 2019.

[25] P. Yin, Z. Lin, and B. Prideaux, ‘‘The impact of high-speed railway on
tourism spatial structures between two adjoining metropolitan cities in
China: Beijing and Tianjin,’’ J. Transp. Geography, vol. 80, Oct. 2019,
Art. no. 102495.

[26] T. Deng, L. Zhao, and M. Ma, ‘‘Research on the impacts of the imple-
mentation of the Yangtze River Delta high speed railway network on
the development of urban tourism industry,’’ Econimic Manage., vol. 38,
no. 1, pp. 137–146, 2016.

[27] T. Huang, J. Xi, and Q. Ge, ‘‘Tourism spatial competition pattern of urban
agglomeration under the influence of high-speed railway using spatial
econometrics,’’ Econ. Geography, vol. 37, no. 8, pp. 182–191, 2017.

[28] W. Zhao and X. Cao, ‘‘Study on the impact of high speed rail network on
the tourism pattern of cities along the line based on ArcGlS,’’ Geomatics
Spatial Inf. Technol., vol. 42, no. 8, pp. 161–165, 2019.

[29] C. Mu, L. Li, and P. Han, ‘‘Impact of high-speed railway network on
tourism traffic pattern in Anhui Province,’’ J. Luoyang Normal Univ.,
vol. 39, no. 4, pp. 16–20, 2020.

[30] G. Du and Y. Yang, ‘‘Impact of high-speed rail network on the spatial
structure of tourism in Chongqing City,’’ Areal Res. Develop., vol. 37,
no. 4, pp. 104–109, 2018.

[31] A. Saveriades, ‘‘Establishing the social tourism carrying capacity for
the tourist resorts of the east coast of the republic of Cyprus,’’ Tourism
Manage., vol. 21, no. 2, pp. 147–156, Apr. 2000.

[32] Y. Zhang, X. Li, Q. Su, and X. Hu, ‘‘Exploring a theme park’s tourism
carrying capacity: A demand-side analysis,’’ Tourism Manage., vol. 59,
pp. 564–578, Apr. 2017.

[33] S. Xu, F. Wang, and K. Wang, ‘‘Evaluation and optimization analysis
of high-speed rail network structure in northeast China under the back-
ground of northeast revitalization,’’ Regional Sustainability, vol. 2, no. 4,
pp. 349–362, Oct. 2021.

[34] J. Xing, Z. Liu, C. Wu, and S. Chen, ‘‘Traffic volume estimation in
multimodal urban networks using cell phone location data,’’ IEEE Intell.
Transp. Syst. Mag., vol. 11, no. 3, pp. 93–104, Fall 2019.

[35] X. Ma, J. Zhang, and L. Zhang, ‘‘Forest management decision model
based on the entropy weight and coefficient of variation method,’’ Aca-
demic J. Environ. Earth Sci., vol. 4, no. 2, 2020.

[36] Y. Zhang, Y. Dai, Y. Chen, and X. Ke, ‘‘Coupling coordination develop-
ment of new-type urbanization and cultivated land low-carbon utilization
in the Yangtze River Delta, China,’’ Land, vol. 11, no. 6, p. 919, 2022.

[37] C. Wei, Z. Wang, X. Lan, H. Zhang, and M. Fan, ‘‘The spatial–temporal
characteristics and dilemmas of sustainable urbanization in China: A new
perspective based on the concept of five-in-one,’’ Sustainability, vol. 10,
no. 12, p. 4733, Dec. 2018.

[38] H.-C. Liu, J.-X. You, X.-Y. You, and M.-M. Shan, ‘‘A novel approach for
failure mode and effects analysis using combination weighting and fuzzy
VIKOR method,’’ Appl. Soft Comput., vol. 28, pp. 579–588, Mar. 2015.

[39] X. Xia, K. Lin, Y. Ding, X. Dong, H. Sun, and B. Hu, ‘‘Research on
the coupling coordination relationships between urban function mix-
ing degree and urbanization development level based on information
entropy,’’ Int. J. Environ. Res. Public Health, vol. 18, no. 1, p. 242,
Dec. 2020.

[40] W. Jing, W. Zhang, P. Luo, L. Wu, L. Wang, and K. Yu, ‘‘Assessment of
synergistic development potential between tourism and rural restructuring
using a coupling analysis: A case study of southern Shaanxi, China,’’
Land, vol. 11, no. 8, p. 1352, Aug. 2022.

[41] J. Liu, Y. Zhao, and S. C. Jang, ‘‘Environmental perceptions and willing-
ness to pay for preservation: Evidence from beach destinations in China,’’
Int. J. Tourism Res., vol. 23, no. 5, pp. 792–804, Sep. 2021.

[42] F. Zhang, C. Sun, Y. An, Y. Luo, Q. Yang, W. Su, and L. Gao, ‘‘Coupling
coordination and obstacle factors between tourism and the ecological
environment in Chongqing, China: A multi-model comparison,’’ Asia
Pacific J. Tourism Res., vol. 26, no. 7, pp. 811–828, Jul. 2021.

[43] Z. Tang, ‘‘An integrated approach to evaluating the coupling coordina-
tion between tourism and the environment,’’ Tourism Manage., vol. 46,
pp. 11–19, Feb. 2015.

ZHIKUN LUO was born in Zhoukou, Henan,
China, in 1984. He received the B.S. degree in
mathematics and applied mathematics from the
Zhoukou Normal College, Henan, in 2008, and
the M.S. degree in computational mathematics
from Beijing Jiaotong University, Beijing, China,
in 2010, and the Ph.D. degree in applied mathe-
matics from the Beijing Institute of Technology,
Beijing, in 2014.

He has been working as a Lecturer with the
Harbin University of Commerce, since 2014. His research interests include
differential geometry, information geometry, data analysis, andmathematical
modeling.

AIRONG XU was born in Dezhou, Shandong,
China, in 1998. She received the management
degree from the Business College, Shandong
Normal University, Shandong, in 2020, where
she is currently pursuing the master’s degree in
management.

Her research interests include big data anal-
ysis, tourist traffic, and multi-mode urban
transportation.

SHAN GAO was born in Dezhou, Shandong,
China, in 1997. She received the management
degree from the Business College, Shandong
Normal University, Shandong, in 2020, where
she is currently pursuing the master’s degree in
management.

Her research interests include big data analysis,
tourist traffic, and urban traffic management.

20444 VOLUME 11, 2023


