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Abstract: Governmental attention towards the high-quality development of the Yellow River basin 

has brought new development opportunities for the hotel industry. This study aims to reveal the 

spatial-temporal evolution patterns and influencing factors of hotels in the Yellow River Basin from 

2012 to 2022, based on economic, social, and physical geographic data of 190,000 hotels in the Yellow 

River flowing. With the help of a GIS technology system, the spatial-temporal evolution patterns of 

all hotels, star hotels, and ordinary hotels were explored, respectively. Then, the significant influ-

encing factors of these patterns were revealed by using geographic detector and Person correlation 

analysis. The following conclusions were drawn: (1) the overall scale of the hotel industry in the 

Yellow River Basin expanded year by year, achieving rapid growth from 2016, and fluctuating 

around 2020 due to the impact of the novel coronavirus epidemic; the overall spatial distribution 

had significant regional differences, showing the structural characteristics of “southeast more, 

northwest less”; (2) there was a great difference in the degree of spatial autocorrelation agglomera-

tion among prefecture-level cities, and the degree of agglomeration of both the hotel industry as a 

whole and general hotels decreased year by year, showing a random distribution in 2022; star hotels 

were always distributed randomly. Additionally, a strong synergistic correlation was shown be-

tween the number of ordinary hotels and the number of star hotels in local space; (3) overall, the 

development of the hotel industry was significantly affected by seven factors: structural force, macro 

force, ecological force, internal power, consumption power, intermediary power, and external 

power. There were differences in the forces acting on different types of hotels, which gives a pattern 

recognition in-depth. 

Keywords: spatial-temporal evolution characteristic; influencing factor; hotel industry; star hotel; 

general hotel; Yellow River basin 

 

1. Introduction 

The Yellow River has always been the mother river of China, feeding hundreds of 

millions of people [1]. Since the reform and opening up, the economy in the Yellow River 

Basin has been developed rapidly and has become an important economic belt in China, 

which arouses the governmental and the public attention on its sustainable development 

[2,3]. In 2021, the Chinese government issued the “Outline of the Yellow River Basin Eco-

logical Protection and High-Quality Development Plan”, aimed to maintain the integrity 

of ecosystem in the Yellow River Basin, the rational resource allocation, and the relevance 

of cultural protection, inheritance, and promotion [4,5]. With the policies support of gov-

ernment, the protection and high-quality development of the Yellow River Basin is bound 

to achieve good rationality of resource allocation in various industries [6,7]. As one of the 

three pillar industries of tourism, the hotel industry provides accommodation services for 
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people. The development level of the hotel industry is one of the important factors in 

measuring the regional reception of the service industry [8,9]. In addition to providing 

accommodation and reception services, the hotel industry also plays a role in promoting 

local culture [10–12]. At present, the hotel industry in the Yellow River Basin is character-

ized by large quantity and scale, a wide range of service objects, and multiple hotel types. 

The increase of residents’ income raises the demand for better tourism experience and 

promotes a shift of the regional service industries from the expansion in scale and quantity 

to the improvement of quality [13]. However, the lack of reasonable planning and guid-

ance for future development also leads to the situation of disordered development. Espe-

cially in the period of corona-virus disease (COVID-19) pandemic, the hotel industry suf-

fered a huge negative impact [14–16]. In this situation, there are many challenges to 

achieve the sustainable development of the hotel industry [17]. 

With the implementation of ecological protection and high-quality development 

strategies in the Yellow River Basin, the construction projects of national cultural parks 

were implemented, and various prefecture-level cities promoted the development of the 

industry through the implementation of supply-side reform policies [18–20]. With the 

support of various policies, more than 2.3 billion trips were made in the Yellow River Basin 

in 2022. Based on the consolidation of tourism development, tourism industry develop-

ment planning is becoming more and more important, which puts forward higher require-

ments for the hotel industry. The service objects of the hotel industry are mainly tourists 

and businessmen, and the demand for service level is the main reason for accelerating the 

differentiation of hotel types [21–23]. The degree of hotel agglomeration is different 

among different cities. In particular, the development degree of high-end hotel industry 

is one of the manifestations of the level of urban modernization [24–26]. Therefore, the 

location characteristics of the hotel industry can be further revealed by studying the over-

all spatial evolution of different types of hotels and their correlations. 

In terms of the research areas, scholars mostly studied the spatial distribution char-

acteristics of the hotel industry from the national, provincial, city, and county scales [27–

35]. However, with the increasing importance of the protection and development of water 

system basins, there are more and more demands of the study on a complete single water 

system basin as the research area. Some scholars mostly took the hotel industry as a whole 

or one or two types of star-rated hotels and chain hotels as research objects [36–39], which 

needed the spatial heterogeneity of different hotels in-depth. In terms of research meth-

ods, scholars mostly used a single method for research [27,28,40], where the use of com-

prehensive methods was more effective to reveal the spatial-temporal evolution. As for 

the influencing factors, scholars conducted a large number of researches on selected fac-

tors such as tourism demands [4,29,41], consumer market [42,43], regional economic con-

ditions [16,44,45], infrastructure conditions [46–48], tourism resource endowment [49–51], 

environmental quality [52–54], and government investment [55–57]. However, at present, 

there is a lack of systematic screening of many data. Thus, it is possible to systematically 

explore the factors about the distribution of the hotel industry based on multiple sources 

of public data and to adopt multiple measurement methods. 

Based on existing information, it is found that governments around the world in-

creasingly attach importance to the river basins [58–61]. In China, the government will 

make a serious of development planning for the hotel industry in the Yellow River Basin. 

There are several urgent questions to be addressed, such as the following: What are the 

overall development and changes in the spatial layout of the hotel industry in the Yellow 

River Basin over the past 11 years? Furthermore, what are the factors that affect the macro 

level layout of the hotel industry? Therefore, this paper took prefecture-level cities in the 

Yellow River Basin as the basic research unit. Based on the POI data of all categories of 

hotel industry from 2012 to 2022, the hotel industry was divided into star hotels and ordi-

nary hotels (non-star hotels). Based on the vector data, the spatial analysis function of GIS 

software was used to systematically explore the spatial temporal pattern of hotel industry, 

star hotels, general hotels, and spatial autocorrelation agglomeration situation. Based on 
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the official data, SPSS24.0 software and excel software were used to carry out data analysis 

by Geographical detector and Pearson correlation analysis. The experimental results fully 

verified the driving effects and systematically revealed modes of the influencing factors. 

The combination of spatial analysis and measurement methods in this study can en-

rich the research methods and technical routes for the spatial structure relationship of the 

hotel industry in the river basin, and also contributed to enriching the spatial layout the-

ory of the service industry and the tourism spatial structure theory. Secondly, this study 

can help the government understand the characteristics of hotel location better by reveal-

ing the evolution characteristics and influencing factors of hotel location at the macro 

level, which could mainly provide an important scientific reference for the government in 

formulating industry development planning. Finally, it provides a unique reference path 

for planners when carrying out planning work in local areas. 

2. Materials and Methods 

2.1. Research Area and Object 

The Yellow River in the shape of “几” in Chinese, originated in the northern foothills 

of Bayankara Mountain on the Qinghai-Tibet Plateau, flows through Qinghai, Sichuan, 

Gansu, Ningxia, Inner Mongolia, Shanxi, Shaanxi, Henan, Shandong 9 provinces and re-

gions involving 84 prefecture-level cities. With a total length of 5464 km, The Yellow River 

is the second longest river in Asia [1–5]. It contains a variety of terrains, such as plateaus, 

hills, basins, and plains, with obvious differences in topography and geomorphology and 

an elevation range of more than 4000 m. The boundary point between the upper and mid-

dle reaches of the Yellow River is in Hekou Town of Inner Mongolia; the middle and lower 

reaches is in the Taohua Valley of Henan Province. The Yellow River Basin connects Kun-

lun Mountain in the west, Yin Mountain in the north, Qin Mountain in the south, Bohai 

Sea in the east, and central and western parts of China. The Yellow River Basin is an im-

portant ecological security barrier in China, as well as an important area for population 

activity and economic development, and has a pivotal strategic position in the national 

development and socialist modernization construction. A total of 84 prefecture-level cities 

that the Yellow River System flows through were taken as the research areas (Figure 1). 

 

Figure 1. The research area and its units. 

2.2. Research Data 

The data used in this study mainly contains the following aspects: (1) panel data of 

prefecture-level cities in the Yellow River Basin during 2012–2022 are from statistical year-

books and government communiques; (2) the location information of the hotel industry 

was mainly obtained from a map using Python technology; (3) vector data of the Yellow 

River Basin were obtained from the scientific data center of the lower Yellow River, and 

topographic and geo-data were downloaded from the spatial cloud platform. 
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2.3. Research Methods 

The research methods are mainly divided into two parts. (1) Using the data pro-

cessing, image visualization functions, and spatial analysis of GIS software, the spatial-

temporal evolution characteristics of the hotel industry and the spatial correlation of dif-

ferent types of hotels are revealed. Firstly, the data processing function is used to convert 

spatial coordinate point data into vector data, and according to research needs, the natural 

breaks method is used to divide into five levels for comparative analysis of differences 

between cities. Secondly, the image visualization function is used to visually display the 

quantity and density of the hotel industry in chronological order, and the overall distri-

bution characteristics are analyzed. Finally, the spatial analysis function is used to esti-

mate the elliptical distribution of the hotel industry to determine the spatiotemporal mi-

gration trend of the hotel industry, calculate the Moran index to determine the spatial 

agglomeration characteristics of the hotel industry, and conduct spatial correlation anal-

ysis to determine the spatial correlation of single or dual variables. (2) With the help of 

data management, statistical analysis, factor analysis, output management, and other 

functions of Excel and SPSS software, statistical and standardized processing of data is 

conducted, and the advantages of comparing multiple measurement methods in the two 

software to data processing are finally selected. Lastly, Geographic Detector and Pearson 

correlation coefficients were selected to systematically explore the driving factors affecting 

the distribution of the hotel industry and to obtain the driving force magnitude and action 

mode of each factor. 

2.3.1. Standard Deviation Ellipse 

Standard deviation ellipse (SDE) is a spatial statistical method used to quantitatively 

describe the overall characteristics of spatial distribution of geographic elements. This 

method takes the average distribution center of geographical elements as the center, the 

main trend direction of the distribution of geographical elements as the azimuth Angle, 

and the standard deviation of factors in the X and Y directions as the elliptic axis. By con-

structing the spatial distribution ellipse of geographical elements, the centrality, directiv-

ity, and spatial distribution form of geographical elements were described and explained. 

In this paper, ArcGIS software is used to construct the spatial distribution ellipse of the 

hotel industry from 2012 to 2022, which can be used to analyze the spatial and temporal 

migration trend of the hotel industry, ordinary hotels, and star hotels. SDE is shown as: 
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where SDEx and SDEy are the axis lengths in the x and y directions of the standard devia-

tion ellipse, respectively. The long axis is the direction with the most spatial distribution, 

while the short axis is the direction with the least spatial distribution. xi and yi are the 

coordinates of the hotel location; ),( YX  is the average center of hotel spatial distribution; 

n is the total number of hotels. 

2.3.2. Density Computing 

Density computing is an important algorithm to calculate the properties of a sub-

stance. The significance of different densities of a substance can indicate the differentiated 

properties. This paper uses ArcGIS software to calculate the distribution density of the 

hotel industry, which can be used to analyze the difference of the hotel industry density 

between cities. The calculation formula is as follows: 

i
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where ρ is the hotel density. The higher the density in prefecture-level cities, the more 

hotels per unit area are distributed. N is the number of hotels and S is the area of all cities. 

2.3.3. Spatial Autocorrelation 

Spatial autocorrelation reflects the potential interdependence of one or more varia-

bles in the same observation area and reveals the spatial distribution characteristics of the 

research object in the observation area. To reveal the spatial distribution characteristics of 

the hotel industry in the research area and the combination of global autocorrelation and 

local autocorrelation with the number of hotels or one or more indicators of the number 

of different types of hotels is more intuitive and significant. The method of combining 

global and local autocorrelations with single or multiple indicators is more intuitive and 

significant. Using a single value to reveal the autocorrelation degree of the whole obser-

vation area, the single indicator spatial autocorrelation is measured by Global Moran’s I 

as follows: 

1 1

1 1

( )( )

( )( )

n n

ij i j
i j

n n

ij i j
i j

n

I
w x x x x

w x x x x

= =

= =

− −

=

− −





— —

— —
 (3) 

where xi and xj represent the observed values of unit i and unit j respectively; x  is the 

average of the observed values of each unit; Wij is the distance weight matrix; N is the total 

number of units studied; the value range of Moran’s I index is [–1, 1]. The larger the value, 

the stronger the correlation between the number of hotels in the prefecture-level cities; I > 

0, positive correlation, I = 1, complete correlation; if I < 0, it shows negative correlation; if 

I = 0, it shows no correlation, that is, random distribution. Local spatial autocorrelation is 

to further explore the aggregation relationship between high and low values of indicators 

in space, and the formula is as follows: 

2
( )i

i j
i j

x x
x xI

s 

−
= −

—

—

 (4) 

where Ii represents the degree of local correlation between adjacent geographical units. 

The greater the value, the stronger the degree of correlation; when Ii > 0, it indicates that 

there is a positive correlation between the indicators of the prefecture-level city and the 

adjacent city in the observation area, and on the contrary, when Ii < 0, there is a negative 

correlation. S represents the sum of all elements of spatial weight matrix. 

2.3.4. Geographical Detector 

As a common statistical method, Geographical Detector aims to reveal a statistical 

method to explore the driving force behind the influence of multiple factors. This method 

can not only test the spatial difference of single variable, but also detect the possible causal 

relationship between the two variables by checking the consistency of the spatial distribu-

tion of the two variables. Among them, the factor detector is used to detect the explanatory 

power of a geographical factor on the spatial distribution difference of a certain index 

value p, and the interactive detection can effectively identify the interaction between dif-

ferent factors. Therefore, it is effective to explore the influencing factors of the spatial pat-

tern of the hotel industry by geographical detectors. The formula is as follows: 
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where q represents the degree to which factors explain the phenomenon of hotel quantity 

differentiation; H = 1, 2..., L, is the stratification of variables or factors, i.e., classification or 

partition; Nh and N are the unit number of layer h and the whole area respectively; σh and 

σ2 are the variances of the number of hotels in floor h and the whole area; SSW and SST 

are the sum of intra-layer variance and the total variance of the whole region. The value 

range of q is [0, 1]. The larger the value, the more obvious the spatial differentiation of the 

number of hotels. If the stratification is generated by P itself, the larger the q value is, the 

stronger the explanatory power of xi to P is, and vice versa. Q = 1 means that the differen-

tiation of dependent variable P is completely controlled by the independent variable x, 

and q = 0 means that x has no effect on the differentiation of P. 

2.3.5. Pearson Correlation Coefficient 

Pearson correlation coefficient is used to measure the linear relationship between 

fixed distance variables and the correlation between independent variables x and Y. It is 

widely used in the research of industrial development, urbanization construction, social 

welfare, rural settlements and other aspects to explore the correlation between independ-

ent variables and dependent variables in the same spatial region. 

22
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where R is Pearson coefficient, and the range is [–1, 1]; xi and xj represent the observed 

values of i variable and j variable respectively; x  is the average value of each variable; N 

is the number of observations. 

3. Characteristics of Spatial-Temporal Evolution of Hotels in the Yellow River Basin 

3.1. Characteristics of Spatial-Temporal Changes in Hotel Industry 

3.1.1. Temporal Evolving Characteristics 

In the past 11 years, the overall change trend of the total hotel numbers in the Yellow 

River basin has been relatively consistent with that of ordinary hotels, which had in-

creased significantly since 2016 and fluctuated in 2018–2020 due to the impact of the 

COVID-19. The overall number of star hotels shows a trend of rising first and then declin-

ing (Figure 2). In different periods, the total number of hotels in the Yellow River Basin 

has increased from more than 50,000 in 2012 to more than 180,000 in 2022. The number of 

ordinary hotels has increased from more than 50,000 to more than 180,000 in the ten years. 

The number of star-rated hotels has increased to more than 5000 from 2012 to 2018, but 

gradually decreased from 2018. Therefore, during the period of 2012–2022, the overall 

scale of the hotel industry in the Yellow River Basin has showed a trend of expansion, 

while the change of ordinary hotels and star hotels were significantly different. 
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Figure 2. Changes in the number of hotels in the Yellow River Basin from 2012 to 2022. 

3.1.2. Spatial Evolving Characteristics 

According to the statistics of the hotel industry from 2012 to 2022, the total number 

of hotels, the number of ordinary hotels and the number of star-level hotels are visualized 

in Figures 3–5, which reflect the differences in the spatial pattern of the hotel industry. In 

order to facilitate the description of the visualization results, Level I and Level II are di-

vided into low values, Level III is divided into median values, and Level IV and V are 

divided into high values. 

 

Figure 3. The spatial difference distribution of the total number of hotels in the Yellow River basin. 

The visualization results showed (Figure 3) that in 2012, the high-value areas were 

mainly located in the downstream areas, with Shandong Province as the main gathering 

area; the median areas were relatively scattered; low-value areas were mainly located in 

the upstream and midstream areas. Since then, high-value areas had gradually emerged 

in the upstream areas, the number of middle and high value areas increased, and the mid-

dle value areas gradually gathered towards the middle reach. By 2022, the middle value 

areas were mainly concentrated in the middle reach, and the low value areas were mainly 

located in the upper reach. The ratio of the first place to the last place changed from 42.28 
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times in 2012 to 102.75 times in 2022, indicating that the scale gap of the hotel industry in 

prefecture-level was wider gradually. To sum up, the hotel industry scale in the Yellow 

River Basin had large differences between the north and the south, and between the east 

and the west. The overall spatial distribution characteristics appear that “high in the east 

and low in the west, high in the south and low in the north”. 

The visualization result of ordinary hotels showed (Figure 4) that in 2012, the high-

value areas were mainly located in the downstream areas; the median area was relatively 

scattered; low-value areas were mainly the upstream and midstream areas. Since then, the 

number of high-value zones had gradually degraded in the original region, and the me-

dian zone first gathered in the middle areas and then dispersed, while the number of low-

value zones increased. As of 2022, only nine geographical units had high values, mainly 

distributed in the south of the middle and the lower areas of Shandong; the median area 

was scattered throughout the basin; low-value areas basically covered the upstream and 

midstream areas. Compared with the number of ordinary hotels in the geographical unit, 

it was found that the ratio of the first place to the last place changed from 42.57 times in 

2012 to 102.67 times in 2022, indicating that the gap in the number of ordinary hotels in 

local prefecture-level cities was also gradually widening. To sum up, the spatial change 

characteristics of the ordinary hotels in the Yellow River basin had the similar number 

with the total hotels, maybe due to the small difference between the two values. 

 

Figure 4. The spatial difference distribution of ordinary hotels in the Yellow River Basin. 

The visualization result of star hotels showed (Figure 5) that in 2012, the high-value 

areas were scattered throughout the basin, mainly in the provincial capitals or their near 

cities; the median area was mainly concentrated in the downstream area; the low value 

area mainly concentrated on the upstream area and the junction of the middle and down-

stream. Since then, the number of high-value zones fluctuated, the number of median 

zones increased, and new clusters emerged in the middle reach, while the number of low-

value zones decreased. By 2022, the high value areas showed a fragmented distribution, 

the low value areas decreased significantly, and the median areas increased significantly. 

Compared with the number of star hotels in geographical units, the ratio of the first to the 

last place changed from 319 times in 2012 to 106.67 times in 2022, indicating that the gap 

in the star hotels gradually decreased. To sum up, with the passage of time, the number 

of star hotels in the Yellow River Basin had the characteristics of large differences between 
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the east and the west, and the overall spatial distribution characteristics of “high in the 

east and low in the west”. 

 

Figure 5. The spatial difference distribution of star hotels in the Yellow River Basin. 

3.1.3. Spatial-Temporal Evolving Trend 

Using the Direct Distribution tool, the ArcGIS drew a SDE with the number of differ-

ent types of hotels in each city of the Yellow River basin as the weight, displayed the main 

regional changes of the spatial distribution of the hotel industry (Figure 6), and calculated 

the elliptical range and center of gravity coordinates of the spatial distribution of the hotel 

industry (Table 1). 

 

Figure 6. The spatial evolution characteristics of the hotel industry in the Yellow River Basin. 
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Table 1. Standard deviation ellipse calculation results. 

Class Year 

Standard Deviation Ellipse 

Area/10,000 

km2 

Gravity Center of 

Longitude (°E) 

Gravity Center of 

Latitude (°N) 

Major Axis 

Standard Devi-

ation/km 

Short Axis 

Standard Devi-

ation/km 

Azimuth An-

gle/(°) 

Hotel in-

dustry 

2012 68.82 113.09 36.15 789.46 277.54 89.34 

2014 64.55 112.69 36.00 755.17 272.12 88.93 

2016 65.98 112.51 35.97 764.77 274.66 88.54 

2018 65.69 112.71 35.93 766.49 272.83 88.49 

2020 64.32 112.76 35.85 751.44 272.48 88.02 

2022 63.41 112.71 35.81 744.59 271.11 88.03 

Ordinary 

hotels 

2012 68.75 113.12 36.14 789.68 277.17 89.37 

2014 64.23 112.69 35.99 754.07 271.17 88.92 

2016 65.90 112.52 35.96 764.76 274.32 88.54 

2018 65.51 112.73 35.93 765.27 272.54 88.50 

2020 64.12 112.77 35.85 750.12 272.13 88.00 

2022 63.20 112.73 35.81 743.26 270.70 88.00 

Star hotels 

2012 69.63 112.61 36.21 782.87 283.17 88.70 

2014 70.17 112.70 36.11 774.82 288.30 89.24 

2016 68.26 112.36 36.05 764.80 284.13 88.43 

2018 70.33 112.24 36.04 798.13 280.55 88.26 

2020 70.95 112.21 36.07 796.51 283.60 88.25 

2022 71.40 111.89 36.03 793.72 286.37 88.74 

(1) The focus of the hotel industry moved significantly. The center of the standard 

deviation ellipse reflects the center of gravity of the hotel industry in space. On the whole, 

the moving track of the center of gravity of the hotel industry’s spatial distribution 

showed that it moved first to the southwest and then to the southeast. In 2012, the distri-

bution center of the hotel industry was located in Changzhi City, Shanxi Province. In 2014, 

the center of gravity moved to Jincheng City. In 2016, the center of gravity continued to 

move to the southwest to Linfen City. In 2018–2022, the distribution center shifted to the 

southeast and all were located in Jincheng City. In terms of classification, the ordinary 

hotels and the hotel industry had the same overall changes; the center of gravity of star 

hotels showed a trend of moving to the southeast and then to the west, and the center of 

gravity position changed significantly. In 2012 and 2014, the distribution centers of star 

hotels were located in Changzhi City, Shanxi Province, with a trend of moving to the 

southeast. In 2016–2022, the center of gravity moved to the west on the basis of 2014, all 

located in Linfen City, Shanxi Province. The shift of all spatial distribution centers re-

flected their quantitative changes in the spatial pattern. 

(2) The spatial distribution area of the hotel fluctuated. The area of the standard de-

viation ellipse reflected the range of hotel spatial distribution, and the interior area of the 

ellipse was the main area of hotel distribution. On the whole, the overall spatial distribu-

tion area of the hotel industry in the Yellow River Basin was declining, with an area de-

crease of 7.86% in 2022 compared with 2012. In terms of classification, the spatial distribu-

tion area of ordinary hotels decreased by 8.07%; the spatial distribution area of star-rated 

hotels was fluctuating and rising, with an increase of 2.54% in 2022 compared with 2012. 

From the perspective of change trend, the elliptical space distribution range of different 

types of hotels presented different change trends, and the distribution area was signifi-

cantly different. 

(3) The spatial distribution of the hotel had been slightly adjusted. On the whole, 

from 2012 to 2022, the ellipse azimuth of the hotel industry in the Yellow River Basin 

showed a continuous downward trend, from 89.34° to 88.03°, and the ellipse azimuth of 
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ordinary hotels decreased from 89.87° to 88.00°, all of which showed a small counterclock-

wise rotation, indicating that the number of hotels located in the northeast or southwest 

of the interior of the ellipse increased; however, the azimuth of the elliptical spatial distri-

bution of star-rated hotels fluctuated, with little change in general. 

In summary, the changes in the elliptical gravity, spatial area, and azimuth indicate 

the overall expansion of the industry had undergone dynamic changes. Combining the 

characteristics of time change (Figure 2) and spatial evolution (Figure 5), the scale and 

center of gravity of the hotel industry and ordinary hotels showed a trend of moving to-

wards the southwest, indicating that the number of hotels in the western and southern 

regions increased higher; the reason why the elliptical gravity of star hotels moved west-

ward was due to a decreasing number of eastern hotels and an increasing number of west-

ern hotels. 

3.2. Characteristics of Hotel Industry Density Change 

The density value could reveal the difference in the number of hotels per unit area in 

the Yellow River basin (Figures 7–9). The area with high density value in the total number 

of hotels gradually shrunk and gradually concentrated in Henan Province and Shandong 

Province. From Figure 7 (in 2012), the maximum density value of the total number of ho-

tels in the Yellow River basin was 0.326/km2, which appeared in Qingdao, Shandong, and 

the minimum density value of the total number of hotels in the city was only 0.0003/km2 

in Yushu, Qinghai. The difference between the total area density of the two hotels was 988 

times. Since then, the hotel density value had fluctuated and increased. By 2022, the max-

imum value of hotel area density increased to 1.5 hotels/km2 in Xi’an, Shaanxi. The mini-

mum value of total hotel area density was only 0.001 hotels/km2, still in Yushu, Qinghai. 

The difference between the total area density of the two hotels was 2063 times, and the 

difference between the total area density of hotels further expanded. From the perspective 

of regional distribution, in 2012, 2014, and 2020, the medium-high value areas of the total 

area density of hotels widely distributed in Shaanxi, Shanxi, Henan and Shandong, with 

small regional differences. However, in 2016, 2018, and 2022, the areas with high and me-

dium density of hotels were relatively concentrated, mainly in Shandong and Henan. 

There were also areas with high density in other provincial capital cities, and most other 

cities had a low density. 

 

Figure 7. Comparison of the density values for the total amount of hotels (Individual/km2). 
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Ordinary hotels had the similar spatial distribution density with the total hotels. The 

fluctuation of the high-density distribution area was reduced and gradually concentrated. 

Figure 8 showed that in 2012, the maximum density of total hotels was 0.305/km2 in Qing-

dao, Shandong, and the minimum density of total hotels was only 0.0003/km2 in Yushu, 

Qinghai. The difference between the above densities was 947 times; since then, the density 

value of hotels in various cities fluctuated and increased, and the density difference be-

tween cities gradually expanded. By 2022, the max hotel density increased to 1.47 ho-

tels/km2 in Xi’an, Shaanxi. The min hotel density was only 0.001 hotels/km2 still in Yushu, 

Qinghai. The further expanded density difference was 2054 times. From the perspective 

of regional distribution, in 2012, 2014 and 2020, the areas with the middle and high total 

hotel density were widely distributed in Shaanxi, Shanxi, Henan and Shandong; however, 

in 2016, 2018 and 2022, the areas with high and medium total hotel density relatively con-

centrated, mainly in Shandong and Henan. There were also areas with high total density 

in other capitals, and most other cities had low total density. In general, the ordinary hotel 

density in the Yellow River Basin and the total density maintained the same trend. 

 

Figure 8. Comparison of the density value of ordinary hotels (Individual/km2). 

The regional difference of star hotels fluctuated slightly, and the city density in-

creased first and then decreased. Figure 9 indicated that during 2012–2022, the high-den-

sity areas of star hotels were mainly in the provincial capitals, while the sub-high-density 

and medium-density areas were around these capitals. In addition, Henan in the lower 

reach had a large population density and relatively developed economy, and the star hotel 

density was relatively high. However, in the Qinghai-Tibet Plateau and the north-central 

Loess Plateau, the star hotel density was lower due to the low population density and 

economy. The star hotel density in 2012 was 0.03/km2 in Zhengzhou City, Henan. Since 

then, the star hotel density had gradually increased in 2014 and 2016. By 2016, the maxi-

mum star hotel density was 0.056/km2 in Xi’an, Shaanxi. After 2016, the star hotel density 

had gradually decreased in the whole. By 2022, the maximum density of star hotels re-

duced to 0.031/km2. Thus, the star hotel density and the total density had the same trend. 
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Figure 9. Comparison of the density value of star hotels (Individual/km2). 

To sum up, through the above comparative analysis, it was found that the areas with 

high and sub-high densities were mainly in Henan, Shandong, and other provincial capi-

tals, the areas with medium-density and lower-density were mainly in the northern part 

of the Loess Plateau in the middle reach, and the lowest-density areas were mainly in the 

areas with high altitude and small population in the upper reach. The city-level units with 

higher areal density clustered. 

4. Spatial Correlation Analysis of Hotel Industry 

In order to further explore the spatial and temporal distribution correlation, this pa-

per used the spatial autocorrelation analysis function of ArcGIS software and GeoDa soft-

ware, to discover differences of the hotel industry, the cold and hot areas, the global and 

local spatial correlation of various types of hotels, with the weight of the number of hotels. 

4.1. Characteristics of Spatial-Temporal Changes in Hotel Industry 

According to the Moran’s I index of global spatial autocorrelation (Table 2), there 

were significant differences in the global spatial autocorrelation characteristics. From 2012 

to 2022, the global Moran’s I value of the total hotels and ordinary hotels showed a fluc-

tuating downward trend, and the global spatial autocorrelation Z value of the total hotels 

and ordinary hotels in 2022 was less than 1.65, indicating that the aggregation degree of 

the total hotels and ordinary hotels between geographical units gradually declined and 

showed a random distribution trend in 2022. The Z values of the global spatial autocorre-

lation of star hotels were between [−1.65, 1.65]. The Moran’s I had positive and negative 

values in different years, which indicated the weak degree of spatial agglomeration of star 

hotels and a random distribution state. The star hotel discretization had a spatial negative 

autocorrelation and the star hotel agglomeration had a positive spatial correlation. 
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Table 2. Global spatial autocorrelation features. 

Class Year Moran’s I Z P Distribution 

Hotel industry 

2012 0.201177 4.819515 0.000001 Clustering 

2014 0.101697 2.671360 0.007554 Clustering 

2016 0.062153 1.779940 0.075086 Clustering 

2018 0.086159 2.246331 0.024683 Clustering 

2020 0.060036 1.695751 0.089933 Clustering 

2022 0.046080 1.373458 0.169610 Radom 

Ordinary hotel 

2012 0.218517 5.207433 0.000000 Clustering 

2014 0.107996 2.816145 0.004860 Clustering 

2016 0.065797 1.865091 0.062169 Clustering 

2018 0.089881 2.329298 0.019843 Clustering 

2020 0.061583 1.732312 0.083218 Clustering 

2022 0.047504 1.407161 0.159380 Radom 

Star hotel 

2012 −0.007499 0.106322 0.915327 Radom 

2014 −0.005379 0.154740 0.877026 Radom 

2016 −0.016586 −0.109942 0.912456 Radom 

2018 0.007186 0.446737 0.655065 Radom 

2020 0.012920 0.577092 0.563877 Radom 

2022 −0.009336 0.063035 0.949739 Radom 

4.2. Local Spatial Autocorrelation Analysis 

4.2.1. Analysis on the Difference of LISA Spatial Agglomeration 

The same type of agglomeration areas was concentrated, and the different types of 

agglomeration in different regions were significantly different. Figure 10 showed that in 

2012, the total number of hotels was nine cities with high-high concentration areas, all of 

which were distributed in Shandong at the lower reach. Four low-high concentration cities 

were distributed surround high-high areas, where the current city had few hotels but the 

surrounding had many hotels. There were three high-low concentration cities as provin-

cial capitals, Zhengzhou, Lanzhou and Xining. There were 13 low-low agglomeration cit-

ies mainly in the upper reach. In the middle and lower reaches, only Jinzhong, Shanxi, 

was a low-low agglomeration city. In total, there were 55 cities with the most non-signifi-

cant agglomeration types. In the following years, the number of high-high agglomeration 

areas fluctuated and decreased and the number of non-significant agglomeration areas 

increased gradually. By 2022, there were only three cities with high-high concentration, 

Weifang, Rizhao and Yantai in Shandong. High-low concentration cities were only Lan-

zhou and Xining. Low-high concentration cities changed to Zibo, Dongying and Weihai 

in Shandong, Sanmenxia in Henan and Shangluo in Shaanxi. The number of low-low con-

centration areas were stable, but the distribution area changed slightly the fluctuation of 

insignificant cities increased to 62. 
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Figure 10. The LISA spatial agglomeration difference of the total number of hotels. 

Total hotels and ordinary hotels had the similar spatial distribution relatively, which 

meant that the same type of agglomeration in the same region, and different regions had 

the significant different agglomeration. Figure 11 implied that in 2012, 9 cities in Shandong 

had high-high concentration of ordinary hotels in the lower reach. Four cities in Shandong 

of low-high concentration were in the periphery areas, which meant that the current city 

had few hotels but the surrounding cities had more hotels. The three cities with high-low 

agglomeration were provincial capitals and 12 low-low agglomeration cities mainly con-

centrated in the upper reach, where only Jinzhong with a low-low agglomeration in the 

middle reach. 56 cities had the most non-significant agglomerations in total. In the follow-

ing years, the number of high-high agglomeration areas decreased, while the number of 

non-significant agglomeration areas increased gradually. By 2022, only three cities in 

Shandong had high-high concentration. High-low concentration cities were only Lanzhou 

and Xining. Low-high concentration cities changed to Zibo, Dongying and Weihai in 

Shandong, Sanmenxia in Henan, and Shangluo in Shaanxi. The distribution of low-low 

concentration areas changed slightly. The fluctuation of insignificant cities increased to 

62, and the spatial distribution of different agglomeration changed greatly. 
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Figure 11. The LISA spatial agglomeration difference of ordinary hotels. 

The clustering of star hotels was different and more dispersed. Compared with other 

types, star hotels had more different distribution in different years and regions, where the 

low-low areas were further narrow. Figure 12 showed that in 2022, 73 cities had an insig-

nificant clustering and only 11 cities had significant clustering. Four cities with high-high 

concentration all located in Shandong Peninsula and three cities had high-low agglomer-

ation, such as Xi’an and Lanzhou. Shangluo, closed to Xi’an, was the only city with low-

high concentration is City. Xi’an had many star hotels while Shangluo had few star hotels, 

so it was a low-high concentration area. There were also three low-low concentration ar-

eas. Since then, the number of cities had fluctuated, but the distribution areas of different 

agglomeration types changed significantly. By 2022, there were 74 cities with insignificant 

agglomeration. High-high concentration cities all in Shandong were reduced to 2. There 

were still three cities with high-low concentration, but the distribution area changed to 

three provincial capitals. Cities with low-high agglomeration added Rizhao and Weihai 

in Shandong. There were only two low-low agglomeration cities. 
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Figure 12. The LISA spatial agglomeration difference of star hotels. 

4.2.2. Cold and Hot Spot Analysis 

The total number of cold spots decreased first and then increased, the number of non-

significant areas increased first and then decreased, the total number of hot spots re-

mained stable, and the number of hot spots at different levels changed significantly. Fig-

ure 13 presented that in terms of regional distribution, the cold spots were mainly concen-

trated in the transition zone from the first ladder to the second ladder of China’s terrain, 

the hot spots were mainly concentrated in the downstream Shandong Peninsula, with the 

most inconspicuous cities and the widest area distribution. There was no first-level cold 

spot in the total number of hot spots and cold spots. The number of level II cold spots was 

only 1 In 2012, which disappeared in 2014 and 2016, and appeared 3 in 2018–2022. The 

number of level III cold spots was 9, 7, 5, 7 in 2014, 2016, 2012, and 2018–2022 respectively. 

The number of non-significant cities increased gradually in 2012–2016, and then kept the 

similar level in 2018–2022. The number of level III hot spots increased slightly in the past 

decade; the number of secondary hot spots increased from 2 in 2012 to 6 in 2022. The trend 

of the first-level hot spots was opposite to that of the second-level hot spots, from 10 in 

2012 to 4 in 2022. Based on the above analysis, the number of hot spots basically remained 

stable in the past decade, but the number of primary and secondary hot spots increased 

and decreased significantly. 
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Figure 13. Space distribution of cold hotspots of the total number of hotels. 

Figure 14 indicated that the cold spots of ordinary hotels are highly consistent with 

the distribution of total hotels. The number of cold spots decreased first and then in-

creased. The number of non-significant areas and cold spots kept the opposite change 

trend, while the total number of hot spots remained stable. However, the number of hot 

spots in different grades changed significantly. The distribution of primary cold spots and 

primary hot spots was most concentrated, and there were secondary and tertiary cold 

spots around the primary cold spots. 

 

Figure 14. Space distribution of cold hotspots of ordinary hotel. 
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The cold spot area and non-significant area of star hotels and the total number of hot 

spots remained stable. The number of hot spots of different grades fluctuated greatly. Fig-

ure 15 showed only one third-level cold spot area in Dingxi, Gansu in 2014 and no cold 

spot in other years. The number of non-significant regions also remained stable, with 76 

in 2012 and 75 in 2014–2022; in 2012 and 2014, the hot spots were all concentrated in the 

Shandong Peninsula, and in other years, the hot spots were also mainly concentrated in 

the Shandong Peninsula. Only in 2016, Sanmenxia in Henan, Shangluo in Shaanxi, and 

Shangluo in Shaanxi, from 2018 to 2022, were the third-level hot spots. There was only one 

third-level hot spot in 2012 and 2014, rising to five in 2016, and remaining at two in 2018–

2022. The number of secondary hot spots increased from 4 to 6 in the decade from 2012 to 

2022. Contrary to the change trend of secondary hotspots, the number of primary hotspots 

decreased from three to only one in the last decade. 

 

Figure 15. Space distribution of cold hotspots of star hotels. 

4.3. Bivariate Spatial Correlation Analysis 

4.3.1. Bivariate Global Spatial Autocorrelation Analysis 

In order to further explore the spatial-temporal distribution correlation of the hotel 

industry in the Yellow River basin, a bivariate global spatial correlation analysis was car-

ried out for two types of hotels to obtain the global spatial correlation characteristics (Table 

3). The results showed that, except for the results in 2016, the p value was greater than 

0.05, the other results were less than 0.05, indicating that the confidence of the calculated 

results of bivariate spatial correlation in 2012–2022 was greater than 90%. Moran’s I is 

greater than 0, 1.96 > Z > 1.65, indicating that the two variables have strong positive spatial 

correlation. 
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Table 3. Bivariate global spatial autocorrelation features. 

Class Year Moran’s I Z P 

Bivariate global 

Moran’s I 

2012 0.1397 2.3301 0.022 

2014 0.1200 1.9889 0.035 

2016 0.1018 1.7137 0.057 

2018 0.1477 2.3578 0.022 

2020 0.1505 2.4071 0.019 

2022 0.1104 1.8124 0.046 

4.3.2. Bivariate Local Spatial Autocorrelation Analysis 

The results of bivariate local spatial correlation analysis showed (Figure 16) that the 

distribution of ordinary hotels and star hotels in the Yellow River basin had different de-

grees of correlation, among which the number of units with significant synergy accounts 

for 14.3%, 14.3%, 13.1%, 10.7%, 13.1%, and 8.3%, respectively. The distribution of regions 

with significant relationship was relatively fixed in the Yellow River basin. High-high sig-

nificant areas were mainly distributed in Shandong, and low-low significant areas were 

mainly distributed in Qinghai and surrounding prefecture-level cities at the upper reach. 

High-low significant areas were mainly concentrated in Gansu and Sichuan. Shangluo, 

Shanxi, always was a low-high significant area. In significant regions, the distribution of 

the number and scale of the two hotels shows a cooperative development relationship, 

with a trend of common growth or extinction, while in non-significant regions, the rela-

tionship between the growth and extinction of the number and scale of the two hotels was 

not obvious. 
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Figure 16. The LISA space agglomeration difference between ordinary hotels and star hotels. 

5. Quantitative Analysis of Influencing Factors of Hotel Industry 

5.1. Construction of Influencing Factor Indicator System 

The formation of the development and distribution pattern of the hotel industry in 

the Yellow River basin resulted from a joint action of many factors. Based on 120 attribute 

data and spatial vector data related to urban social, economic, and natural records, the 

database required for this study was constructed. Based on the existing literatures, 38 re-

lated factors, excluding 12 unimportant factors were analyzed by using econometrics and 

geography related methods. Based on the number of total hotels, ordinary hotels, and star 

hotels, some factors were selected such as GDP, total tourism income, total fixed asset 

investment, the number of national scenic spots, the annual average concentration of PM 

2.5, population density, per capita GDP, total retail sales of social consumer goods, the 

number of students in colleges and universities, the proportion of the tertiary industry, 

passenger transport volume, road density, the number of inbound tourists, the actual use 

of foreign capital, and 16 other indicator factors, to build an indicator system that affects 

the distribution and development of the hotel industry. The index factors that affect the 
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development of the hotel industry were divided into seven major influencing factors: 

structural force, macro force, ecological force, internal power, consumption power, inter-

mediary force, and external power (Table 4). The geographical detector and Pearson cor-

relation analysis method were selected to combine the advantages of the two methods in 

data processing, which can also mutually verify the experimental results. 

Table 4. Indicator variables and descriptions. 

Factors 
Variable Name Variable Meaning Unit 

Number of All Hotels (Y) Total Number of Urban Hotels Number 

Structural force 

Number of ordinary ho-

tels (x1) 
Number of urban general hotels Number 

Number of star hotels (x2) Number of urban star hotels Number 

Macroscopic 

force 

GDP(x3) 

The annual urban final output value of 

production activities of all permanent 

units 

100 million 

yuan 

Total tourism revenue (x4) 
The annual total revenue of urban tour-

ism 

100 million 

yuan 

Total investment in fixed 

assets (x5) 

The sum of money terms for the work 

and costs associated with the construc-

tion and acquisition of fixed assets 

100 million 

yuan 

Ecological force 

The number of national 

scenic spots (x6) 
The number of national scenic spots Number 

The annual mean concen-

tration of PM 2.5 (x7) 

Average daily PM 2.5 concentration of 

over a one-year period 

Micrograms 

per cubic 

meter 

Internal power 

Density of population (x8) 
Ratio of total population to administra-

tive area 
Person/km2 

Per capita GDP (x9)  Per capita GDP by city for the year 
10 thousand 

yuan 

Consumption 

power 

Total retail sales of con-

sumer goods (x10) 

The total amount of consumer goods 

sold directly to urban and rural resi-

dents and social groups in various sec-

tors of the national economy 

100 million 

yuan 

The number of students 

enrolled in colleges and 

universities (x11) 

Total number of students in prefecture-

level institutions of higher learning 

10 thousand 

people 

The proportion of tertiary 

industry (x12) 

Proportion of output value of service in-

dustry in total output value 
% 

Mediating force 

Passenger traffic (x13) 

The annual average number of passen-

gers transported per kilometer by vari-

ous modes of transport 

 

Road density (x14) 
The ratio of the total road area in the city 

to the district area 
- 

External power 

Inbound tourist arrivals 

(x15) 
The number of tourist visits in a year 

10 thousand 

people 

Actual utilization of for-

eign capital (x16) 

The funds that have been received and 

put into commercial operation in the in-

vestment projects of foreign commercial 

companies in prefecture cities 

10 thousand 

dollars 

5.2. Comparison of Driving Forces of Influencing Factors 

The results of single-factor explanatory power and double-factor interaction output 

by the geographical detector showed that (Table 5): the single-factor explanatory power 

from high to low was x1 > x2 > x10 > x3 > x4 > x5 > x11 > x15 > x16 > x13 > x8 > x6 > x14 > x9 > x7 > x12, and 
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both were significant at the level of 1%. The comprehensive explanatory power of the in-

teraction of two factors are higher than that of a single factor. Compared with single factor 

alone, the q value of double factor interaction was improved to some extent. In the two-

factor interaction results, the number of ordinary hotels (x1) had the strongest impact on 

other factors, and the interaction q value had increased compared with the single-factor 

effect. The interaction between the number of star hotels (x2) and other factors was second 

only to the number of ordinary hotels (x1), which comprehensively explained that the re-

sult was multiple times higher than that of other single factors. The results showed that: 

(1) the hotel industry in the Yellow River basin was affected by many factors, and the 

comprehensive detection results of single factor detection and double factor interaction 

can better explain the change of the total number of hotel industry; (2) after the interaction 

of each influencing factor, it mainly presented the type of interaction enhanced by two 

factors, and the interaction value was higher than any single factor; (3) after the interaction 

of a small influence factors, the interaction type showed nonlinear enhancement. The in-

teraction value was greater than the sum of the two factors, and the interaction result pro-

duced a “1 + 1 > 2” effect. 

Table 5. The results of geographical detectors influence factors 

Index x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 

x1 0.938 ***                

x2 0.948 0.697 ***               

x3 0.942 0.768 0.646 ***              

x4 0.942 0.758 0.736 0.637 ***             

x5 0.945 0.772 0.684 0.739 0.616 ***            

x6 0.942 0.722 0.712 0.665 0.682 0.190 ***           

x7 0.946 0.748 0.689 0.664 0.659 0.325 0.123 ***          

x8 0.945 0.747 0.694 0.710 0.658 0.452 0.396 0.235 ***         

x9 0.943 0.713 0.677 0.664 0.637 0.373 0.312 0.453 0.156 ***        

x10 0.945 0.798 0.706 0.737 0.713 0.744 0.728 0.728 0.696 0.683 ***       

x11 0.944 0.739 0.697 0.698 0.699 0.618 0.609 0.609 0.590 0.720 0.545 ***      

x12 0.943 0.722 0.681 0.657 0.672 0.294 0.354 0.515 0.391 0.700 0.572 0.099 ***     

x13 0.943 0.750 0.695 0.689 0.645 0.383 0.351 0.459 0.491 0.715 0.608 0.378 0.251 ***    

x14 0.943 0.785 0.706 0.728 0.672 0.420 0.377 0.509 0.503 0.744 0.702 0.373 0.364 0.182 ***   

x15 0.945 0.767 0.724 0.667 0.705 0.565 0.572 0.598 0.624 0.741 0.654 0.616 0.578 0.627 0.530 ***  

x16 0.942 0.718 0.671 0.676 0.643 0.472 0.520 0.523 0.474 0.721 0.613 0.509 0.548 0.621 0.642 0.411 *** 

The orange area indicates the explanatory ability of single factor, and *** respectively indicate that 

the detection result of single factor is significant at the level of 1%. The yellow and green area rep-

resents the comprehensive explanation of the interaction of two factors, where yellow indicates in-

teraction type as bifactor enhancement and the green indicates interaction type as non-linear en-

hancement. 

5.3. Correlation of Influencing Factors 

Pearson correlation analysis method was used to explore the effect of influencing fac-

tors on the number of total hotels, ordinary hotels, and star hotels. The significance prob-

ability test and correlation degree division were conducted according to Pearson correla-

tion coefficient standard (Table 6). Among them, the correlation coefficient of each factor 

was greater than 0 and significant at the 1% level, so the zero hypothesis was rejected. 

Therefore, the relationship between 16 independent variables and dependent variables is 

positive correlation. The results showed that: 

1. Structural force factors. The hotel industry is composed of various types of hotels, 

and it cooperatively develops and improves the urban service industry chain. In or-

der to meet the needs of different consumer groups, the hotel industry has developed 

a variety of service products, thus gradually forming different types of hotels [62]. 

The development of all kinds of hotels in the hotel industry in the Yellow River basin 

is significantly and positively driven by indicator factors. 
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2. The correlation strength of the influencing factors on the three dependent variables 

is different. On the whole, the intensity level of the influence factors on the total num-

ber of hotels and the number of ordinary hotels is similar, but compared with star 

hotels, the correlation intensity is significantly different; for the same factors, the de-

velopment of different types of hotels is affected differently. For example, population 

density (x8) has a moderate correlation with ordinary hotels (0.470), but a weak cor-

relation with star hotels (0.369). 

3. In the process of rapid development of the hotel industry, the correlation coefficient 

between the number of ordinary hotels and the number of star hotels is 0.813, indi-

cating that there is a strong correlation between the dynamic changes of the numbers, 

indicating that there is a promotion relationship between the development of differ-

ent types of hotels. All figures and tables should be cited in the main text as Figure 1, 

Table 1, etc. 

Table 6. Pearson Results of the correlation factor analysis. 

Variable 
Total Number of Hotel Industry Number of Ordinary Hotels Number of Star Hotels 

R1 Strength Level R2 Strength Level R3 Strength Level 

x1 0.968 ** Very strong correlation — — — — 

x2 0.827 ** Very strong correlation 0.813 ** Very strong correlation — — 

x3 0.776 ** strong correlation 0.786 ** strong correlation 0.747 ** strong correlation 

x4 0.770 ** strong correlation 0.768 ** strong correlation 0.751 ** strong correlation 

x5 0.757 ** strong correlation 0.750 ** strong correlation 0.684 ** strong correlation 

x6 0.430 ** 
moderate degree correla-

tion 
0.413 ** 

moderate degree correla-

tion 
0.523 ** 

moderate degree correla-

tion 

x7 0.260 ** weak correlation 0.278 ** weak correlation 0.168 ** weak correlation 

x8 0.462 ** 
moderate degree correla-

tion 
0.470 ** 

moderate degree correla-

tion 
0.369 ** weak correlation 

x9 0.369 ** weak correlation 0.361 ** weak correlation 0.452 ** 
moderate degree correla-

tion 

x10 0.793 ** strong correlation 0.795 ** strong correlation 0.711 ** strong correlation 

x11 0.737 ** strong correlation 0.734 ** strong correlation 0.734 ** strong correlation 

x12 0.307 ** weak correlation 0.299 ** weak correlation 0.386 ** weak correlation 

x13 0.484 ** 
moderate degree correla-

tion 
0.469 ** 

moderate degree correla-

tion 
0.397 ** 

moderate degree correla-

tion 

x14 0.424 ** 
moderate degree correla-

tion 
0.421 ** 

moderate degree correla-

tion 
0.255 ** weak correlation 

x15 0.707 ** strong correlation 0.708 ** strong correlation 0.651 ** strong correlation 

x16 0.604 ** strong correlation 0.597 ** 
moderate degree correla-

tion 
0.584 ** 

moderate degree correla-

tion 

N 420 

**  respectively indicate that the detection results of single factor is significant at the level of 1%; 

R∈[0.8, 1], Very strong correlation; R∈[0.6, 0.8], strong correlation; R∈[0.4, 0.6], moderate degree 

correlation; R∈[0.2, 0.4], weak correlation; R∈[0, 0.2], very weak or no correlations; "—" indicates 

no data. 

6. Discussion 

As the pillar industry of China’s tertiary industry, the hotel industry is an important 

reception service industry. The spatial-temporal evolution patterns of the hotel industry 

in the Yellow River basin show that there are great differences in the development of the 

scale of the hotel industry in different cities. The research results enrich the research meth-

ods and technical routes of the structural relationship of the hotel industry in large re-

gions. For the government, it can provide a scientific reference for the formulation of the 
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spatial development planning of the hotel industry and also provide a reference for the spa-

tial planning and layout of the hotel industry in other regions. It is helpful to enrich the 

spatial layout theory of service industry and the spatial structure theory of tourism. Com-

bined with the quantitative analysis results, the seven factors identified were analyzed. 

1. Structural force factors. The hotel industry is composed of various types of hotels, 

and it cooperatively develops and improves the urban service industry chain. In or-

der to meet the needs of different consumer groups, the hotel industry has developed 

a variety of service products, thus gradually forming different types of hotels [62]. 

2. Macro factors. The relatively high GDP level of the city indicates that the industrial 

development environment is good, and business activities are frequent. Foreign busi-

nessmen provide a stable consumer group for the development of the hotel industry. 

Fixed asset investment can improve the production and service capacity of the city 

and provide basic means of production for the development of the hotel industry. 

Tourism revenue is an important source of regional economic growth [63]. Affected 

directly by the number of inbound tourists, the increasing in the number of tourists 

forces the scale of the hotel industry to continue to expanding. 

3. Ecological factors. The hotel industry is an important supporting industry for the 

construction of national scenic spots, which are also the most popular tourist desti-

nations. The number of national scenic spots owned by the region represents the 

main competitiveness of the regional tourism industry, and is the key factor to attract 

tourists, thus driving the development of the hotel industry. The annual average con-

centration of PM 2.5 reflects the urban ecological environment and is an important 

consideration factor for attracting foreign people to live or travel temporarily. 

4. Internal dynamic factors. Population is the main service body of the hotel industry. 

The increase of population density provides the possibility for the hotel industry to 

expand market space and create market opportunities. The higher the urban popula-

tion density, the greater the market demand capacity of the hotel industry. GDP per 

capita reflects the purchasing power of regional residents, which can effectively build 

the supply-demand relationship of “consumer-hotel industry” and is the internal 

driving force for the development of regional hotel industry. 

5. Consumption power factor. The proportion of the gross output value of the tertiary 

industry represents the overall scale expansion of the regional service industry. The 

reception provided by the hotel industry is the key link for various entities to carry 

out official business, business, tourism, and other service activities. The retail sales of 

social consumer goods reflect the material input of local residents in their daily life, 

as well as the cost of some companies, enterprises and social organizations to hold 

commercial and social activities. The larger the total amount, the faster the circulation 

of goods in the region, and the market demand for high-quality reception services. 

6. Intermediary factors. The passenger traffic volume and road density respectively re-

flect the regional traffic capacity and the improvement level of road facilities. This 

provides convenient transportation for people to go out and carry out life and enter-

tainment activities, and also provides intermediary conditions for consumers to go 

to hotels. 

7. External power factor. The cross-regional tourism consumption of tourists involves 

clothing, food, accommodation and transportation. The accommodation services 

provided by the hotel industry can meet the short-term accommodation needs of for-

eign tourists [64], which is also an important reason why the development of the hotel 

industry in various cities is driven by tourism. The amount of foreign capital actually 

utilized can reflect the regional investment environment, as a catalyst for regional 

economic development, accelerate economic growth and promote the development 

of the hotel industry. 

In order to solve the research problems of the space structure of hotels at the prefec-

ture-level cities, promote the coordinated development of the hotel industry in the Yellow 
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River Basin in practice, and achieve the ultimate goal of high-quality and sustainable de-

velopment of the industry, the following suggestions are put forward, through exploring 

the space-time evolution characteristics and influencing factors of the hotel industry from 

the perspective of the space of prefecture-level cities: 

1. Under the governmental leadership, industries can optimize the allocation of re-

sources in the accommodation industry in combination with major regional develop-

ment strategies and undertake the upper planning. The development of the accom-

modation industry reflects the image and function of the city. It should be closely 

combined with the ecological protection and high-quality development strategy of 

the Yellow River basin, the construction project of the Yellow River Cultural Park, 

and the regional tourism development plan. It should integrate the scale, quantity, 

service quality, spatial layout, and urban functions, and actively integrate into the 

“one blueprint” of the land and space planning, and make reasonable planning, make 

all types of hotels in the accommodation industry develop harmoniously within the 

regional space. 

2. Under the governmental leadership, the number of different types of hotels should 

be reasonably allocated, the product menu should be optimized for consumers, the 

needs of different consumer groups should be met, and the reception services such 

as tourism, business and trade should be carried out well to avoid homogeneous 

competition. The spatial layout of the future planning and construction of the accom-

modation industry in the Yellow River basin should adhere to the principle of “mar-

ket-oriented and people-oriented” in terms of location selection, capital investment, 

land use index division, infrastructure and supporting facilities construction, fully 

consider market demand, standardize market prices, improve service levels, and 

avoid resource waste caused by homogeneous competition within the region. 

7. Conclusions 

Based on the POI data of the hotel industry in the Yellow River Basin from 2012 to 

2022 and the panel data of prefecture-level cities, this paper took 84 cities as the basic 

research unit, by using GIS software, SPSS24.0 software and Excel software, and computer 

visualization technology, geographic detector and Pearson correlation analysis method to 

systematically explore the spatial-temporal distribution pattern and spatial auto-correla-

tion concentration trend of the hotel industry, star hotels and ordinary hotels. The study 

also revealed the driving force and action mode of the influencing factors. The conclusions 

are as follows: 

1. The scale of the hotel industry in the Yellow River Basin is undergoing continuous 

and dynamic changes, and there are significant differences in the comparison be-

tween the upstream, midstream, and downstream areas. From 2012 to 2022, the scale 

of the hotel industry in various cities in the Yellow River Basin expanded year by 

year, and the total number achieved rapid growth since 2016. The number and scale 

of hotels in prefecture-level cities were characterized by “more in the southeast and 

less in the northwest” in spatial distribution. The lower reaches of the Yellow River 

basin were mainly high value clusters of various types of hotels, the upper reach had 

mainly low clustering, and the middle reach were gradually becoming the clusters of 

central value regions. The uneven gap was gradually widening in the process of 

space-time evolution. However, there were differences in the number of different 

types of hotels. The space-time evolution characteristics of ordinary hotels were sim-

ilar to those of the hotel industry, but the number of star hotels showed a trend of 

first increasing and then decreasing, and the numerical gap between prefecture-level 

cities is narrowing. 

2. The agglomeration degree of hotel industry and ordinary hotels among prefecture-

level cities in the Yellow River Basin decreased year by year, and presented a random 

distribution in 2022, while the spatial agglomeration degree of star hotels always was 
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a weak random distribution. During the dynamic development of the hotel industry, 

there were continuous hot spots and cold spots. The hot spots were mainly distrib-

uted in some prefecture-level cities with good social and economic development in 

Shandong Province, Henan Province and Sichuan Province, while the cold spots 

were mainly located in parts of Qinghai Province and Gansu Province in the west. In 

addition, the number of ordinary hotels and the number of star-rated hotels had a 

strong synergy in the local space. 

3. The total number of hotels, the number of ordinary hotels, and the number of star-

rated hotels in cities across the Yellow River basin were positively driven by various 

factors and the degree of influence is different. On the whole, the development of the 

hotel industry was significantly affected by seven factors (structural force, macro 

force, ecological force, internal force, consumption force, intermediary force, and ex-

ternal force), and the forces acting on different types of hotels are different. These 

factors should be taken into account when chain hotels exist. 

However, due to the availability of data and other reasons, this paper did not explore 

the impact of natural conditions such as terrain, vegetation, or light on the development 

of the hotel industry in the Yellow River basin, nor did it compare and analyze the turno-

ver of different types of hotels. But while there are still deficiencies in the research process, 

but this also points out the way for future research. The research team is looking forward 

to conducting more in-depth cooperation with more government departments, further 

enriching the theoretical system, revealing the spatial-temporal evolution patterns and in-

fluence mechanism of the hotel industry at more scales, so as to build a comprehensive 

model suitable for national, provincial, municipal, and other multi-scale research. 
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