
Citation: Wang, K.; Zhao, S.; Chen, X.;

Lei, Z.; Zhou, X. Spatio-Temporal

Evolution and Influencing Factors of

the Resilience of Tourism

Environmental Systems in the

Yangtze River Economic Belt of

China. Sustainability 2023, 15, 10527.

https://doi.org/10.3390/su151310527

Academic Editors: Wenwu Tang,

Shen-En Chen, Akinwumi

Ogundiran and Peng Wang

Received: 24 May 2023

Revised: 29 June 2023

Accepted: 2 July 2023

Published: 4 July 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

Spatio-Temporal Evolution and Influencing Factors of the
Resilience of Tourism Environmental Systems in the Yangtze
River Economic Belt of China
Kun Wang 1,2,* , Songxin Zhao 1, Xiangtai Chen 1, Zhenxian Lei 1 and Xiao Zhou 1,2

1 College of Tourism and Culture Industry, Guizhou University, Guiyang 550025, China;
gs.sxzhao22@gzu.edu.cn (S.Z.); gs.xtchen21@gzu.edu.cn (X.C.); gs.zxlei20@gzu.edu.cn (Z.L.);
xiaozhou@gzu.edu.cn (X.Z.)

2 Culture and Tourism Economic Quality Development Operation Center, Guizhou University,
Guiyang 550025, China

* Correspondence: kwang3@gzu.edu.cn

Abstract: The resilience of a tourism environmental system (TESR) is an important aspect of sustain-
able tourism growth. Based on the construction of an evaluation system for the TESR, this study
used 126 prefecture-level cities in the Yangtze River Economic Belt (YREB) as a case study and
attempted to explore the spatio-temporal evolution features and influencing mechanism of the TESR.
The primary conclusions are as follows: (1) Despite significant improvement in TESR in the YREB,
the overall resilience level and growth rate remain relatively low, with ample potential for improve-
ment. (2) Positive spatial correlation and type agglomeration impact are evident in the urban TESR.
(3) Relatively frequent transitions of the TESR occur with spatial dependence and spillover effects in
the transition paths, i.e., high-level cities can improve the TESR of neighboring cities through positive
spillover effects. (4) Several factors, such as city economic, social, industrial, and policy factors, jointly
impact the evolution of the pattern of the TESR in the YREB, with heterogeneous effects.

Keywords: resilience of the tourism environmental system; spatio-temporal evolution; spatial
Markov chain; geographical and temporal weighted regression; Yangtze River Economic Belt

1. Introduction

The urban tourism environment system, an essential constituent of urban complex
systems, plays a fundamental role in promoting urban economic growth, driving cultural
prosperity, and preserving ecological environments [1]. Nevertheless, the tourism industry
is highly vulnerable and sensitive to sudden shocks or cumulative impacts [2–4], such as
climate change, natural disasters, economic crises, and epidemics, posing a threat to the
urban tourism environment system [1,5,6]. Thus, enhancing the resilience and resistance of
the urban tourism environment system under these internal and external constraints is a
significant challenge in the development of the urban tourism industry.

The concept of resilience, originating from engineering and physics, has broadened its
application over time. Ecologist Holling introduced “resilience” to ecology and developed
the idea of ecological resilience, which refers to the ability of an ecosystem to withstand
shocks and maintain balance [7]. Adger applied resilience theory to sociology and defined
social resilience as the ability of a community or group to cope with stresses or disruptions
resulting from changes in the external environment [8]. Reggiani et al. applied resilience
theory to the study of spatial heterogeneity displayed by different regions when facing
external shocks or disturbances [9]. Resilience theory has evolved from focusing on equilib-
rium resilience to evolutionary resilience [10], which better reflects the dynamic process of
system change [11,12].

The tourism sector’s vulnerability has been a constant source of concern, prompt-
ing a great deal of academic interest in its resilience [13,14]. Due to its high degree of
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interconnectedness and susceptibility to a wide range of factors such as political, social,
economic, and ecological forces [15,16], research on tourism resilience has generally been
focused on crisis or disaster events that can cause sudden shocks to the sector [17,18].
Events such as tsunamis [19], hurricanes [20], major floods [21], and the sudden onset of
public health emergencies like COVID-19 have all had significant impacts on the tourism
industry. Scholars have looked at different case studies to develop resilience construc-
tion strategies [22–24], while also proposing crisis management and resilience-building
strategies for tourism from the perspectives of tourism enterprises, tourist destinations,
and the sector as a whole [25–30]. Economic crises such as inflation [31–33] and political
conflicts such as the “9.11 terrorist attack” [34,35] have also affected international tourist
flows, causing losses in the tourism industry. To mitigate against the negative impact of
future crises, scholars have primarily focused on how the industry can better recover and
adapt from a theoretical perspective or through quantitative analysis of specific factors.
The impact of sudden shocks on the tourism industry is rooted in social, economic, and
environmental changes [36], with market forces, stakeholder cohesion, and leadership all
forming the core elements of tourism industry resilience [37]. Additionally, the cooperation
between tourism companies, organizations, and government departments is crucial in
alleviating the impacts of crisis events [32,38], with strong intervention measures seen as
an important response to the impact of pandemics like COVID-19 [39].

In addition to sudden shocks, attention has also begun to focus on the cumulative
changes impacting the resilience of the tourism industry [37]. Zhang et al. delved into
the cumulative change characteristics of China’s tourism industry’s economic resilience
between 2000 and 2019, examining its resistance and recovery perspectives, and utilizing
a geographic detector model to investigate the variables impacting the evolution of the
Chinese tourism industry’s economic resilience [13]. Yang et al. simulated a causal rela-
tionship model of regional tourism resilience, focusing on 14 cities in Gansu Province as
the research object, and revealed the mechanism for optimizing the resilience elements [1].
Qualitative research, such as semi-structured interviews [40] and questionnaire surveys [41],
remains the primary approach to evaluating tourism resilience, with scholars measuring the
resilience of the tourism economy through various quantitative methods using resilience
models [4,42,43]. There are generally two ways to evaluate resilience: the first is to choose
a core indicator to measure the size of resilience [13,37,38], and the second is to build an
indicator system to comprehensively evaluate the strength of resilience [1,44–46]. Although
there is no consensus on the selection of evaluation indicators, constructing an indicator
system can better reflect the overall situation of a system’s resilience [1].

In summary, current research on tourism resilience emphasizes assessing tourism
resilience under sudden shocks and pays relatively little attention to accumulative changes
in tourism resilience. Furthermore, this research mostly centers on national, provincial,
municipal, and community levels, with scant consideration for the basin level across
administrative regions. Research content places greater emphasis on assessing tourism
resilience rather than examining the spatio-temporal evolution and influencing mechanisms
of tourism resilience. It is essential to evaluate the travel-related, economic, societal, and
ecological resilience of tourism environmental system (TESR) in order to achieve sustainable
tourism development [13]. Our study aims to answer three questions: how to evaluate
the TESR, what the spatiotemporal distribution pattern of the TESR is, and what factors
influence the TESR. Based on this, the research idea of this paper is as follows: firstly, to
construct a resilience evaluation index system for the complex system of tourism’s economic,
societal, and ecological environment based on the perspectives of resistance, adaptation,
and recovery, and to comprehensively measure the level of the TESR in the YREB using
multi-objective evaluation models and entropy methods. Secondly, our research idea is
to use techniques, like spatial autocorrelation and spatial Markov chain (SMC), to look at
the spatio-temporal properties and the evolution of the TESR. Finally, our idea is to use a
geographical and temporal weighted regression model (GTWR) to identify the primary
driving factors and their spatio-temporal heterogeneity in the evolution of the TESR.
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2. Research Methods and Data Sources
2.1. Indicator System

The composite system of the urban tourism environment contains economic, social,
and ecological subsystems. The TESR refers to the self-organizing process that adjusts and
absorbs elements within the system when external disturbances or shocks occur [47]. It also
involves the process of recovering from exogenous disturbances and seeking new ways to
grow. This resilience encompasses the capacity of the urban tourism environment system
to withstand stress, adapt to disturbance, and restore itself to its original state [47–49].
Thus, this study establishes an assessment index system for the TESR based on the three
aspects of resistance, adaptability, and recovery from the economic, social, and ecological
subsystems. The system considers the complexities of human-land relations in the YREB,
as well as the risks and disturbances they encounter (Table 1).

Table 1. Evaluation index system for the TESR.

Target Guideline Indicator Indicator Measurement Unit Attribute References

Economic
Resilience

Resistance

X1 City Visitor Scale Total Number of Visitors Million People - [1]

X2 Tourism Industry
Dependence Total Tourism Revenue/GDP - - [1]

X3 The Scale of Inbound
Tourism

Inbound Tourism Receipts/Total Tourism
Receipts - - [1]

Adaptability

X4 Visitor Consumption Level Total Tourism Revenue/Total Tourist
Arrivals Yuan + [1]

X5 City Economic Level GDP per Capita Yuan + [1]
X6 Urban Tourism Investment

Efficiency
Total Tourism Revenue/Fixed Asset

Investment in Three Industries - + [50]

X7 Contribution of Income from
Tourism Workers

Total Tourism Revenue/Total Number of
Employees in the Three Industries Yuan/person + [1]

Recovery

X8 Tourism Revenue to
Economic Elasticity

Tourism Revenue Growth Rate/GDP
Growth Rate - + [51]

X9 Income Elasticity of Tourism
for Urban Residents

The Growth Rate of Urban Residents’
Income/Growth Rate of Tourism Income - + [1]

X10 Income Elasticity of Tourism
for Rural Residents

Growth Rate of Rural Residents’
Income/Growth Rate of Tourism Income - + [1]

X11 Industrial Structure
Optimization

The Proportion of Value Added by the
Three Industries % + [51]

Social
Resilience

Resistance

X12 Population Density City Population/Land Area People/km2 - [51]

X13 Tourist Disturbance to the
City Visitor Size/Number of City Residents - - [50]

X14 Urban Traffic Pressure Traffic/Number of City Residents - - [52]

X15 Balanced Development of
Urban and Rural Areas

The Income Gap Between Urban and Rural
Residents Yuan - [53]

Adaptability

X16 Urbanization Level Population Urbanization Rate % + [1]

X17 Road Traffic Density Highway Mileage/Total Area km/km2 + [1]

X18 Urban Healthcare Coverage Public Health Care Expenditure/Fiscal
Expenditure - + [1]

X19 Tourism Employment
Contribution Rate

Number of People Employed in the Three
Industries/Total Employment % + [1]

Recovery

X20 Scale of Tourist Attractions Number of Scenic Spots Above 3A Level pcs + [54]

X21 The Scale of Non-Foreign
Heritage

Number of National-level Intangible
Cultural Heritage pcs + [54]

X22 Museum Size Number of Museums for 10,000 People pcs/million + [1]

X23 The Scale of Cultural
Tourism Integration

Number of Theaters and Cinemas for
10,000 People pcs/million + [1]

Ecological
Resilience

Resistance
X24 Wastewater Discharge from

the Tourism Industry
(Total Tourism Tevenue/GDP) ×Waste

Water Discharge Million t - [1]

X25 Emissions from the Tourism
Industry

(Total Tourism Revenue/GDP) × SO2
Emissions Million t - [1]

Adaptability

X26 Domestic Waste Treatment
Capacity Harmless Disposal Rate of Domestic Waste % + [1]

X27 The Scale of Domestic Waste
Treatment

Domestic Waste Removal Volume/Total
Population t/person + [1]

X28 Domestic Sewage Treatment
Capacity Domestic Sewage Treatment Rate % + [1]

Recovery

X29 High-Grade Tourism
Tesources

The Sum of the Number of National Forest
Parks, Geoparks, Scenic Spots and World

Heritage Sites
pcs + [54]

X30 Air Quality Number of Days with Secondary Air
Quality Day + [1]

X31 Forest Size Forest Cover % + [1]

X32 Recreational Green Space
Scale Green Space per Capita m2/person + [1]
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2.2. Research Methodology
2.2.1. Multi-Objective Linear Weighting Model

This study employs the multi-objective linear weighting model to gauge the extent of
the TESR by combining various evaluation index values into a comprehensive assessment
value [55]. Below is the calculation formula for this model [55].

TESR = ∑n
i=1 WiXi (1)

In this formula, W stands for the index’s weight and X for the index’s standardized
value. It should be noted that the calculation formula of the standardized value of the index
can be referred to in reference [51]. The entropy weight method can be used to determine
the weight of the index [56], and the steps are as follows:

Step 1: The extreme value method is used to standardize each piece of data. For
positive indicator:

x′ij =
(
xij − xjmin

)
/
(
xjmax − xjmin

)
, (2)

while for negative indicator,

x′ij =
(
xjmax − xij

)
/
(
xjmax − xjmin

)
. (3)

Step 2: Determine the entropy of the indicator:

Pij = X′ij/∑n

j=1
X′ij (4)

ei = −k∑n
i=1 PijlnPij, k = 1/lnn. (5)

Step3: Calculate the weight of the indicator:

wi = di/∑m
i=1 di, di = 1− ei, (6)

where Xjmax and Xjmin are, respectively, the minimum and maximum values of the indicator
i in all years, ei is the entropy of the indicator i, and wi is the weight of indicator i.

2.2.2. Spatial Autocorrelation

The analysis of spatial autocorrelation has two subtypes: global and local. The former
is employed to measure the extent of spatial clustering of the study item, while the latter is
used to determine whether there is significant spatial clustering of high or low values. The
degree of global spatial autocorrelation is typically assessed using the Moran’s I index, while
the Local Moran’s I index is used to evaluate the degree of local spatial autocorrelation [57].

(1) Global spatial autocorrelation. Global spatial autocorrelation is employed to ascertain
the existence of noteworthy spatial correlation of the TESR in the YREB. The formula
for global Moran’s I index is as follows:

I =
∑n

i=1 ∑n
i=1 wij(xi − x)

(
xj − x

)
S2∑n

i=1 ∑n
i=1 wij

(7)

S2 =
∑n

i=1(xi − x)2

n
, x =

∑n
i=1 x
n

, (8)

where n is the number of cities in the YREB, xi and xj are the respective TESR values
for each city in the YREB on the corresponding spatial units, and wij is the weight
matrix for spatial proximity, obtained with the help of the Queen neighborhood
method, using GeoDA 1.18 to measure the neighborhood of spatial objects.

(2) Local spatial autocorrelation. Local indicators of spatial association (LISA) are com-
monly used to investigate the spatial location of agglomeration centers and determine
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the spatial clustering of elements with high or low values. The local Moran’s I is
calculated by the formula:

I =
Xi − X

S2 ∑n
i=1 (wij(Xi − X)). (9)

2.2.3. Spatial Markov Chain

The Markov transition matrix is a Markovian process with discrete time and state,
revealing the transition of a spatial cell’s state from i type to j. The spatial Markov chain
(SMC) is a method that combines the traditional Markov chain and “spatial lag”. The
spatial Markov transition probability matrix is first divided into k× k conditional prob-
ability transition matrices M1, and M2, . . . Mk by partitioning the initial year’s spatial
units into different types of spatial lag conditioned on k. These conditional probability
transition matrices constitute the spatial Markov transition probability matrix. For the first
k conditional matrix, the mij(k) is the t year when in the k context of the type spatial lag,
the spatial cell in that year belongs to i type and the next year shifts to j type: the one-step
spatial transition probability. By comparing various conditional likelihoods, it is possible
to analyze the chances of upward or downward movement between subdivision categories
under distinct geographical background conditions [58]. It is also possible to analyze the
effect of different geographical contexts on the transition of different spatial unit types [59].
Therefore, this method can be used to test the dynamic evolution process of the TESR in
the YREB.

m(1,1|1) · · · m(1,k|1)
...

. . .
...

m(k,1|1) · · · m(k,k|1)


k×k

· · ·

m(1,1|k) · · · m(1,k|k)
...

. . .
...

m(k,1|k) · · · m(k,k|k)


k×k

(10)

2.2.4. Geographical and Temporal Weighted Regression

The GTWR model, which factors in temporal and spatial non-stationarity, offers a more
comprehensive grasp of spatio-temporal dynamics in contrast to conventional econometric
models. It enhances the comprehension of local parameters in the geospatial and temporal
dimensions, therefore resulting in superior explanatory capabilities [60]. In this study, we
utilized a GTWR model to explore the influence mechanism of the TESR in the YREB. The
model is set as follows:

y0 = α0(ηi, µi, ti) + ∑n
k=1 αk(ηi, µi, ti)× Xik + εi, (11)

where (ηi, µi, ti) are the spatio-temporal coordinates; ηi, µi represent the longitude and
latitude, respectively, of the center of gravity of each study unit; ∑n

k=1 αk(ηi, µi, ti) is the
coefficient; α0(ηi, µi, ti) is the constant term; Xik is the explanatory variable; and εi is the
random perturbation term.

2.3. Case Site Overview

The YREB, which sprawls across 11 provinces, municipalities, and regions of China,
encompasses an area of 2,052,300 km2 (Figure 1). It is recognized as the world’s largest
basin economic belt, boasting the highest population, largest industrial scale, and most
comprehensive urban system. As a result, the YREB has representative and universal
value as a research area of the TESR. In 2007, the YREB boasted 1334 Class A scenic spots
that welcomed a total of 24.33 million tourists and generated tourism revenue amounting
to 96.88 million yuan. By 2013, the number of Class A scenic spots had surged to 2677,
welcoming a total of 390 million tourists and generating tourism revenue amounting to
570 million yuan. In 2019, the YREB received a whopping 3.181 billion tourists, accounting
for about 49.13% of the national total. However, the rapid tourism and socio-economic
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growth in the region have imposed immense pressure on the local tourism environmental
system. As such, continued enhancement of the TESR is critical to ensure sustainable
regional development.
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Figure 1. Research area overview.

2.4. Data Sources

In 2007, due to the rapid development of the tourism industry, environmental and
tourism resources were under a certain pressure, which led to widespread concern about
the TESR. In the same year, the Chinese government began to take measures to address
environmental pressures. In 2020, the sudden outbreak of the COVID-19 pandemic caused
a huge impact on the tourism industry. To eliminate errors in data measurement during the
empirical process, and based on the principle of equal intervals between years, this article
selected 2007, 2013, and 2019 as the time points. The research area included 126 cities at
or above the prefecture level in the YREB, with the exclusion of Tianmen City, Qianjiang
City, Xiantao City, and Shennongjia Forest District, which are directly governed by Hubei
Province. The research data comes from the corresponding year’s “China Urban Statisti-
cal Yearbook”, “China Regional Economic Statistical Yearbook”, and various provincial
and municipal statistical yearbooks. Regarding individual missing data, they were sup-
plemented through the official websites of provincial and municipal governments and
statistical bulletins on the national economy and social development of each city.

3. Spatial Patterns
3.1. Temporal Evolution Characteristics

A multi-objective linear weighted model is used to measure the TESR in 2007, 2013,
and 2019, as shown in Figure 2. Overall, the TESR in the YREB increased from 0.1354 to
0.2302, indicating a significant upward trend. However, the level of resilience remained
relatively low. Over the study period, the TESR saw an increase of 70.015%, corresponding
to a 5.835% annual growth rate. The low level and growth rate of the TESR in the YREB
suggest that there is considerable room for improvement and development potential.
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Figure 2. Changes in the level of the TESR in 2007, 2013, and 2019. The numbers in the figure indicate
the mean value of TESR.

The mean TESR value varies by region in the YREB, with the upstream ranging between
0.1228 and 0.2155, and showing an average annual growth rate of 5.807%; the midstream
ranges from 0.1304 to 0.2153, with an average annual growth rate of 5.008%; and the down-
stream ranges from 0.1545 to 0.2608, with an average annual growth rate of 5.293%. Generally,
the TESR level in the YREB follows the trend of downstream > midstream > upstream. More-
over, the high growth rate in the upstream has enabled it to catch up with the midstream
region’s TESR level in 2019.

3.2. Spatial Pattern Characteristics
3.2.1. Spatial Distribution Characteristics

In this paper, the TESR index has been classified into four categories, namely high,
relatively high, relatively low, and low, using the natural break method in the ArcGIS 10.2
software. The spatial distribution of the TESR in the YREB in 2007, 2013, and 2019 can be
observed in Figure 3.
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Based on Figure 3, there are noticeable disparities in the spatial distribution and
regional balance of the TESR in the YREB. Broadly speaking, there is an observable spatial
gradient decline from the Yangtze River Delta to the upstream of the Yangtze River, with a
“layered” attribute. Specifically: (1) The TESR’s high-value region is mainly concentrated
in the Yangtze River Delta urban cluster, including Shanghai, Hangzhou, Suzhou, Wuxi,
and Changzhou, exhibiting a trend of aggregation distribution. In the meantime, regional
tourism in central cities such as Chongqing, Chengdu, and Wuhan has also transitioned
into the high-value area. (2) Initially, the relatively high TESR value region was rather
scattered, primarily concentrated in regional tourism central cities or cities rich in tourism
resources located in Zhejiang’s central and southern areas, such as northern Sichuan
and northern Yunnan. Due to the regional tourism central cities’ “ripple effect” into the
high-value area, the TESR of adjacent cities has improved significantly, resulting in a
phenomenon of relatively high TESR levels clustering in some midstream areas. (3) The
relatively low TESR value region is primarily focused on the midstream and gradually
creates a contiguous cluster area with upstream and downstream. (4) The low-value TESR
region is fundamentally located in the areas of northern Jiangsu, northern Anhui, the
Wumeng Mountains region, and the Dian-Qian-Gui desertification area. Due to an overall
trend of enhancement in the TESR, its spatial extent has kept on shrinking during the
research period.

In general, the spatial distribution of the TESR in the YREB demonstrates a significant
degree of path dependency. The TESR of the Yangtze River Delta city group and regional
tourism central cities is at relatively higher levels. This mainly results from their developed
tourism economy, strong tourism-related technological innovation capacity, supportive
government policies emphasizing ecological civilization construction, and implementa-
tion of eco-friendly regulations. In contrast, regions such as northern Jiangsu, northern
Anhui, the Wumeng Mountains area, and the Dian-Qian-Gui desertification area reveal
weaker TESR because of the inadequate supply of tourist public services and infrastructure,
lack of tourism-related economic development and technological innovation, and inad-
equate coordination between the development of tourism resources and preservation of
the eco-environment.

3.2.2. Spatial Correlation Characteristics

(1) Global Spatial Autocorrelation

In order to analyze the spatial evolution characteristics of the TESR in the YREB,
a global spatial autocorrelation measurement of the TESR in 2007, 2013, and 2019 was
conducted. The Global Moran’s I value was calculated, and the results are displayed in
Table 2.

Table 2. Global Moran’s I value of the TESR in 2007, 2013, and 2019.

Year Moran’s I Z-Values p-Values

2007 0.340 6.140 0.000
2013 0.341 6.191 0.000
2019 0.361 6.503 0.000

The value of Global Moran’s I for the TESR in the YREB ranged from 0.340 to 0.361,
with p-values lower than 0.01, successfully surpassing the significance level test at 1%, and
all Z-values were larger than 2.58. This indicates that the spatial distribution of the TESR
is not random, and there exists a significant positive spatial autocorrelation. The Global
Moran’s I value demonstrates an increasing trend between 2007 and 2019, suggesting that
the spatial positive correlation of urban TESR in the YREB has been continuously rising
during the research period. In particular, the Global Moran’s I value rose from 0.340 to
0.341 during 2007–2013, and from 0.341 to 0.361 during 2013–2019. The increase of the
Global Moran’s I value is more substantial in the latter period than the former, indicating
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that the spatial positive correlation of the TESR in the YREB accelerated during the research
period, resulting in a closer spatial association.

(2) Local Spatial Autocorrelation

In order to clarify the spatial clustering distribution of the TESR level in the YREB
region, LISA cluster maps for the years 2007, 2013, and 2019 were created using the GeoDA
software (Figure 4).
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Specifically, the H-H type cities manifest distinct locking effects in their distribution
and are primarily situated in the Yangtze River Delta, encompassing cities like Shanghai,
southern Suzhou, and central and northern Zhejiang, with significant spatial clustering
characteristics. The tourism industry in this area is transitioning towards an intensive and
high-quality development mode. The government places significant emphasis on ecological
environmental protection, and the social infrastructure development is comprehensive.
The methods and measures for ecological environmental protection are at the forefront in
China, and excellent ecological environmental conditions exist. These factors contribute
to the formation of a highly resilient overall tourism-related environmental system in this
region, with the creation of spatial agglomeration.

During the initial research period, L-H type cities were primarily concentrated around
H-H type cities, including cities such as Xuancheng, Taizhou, and Nantong. With time, L-H
type cites have gradually shown a clustering trend in the midstream. These cities are driven
by surrounding regional tourism center cities, which has accelerated the development of
the tourism industry in these areas. However, the development of the tourism industry has
brought with it tourism projects, a massive inflow of tourists, and other human activities
that have exerted great pressure on the tourist environment system.

H-L type cities are relatively rare, with scattered distribution patterns. During the
initial research period, they mainly included cities such as Kunming, Yichang, and Panzhi-
hua. Later, the research was focused on cities like Kunming and Wuhan. These cities are
mostly regional tourism hubs, with a high degree of tourism industry development, a solid
infrastructural foundation for tourism industry development, and a relatively complete
ecological environment protection system, possessing high environmental carrying capacity.
However, the rapid development of the tourism industry in these cities, under the impetus
of the insufficient carrying capacity of the tourist environment system in surrounding areas,
has contributed to a low level of TESR in the surrounding cities, leading to the concentration
of H-L types.

L-L type cities are mainly concentrated in northern Jiangsu and Anhui, as well as the
Wumeng Mountains area. The overall TESR level of these regions is relatively low, due
to insufficient coordination between tourism development and ecological environment
protection, thus leading to the spatial clustering of L-L types. The clustering of L-L types in
the northern Jiangsu and Anhui regions is mainly due to the increasing speed of tourist
industry development, which puts great pressure on ecological environment protection,
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leading to environmental degradation. On the other hand, the Wumeng Mountains area
has a slow overall economic development level, complex ecological environment condi-
tions, and inadequate environmental protection measures and infrastructural conditions,
resulting in a weak TESR level in the region and forming an L-L spatial clustering.

In addition, the LISA clustering results show that the spatial correlation of the TESR
in most cities is not significant, which indicates that the spatially integrated development
of the TESR in the YREB has not yet been fully formed and exists only in a small number of
areas, such as the Yangtze River Delta and regional tourism hub cities.

3.3. Dynamic Evolution Characteristics

By using the Markov chain method, this study further explores the spatio-temporal
evolution characteristics of the TESR in the YREB from 2007–2019. The TESR levels are
classified into four categories: low-level, relatively low-level, relatively high-level, and
high-level (abbreviated as LW, RL, RH, and HI in the table). In addition, this paper
compares and presents the results for two time frames, 2007–2013 and 2013–2019, and
calculates the Markov transition probability matrices (Table 3) and spatial Markov transition
probability matrices (Table 4) for the TESR of urban areas during the entire study period
and two phases.

Table 3. Markov transition probability matrix.

2007–2019 2007–2013 2013–2019

LW RL RH HI n LW RL RH HI n LW RL RH HI n

LW 0.232 0.579 0.189 0 95 0.192 0.442 0.365 0 52 0.105 0.526 0.333 0.035 57
RL 0.013 0.091 0.701 0.195 77 0.027 0.081 0.541 0.351 37 0 0.031 0.75 0.219 32
RH 0 0.021 0.128 0.851 47 0 0 0.263 0.737 19 0 0 0.111 0.889 18
HI 0 0 0.030 0.970 33 0 0 0 1 18 0 0 0 1 19

Table 4. Spatial Markov transition probability matrix.

Lag
2007–2019 2007–2013 2013–2019

LW RL RH HI n LW RL RH HI n LW RL RH HI n

LW

LW 0.323 0.597 0.081 0 62 0.265 0.441 0.294 0 34 0.132 0.579 0.263 0.026 38
RL 0.042 0.167 0.625 0.167 24 0.077 0.077 0.385 0.462 13 0 0 0.769 0.231 13
RH 0 0 0 1 8 0 0 0 1 4 0 0 0 1 1
HI 0 0 0 1 1 0 0 0 1 5 0 0 0 1 6

RL

LW 0.074 0.556 0.37 0 27 0.071 0.571 0.357 0 14 0.059 0.471 0.412 0.059 17
RL 0 0.094 0.656 0.25 32 0 0.062 0.812 0.125 16 0 0.077 0.769 0.154 13
RH 0 0.077 0.154 0.769 13 0 0 0.625 0.375 8 0 0 0.167 0.833 6
HI 0 0 0 1 10 0 0 0 0 0 0 0 0 1 2

RH

LW 0 0.5 0.5 0 6 0 0 1 0 2 0 0 1 0 1
RL 0 0 0.882 0.118 17 0 0.167 0.167 0.667 6 0 0 0.333 0.667 3
RH 0 0 0.235 0.765 17 0 0 0 1 4 0 0 0.2 0.8 5
HI 0 0 0.111 0.889 9 0 0 0 1 7 0 0 0 1 6

HI

LW 0 0 0 0 0 0 0 1 0 2 0 0 1 0 1
RL 0 0 0.75 0.25 4 0 0 0.5 0.5 2 0 0 1 0 3
RH 0 0 0 1 9 0 0 0 1 3 0 0 0 1 6
HI 0 0 0 1 13 0 0 0 1 6 0 0 0 1 5

3.3.1. Markov Transition

Based on Table 3, it is apparent that not all probability values on the diagonal are
greater than the values off the diagonal throughout the entire study period, indicating
weak stability of the TESR in the YREB. The minimum value on the diagonal is 0.091, which
implies that the likelihood of maintaining the original TESR in the region throughout the
entire study period is as low as only 9.1%.
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The transition of TESR levels in the YREB primarily occurred between adjacent levels,
although there were some instances of non-adjacent level transition. In the relatively high-
level and high-level categories, the level transition typically occurred between adjacent
levels, without any non-adjacent transition phenomena. During the entire research period
and two stages, the probabilities of transition from relatively high-level to high-level were
85.1%, 73.7%, and 88.9%, respectively, which accounted for a significant proportion of the
probability in each phase. This suggests that the TESR in the YREB has robust potential
for the transition from relatively high-level to high-level. In the low-level and relatively
low-level categories, transition mostly occurred between adjacent levels, however, there
were still some examples of non-adjacent transition. For instance, from 2007–2013, the
probability of transition from low-level to relatively high-level reached 36.5%, indicating
that the TESR in the YREB also exhibits a strong propensity for upward transition in the
low-level and relatively low-level categories, as well as some potential for cross-level
development. Additionally, a comparison of the transition matrices during 2007–2013 and
2013–2019 indicated that the upward transition probability of the levels in all categories
increased, and the downward transition probability decreased in the latter, thus suggesting
that the construction of the urban tourist environment system in the YREB has achieved
certain effects.

3.3.2. Spatial Markov Transition

The evolution of the TESR level of cities in the YREB exhibits certain spatial spillover
effects. Depending on the spatial lag type of the neighboring cities, the transition probabili-
ties of resilience levels may vary. For low-level cities adjacent to cities that are low-level,
relatively low-level, relatively high-level, and high-level, the probabilities of upward transi-
tion are 0.678, 0.926, one, and one, respectively. This suggests that higher resilience level
cities positively impact cities with lower levels. For relatively low-level cities adjacent to
cities of low-level, relatively low-level, relatively high-level, and high-level resilience, the
probabilities of upward transition are 0.892, 0.906, one, and one, respectively. At the same
time, the probabilities of downward transition are 0.042, 0, 0, and 0, respectively. Thus,
it can be concluded that there exists a close relationship between the TESR level in cities
and their neighboring cities, and a significant geographical proximity effect. When the
TESR level of neighboring cities is the same as or higher than that of one’s own city, the
probability of an increase in TESR level also increases. Conversely, when the TESR level of
neighboring cities is lower than that of one’s own city, the probability of a decrease in TESR
level also increases.

The spillover effects of the TESR exhibit a certain spatio-temporal heterogeneity.
When low-level cities are adjacent, the probability of maintaining a low level during the
period of 2007–2013 is 0.265, which is higher compared to the probability of 0.192, without
considering spatial lag factors during the same period. Similarly, the probability is 0.132
during the period of 2013–2019, which is higher than the probability of 0.105 without
considering spatial lag factors during that period. In the case of relatively low-level cities
adjacent to relatively low-level cities, the probability of maintaining relatively low-level
TESR during the period of 2007–2013 is 0.062, which is lower compared to the probability
of 0.081, without considering spatial lag factors during the same period. During the
period of 2013–2019, the probability is 0.077, which is higher than the probability of 0.031
without considering spatial lag factors during the same period. Thus, the spillover effects
of neighboring cities demonstrate varying differences for cities with different levels during
different periods.

3.3.3. Spatial Patterns of Markov Transition

The spatial distribution of the TESR level transition, when considering and disregard-
ing neighboring cities, as analyzed using ARCGIS 10.2 software is shown in Figures 4 and 5.
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Figure 5. Spatial distribution pattern of the TESR transition in 2007, 2013, and 2019.

Figure 4 demonstrates a degree of convergence in TESR level transitions between
adjacent cities within the YREB. From 2007 to 2013, 71.4% of cities in the YREB experienced
upward transitions of TESR levels, with 90 cities showing this trend. Conversely, 35 cities
maintained stable TESR levels, primarily concentrated in the upstream and downstream.
Bozhou was the sole city in the YREB that experienced a decline in TESR level during
this time period, with limited reduction from a relatively low level to a low level. As
such, the overall trend for TESR level transitions in the YREB between 2007 and 2013 was
favorable, demonstrating continuous improvement. From 2013 to 2019, the number of
cities experiencing upward transitions of TESR levels in the YREB increased to 98, mainly
from cities in the upstream that maintained stable TESR levels during the previous phase.
Additionally, all cities exhibited a trend of either increasing or maintaining TESR levels,
with no cities experiencing a decline during this period.

Upon further consideration of neighboring cities, it is evident from Figure 5 that
between 2007 and 2013 a total of 90 cities experienced an upward transition of TESR levels,
of which 80 cities had neighboring cities that also experienced the same trend, accounting
for 88.9% of all cities. Additionally, 35 cities maintained stable TESR levels, of which
25 had neighboring cities that had an upward transition of TESR levels, accounting for
71.4%. From 2013 to 2019, the number of cities experiencing an upward transition of TESR
levels increased to 98, of which 89.8% had neighboring cities exhibiting the same trend.
Conversely, the number of cities with stable TESR levels decreased to 28, of which 82.1%
had neighboring cities with an upward transition of TESR levels. Therefore, it can be
concluded that, during the research period, there was a substantial spatial spillover effect
in TESR level transitions within the YREB. Driven by cities with higher TESR levels, this
positive spillover effect resulted in an overall favorable development of TESR levels in the
region, demonstrating a continuous improvement trend.

4. Influence Mechanism
4.1. Influencing Factor Selection

The TESR is impacted by a multitude of factors that encompass the economic, social,
industrial, and policy dimensions [41,50,52,53,61–64]. These factors have a multifaceted
effect on the TESR. To measure these impacts, the GTWR model was employed, wherein
the TESR value serves as the dependent variable, and the economic, social, industrial,
and policy factors serve as the independent variable dimensions. Nine secondary indi-
cators specific to each dimension were carefully selected and are listed in Table 5 as the
measurement indicators.
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Table 5. Selected indicators for influencing factors.

Dimension Variable Layer Indicator Unit VIF Reference

Economic Factors Economic Development GDP per Capita Yuan/person 4.568 [52]
Resident Income Per Capita Disposable Income of Urban Residents Yuan/person 1.469 [52]

Social Factors
Road Network Density Traffic Road Network Density km/km2 1.715 [61,62]
Level of Urbanization Urbanization Rate of the Population % 3.685 [41]

Visitor Density Tourist Scale/Urban Area Population/km2 2.552 [50]

Industrial Factors Industrial Structure Tertiary Industry Value Added of GDP % 1.765 [63]
Tourism Cluster Locational Entropy of Tourism Income - 1.451 [64]

Policy Factors Environmental Regulation Environmental Pollution Control Investment as of GDP % 1.150 /
Level of External Opening Foreign Direct Investment as a Share of GDP % 1.198 [53]

4.2. Analysis of Results
4.2.1. Model Estimation and Multicollinearity Analysis

To identify multicollinearity among all standardized variables, a regression analysis
was conducted. Variables with a variance inflation factor (VIF) greater than 10 were
removed, as listed in Table 5. The VIF values of all remaining variables were below five,
indicating that there were no issues with multicollinearity. Thus, economic development,
resident income, road network density, level of urbanization, visitor density, industrial
structure, tourism cluster, environmental regulation, and level of opening were chosen as
the explanatory variables for the model.

Due to the presence of spatial autocorrelation and the constraints imposed by the
results of OLS regression, a GTWR has been introduced for conducting regression analysis.
The parameters of this GTWR are displayed in Table 6. In terms of model fitting, the
adjusted R2 value of 0.953 demonstrates that this model is capable of accurately measuring
the effects of individual driving factors on the TESR.

Table 6. Results of OLS and GTWR.

Variables OLS GTWR

AICc −537.925 −2389.557
R2 0.819 0.955

R2Adj 0.815 0.953
Parameter - 2.775

Residual Squares - 0.040
Sigma - 0.010

Spatio-Temporal Distance Ratio - 3.034

4.2.2. Analysis of Spatio-Temporal Heterogeneity of the Influence Factors

In order to illustrate the spatial heterogeneity of each influence factor, the natural
breaks method in ArcGIS 10.2 was utilized to create a visual representation of the influence
intensity of each driving factor during the study period (Figure 6). This visualization was
presented in order to demonstrate the spatial differentiation of driving factor’s impact. The
subsequent analysis was based on the information presented in the figure, as follows:

The model results indicate that various factors, including per capita GDP, disposable
income of urban residents, transportation network density, level of urbanization, visitor
density, industrial structure, tourism cluster, environmental regulation, and level of external
opening, have all played a significant role in determining the TESR (Figure 7). When viewed
from the perspective of spatial distribution, there is a discernable spatial heterogeneity in
the driving factors that contribute to the TESR.
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(1) In terms of economic factors (Figure 7a,b), the coefficient of per capita GDP has a
positive influence on the TESR, with the greatest effect noticeable in regions such
as western Sichuan, western Yunnan, and western Hunan. The influence of urban
residents’ disposable income on the TESR displays both positive and negative values,
with regions where the coefficient is positive primarily concentrated in the Jiangxi
and Zhejiang areas, situated in the midstream and downstream. Regions where the
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coefficient is negative are relatively scattered have a continuous area, spanning most
parts of Guizhou and western Hunan.

(2) Regarding concerning social factors (Figure 7c–e), the driving factors of traffic network
density are clearly hierarchical. Regions such as Sichuan and Guizhou situated in the
midstream and upstream mainly exert positive effects, while regions such as Jiangsu
and Zhejiang mostly have negative effects. The impact of urbanization level and traffic
network density on the TESR is similar, and even more distinctly hierarchical. Positive
values are primarily concentrated in midstream and upstream, including cities such
as Chongqing, Guangan, Dazhou, Nanchong, and Bazhong. Conversely, negative
value areas are mainly evident in most cities in Jiangsu and Zhejiang. The effect of
tourist density on the TESR is the most influential, with positive values spanning both
the upstream and downstream. Among them, Xishuangbanna, Pu’er, and Lincang in
western Yunnan exhibit the highest values, and the overall pattern depicts an apex at
both ends, with lower values in the middle.

(3) Regarding industrial factors (Figure 7f,g), the effect of industrial structure on the
TESR is positively inclined, with the highest coefficient being evident in regions such
as western Sichuan and Zhejiang. In these regions, Ganzi, Huangshan, Xuancheng,
Quzhou, Hangzhou, Huzhou, Jiaxing, Jinhua, Ningbo, Wenzhou, and Taizhou exhibit
a relatively prominent positive impact, while other cities depict a weaker yet positive
impact. Similarly, the impact of tourism agglomeration also demonstrates a positive
promotional effect, with a relatively dispersed spatial distribution in areas that have a
stronger promoting effect.

(4) Regarding policy factors (Figure 7h,i), the spatial distribution of the influence of envi-
ronmental regulations on the TESR mainly follows a “higher in the middle and lower
at both ends” pattern. Regions displaying positive coefficients are primarily found
in provinces like Sichuan, western Hunan, and Hubei, whereas regions displaying
negative coefficients are mainly located in areas such as Jiangxi, Zhejiang, and western
Sichuan. On the other hand, the impact of the level of openness to the outside world
on the TESR has a predominantly positive promoting effect on more than 80% of cities,
with the influence coefficient being larger in the midstream and upstream.

Based on the spatial heterogeneity characteristics of each of the above influencing
factors on the TESR, this paper attempts to explore their formation mechanism.

(1) The influence of the economic factors on the TESR. The TESR is significantly and
positively impacted by per capita GDP. A higher per capita GDP signifies a more
progressive economy that can, in turn, lead to an improved tourism resource devel-
opment and environmental management capability, thus making the tourism-related
environmental system more resilient. A rise in disposable income can augment res-
ident consumption and encourage consumption upgrading, which in turn would
stimulate the regional tourism industry’s development, thus positively enhancing the
TESR. However, in regions with a lower level of economic progress, an augmented per
capita income may come at the expense of excessive tourism resource development
and environmental destruction, leading to a weakened TESR.

(2) The influence of the social factors on the TESR. In the rugged terrain of the Yun-
Gui-Chuan region, increased traffic network density can enhance accessibility, thus
rendering a smooth entry and exit experience to tourists. However, in the developed
regions of Jiangsu and Zhejiang provinces, excessive traffic network density can create
traffic congestion and increased pressure on the urban environment, thus negatively
impacting the TESR. In locations with low levels of urbanization, the progression
of urbanization can steadily refine tourism hospitality facilities and public service
facilities, optimize the environment for tourism development, and consequently ad-
vance the level of TESR. However, in areas with relatively high levels of urbanization,
large city sizes, high urban construction density, and scarce land resources, this can
lead to natural ecological damage and increased environmental pressure during the
construction process, thus negatively affecting the TESR. The impact of tourist density
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on the TESR follows the pattern of “higher on both ends, lower in the middle”, since
tourism resources in the upstream and downstream are abundant, and the government
protects them with less human development intervention, effectively preventing ex-
cessive tourism development from damaging the environment, thereby safeguarding
the TESR.

(3) The influence of the industrial factors on the TESR. A diversified industrial struc-
ture furnishes an abundance of tourism products and service resources, spurring
the development of the tourism industry. The complementarity of diversification
diminishes the risk of single dependence, thereby augmenting the comprehensive
competitiveness of the city. This results in stabilizing economic growth, increasing
fiscal revenue, generation of employment opportunities, and improvements to the
capacity of public services, all of which have a positive impact on the TESR. Tourism
agglomeration elevates tourism service quality, diversifies tourism products, stim-
ulates the development of the tourism industry, establishes industrial clusters and
chains, enhances the economic resilience and stability of the city, generates economic
benefits, and promotes the upgrading of tourism-related public facilities and service
facilities, all of which support the development of urban tourism industry.

(4) The influence of the policy factors on the TESR. In areas where environmental prob-
lems are more prevalent, such as those affected by air and water pollution, the govern-
ment tends to place a higher priority on environmental management, implementing
stringent environmental regulations that promote ecological protection and ultimately
improve the TESR. Conversely, regions boasting ample natural resources and a lower
propensity for environmental contamination receive relatively less governmental at-
tention to environmental governance. The higher the degree of openness, the fewer
restrictions exist on the development of the tourism industry and tourism resources.
This feature attracts more foreign investment and visitors, thereby enhancing the
ability to adapt to external risks and markets while driving the integration of the
industrial chain, all of which positively affect the TESR.

5. Discussion
5.1. Discussion of the Spatio-Temporal Evolution of the TESR

Against the backdrop of a shift in the regional resilience research paradigm, the TESR
has become a pivotal component of urban sustainable development. Notions such as
tourism-related economic resilience [4,13], tourism-related ecological resilience [60], and
tourism-related community resilience [65] have been proposed to explore this subject. These
theoretical debates have contributed to the comprehension and measurement of tourism
industry resilience. However, they often rely solely on a single metric. This study, based
on the essence of resilience, puts forward a diverse evaluation system from the economic,
social, and ecological dimensions of similar studies to the reference. According to the
measurement results, TESR in the YREB presents an apparent rising trend, yet the rate
of increase remains relatively sluggish while demonstrating a small annual growth rate.
This confirms the previous research conclusion that the tourism industry is highly sensitive
and fragile, making it vulnerable to external shocks and disturbances [66,67]. Therefore,
while actively fostering tourism industry development, it is imperative to consider its
vulnerability. Suitable policies from economic, ecological, and social standpoints should be
devised to alleviate the influence of external factors.

Viewed through the lens of spatial distribution, the TESR in the YREB displays a
polarized pattern, marked by spatial disparities that impede progress toward overall TESR
improvement. This finding corroborates existing research, which highlights the presence of
spatial imbalance in the area and underscores the need for integrated development [68,69].
Consequently, customized strategies must be devised to match local conditions, which
should consider the varying degrees of the TESR development and diverse environmental
factors, including economic, ecological, and social considerations across regions. This
approach will allow for the effective enhancement of the overall TESR level. Furthermore,
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there are considerable spatial spillover effects and geographic proximity effects in the TESR,
which bolsters the argument for tourism development possessing spatially dependent
attributes [70]. Changes in the resilience of urban tourism-related environmental systems
correlate with the TESR levels of neighboring cities. Specifically, if located adjacent to cities
with high TESR, the likelihood of increased TESR levels rises, thereby underscoring the
role of demonstration and driving forces among tourism hub cities [71].

5.2. Discussion of Factors Affecting the TESR

This study utilizes indicators from four key areas, economic, social, industrial, and
policy, to comprehensively examine the underlying mechanisms behind the evolution of
the TESR in the YREB. The findings demonstrate that economic factors, such as per capita
GDP and disposable income of urban residents, have a positive impact on the TESR. This
implies that a robust urban economy provides a solid foundation for the expansion of
the tourism sector [52,72], which can bolster the adaptive and recovery capabilities of the
tourism complex system in the face of external disruptions. Social factors, like road network
density and urbanization, show both positive and negative effects on the TESR [62,73].
Developed regions tend to demonstrate that rapid urban societal growth exerts significant
pressure on the tourism complex system, whereas underdeveloped regions improve the
TESR through optimization of tourism public service supply, coupled with expansion of
the local tourism market scale as a result of urban societal growth. Industrial factors, like
industrial structure and tourism agglomeration, have a positive effect on the TESR, which
aligns with the conclusion that refining the industrial structure and promoting tourism
agglomeration are imperative for enhancing the quality of the tourism industry [50,74].

Research has proven that policy factors, such as environmental regulation, have a
nonlinear relationship with industrial growth [75]. The results of this study reveal that
interior spatial disparity affects the TESR, along with policy factors primarily related
to policy implementation efforts made by the government. Therefore, corresponding
TESR enhancement strategies can be devised based on the different factors that impact
the TESR, as evidenced by the above research results [1,65,75]. For instance, initiatives
such as reasonable planning and management that deliberate on reconciling economic
growth and environmental preservation must be implemented in regions such as Guizhou
and the western part of Hunan, where excessive exploitation of tourism resources and
environmental degradation are prevalent. Cities such as Southern Jiangsu and Zhejiang,
where the TESR has declined due to urban development, need the government to allocate
prudent interventions that seek a balance between urbanization and the protection of
natural and cultural heritage tourism resources.

5.3. Policy Implications

Firstly, in formulating regional development plans, it is essential to capitalize on the
positive spillover effect of the central city to facilitate the development of surrounding cities,
foster coordinated urban development in the region, and improve the overall urban TESR.

Secondly, to increase the accessibility of tourist destinations, enhance the tourist service
standards, satisfy the needs of visitors, augment the social resilience of the regional tourism
environment system, promote local economic growth, and boost the income of inhabitants,
it is important to enhance infrastructure construction, particularly transportation, in the
midstream and upstream sectors.

Finally, it is necessary to promote diversified development of regional industries by
introducing a wide range of tourist goods and services that cater to the diverse needs of
different visitors. To leverage the abundant tourism resources in the YREB, it is crucial to
foster deeper integration between tourism and industries such as agriculture, handicrafts,
and commerce, contemplate feasible matches between tourist resources, minimize the
dependence on a single sector such as tourism alone, thus promoting adaptability, resistance
to risks, and enhancing the TESR.
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5.4. Limitations

This study has certain limitations. Firstly, the collection of indicators for the TESR
was limited by the data acquisition process, and some crucial indicators such as tourism
employment and ecological tourism indicators were notably absent. In future research, we
will concentrate on micro-regions to address the issue of the missing statistical indicators.
Secondly, due to data and length limitations, this study only selected three time points,
namely, 2007, 2013, and 2019, which may not fully reflect the temporal trajectory of the
TESR. Hence, in the future, we will select a typical tourist city as a case study to explore
the temporal evolution process of the TESR. Thirdly, since this study is mainly focused
on the YREB, the selected case site has regional backgrounds and local characteristics that
may somewhat impede the broad applicability of the conclusions drawn in this manuscript.
Lastly, the influencing factors that trigger changes in the TESR may have interactive
relationships, but the selected GTWR method cannot measure the interaction between
variables. Thus, when analyzing the determining factors in future studies, we can use
methods such as geographic detectors, structural equation models, and other techniques
to explore the interaction effects between variables on the TESR. This approach aims to
uncover the impact mechanism of the TESR more effectively.

6. Conclusions

This study employed quantitative methods like SMC and GTWR to examine the
spatio-temporal transition and influencing mechanism of the TESR in the YREB via the
construction of the TESR evaluation index system. Although the TESR in the YREB is on an
upward trend, the increment is relatively slight, and the overall level is low. Additionally,
external disturbances can adversely influence it. There is a strong positive spatial correlation
and spatial agglomeration effect in the TESR, and the rate of the spatial correlation’s
improvement increased during the study period. The spatio-temporal evolution of the
TESR is relatively dynamic, and it exhibits a clear spatial spillover effect. Many TESR level
transitions occur between adjacent levels, but there are also “jump” shifts across levels.
High-level cities may positively affect their neighboring cities’ TESR through a spillover
effect, driving an increase or plateau in their TESR ranking. The TESR pattern evolution is
collectively influenced by economic, social, industrial, and policy factors, each of which
has significant spatial heterogeneity.
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