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Abstract
A better understanding of the spatial coordination relationship between tourism urbanisation and resources environment 
carrying capacity (RECC) is vital for the regional selection of key eco-liveable tourist cities in the Yellow River Basin. This 
study addressed this research issue by evaluating and partitioning tourism urbanisation level and RECC of the Yellow River 
Basin in 2005, 2011, and 2018 using a geographic information system (GIS) technology, spatial autocorrelation model, and 
partition method. Empirical results suggest that the tourism urbanisation level of Shaanxi Province maintains its leading 
position, while Shanxi Province has great development potential. The high-value areas of RECC are concentrated in Gansu, 
Inner Mongolia, and Shandong provinces. The degree of spatial agglomeration of the tourism urbanisation level and RECC 
has been improved. The RECC exhibits a greater restrictive effect on the current high-level areas of tourism urbanisation, 
and the spatial correspondence between them is weak. Based on the findings of this study, a series of optimisation strategies 
have been proposed to promote the sustainable development of tourism urbanisation in the Yellow River Basin.

Keywords Tourism urbanisation · Resources environment carrying capacity · Partitions · Optimisation strategies · Yellow 
River Basin

Introduction

Globally, tourism urbanisation is considered an effective 
means of preventing agricultural decline and promoting 
the transformation and upgrading of urban industries (Wei 
and Cui 2015). In China, tourism urbanisation is a key 
strategy and one of the main targets of new-type urbanisa-
tion. It influences and shapes urbanisation development in 
many aspects (Tao et al. 2017). The ecological protection 
and high-quality development of the Yellow River Basin 
became China’s major national initiative in 2019 (Xinhua 
News Agency 2019). For major national strategic regions 
with geographical features, such as national concentrated 
contiguous poverty-stricken areas, national ecological func-
tion areas and tourism resource-rich areas, the contribution 

of the tourism sector to urbanisation construction is more 
critical. However, there have been few in-depth investiga-
tions in the relevant literature. Meanwhile, the ecological 
environment of the Yellow River Basin is relatively fragile, 
and the RECC is relatively low, which has a strong binding 
effect on the development of tourism urbanisation. There-
fore, accelerating the development of tourism urbanisation 
in the Yellow River Basin, taking into account the effects of 
resources and environment and the sustainable development 
of tourism urbanisation, has become an urgent problem in 
the area.

Tourism urbanisation and RECC are dynamic develop-
ment processes. They both have promotion and constrain 
effects against each other. This is reflected in the nonlinear, 
complex, and dynamic characteristics of its behaviour (Raza 
et al. 2021). On the one hand, the orderly development of 
tourism urbanisation provides financial and technical sup-
port for the resources and environment system, which is 
conducive to the rational development of resources and pro-
tection of the environment. However, the disordered devel-
opment of tourism urbanisation will also destroy ecological 
resources and overload ecological environment capacity (Xie 
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et al. 2013). On the other hand, resources and environmental 
systems provide resources and environmental support for the 
development of tourism urbanisation, but they also restrict 
the development scale of tourism urbanisation (Izquierdo 
et al. 2018; Nitivattananon and Srinonil 2019).

A number of previous studies have addressed the relation-
ship between tourism urbanisation and the ecological envi-
ronment in the context of particular countries or regions. The 
focus of these studies may be classified into three categories, 
namely the impact of tourism urbanisation on the ecological 
environment (Xie et al. 2013; Tantatape and Jung 2017; Rai 
and Goswami 2019), the ecological environment impact of 
tourism urbanisation (Nitivattananon and Srinonil 2019; Liu 
et al. 2021), and the interaction between tourism urbanisa-
tion and the ecological environment (González et al. 2014; 
Adedoyin and Bekun 2020; Raza et al. 2021), whereas the 
research on the coordination relationship between tourism 
urbanisation and the ecological environment from RECC 
perspective is limited. It is worth noting that RECC is a 
crucial index for measuring the relationship between human 
socioeconomic activities and resource-environment systems 
(Wang and Xu 2015; Zhang et al. 2019), which provides 
a scientific basis for realising the balance of population, 
resources, and environment (Zhou et al. 2021). Furthermore, 
no existing studies have explored the relationship between 
the two from the perspective of the watershed. As an open 
and complex system, the construction of regional units of the 
watershed system presents dynamic and unbalanced char-
acteristics (Ho 2018). Thus, the sustainable development 
of tourism urbanisation can be realised only by clarifying 
the spatial difference and spatial coordination relationship 
between tourism urbanisation and RECC and achieving a 
reasonable allocation of resources on time and space scales. 
However, the existing literature lacks in-depth studies.

To fill this gap, this study employed a geographic infor-
mation system (GIS) technology, spatial autocorrelation 
model, and partition method to explore the spatiotempo-
ral pattern and coordination relationship between tourism 
urbanisation and RECC. The partition method, different 
from the previous model, clearly reflects the combined state 
of tourism urbanisation and RECC in light of their inde-
pendent evaluation value (Hu et al. 2019; Wu et al. 2018; 
Sun et al. 2020). Furthermore, it helps identify key eco-
liveable tourism cities on a large scale. Therefore, partition-
ing was applied to analyse the spatial coordination relation-
ship between tourism urbanisation and RECC. The main 
contributions and innovations of this study are identified 
as follows. This is the first study to investigate the spatial 
coordination relationship between tourism urbanisation and 
RECC from the perspective of the watershed. It not only pro-
vides a reference for local governments to identify effective 
tourism urbanisation policy measures to pursue better coor-
dination between tourism urbanisation and RECC but also 

helps tourism enterprises better fulfil their social responsi-
bility to protect the environment and adopt corresponding 
innovation strategies (Azizi et al. 2021; Abbas et al. 2021a). 
Furthermore, this study provides a key model for identifying 
the coordination relationship between tourism urbanisation 
and RECC. Although the empirical research is based on a 
sample of 79 cities in the Yellow River Basin, the methodol-
ogy is general and may be generalised to other watersheds. 
Last, this study also responds to the call for more quanti-
tative research on the sustainable development of tourism 
destinations.

The rest of this paper is structured as follows: the “Lit-
erature review” section summarises the findings of previous 
studies. The “Methodology and data” section describes the 
methods and data. The “Results” section reports the empiri-
cal results. The “Discussion” section presents a discussion of 
the result, and the “Conclusions and optimisation strategies” 
section summarises the findings and proposes sustainable 
development strategies of tourism urbanisation in the Yel-
low River Basin.

Literature review

The severe acute respiratory syndrome coronavirus 2 is 
currently spreading around the world, resulting in the cor-
onavirus disease 2019 pandemic (Su et al. 2021). Accord-
ing to the estimation of the UNWTO (2020), international 
arrivals could fall 60–80% in 2020, translating into a loss 
of between US$910 billion to 1.2 trillion. Meanwhile, 
COVID-19 has forced many tourism destinations to cease 
operations following lockdown measures and travel bans, 
which results in an immense hit for the local tourism indus-
try (Fotiadis et al. 2021). Therefore, tourism scholars are 
directing their attention to tourist destinations, especially 
cities with tourism as the core, looking at their challenges 
and opportunities and putting forward corresponding tour-
ism development strategies (Li et al. 2021a; Aman et al. 
2019). Academic research on tourism urbanisation can be 
traced back to the 1990s. Mullins (1991) first put forward 
the concept of tourism urbanisation through an empirical 
analysis of the two cities of the Gold Coast and Sunshine 
Coast in Australia. He emphasised the intermediary role 
of “consumption” and believed that tourists had brought 
considerable consumption in different places, thus pro-
moting regional urbanisation. Subsequently, many schol-
ars have performed extensive studies on the conceptual 
connotation (Douglass and Raento 2004), characteristics 
(Pons and Rullan 2014), categorisation (Tao et al. 2017), 
development mode (Clavé and Wilson 2017), influenc-
ing factors (Kranjčević and Hajdinjak 2019; Hernandez-
Rojas et al. 2021), and strategic countermeasures (Wang 
et al. 2017b) of tourism urbanisation. In terms of research 
methods, a combination of qualitative and quantitative 
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empirical research was employed. The measurement meth-
ods adopted by scholars are different, including the state-
space technique (Xiong et al. 2020), regression analysis 
(Ruan et al. 2019), and evaluation index (Liu et al. 2019). 
Moreover, some scholars have used measure indexes such 
as standard deviation, variation coefficient, and static 
unbalance difference (Wang et al. 2017b), as well as spa-
tial statistical methods such as the standard deviational 
ellipse model, global autocorrelation Moran’s I, and cold 
and hot spot analysis (Liu et al. 2019) to analyse the spati-
otemporal differences and evolution mechanisms of tour-
ism urbanisation.

Studies on RECC have become one of the basic topics 
of sustainable development and national security strategies. 
Urban RECC evaluation is an important part of the regional 
resource and environmental development, utilisation, and 
planning (Zhou et al. 2021). It is also considered one of the 
standards for measuring the coordination between resources 
and environmental systems and the development of human 
society. Therefore, most studies have been performed to 
establish comprehensive indicator systems for a full-scale 
reflection of a given city’s RECC (Tian and Sun 2018). Dif-
ferent dimensions, such as resources, environment, soci-
ety, and economy, are involved in most indicator systems 
(Zhang et al. 2019; Liu et al. 2020). Several methods have 
been applied in RECC evaluation, such as the technique for 
order preference by similarity to an ideal solution (TOPSIS) 
method (Mofidi et al. 2018; Wang et al. 2020a, compre-
hensive evaluation method (Okey 2018), system dynamics 
method (Wang et al. 2018), ecological footprint method 
(Xun and Hu 2019), and catastrophe progression method (Jia 
et al. 2018). With the development of spatial econometrics, 
spatial analysis technology has also been applied to the study 
of RECC, which usually uses Moran’s I index to analyse the 
spatial autocorrelation of RECC (Tian and Sun 2018).

In recent years, some scholars have incorporated the eco-
logical environment into the study of tourism urbanisation 
development as a result of degradation of the ecological 
environment, endangerment of rare species, and depletion of 
natural resources. Zhang and Li (2020) detected that the cou-
pling degree of tourism, urbanisation and ecological envi-
ronment showed a steady increase in Heilongjiang Province 
from 2003 to 2017, using a coupling coordination degree 
model. Xiong et al. (2020) examined the spatial–temporal 
pattern and influencing factors of tourism urbanisation in 17 
counties in the Dongting Lake region from 2000 to 2018. 
The study showed that the spatial pattern of coordination 
degree and coupling degree was low in the middle and high 
around. Raza et al. (2021) explored the nonlinear relation-
ship among tourism development, economic growth, urbani-
sation, and environmental degradation and analysed the 
threshold level of the contribution of tourism development to 
the environmental degradation of top tourism destinations. 

Nevertheless, few studies have been conducted on the coor-
dination relationship between tourism urbanisation and the 
ecological environment from the RECC perspective.

Through a review of the literature, it can be found that 
previous studies are concentrated on the measurement of 
the tourism urbanisation level and the evaluation of RECC, 
while studies on the relationship between tourism urbanisa-
tion and RECC are still in the preliminary exploration stage. 
Furthermore, no existing studies have examined the signifi-
cance of the relationship between the two from the perspec-
tive of the watershed. Because of the great differences in 
multiple dimensions among cities in the Yellow River Basin, 
the coordination performance between tourism urbanisation 
and RECC varies significantly among cities. Without con-
sidering the disparities, policies or management measures 
may not be suitable for different local practices; therefore, 
their applications will have limited effectiveness. Wu et al. 
(2019) show that some policy measures from the central 
government in China are not implemented effectively at the 
local level because they are introduced indiscriminately. 
Thus, there is a gap for this study to conduct an analysis on 
the coordination relationship between tourism urbanisation 
and RECC in the Yellow River Basin.

Methodology and data

Measurement of the tourism urbanisation level

Driven by tourism activities, tourism urbanisation contrib-
utes to the accumulation and diffusion of productivity factors 
such as population, capital, and material to tourism-based 
areas, promoting the orderly expansion of city scale and the 
continuous improvement of city quality. Quantitative stand-
ards on the level of tourism urbanisation remain to be clari-
fied in the literature. Based on recent empirical findings on 
the development of tourism urbanisation (Wang et al. 2017b; 
Liu et al. 2019), the two most widely used indicators for 
comprehensive characteristics (tourism industry and popula-
tion structures) were selected in this study, and the ratio of 
these two indicators was adopted to characterise the contri-
bution of tourism in the development of urbanisation. This 
is calculated as follows:

where R indicates the tourism urbanisation level, f is the 
income of tourism, F is the total value of the industry, m is 
the number of nonagricultural population, and M is the total 
population. The ratio of tourism income to the total value of 
the industry reflects the contribution rate of tourism to the 
national economy. The urbanisation rate is a comprehensive 

(1)R =
f

F
∕
m

M
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manifestation of the urban–rural composition of the popula-
tion and the development of urban spaces. The model uses 
the ratio of these two measures to indicate the strength of 
the regional tourism industry’s impact on the evolution of 
urbanisation. Tourism is an important driving force for con-
sumption-driven urbanisation (Liu 2017; Wang et al. 2017b; 
Xiong et al. 2020). China’s tourism industry and urbanisa-
tion are both in an important stage of development. They are 
interdependent and developed together. They gradually form 
a complex dynamic system that evolves and adapts to each 
other and shows a coevolutionary structure in a continuous 
adaptation and feedback process (Huang et al. 2021). The 
urbanisation process caused by tourism represents a new 
model of urbanisation in China (Ruan et al. 2019).

Measurement of RECC

Index system construction

The carrying capacity of urban resources and the envi-
ronment refers to the economic conditions and social 
activities that can be supported by resources and the envi-
ronment in the existing conditions (Wang et al. 2017a; 
Wu et al. 2020). RECC is closely related to the strate-
gic development of villages, cities, and the country, and 
the openness and pluralism of society have promoted 
its transition from ecology to sociology. It is generally 
believed that the stability of the composite ecosystem is 
based on the balance between resources, environment, 
society, and economy, with the diverse subsystems being 
independent and interrelated (Xu et al. 2003; Feng et al. 
2018). Among them, the resource system provides various 
resources necessary for human survival and development, 
and the resource-carrying capacity is the foundation of 
environmental carrying capacity. The carrying capacity of 
the environmental system for waste is limited, constitut-
ing a constraint on RECC. In addition, the resource and 
environment subsystem is under pressure from social and 
economic activities, although it supports and restricts the 
development of the socioeconomic subsystem.

This study was conducted based on recent research 
findings (Fu et al. 2020; Zhang et al. 2019; Liao et al. 
2020). We follow the urban complex ecosystem and sus-
tainable development theories, which are combined with 
the abovementioned conceptual theoretical threshold. 
Moreover, considering the socioeconomic development 
characteristics of the Yellow River Basin and the internal 
and external structures of the ecosystem, an evaluation 
index system for the RECC of the Yellow River Basin was 
constructed. The specific indicators are listed in Table 1.

TOPSIS model based on entropy weight

The entropy method determines the weight according to the 
degree of change in the original index data. As an objective 
weighting method, it avoids the shortcomings of the index 
weight tending to the subjective consciousness of the evalu-
ators from weighting methods such as the analytic hierarchy 
process (AHP) and the Delphi method (Zhao et al. 2020a; 
Yang et al. 2020). The TOPSIS method was first proposed 
by Hwang and Yoon (1981). It is a common method to effec-
tively solve multi-objective decision-making problems in an 
ideal manner (Chen 2019). By combining the entropy weight 
method with the TOPSIS method, this study overcomes the 
subjective shortcoming of TOPSIS and objectively and com-
prehensively reflects the dynamic changes in the RECC of the 
Yellow River Basin. The specific calculation procedure is as 
follows (Li, 2021):

(i) Suppose that there are m objects under study and n 
evaluation indicators for each object under study. Then, the 
following judgement matrix can be constructed as follows:

(ii) The range transformation method was used to stand-
ardise the data.

(iii) Computing information entropy:

where m = 79.
(iv) Calculating the weight of index j:

where wj ∈ [0,1]

(v) Determining the weighting matrix:

(vi) Determining the optimal solution S+
i
 and the worst solu-

tion S−
i
:

(vii) Calculating the Euclidean distance from each scheme 
to the positive and negative ideal solutions:

(2)x
(

xij
)

m×m
(i = 1, 2,Λ,mr, j = 1, 2,Λ, n)

(3)
Hj = −k

m
�

i−1

pij Inpij, pij =
xij
m
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i=1

xij

, k =
1

Inm

(4)
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1 − Hj

n
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j=1

�
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�

(5)R =
(

lij
)

m×n
, r = wj ∙ xij(i = 1,2,Λ,m, j = 1,2,Λ, n)

(6)S+
j
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(
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)

, S−
j
= min
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)

(7)S+
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√
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(viii) Calculating the comprehensive evaluation index 
 ci:

Spatial autocorrelation analysis

The spatial autocorrelation analysis method was further 
employed to examine the spatial agglomeration patterns of 
tourism urbanisation and RECC in the Yellow River Basin. 
Spatial autocorrelation refers to the potential interdepend-
ence of some variables in the same distribution area and 
effectively measures the degree of spatial agglomeration 
(Li et al. 2021b). There are two main measures in spa-
tial autocorrelation analysis: global and local measures. 
Global spatial autocorrelation is used to detect the dis-
tribution characteristics in the whole region, and it can 
be calculated as follows (Cheng et al. 2019; Zhang et al. 
2021):

(8)Ci =
S−
i

S+
i
+S−

i

0 ≤ Ci ≤ 1

where I indicates the global Moran’s I index; n is the number 
of regions;  xi and  xj are the values of the observed variables 
at sites of i and j space; x is the mean value of  xi; and  Wij 
represents the spatial weight matrix. The value of Moran’s 
I generally vary between − 1 and 1. Moran’s I value greater 
than 0 indicates a positive spatial correlation, while Moran’s 
I value less than 0 indicates negative spatial correlation.

Local spatial autocorrelation can identify whether an 
attribute value of each space has a local spatial correlation. 
It is calculated as follows (Wang et al. 2020b):

(9)I =

n
n
∑

i=1

n
∑

j=1

Wij

�

xi − x
��

xj − x
�

n
∑

i=1

n
∑

j=1

Wij

n
∑

i=1

�

xi − x
�2

(10)Ii =
xi − x

S2
i

n
∑

j=1,j≠i

wij

(

xj − x
)

Table 1  Evaluation index system for RECC

System layer Index layer (unit) Attribute Weight

Economic subsystem GDP per capita (10,000 yuan)  + 0.0546
Proportion of secondary industry in GDP (%)  + 0.0137
Proportion of tertiary industry in GDP (%)  + 0.0266
Total retail sales of consumer goods (10,000 yuan)  + 0.0755
Local government general budget expenditure (10,000 yuan)  + 0.0523
Per capita disposable income of urban residents (yuan)  + 0.0645
Per capita annual net income of rural households (yuan)  + 0.0620
Investment in fixed assets (10,000 yuan)  + 0.0737

Social subsystem Population density (person/km2)  − 0.0161
Natural population growth rate (‰)  − 0.0111
Per capita area of paved roads in cities  (m2)  + 0.0431
Public library collections per million people (volume)  + 0.0307
Number of public transportation vehicles per million population (unit)  + 0.0656
Number of beds in health institutions per million people (bed)  + 0.0332
Number of students in colleges and universities per 10,000 people (person)  + 0.0872

Resource subsystem Per capita cultivated land  (hm2)  + 0.0388
Per capita daily consumption of tap water for residential use (liter)  + 0.0264
Volume of water supply (10,000 tons)  + 0.0500
Area of land used for urban construction  (km2)  + 0.0318

Environmental subsystem Per capita green area  (m2)  + 0.0459
Green coverage rate of established areas (%)  + 0.0120
Volume of industrial wastewater discharged (10,000 tons)  − 0.0074
Volume of sulphur dioxide emission (10,000 tons)  − 0.0115
Volume of industrial soot (dust) emission (10,000 tons)  − 0.0016
Ratio of wastewater centralised treated (%)  + 0.0195
Ratio of consumption wastes treated (%)  + 0.0168
Ratio of industrial solid wastes comprehensively utilised (%)  + 0.0283
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where  Ii indicates local Moran’s I index; n is the number of 
regions;  xi and  xj are the index values of the i and j regions, 
respectively; x is the mean value of  xi; and  Wij represents the 
spatial weight matrix.

Data source

In this study, 79 municipal units in the Yellow River Basin 
are selected as the study area (Zhao et al. 2020b), and the 
years 2005, 2011, and 2018 are selected as the research 
time period. The data were collected from the China urban 
Statistical Yearbook (2006, 2012, 2019), the China Urban 
Construction Statistical Yearbook (2006, 2012, 2019), the 
Provincial Statistical Yearbook (2006, 2012, 2019), and the 
Statistical Bulletin on National Economy and Social Devel-
opment (SBNESD) of cities in the Yellow River Basin 
(2005, 2011, 2018). The linear interpolation method was 
used to preprocess the missing data in the dataset.

Results

Spatial distribution pattern

According to formulas (1)–(8), the evaluation index of tour-
ism urbanisation and RECC of the Yellow River Basin in 

2005, 2011, and 2018 was calculated. The index values 
were divided into five levels using the natural discontinu-
ity method, and the spatial pattern distribution maps are 
reported in Figs. 1 and 2.

The average values of tourism urbanisation in the Yellow 
River Basin in 2005, 2011, and 2018 were 0.147, 0.205, 
and 0.384, respectively, showing a clear upward trend. This 
finding quantitatively verified that the development of tour-
ism has gradually increased the intensity of its impact on 
urbanisation. As Fig. 1 shows, the agglomeration phenom-
enon in the spatial distribution of tourism urbanisation level 
was prominent. In 2005, the first- and second-level cities of 
tourism urbanisation were concentrated in Shaanxi Province, 
the northwestern part of Henan Province, the southern part 
of Shandong Province, and some cities in Shanxi Province; 
the fifth-level regions were concentrated in Inner Mongo-
lia, Ningxia, and the southeast of Gansu Province. In 2011, 
the first- and second-level areas were scattered in Shaanxi 
Province, Xinzhou City in Shanxi Province, Luoyang City 
and Kaifeng City in Henan Province, and Tai’an City in 
Shandong Province, and the fifth-level regions were widely 
distributed in Inner Mongolia and Ningxia, and a small part 
was scattered in the northern part of the Hexi Corridor and 
the Shandong Peninsula. In 2018, the first- and second-level 
cities were concentrated in Shaanxi, Shanxi, and Gansu 
provinces; the fifth-level regions were still concentrated in 

Fig. 1  Spatial patterns of tourism urbanisation level in the Yellow River Basin

Fig. 2  Spatial patterns of RECC in the Yellow River Basin
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Inner Mongolia, Ningxia, and the northern part of Shandong 
Province.

The average RECC of the Yellow River Basin increased 
from 0.258 in 2005 to 0.425 in 2018, demonstrating that the 
RECC of the Yellow River Basin has significantly improved 
over the past 14 years. From Fig. 2, the spatial distribution of 
RECC exhibited significant “concentration” characteristics. 
During the study period, the first- and second-level areas of 
RECC were concentrated in Gansu, Inner Mongolia, and 
Shandong provinces and were scattered in the capital cities 
of Xi’an in Shaanxi Province, Taiyuan in Shanxi Province, 
and Zhengzhou in Henan Province. The fifth-level cities 
were concentrated in Shaanxi Province, Shanxi Province, 
and the southeast of Gansu Province, with expanded spatial 
clusters.

Spatial autocorrelation analysis

The previous analysis indicated that the types of tour-
ism urbanisation and RECC in the Yellow River Basin 
had the characteristics of agglomeration distribution in 
space, implying that there might be a spatial correlation 
in geographical space. To analyse the spatial heterogeneity 
and dependence of the Yellow River Basin, GeoDa soft-
ware was used to calculate the global and local Moran’s 

I indices according to formulas (9)–(10). In addition, the 
local indicators of spatial association (LISA) agglomera-
tion maps in 2005, 2011, and 2018 were drawn using the 
ArcGIS 10.2 software (Figs. 3 and 4).

The global Moran’s I values of tourism urbanisa-
tion level in the Yellow River Basin were positive and 
passed the Z test at a significance level of 5%, as shown 
in Table 2. Moran’s I indices in 2005, 2011, and 2018 
were 0.104, 0.149, and 0.380, respectively. This demon-
strates that the tourism urbanisation level in the Yellow 
River Basin has a positive spatial autocorrelation, and the 
degree of agglomeration has increased. As illustrated in 
Fig. 3, the characteristics of local spatial agglomeration of 
tourism urbanisation in the Yellow River Basin were sig-
nificant. The proportion of positively correlated cities was 
higher than that of negatively correlated cities, presenting 
a positive spatial correlation as a whole. Specifically, the 
empirical results include the following:

Fig. 3  LISA cluster map of tourism urbanisation level in the Yellow River Basin

Fig. 4  LISA cluster map of RECC in the Yellow River Basin

Table 2  Global Moran’s I of 
tourism urbanisation level in the 
Yellow River Basin

Year 2005 2011 2018

Moran’s I 0.104 0.149 0.380
Z (I) 2.181 3.170 7.329
P (I) 0.029 0.002 0.000
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(1) The number of cities in high-high agglomeration areas 
increased from five to fourteen. The scope of this type 
of area gradually expanded with a significant increase, 
and the spatial distribution range gradually shifted from 
the southern part of Shaanxi Province to Shanxi Prov-
ince. In recent years, Shanxi Province regards tourism 
as a sustainable alternative industry, and the policy 
of building a strong country of tourism economy has 
achieved initial results. The promoting effect of tour-
ism on urbanisation in this province is gradually high-
lighted.

(2) The low-low agglomeration areas were mainly distrib-
uted in Gansu and Ningxia provinces in 2005 and grad-
ually concentrated in Ningxia and Shandong provinces 
in 2018, increasing from eight to twenty-six cities. The 
degree of spatial agglomeration in cities with low levels 
of tourism urbanisation has increased.

(3) The number of cities in the high-low agglomeration 
areas accounted for the lowest proportion. The cities 
located in this area in 2005 and 2018 were Wuwei 
and Kaifeng, respectively. The high–low agglomera-
tion areas were relatively unstable in terms of spatial 
changes.

(4) In 2005, there were three low–high agglomeration 
areas: Longnan, Tongchuan, and Shangluo. In 2011, 
the low–high agglomeration area occurred only in 
Tongchuan City. In 2018, Jiayuguan, Hanzhong, and 
Taiyuan were the main low–high agglomeration areas.

Overall, the spatially positively correlated areas sig-
nificantly increased, and the proportion of the number of 
cities increased from 16.46 in 2005 to 50.63% in 2018, 
presenting a spatial distribution of clusters. The negative 
spatial correlation area accounted for a relatively low pro-
portion. In 2005, 2011, and 2018, the proportions were 
5.06%, 1.27%, and 5.06%, respectively, exhibiting a dis-
crete distribution in space.

The Global Moran’s I index of the RECC of the Yellow 
River Basin was positive (Table 3). In 2005, Moran’s I was 
close to 0 and failed the significance level test, indicating 
that the RECC had low spatial autocorrelation and tended 
to be randomly distributed as a whole. In 2011 and 2018, 
Moran’s I was 0.102 and 0.161, respectively; the Z values 
were 1.895 and 2.887, respectively, both greater than 1.96, 
passing the Z test at a significance level of 5%. Therefore, 

the RECC had a significant spatial positive correlation in 
spatial distribution, and the positive correlation gradually 
increased. As illustrated in Fig. 4, the characteristics of 
the local spatial agglomeration of the RECC of the Yel-
low River Basin were significant. The agglomeration effect 
mainly occurred in high-high and low-low agglomeration 
areas, and the overall spatial correlation was positive. Spe-
cifically, the empirical results include the following:

(1) The high-high agglomeration areas in 2005 were 
mainly Dongying, Weifang, and Yantai. In 2011, Bin-
zhou, Zibo, Linyi, Qingdao, and Weihai transformed 
into high-high agglomeration areas. In 2018, Binzhou 
was withdrawn from the high-high agglomeration type; 
the types of other cities remained unchanged, and the 
number of cities increased from four to seven. Con-
sequently, the RECC of the Yellow River Basin was 
enhanced in the high-high agglomeration areas, which 
were mainly concentrated in the Shandong Province.

(2) The low-low agglomeration areas in 2005 mainly con-
sisted of four cities: Tianshui, Yan’an, Anyang, and 
Xinxiang. In 2011, the low-low agglomeration areas 
included eight cities: Dingxi, Longnan, Tianshui, 
Pingliang, Qingyang, Guyuan, Yan’an, and Yuncheng. 
In 2018, Yuncheng was withdrawn from low-low 
agglomeration areas, and the types of other cities 
remained unchanged. In terms of spatial change, the 
low-low agglomeration areas gradually evolved from 
scattered distribution to agglomeration distribution, 
mainly concentrated in the Gansu and Shaanxi prov-
inces.

(3) The high-low agglomeration areas were mainly located 
in Xi’an, Taiyuan, and Zhengzhou in 2005 and 2011, 
respectively. In 2018, Lanzhou changed to a high-low 
agglomeration area, while Zhengzhou was withdrawn 
from the high-low agglomeration area, and the types 
of other cities remained unchanged. The number of 
cities in high-low agglomeration areas was relatively 
low with a scattered distribution, mostly in provincial 
capital cities.

(4) The low–high agglomeration areas in 2005 were mainly 
Ulan Qab and Linyi, changed to Ulan Qab, Dezhou, and 
Rizhao in 2011 and Dezhou, Binzhou, and Rizhao in 
2018.

Overall, the positive spatial correlation area increased, 
with the proportion of the number of cities increasing from 
8.86 in 2005 to 17.72% in 2018, presenting an agglomeration 
distribution in space. There were few negatively correlated 
cities in space, with the proportion of cities increasing from 
6.33 in 2005 to 7.59% in 2018, exhibiting a relatively frag-
mented distribution in space.

Table 3  Global Moran’s I of 
RECC in the Yellow River 
Basin

Year 2005 2011 2018

Moran’s I 0.010 0.102 0.161
Z (I) 0.430 1.895 2.887
P (I) 0.290 0.034 0.003
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Space type division

The above analysis revealed that the tourism urbanisation 
level and RECC in the Yellow River Basin were unevenly 
distributed in space. Therefore, the coordinated spatial 
characteristics of these two factors need to be explored. 
In this study, a two-dimensional scatter diagram was 
employed to classify the spatial combination types, divid-
ing the 79 cities in the Yellow River Basin into five types 
(Fig. 5). It included a high level of tourism urbanisa-
tion—high RECC regions (H–H), high level of tourism 
urbanisation—low RECC regions (H–L), low level of 
tourism urbanisation—high RECC regions (L–H), low 
level of tourism urbanisation—low RECC regions (L-L), 
and medium-sized tourism urbanisation—medium RECC 
regions (M-M), corresponding to 5 areas of I, II, III, IV, 
and V in Fig. 5. Furthermore, with the help of ArcGIS10.2 
software, the spatial pattern of the combination types of 
tourism urbanisation and RECC in 2005, 2011, and 2018 

was drawn (Fig.  6). The analysis can be described as 
follows:

(1) In 2005, there were six H–H cities, accounting for 
7.59% of the total. Most of them were regions with 
prominent economic advantages, including Qingdao, 
Weihai, Jiuquan, Zhengzhou, Xi’an, and Xining. These 
cities had a high degree of coordination between the 
level of tourism urbanisation and the RECC. In 2011 
and 2018, the number of H–H cities dropped to zero, 
indicating a vacant state. Thus, the RECC had a greater 
restrictive effect on the current high-level areas of 
tourism urbanisation, and the spatial correspondence 
between the two was weak.

(2) In 2005, there were 16 H–L cities, accounting for 
20.25% of the total, scattered in various provinces, such 
as Datong, Tianshui, Kaifeng, and Weinan. By 2018, 
the number of H–L cities increased to 19, accounting 
for 24.05% of the total, concentrated in Shanxi Prov-

Fig. 5  Combination types of tourism urbanisation and RECC in the 
Yellow River Basin. Note: X–Y model can be used to represent the 
combination type of tourism urbanisation and RECC, where X rep-

resents the tourism urbanisation level and Y represents the level of 
RECC. The classification standard is shown in Figs. 1 and 2

Fig. 6  Spatial pattern of combination types of tourism urbanisation and RECC in the Yellow River Basin
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ince, the northwestern part of Gansu Province, and the 
southern part of Shaanxi Province. Notably, the propor-
tion of H–L cities in Shanxi Province increased from 
45.45 in 2005 to 72.73% in 2018, demonstrating that 
the spatial coordination between tourism urbanisation 
and RECC in most cities in Shanxi Province was rela-
tively low and needed urgent optimisation.

(3) M-M cities were reduced from 38 in 2005 to 30 in 
2018, accounting for more than one-third of the total. 
They were the most numerous and widely distributed 
types. Its spatial pattern changed from the original con-
tiguous distribution to the central concentration. These 
areas had a moderate level of tourism urbanisation or 
the carrying capacity of resources and environment, 
and there were certain deficiencies in both the level 
of tourism urbanisation and the carrying capacity of 
resources and environment, leaving a large room for 
improvement.

(4) The number of L–H cities increased from seven to ten, 
with a relatively small proportion. Its spatial pattern 
showed a continuous gathering trend in the eastern part 
of Shandong Province. The resources and environment 
of such cities were preferable while the contribution of 
tourism to urbanisation was not highlighted.

(5) The number of L-L cities increased from 12 to 20, 
accounting for 15.19%, 36.71%, and 25.32% in 2005, 
2011, and 2018, respectively. Its spatial pattern changed 
from dispersion to agglomeration in the border regions 
of Henan and Shandong. The level of tourism urbani-
sation in such areas was weak, and the efficiency of 
resource utilisation was low; therefore, the tourism 
urbanisation level and RECC were both in a lagging 
state.

In summary, the number of regions with a benign interac-
tion (H–H) between the level of tourism urbanisation and the 
RECC gradually decreased, and the number of regions with 
low-level coordination (L-L) and imbalances (H–L or L–H) 
increased, further verifying that the high-quality develop-
ment of tourism urbanisation in the Yellow River Basin had 
a greater demand for resources and environmental input.

Discussion

According to our findings, the tourism urbanisation level 
in the Yellow River Basin has increased, but the regional 
differences are significant. Among them, Shaanxi Province 
was in a leading position and Shanxi Province had great 
development potential. However, the characteristics of tour-
ism urbanisation in Inner Mongolia and Ningxia were not 
significant. Because Shaanxi Province, represented by Xi’an, 

has high-level tourism resources such as the Silk Road and 
Qin terracotta warriors and horses, tourism plays a promi-
nent role in the development strategy of these cities (Ruan 
et al. 2019). Moreover, in recent years, Shanxi Province has 
taken tourism as a continuous alternative industry, and the 
policy of building a strong tourism economy province has 
achieved preliminary results. Therefore, the role of tourism 
in promoting urbanisation has become increasingly promi-
nent. However, because of the limitations of economy, 
resources, and geographical location, the tourism industry 
in Inner Mongolia and Ningxia develops slowly, and the 
driving effect of tourism on urbanisation is relatively weak. 
Additionally, the results show that cities with a high level 
of tourism urbanisation may be divided into two types: cit-
ies with rich tourism resources, such as Xi’an in Shanxi, 
and cities with low urbanisation levels and single industrial 
structures, which can easily highlight the driving effect of 
tourism on urbanisation, such as Jinzhong in Shanxi. This 
conclusion is consistent with that reported by Ruan et al. 
(2019).

The Moran’s I index was positive at a significance level 
of 5%, which confirmed that there was a significant spatial 
agglomeration effect on tourism urbanisation levels. That 
is, areas with high tourism urbanisation levels tended to be 
close to other areas with high tourism urbanisation levels, 
and areas with low tourism urbanisation levels tended to be 
close to other areas with low tourism urbanisation levels. 
This conclusion corroborates the findings of many previ-
ous studies (Liu et al. 2019; Ruan et al. 2019; Xiong et al. 
2020). The Moran’s I index of the RECC failed the signifi-
cance level test in 2005, indicating that it was randomly dis-
tributed. However, it passed the test in 2011 and 2018, and 
Moran’s I was 0.102 and 0.161, respectively. This shows 
that the RECC had a significant positive spatial correla-
tion, and the positive correlation gradually increased. This 
transformation implies that many cities prefer coordinated 
cooperation to protect the environment. This may be because 
the Chinese government has attached great importance to 
the ecological and environmental protection of the Yellow 
River Basin in recent years and has promulgated a series of 
measures to promote the integrated protection of ecologi-
cal space and coordinated environmental governance of the 
Yellow River Basin.

In 2005, there were six cities with high tourism urbanisa-
tion levels and high RECCs, including Qingdao, Weihai, Jiu-
quan, Zhengzhou, Xi’an, and Xining. These cities initially 
relied on the dual advantages of politics and the economy 
to realise the priority development of tourism (Wang et al. 
2017b; Xue et al. 2020). The driving effect of tourism on 
urbanisation began to appear earlier and the eco-environ-
mental capacity of these cities was high. Therefore, the 
level of tourism urbanisation and RECC was in a leading 
position in the early stages. However, owing to their early 
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development, large economic volume and diverse industrial 
types, compared with other cities, tourism, as auxiliary 
power, makes less contribution to the level of urbanisation 
(Ruan et al. 2019). With the evolution of time, cities with 
rich tourism resources or relatively single industrial struc-
tures gradually highlight the role of tourism in promoting 
urbanisation. However, the eco-environmental and resource-
carrying capacities of such cities are relatively low. There-
fore, in 2011 and 2018, cities with high tourism urbanisa-
tion levels and high RECCs decreased to zero. This shows 
that the RECC had a greater restrictive effect on the current 
high-level areas of tourism urbanisation, and the spatial cor-
respondence between the two was weak.

This study has made substantial contributions to the 
development of literature in the discipline of coordination 
between tourism urbanisation and RECC. This is the first 
study to examine the coordination relationship between tour-
ism urbanisation development and RECC from the perspec-
tive of the watershed. This study highlights the importance 
of pursuing a win–win situation between tourism urbani-
sation development and RECC enhancement across cities 
in the Yellow River Basin. Moreover, the research frame-
work provides an important reference for investigating the 
sustainable development of tourism urbanisation in other 
river basins. We suggest that more studies are needed in 
the future. First, the definition of the connotation of tour-
ism urbanisation and RECC and the construction of index 
systems remain unclear. How to set a more standardised 
and effective evaluation mechanism based on the operat-
ing characteristics of the two systems still needs to be fur-
ther discussed in future studies. Second, while this study 
has explored the coordination relationship between tourism 
urbanisation and RECC, further study can be extended to 
examine the factors influencing coordination performance.

Conclusions and optimisation strategies

Conclusions

In this study, using the Yellow River Basin as the research 
area and 2005, 2011, and 2018 as the research time nodes, a 
GIS technology, spatial autocorrelation model, and partition 
method were adopted to model and analyse the spatiotem-
poral pattern and coordination relationship between tourism 
urbanisation and RECC. The following three key findings 
can be drawn.

First, the tourism urbanisation level and RECC in the Yel-
low River Basin has significantly improved over the past 
14 years while there were significant regional differences. 
Second, the local spatial autocorrelation between tourism 
urbanisation levels and RECC was significant. Among them, 
the number of spatially positively correlated cities was more 

than that of negatively correlated cities; and overall, the cit-
ies were spatially positively correlated. The positive and 
negative correlation areas showed a distinct distribution 
difference; the former was mostly concentrated, while the 
latter was mostly scattered. Finally, areas with a positive 
interaction (H–H) between the tourism urbanisation level 
and RECC were distributed in the dots. Its number was small 
and dropped to zero. The number of regions with low-level 
coordination (L-L) and imbalances (H–L or L–H) increased. 
The RECC exhibited a greater restrictive effect on the cur-
rent high-level areas of tourism urbanisation, and the spatial 
correspondence between the two was weak.

Optimisation strategies

Our study results yielded new insights and could have mana-
gerial implications not only for the Yellow River Basin but 
also for other ecologically vulnerable river basins, particu-
larly in countries or regions focusing on tourism devel-
opment. The managerial implications inferred from the 
research results are as follows:

First, the findings from this study show that the charac-
teristics of spatial agglomeration of tourism urbanisation 
in the Yellow River Basin are significant. Therefore, cross-
regional cooperation in tourism urbanisation can be actively 
promoted (Wang et al. 2017b). High-high agglomeration 
areas can break the traditional administrative boundary 
constraints, formulate the direction and goals of the overall 
tourism urbanisation development, and build a unified sys-
tem and mechanism. On this basis, the free flow and efficient 
allocation of various elements of tourism urbanisation are 
further promoted, forming a new layout for the development 
of high-quality tourism urbanisation with high-level cluster 
development and complementary advantages.

Second, the spatial differences of RECC in the Yellow 
River Basin are significant, among which the high-value 
areas are concentrated in Shandong Province. Thus, the 
related departments could fully demonstrate the advanced 
demonstration role of Shandong Province and other eastern 
regions, accelerate the optimisation of layout and the decon-
struction of functions, and promote cities in the central and 
western regions where the utilisation of resources and envi-
ronmental conditions is not reasonable enough and sufficient 
to upgrade together. Decision-makers could break down the 
system and mechanism barriers, increase the degree of open-
ness, and attract high-end elements to improve RECC in a 
more comprehensive and coordinated manner.

Third, the RECC could be considered a rigid constraint 
for the development of tourism urbanisation in the river 
basin. This requires the joint efforts of local governments, 
tourism enterprises, local residents, and social media. Local 
governments could take advantage of the opportunity of 
China’s ecological civilisation construction and explore a 
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development model compatible with the development and 
protection of tourism urbanisation (Abbas et al. 2021a; Hussain 
et al. 2021; Local Burden of Disease HIV Collaborators 2021; 
Paulson et al. 2021; Wang et al. 2021). Tourism enterprises 
could actively undertake social responsibility through multiple 
channels, strengthen their awareness of environmental 
protection, and improve their internal mechanisms (Abbas 
et  al. 2019a, 2020). Residents’ communities could play 
an important role in formulating innovative sustainable 
development strategies for tourism to effectively protect the 
ecological environment of tourism destinations (Mamirkulova 
et al. 2020). Social media could strengthen publicity and 
publicise the importance of environmental protection to 
residents and tourists (Abbas et al. 2019b, 2021b).

Finally, as the empirical results of space type division 
show, the RECC of the Yellow River Basin has a significant 
restrictive effect on the current high-level areas of tourism 
urbanisation, and the spatial correspondence between the 
two is weak. Therefore, H–L cities could promote the timely 
and rapid development of tourism urbanisation under the 
new normal, improve relevant environmental standards, and 
tighten environmental access systems (Raza et al. 2021). 
Meanwhile, these cities can optimise the spatial layout of 
tourism urbanisation according to the environmental carry-
ing capacity and environmental quality and strive to realise 
the “new normal of tourism urbanisation” to become a typi-
cal demonstration area for the construction of eco-tourism 
liveable cities.
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