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Abstract 12 

A better understanding on the spatial matching relationship between tourism urbanization and resources 13 

and environment carrying capacity is vital for the regional selection of the key eco-livable tourist cities 14 

in the Yellow River Basin. This paper addressed this research issue by evaluating and partitioning 15 

tourism urbanization level and resources and environment carrying capacity of the Yellow River Basin 16 

in 2005, 2011 and 2018, using GIS technology, spatial autocorrelation model and partition method. 17 

Empirical results suggest that (1) The tourism urbanization level of Shaanxi province maintains the 18 

leading position, while Shanxi province has great development potential. The high value areas of 19 

resources and environmental carrying capacity concentrated in Gansu, Inner Mongolia and Shandong 20 

provinces. (2) The spatial agglomeration degree of tourism urbanization level and resources and 21 

environment carrying capacity have been improved. (3) The resources and the environment carrying 22 

capacity exhibits a greater restrictive effect on the current high-level areas of tourism urbanization, and 23 

the spatial correspondence between them is weak. Based on the findings of this study, a series of 24 

optimization strategies and policy suggestions have been proposed for promoting the sustainable 25 

development of tourism urbanization in the Yellow River Basin. 26 

Keywords Tourism urbanization ·  resources and environment carrying 27 

capacity ·  partitions ·  optimization strategies ·  Yellow River Basin 28 
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Introduction 39 

In many countries, tourism urbanization is considered as an effective means to prevent agricultural 40 

decline and promote the transformation and upgrading of urban industries (Wei 2017). In China, 41 

tourism urbanization is a key strategy and one of the main targets for new-type urbanization. It 42 

influences and shapes the urbanization development in many aspects (Tao et al. 2017). The ecological 43 

protection and high-quality development of the Yellow River Basin have become China's major 44 

national initiative in 2019 (Xinhua News Agency, 2019). For major national strategic region with 45 

geographical features such as national concentrated contiguous poverty-stricken areas, national 46 

ecological function areas and tourism resource-rich areas, the contribution of tourism sector to 47 

urbanization construction is more critical. However, there is few in-depth investigations in the relevant 48 

literature. Meanwhile, the ecological environment of the Yellow River Basin is relatively fragile, and 49 

the carrying capacity of resources and environment is relatively low, which has a strong binding effect 50 

on the development of tourism urbanization. Therefore, how to accelerate the development of tourism 51 

urbanization in the Yellow River Basin taking into account the effects of resources and environment, 52 

and the sustainable development of tourism urbanization has become an urgent problem in the area.  53 

The tourism urbanization and resources and environment carrying capacity are dynamic process of 54 

development. They both have promotion and constrain effects against each other. This is reflected in 55 

the nonlinear, complex and dynamic characteristics of its behavior (Raza et al. 2021 ). On the one hand, 56 

the orderly development of tourism urbanization can provide financial and technical support for the 57 

resources and environment system, which is conducive to the rational development of resources and 58 

protection of the environment. The disordered development of tourism urbanization, however, will also 59 

destroy the ecological resources and overload the ecological environment capacity(Xie et al. 2013). On 60 

the other hand, the resources and environment system brings resources supply and environmental 61 

support for the development of tourism urbanization, but it also restricts the development scale of 62 

tourism urbanization(Izquierdo et al. 2018; Nitivattananon and Srinonil 2019). 63 

The sustainable development of tourism urbanization and ecological protection, and their 64 

interactions, has been a hot issue in the academic research and industry practice（Zhang et al. 2020）. 65 

With the expansion of international hotels in Fiji, the increasing demand for tourism development and 66 

rapid urbanization have led to environmental degradation, extensive land use, and loss of coastal 67 

vegetation, which in turn has affected local communities adversely (Xie et al. 2013). Rai & Goswami 68 

(2019) observed that tourism and urbanization have placed enormous pressure on Gantok's 69 

infrastructure services and environment, particularly in the area of waste management. González et al. 70 

(2014) found an inverse relationship between increases in the level of urbanization and the abundance 71 

of beetles. These studies focused on the disruption and destruction of the eco-environment through 72 

tourism urbanization activities, as a one-way process. The coordinated relationship between tourism 73 

urbanization activities and ecology have not been comprehensively discussed. The relationship between 74 

tourism urbanization and ecological environment is a two-way mechanism, and maintaining a 75 

regionally-specific balance is essential. 76 
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Meanwhile, researchers have also analyzed the coupling coordination degree of tourism, 77 

urbanization and ecological environment. Zhang and Li (2020) detected that the coupling degree of 78 

tourism, urbanization and ecological environment showed a steady increase in Heilongjiang Province 79 

from 2003 to 2017, using a coupling coordination degree model. Xiong et al. (2020) examined the 80 

spatial-temporal pattern and influencing factor of tourism urbanization of 17 counties in the Dongting 81 

Lake region from 2000 to 2018. The study showed that the spatial pattern of coordination degree and 82 

coupling degree are low in the middle and high around. Raza et al. (2021) explored the nonlinear 83 

relationship among tourism development, economic growth, urbanization and environmental 84 

degradation, and analyzes the threshold level of the contribution of tourism development to 85 

environmental degradation of top tourism destinations. These research focused on quantifying and 86 

evaluating the coupling coordination degree of tourism urbanization and ecology, which ignores the 87 

spatial matching relationship between tourism urbanization and resources and environment carrying 88 

capacity of different regions.  89 

It is worth noting that the development of tourism urbanization is the integrated part of 90 

development in the specific region. Thus, the sustainable development of tourism urbanization can be 91 

realized only by clarifying the spatial difference and the spatial coordination relationship between 92 

tourism urbanization level and resources and environment carrying capacity and achieving the 93 

reasonable allocation of resources on time and space scales. Partitioning, a method considering 94 

environmental protection and development potential, is an effective way to provide regional 95 

management strategies to maintain ecological sustainability (Wu et al. 2018). At present, this method 96 

has been widely applied to study the relationship between socio-economic activities and ecological 97 

environment (Hu et al, 2018; Wu et al, 2018; Sun et al, 2020). It can also clearly show the combination 98 

state of tourism urbanization level and resources and environment carrying capacity in light of their 99 

independent evaluation value. However, few studies have applied this method to the analysis of the 100 

spatial matching relationship between tourism urbanization level and resources and environment 101 

carrying capacity.  102 

This paper selects the Yellow River Basin as the typical case study. A series of advanced 103 

quantitative models such as GIS technology, spatial autocorrelation model and partition method have 104 

been used to explore and model the spatio-temporal pattern and matching relationship between tourism 105 

urbanization level and resources and environment carrying capacity. Our research focuses on the 106 

literature gap on the spatial matching relationship between tourism urbanization level and resources 107 

and environment carrying capacity. Specifically, partition method, different from the previous model, is 108 

able to consider the coordinated relationship between tourism urbanization level and resources and 109 

environment carrying capacity from other dimensions. Further, it identifies the key eco-livable tourism 110 

cities on a large scale. This study not only contributes to discovering the time and space heterogeneity 111 

of tourism urbanization level and resources and environment carrying capacity, but also fills in the gap 112 

on the analysis of the spatial matching relationship between tourism urbanization level and resources 113 

and environment carrying capacity. Moreover, our findings can provide the new theoretical reference 114 
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and empirical evidence for the sustainable development of tourism urbanization in the Yellow River 115 

Basin. 116 

The remainder of this paper is arranged as follows: the methodology and data section describes the 117 

methods and data. The results and discussions section reports and discusses the empirical results. The 118 

optimization strategies section proposes sustainable development strategies of tourism urbanization in 119 

the Yellow River Basin. Finally, conclusions section summarized the conclusions of this paper. 120 

Methodology and data 121 

Measurement of the tourism urbanization level 122 

Driven by tourism activities, tourism urbanization contributes to the accumulation and diffusion of 123 

productivity factors such as population, capital, and material to tourism-based areas, promoting the 124 

orderly expansion of city scale and the continuous improvement of city quality. The quantitative 125 

standards on the level of tourism urbanization remain to be clarified in the literature. Based on the 126 

recent empirical findings in the development of tourism urbanization (Wang et al. 2017b; Liu et al. 127 

2019), the two most widely used indicators for comprehensive characteristics (tourism industry 128 

structure and population structure) are selected in this study, and the ratio of these two indicators is 129 

adopted to characterize the contribution of tourism in the development of urbanization. It is calculated 130 

as follows: 131 

 M

m

F

f
R 

 

（1） 132 

where R indicates the tourism urbanization level; f is the income of tourism; F is the total value of 133 

industry; m is the number of non-agricultural population; M is the total population.The ratio of tourism 134 

income to the total value of the industry reflects the contribution rate of tourism to the national 135 

economy. The urbanization rate is a comprehensive manifestation of the urban-rural composition of the 136 

population and the development of urban space. The model uses the ratio of these two measures to 137 

indicate the strength of the regional tourism industry's impact on the evolution of urbanization. The 138 

larger the R value is, the stronger the effect of tourism development on urbanization is, that is, the 139 

higher the tourism urbanization level is. At this time, the acceleration of tourism would bring about the 140 

large-scale and intensification of urban productivity factors, promote the upgrading of urban industrial 141 

structure and the adjustment of employment structure, and thus enhance the promotion of the 142 

high-quality development of urbanization. Conversely, the weaker the effect is, the lower the tourism 143 

urbanization level is. At this time, it is difficult for the tourism industry to fully exert its effect on the 144 

agglomeration of urban factors. As a result, its importance in upgrading the urban industrial structure 145 

and adjusting the employment structure is reduced, and its stimulating effect on the demand for 146 

non-agricultural employment population and the transfer of rural surplus labor is weakened. 147 
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Measurement of Resources and environment carrying capacity 148 

(1) Index system construction 149 

The carrying capacity of urban resources and environment refers to the economic condition 150 

and social activities that can be supported by resources and environment in the existing conditions. 151 

(Wang et al. 2017a; Wu et al. 2020)Resources and environmental carrying capacity is closely related to 152 

the strategic development of villages, cities, and the country, and the openness and pluralism of the 153 

society have promoted its transition from ecology to sociology. It is generally believed that the stability 154 

of the composite ecosystem is based on the balance between resources, environment, society, and 155 

economy, with the diverse subsystems independent and interrelated (Xu et al. 2003; Feng et al. 2018). 156 

Among them, the resource system provides various resources necessary for human survival and 157 

development, and resource carrying capacity is the foundation of environmental carrying capacity. The 158 

carrying capacity of the environmental system for waste is limited, constituting a constraint on the 159 

carrying capacity of resources and the environment. Besides, the resource and environment subsystem 160 

is also under pressure from social and economic activities, though it supports and restricts the 161 

development of the socio-economic subsystem.  162 

This study is conducted based on recent research findings (Fu et al. 2016; Zhang et al. 2019; Liao 163 

et al. 2020). We follow the urban complex ecosystem theory and sustainable development theory, 164 

which are combined with the above mentioned conceptual theoretical threshold. Moreover, considering 165 

the socio-economic development characteristics of the Yellow River Basin and the internal and external 166 

structures of the ecosystem, an evaluation index system of the resources and environment carrying 167 

capacity of the Yellow River Basin is constructed. The specific indicators are shown in table 1. 168 

Table 1 Evaluation index system for resources and environment carrying capacity 169 

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 city (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 
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Number of students in Colleges and Universities per 10000 

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 waste water 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 waste water centralized treated (%) + 0.0195 

 Ratio of consumption wastes treated (%) + 0.0168 

 Ratio of industrial solid wastes comprehensively utilized (%) + 0.0283 

(2) TOPSIS model based on entropy weight 170 

The entropy method determines the weight according to the change degree of the original index 171 

data. As an objective weighting method, it avoids the shortcomings of the index weight tending to the 172 

subjective consciousness of the evaluators from the weighting methods such as the analytic hierarchy 173 

process (AHP) and the Delphi method (Zhao et al. 2020a; Yang et al. 2020). The TOPSIS (Technique 174 

for Order Preference by Similarity to an Ideal Solution) method was first proposed by Hwang and Yoon 175 

(1981). It is a common method to effectively solve multi-objective decision-making problems in an 176 

ideal way (Chen 2019). By combining the entropy weight method with TOPSIS method, this paper 177 

overcomes the subjective shortcoming of TOPSIS and can objectively and comprehensively reflect the 178 

dynamic changes of the resources and environment carrying capacity of the Yellow River Basin. The 179 

specific calculation procedure is as follows (Li 2021)： 180 

a) Suppose that there are m objects under study and n evaluation indicators for each object under 181 

study. Then, the following judgment matrix can be constructed as follow. 182 

 

   njmixx
nmij ,2,1;,,2,1  


 

（2） 183 

b) The range transformation method is used to standardize the data. 184 

c) Compute information entropy: 185 

 m
k

x

x
pppkH

m

i

ij

ij

ijij

m

i

ijj
ln

1
ln

1

1










，，
 

（3） 186 

where m=79
 187 
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d) Calculate the weight of index j：

 







n

j

j

j

j

H

H
w

1

1

1
                        （4） 188 

where 
 1,0jw

.
 189 

e) Determine the weighting matrix: 190 

 

   njmixwrlR ijjnmij ,,2,1,,,2,1,  


 

（5） 191 

f) Determine the optimal solution 

js  and the worst solution 

-

js : 192 

 

   ,,2,1,,2,1 ,min,,max njjjjnjjjj rrrsrrrs   

 

（6） 193 

g) Calculate the Euclidean distance from each scheme to the positive ideal solution and the 194 

negative ideal solution: 195 
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j
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n

j
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2

1
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（7） 196 

h) Calculate the comprehensive evaluation index ic : 197 
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（8） 198 

Spatial autocorrelation analysis 199 

The spatial autocorrelation analysis method is further employed to examine the spatial 200 

agglomeration patterns of tourism urbanization level and resources and environment carrying capacity 201 

in the Yellow River Basin. Spatial autocorrelation refers to the potential interdependence of some 202 

variables in the same distribution area and can effectively measure the spatial agglomeration degree(Li 203 

et al. 2021). There are two main measures in the spatial autocorrelation analysis, namely global and 204 

local measures. Global spatial autocorrelation is used to detect the distribution characteristics in the 205 

whole region, and it can be calculated as follows (Cheng et al. 2019): 206 

 

  

  



  

 






n

i

n

j

n

i

iij

n

i

n

j

jiij

xxW

xxxxWn

I

1 1 1

2

1 1

 

（9） 207 

where I indicates the global Moran’s I index; n is the number of regions; ix and jx are the values 208 

of the observed variables at sites of i and j space; x is the mean value of ix ; and ijW represents the 209 

spatial weight matrix. The value of Moran’s I generally vary between -1 and 1. Moran's I value greater 210 

than 0 indicates positive spatial correlation, while Moran's I value less than 0 indicates negative spatial 211 

correlation.  212 

Local spatial autocorrelation can identify whether an attribute value of each space has local 213 
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spatial correlation. It is calculated as follows (Wang et al. 2019): 214 

 

 xxw
S

xx
I j

n

ijj

ij

i

i
i 


 

 ,1
2

 

（10） 215 

where iI indicates local Moran’s I index; n is the number of regions; ix and jx are the index values of 216 

the i and j regions, respectively; x is the mean value of ix ; and ijW represents the spatial weight 217 

matrix. 218 

Data source 219 

In this study, 79 municipal units in the Yellow River Basin are selected as the study area (Zhao et al. 220 

2020b), and the years 2005, 2011 and 2018 are selected as the research time period. The data were 221 

collected from the China urban Statistical Yearbook (2006, 2012, 2019), the China Urban Construction 222 

Statistical Yearbook (2006, 2012, 2019), the Provincial Statistical Yearbook (2006, 2012, 2019), and 223 

the Statistical Bulletin on National Economy and Social Development (SBNESD) of cities in the 224 

Yellow River Basin (2005, 2011, 2018). Linear interpolation method was used to pre-process the 225 

missing data in the dataset. 226 

Results and discussion 227 

Spatial distribution pattern 228 

According to formula (1)-(8), the evaluation index of tourism urbanization and resource environment 229 

carrying capacity of the Yellow River Basin in 2005, 2011, and 2018 was calculated. The index values 230 

were divided into five levels using the natural discontinuity method, and the spatial pattern distribution 231 

maps were reported in Fig. 1 and Fig. 2. 232 

The average values of tourism urbanization in the Yellow River Basin in 2005, 2011, and 2018 233 

were 0.147, 0.205 and 0.384, respectively, showing a clear upward trend. This finding quantitatively 234 

verified that the development of tourism has gradually increased the intensity of its impact on 235 

urbanization. As Fig. 1 shows, the agglomeration phenomenon in the spatial distribution of tourism 236 

urbanization level was prominent. In 2005, the first and second level cities of tourism urbanization 237 

concentrated in Shaanxi Province, the northwestern part of Henan Province, the southern part of 238 

Shandong Province, and some cities in Shanxi Province; the fifth-level regions concentrated in Inner 239 

Mongolia, Ningxia, and the southeast of Gansu Province. In 2011, the first and second level areas were 240 

scattered in Shaanxi Province, Xinzhou City in Shanxi Province, Luoyang City and Kaifeng City in 241 

Henan Province, and Tai'an City in Shandong Province; the fifth-level regions were widely distributed 242 

in Inner Mongolia and Ningxia, and a small part was scattered in the northern part of the Hexi Corridor 243 

and Shandong Peninsula. As of 2018, the first and second level cities concentrated in Shaanxi, Shanxi, 244 

and Gansu provinces; the fifth-level regions still concentrated in Inner Mongolia, Ningxia, and the 245 

northern part of Shandong Province. Overall, it shows that due to the limitations of economy, resources 246 
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and geographical location, the tourism industry in Inner Mongolia and Ningxia develops slowly, and 247 

the driving effect of tourism on urbanization is relatively weak, which is consistent with the empirical 248 

findings in the existing literature（Ruan et al. 2019). 249 

Fig.1 Spatial patterns of tourism urbanization level in the Yellow River Basin 250 

The average resources and environmental carrying capacity of the Yellow River Basin increased 251 

from 0.258 in 2005 to 0.425 in 2018, demonstrating that the resources and environmental carrying 252 

capacity of the Yellow River Basin has been significantly improved during the past 14 years. From Fig. 253 

2, it can be seen that the spatial distribution of resources and environmental carrying capacity exhibited 254 

significant "concentration" characteristics. During the study period, the first and second level areas of 255 

resources and environmental carrying capacity concentrated in Gansu, Inner Mongolia, and Shandong 256 

provinces, and are scattered in the capital cities of Xi'an in Shaanxi Province, Taiyuan in Shanxi 257 

Province, and Zhengzhou in Henan Province. The fifth-level cities concentrated in Shaanxi Province, 258 

Shanxi Province, and the southeast of Gansu Province, with expanded spatial clusters. 259 

Fig.2 Spatial patterns of resources and environment carrying capacity in the Yellow River Basin 260 

Spatial autocorrelation analysis 261 

The previous analysis indicated that the types of tourism urbanization level and resources and 262 

environmental carrying capacity in the Yellow River Basin had the characteristics of agglomeration 263 

distribution in space, implying that there may be spatial correlation in geographical space. To analyze 264 

the spatial heterogeneity and dependence of the Yellow River Basin, GeoDa software was used to 265 

calculate the global Moran’s I index and the local Moran ’s I index according to formula (9)-(10). 266 

Besides, the LISA agglomeration maps in 2005, 2011 and 2018 were drawn using ArcGIS 10.2 267 

software (Fig. 3 and 4). 268 

The global Moran’s I values of the level of tourism urbanization in the Yellow River Basin was 269 
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positive and passed the Z test at the significance level of 5%, as shown in Table 1. Moran’s I index in 270 

2005, 2011 and 2018 were 0.104, 0.149 and 0.380, respectively. It demonstrates that the level of 271 

tourism urbanization in the Yellow River Basin had a positive spatial autocorrelation, and the degree of 272 

agglomeration had increased. As illustrated in Fig. 3, the characteristics of local spatial agglomeration 273 

of tourism urbanization in the Yellow River Basin were significant. The proportion of positively 274 

correlated cities was higher than that of negatively correlated cities, presenting a positive spatial 275 

correlation as a whole. Specifically, empirical results include: 276 

(1) The number of cities in high-high agglomeration areas increased from 5 to 13. The scope of this 277 

type of area gradually expanded with a significant increase, and the spatial distribution range 278 

gradually shifted from the southern part of Shaanxi Province to Shanxi Province. It can be seen 279 

that in recent years, Shanxi Province regards tourism as a sustainable alternative industry, and the 280 

policy of building a strong country of tourism economy has achieved initial results. The 281 

promoting effect of tourism on urbanization in this province is gradually highlighted.   282 

(2) The low-low agglomeration areas were mainly distributed in Gansu and Ningxia provinces in 283 

2005, and gradually concentrated in Ningxia and Shandong provinces in 2018, increasing from 8 284 

to 24 cities. The degree of spatial agglomeration in cities with low levels of tourism urbanization 285 

has increased. 286 

(3) The number of cities in high-low agglomeration areas accounted for the lowest proportion. The 287 

cities located in this area in 2005 and 2018 were Wuwei and Kaifeng, respectively. The low-high 288 

agglomeration areas were relatively unstable in terms of spatial changes. 289 

(4) In 2005, there were 3 low-high agglomeration areas, namely Longnan, Tongchuan and Shangluo. 290 

In 2011, the low-high agglomeration area was only Tongchuan City. In 2018, Jiayuguan, 291 

Hanzhong, and Taiyuan were mainly the low-high agglomeration areas.  292 

On the whole, the spatially positively correlated areas significantly increased, and the proportion 293 

of the number of cities increased from 16.46% in 2005 to 46.84% in 2018, presenting a spatial 294 

distribution of clusters. The negative spatial correlation area accounted for a relatively low proportion. 295 

In 2005, 2011, and 2018, the proportion was 5.06%, 1.27%, and 5.06%, respectively, exhibiting a 296 

discrete distribution in space. 297 

Table 2 Global Moran's I of tourism urbanization level in the Yellow River Basin  298 

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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Fig.3 LISA cluster map of tourism urbanization level in the Yellow River Basin 299 

The Global Moran’s I index of the resources and environment carrying capacity of the Yellow 300 

River Basin was positive. In 2005, Moran’s I was close to 0 and failed the significance level test, 301 

indicating that the resource and environmental carrying capacity had low spatial autocorrelation and 302 

tended to be randomly distributed as a whole. In 2011 and 2018, Moran’s I was 0.102 and 0.161, 303 

respectively; the Z values were 1.895 and 2.887, respectively, both greater than 1.96, passing the Z test 304 

at the significance level of 5%. Therefore, the carrying capacity of resources and environment had a 305 

significant spatial positive correlation in spatial distribution, and the positive correlation gradually 306 

increased. As illustrated in Fig. 4, the characteristics of local spatial agglomeration of the resources and 307 

environment carrying capacity of the Yellow River Basin were significant. The agglomeration effect 308 

mainly occurred in high-high agglomeration areas and low-low agglomeration areas, and the overall 309 

spatial correlation was positive. Specifically, empirical results include: 310 

(1) The high-high agglomeration areas in 2005 were mainly Dongying, Zibo, Weifang, and Yantai. In 311 

2011, Binzhou, Linyi, Qingdao, and Weihai were transformed into high-high agglomeration areas. 312 

In 2018, Binzhou was withdrawn from the high-high agglomeration type; the types of other cities 313 

remained unchanged, and the number of cities increased from 4 to 7. Consequently, the resources 314 

and environment carrying capacity of the Yellow River Basin were enhanced in the high-high 315 

agglomeration areas, which were mainly concentrated in Shandong Province.  316 

(2) The low-low agglomeration areas in 2005 mainly consisted of four cities, Tianshui, Yan'an, 317 

Anyang, and Xinxiang. In 2011, the low-low agglomeration areas included 8 cities: Dingxi, 318 

Longnan, Tianshui, Pingliang, Qingyang, Guyuan, Yan'an, and Yuncheng. In 2018, Yuncheng was 319 

withdrawn from the low-low agglomeration areas, and the types of other cities remained 320 

unchanged. In terms of spatial change, the low-low agglomeration areas gradually evolved from 321 

scattered distribution to agglomeration distribution, mainly concentrated in Gansu and Shaanxi 322 

provinces.   323 

(3) The high-low agglomeration areas were mainly located in Xi'an, Taiyuan, and Zhengzhou in 2005 324 

and 2011. In 2018, Lanzhou changed to a high-low agglomeration area while Zhengzhou was 325 

withdrawn from the high-low agglomeration area, and the types of other cities remained 326 

unchanged. The number of cities in high-low agglomeration areas was relatively low with a 327 

scattered distribution, mostly in provincial capital cities.  328 

(4) The low-high agglomeration areas in 2005 were mainly Ulan Qab and Linyi, changed to Ulan 329 
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Qab, Dezhou, and Rizhao in 2011 and Dezhou, Binzhou, and Rizhao in 2018.  330 

On the whole, the positive spatial correlation area increased, with the proportion of the number of 331 

cities increasing from 10.13% in 2005 to 17.72% in 2018, presenting an agglomeration distribution in 332 

space. There were few negatively correlated cities in space, with the proportion of cities increasing 333 

from 6.33% in 2005 to 7.59% in 2018, exhibiting a relatively fragmented distribution in space. 334 

Table 3 Global Moran's I of resources and environment carrying capacity in the Yellow River Basin 335 

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 

Fig.4 LISA cluster map of resources and environment carrying capacity in the Yellow River Basin 336 

Space type division 337 

The above analysis revealed that the tourism urbanization level and resources and environment 338 

carrying capacity in the Yellow River Basin were unevenly distributed in space. Therefore, the 339 

coordinated spatial characteristics of the two needed to be explored. In this paper, a two-dimensional 340 

scatter diagram was employed to classify its spatial combination types, dividing the 79 cities in the 341 

Yellow River Basin into 5 types (Fig. 7). It included high level of tourism urbanization—high resources 342 

and environmental carrying capacity regions (H-H), high level of tourism urbanization—low resources 343 

and environmental carrying capacity regions (H-L), low level of tourism urbanization—high resources 344 

and environmental carrying capacity regions (L-H), low level of tourism urbanization—low resources 345 

and environmental carrying capacity regions (L-L), and medium-sized tourism urbanization—medium 346 

resources and environmental carrying capacity regions (M-M), corresponding to 5 areas of Ⅰ, Ⅱ, Ⅲ, Ⅳ, 347 

and Ⅴ in Fig. 7. Furthermore, with the help of ArcGIS10.2 software, the spatial pattern of the 348 

combination types of tourism urbanization level and resources and environment carrying capacity in 349 

2005, 2011 and 2018 was drawn (Fig. 8). The analysis can be described as follows: 350 

(1) In 2005, there were 6 H-H cities, accounting for 7.59% of the total. Most of them were regions 351 

with prominent economic advantages, including Qingdao, Weihai, Jiuquan, Zhengzhou, Xi'an, 352 

and Xining. These cities had a high degree of coordination between the level of tourism 353 

urbanization and the carrying capacity of resources and environment. In 2011 and 2018, the 354 
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number of H-H cities dropped to zero, showing a vacant state. Thus, the carrying capacity of 355 

resources and the environment had a greater restrictive effect on the current high-level areas of 356 

tourism urbanization, and the spatial correspondence between the two was weak.  357 

(2) In 2005, there were 16 H-L cities, accounting for 20.25% of the total, scattered in various 358 

provinces, such as Datong, Tianshui, Kaifeng, and Weinan. By 2018, the number of H-L cities 359 

increased to 19, accounting for 24.05% of the total, concentrated in Shanxi Province, the 360 

northwestern part of Gansu Province, and the southern part of Shaanxi Province. Notably, the 361 

proportion of H-L cities in Shanxi Province increased from 45.45% in 2005 to 72.73% in 2018, 362 

demonstrating that the spatial coordination between the tourism urbanization level and resources 363 

and environment carrying capacity in most cities in Shanxi Province was relatively low and 364 

needed to be optimized urgently. 365 

(3) M-M cities were reduced from 38 in 2005 to 30 in 2018, accounting for more than one-third of the 366 

total. They were the most numerous and widely distributed type. Its spatial pattern changed from 367 

the original contiguous distribution to the central concentration. These areas had a moderate level 368 

of tourism urbanization or the carrying capacity of resources and environment, and there were 369 

certain deficiencies in both the level of tourism urbanization and the carrying capacity of 370 

resources and environment, leaving a large room for improvement. 371 

(4) The number of L-H cities increased from 7 to 10, with a relatively small proportion. Its spatial 372 

pattern showed a trend of continuously gathering in the eastern part of Shandong Province. The 373 

resources and environment of such cities were preferable while the contribution of tourism to 374 

urbanization was not highlighted. 375 

(5) The number of L-L cities increased from 12 to 20, accounting for 15.19%, 36.71%, and 25.32% in 376 

2005, 2011, and 2018, respectively. Its spatial pattern changed from dispersion to agglomeration 377 

in the border regions of Henan and Shandong. The level of tourism urbanization in such areas was 378 

weak, and the efficiency of resource utilization was low, so the tourism urbanization level and 379 

resources and environment carrying capacity were both in a lagging state.  380 

  To sum up, the number of regions with a benign interaction (H-H) between the level of tourism 381 

urbanization and the carrying capacity of resources and the environment gradually decreased, and the 382 

number of regions with low-level coordination (L-L) and unbalanced (H-L or L-H) increased, further 383 

verifying that the high-quality development of tourism urbanization in the Yellow River Basin had a 384 

greater demand for resources and environmental input.  385 
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Note: X-Y model can be used to represent the combination type of tourism urbanization level and 386 

resources and environment carrying capacity, where X represents the tourism urbanization level and Y 387 

represents the level of resources and environment carrying capacity. The classification standard is 388 

shown in Fig.1 and Fig.4 389 

Fig.7 Combination types of tourism urbanization and resources and environment carrying capacity 390 

in the Yellow River Basin 391 

Fig.8 Spatial pattern of combination types of tourism urbanization and resources and environment 392 

carrying capacity in the Yellow River Basin 393 

Optimization strategies  394 

Empirical results in this paper indicate that in order to promote the sustainable development of tourism 395 

urbanization in the Yellow River Basin, decision makers and government officials formulate different 396 

and targeted regional strategies according to their development characteristics. Therefore, this paper 397 

proposes the following policy recommendations. 398 

Firstly, the findings from this research showed that the characteristics of spatial agglomeration of 399 

tourism urbanization in the Yellow River Basin are significant. Therefore, cross-regional cooperation in 400 

tourism urbanization could be actively promoted (Wang et al. 2017b). High-High agglomeration areas 401 

can break the traditional administrative boundary constraints, formulate the direction and goals of the 402 

overall tourism urbanization development, and build a unified system and mechanism. On this basis, 403 

the free flow and efficient allocation of various elements of tourism urbanization are further promoted, 404 

forming a new layout for the development of high-quality tourism urbanization with high-level cluster 405 

development and complementary advantages. 406 

   Secondly, the spatial differences of resources and environmental carrying capacity in the Yellow 407 

River Basin are significant, among which the high-value areas concentrated in Shandong Province. 408 
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Thus, the related departments could fully demonstrate the advanced demonstration role of Shandong 409 

Province and other eastern regions, accelerate the optimization of layout and the deconstruction of 410 

functions, and promote cities in the central and western regions where the utilization of resources and 411 

environmental conditions is not reasonable enough and sufficient to upgrade together. Decision makers 412 

could break down the system and mechanism barriers, increase the degree of openness, and attract 413 

high-end elements, so as to improve the resources and environment carrying capacity in a more 414 

comprehensive and coordinated manner.  415 

Thirdly, for the development of tourism urbanization in the whole river basin, the carrying 416 

capacity of resources and environment could be considered as rigid constraints in a forward-looking 417 

manner. To take the advantage of the opportunity of China's ecological civilization construction, the 418 

ecological civilization could be fully integrated into the entire process of tourism urbanization, and the 419 

development and protection of a compatible new tourism urbanization development model need to be 420 

explored (Zhang et al. 2020). Simultaneously, from the perspective of the natural environment, it is 421 

necessary to steadily strengthen the protective effect of the carrying capacity of resources and 422 

environment on the construction of tourism urbanization, realizing the coordinated development of 423 

tourism urbanization and the carrying capacity of resources and environment.  424 

Lastly, as the empirical results of space type division show, the resources and environment 425 

carrying capacity of the Yellow River Basin has a great restrictive effect on the current high-level areas 426 

of tourism urbanization, and the spatial correspondence between the two is weak. Therefore, H-L cities 427 

could promote the timely and rapid development of tourism urbanization under the new normal, 428 

improve relevant environmental standards, and tighten environmental access systems(Raza et al. 2021). 429 

Meanwhile, such cities can optimize the spatial layout of tourism urbanization according to the 430 

environmental carrying capacity and environmental quality, and strive to realize the "new normal of 431 

tourism urbanization", in order to become a typical demonstration area for the construction of 432 

eco-tourism livable cities. 433 

Conclusions  434 

In this study, with the Yellow River Basin as the research area and 2005, 2011, and 2018 as the 435 

research time nodes, GIS technology, spatial autocorrelation model and partition method were adopted 436 

to model and analyse the spatio-temporal pattern and matching relationship between tourism 437 

urbanization level and resources and environment carrying capacity. The main findings of this research 438 

is as follows:  439 

From the perspective of temporal and spatial patterns, the tourism urbanization level and resources 440 

and environment carrying capacity in the Yellow River Basin increased while there were significant 441 

regional differences. In terms of tourism urbanization evaluation, Shaanxi Province maintains the 442 

leading position, while Shanxi Province has great development potential. However, the characteristics 443 

of tourism urbanization in Inner Mongolia and Ningxia are not significant. As for the evaluation of 444 

resources and environment carrying capacity, the high value areas concentrated in Gansu, Inner 445 

Mongolia and Shandong provinces, while the low value areas concentrated in Shaanxi, Shanxi and the 446 
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southeast of Gansu Province. 447 

From the perspective of spatial autocorrelation, the level of tourism urbanization in the Yellow 448 

River Basin always had a significant positive spatial correlation, and the degree of agglomeration 449 

increased. However, the carrying capacity of resources and environment had a significant positive 450 

spatial correlation in 2011 and 2018. It failed to pass the significance level test in 2005, and was not 451 

statistically significant. Overall it was random distributed. The local autocorrelation LISA 452 

agglomeration map indicated that the local spatial autocorrelation between the tourism urbanization 453 

level and resources and environment carrying capacity was significant. Among them, the number of 454 

spatially positively correlated cities was more than that of negatively correlated cities, and the cities 455 

were spatially positively correlated on the whole. The positive correlation area and the negative 456 

correlation area showed a distinct distribution difference; the former was mostly concentrated, while 457 

the latter was mostly scattered. 458 

The coordination relationship between the tourism urbanization level and resources and 459 

environment carrying capacity in the Yellow River Basin was continuously adjusted. Areas with a 460 

positive interaction (H-H) between the level of tourism urbanization and the carrying capacity of 461 

resources and the environment were distributed in dots. Its number was small and dropped to zero. The 462 

number of regions with low-level coordination (L-L) and imbalances (H-L or L-H) increased. The 463 

carrying capacity of resources and the environment exhibited a greater restrictive effect on the current 464 

high-level areas of tourism urbanization, and the spatial correspondence between the two was weak.  465 

The results of this study have made substantial contributions to the development of comprehensive 466 

partitions and optimization strategies to achieve sustainable tourism urbanization in the Yellow River 467 

Basin, future research can be conducted in the following directions. First, the definition of the 468 

connotation of the tourism urbanization and resources and environment carrying capacity and the 469 

construction of the index system remain unclear. How to set a more standardized and effective 470 

evaluation mechanism based on the operating characteristics of the two systems still needs to be further 471 

discussed in follow-up research. Second, tourism urbanization, as a highly environment-dependent 472 

urbanization development model, has an inseparable relationship with the carrying capacity of 473 

resources and environment. How to describe the interaction effect and evolution process between the 474 

two from the micro level? How to define a reasonable scale of tourism urbanization development based 475 

on the threshold of resources and environmental carrying capacity? These complications merits further 476 

investigations in future research.  477 
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