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Introduction: High-level tourist attractions (HLTAs) are essential components of
high-quality tourismdevelopment in the YellowRiver Basin. In the context of holistic
tourism andmass tourism, it is necessary to re-examine the spatial pattern of HLTAs.

Methods: Selecting theQing–Gan–Ning region of the Yellow River Basin as a case
study site, based on the data on 590 high-level tourist attractions in 2009, 2015,
and 2021, and with the help of ArcGIS10.8 spatial analysis tools, the nearest
neighbor index, kernel density analysis, and standard deviation ellipse methods,
such as ellipse and ESDA spatial exploratory analysis, were used to analyze the
spatiotemporal pattern of the spatial distribution of high-level tourist attractions in
the study area from the aspects of type, density, and spatial autocorrelation.
Overlay analysis, buffer analysis, and other methods were used to select the
influencing factors, and finally, the influencing factors were verified with the help
of GeoDetector.

Conclusions: The conclusions are as follows: the NNI values for the
Qing–Gan–Ning area of the Yellow River Basin are 0.699, 0.7, and 0.618, and
the spatial structure type was clustered. The distribution density showed an
evolutionary trend of point-like agglomeration and linear expansion, with the
provincial capital as the core and the Yellow River as the axis. The distribution
density of high-level tourist attractions is 27, 44, and 74 per 10,000 km2. In terms
of the dynamic distribution direction of the center of mass, there was little
interannual variation, showing a northeast–southwest direction, which is
consistent with the flow direction of the Yellow River in the region.
Furthermore, the analysis of Moran’s I index showed clear spatial
autocorrelation at the county scale. HLTAs exhibited clustering and wider
distribution in H–H and L–L zones, while the L–H and H–L zones displayed a
more dispersed and narrower distribution. The order of factors affecting the spatial
distribution of HLTAs was economic factors (0.5257) > social factors (0.5235) >
natural factors (0.491), and interactive detection showed that there were two-
factor enhancements and nonlinear enhancements in the factors.

Dicussions: This study contributes to the conservation development and
sustainable development of ecotourism resources in the Yellow River Basin.
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1 Introduction

1.1 Research background and literature
review

As an important ecological function zone and economic zone
in China, the Yellow River Basin is an important focal point for
economic and social development, and ecological construction in
the new era. It is also a key area for establishing a modern
economic system, in which people and nature coexist
harmoniously (Yang et al., 2021). In 2019, ecological
conservation and high-quality development in the Yellow River
Basin (YB conservation and development) were identified as
important national strategies. The development of the tourism
industry in the basin is of great significance to the transformation
of the development mode, economic structure optimization, and
sustainable development of the Yellow River Basin. It is also an
effective way to realize ecological protection and high-quality
development of the basin, and plays an important role in the
green ecological corridor of the Yellow River and the construction
of an ecological civilization.

A-level tourist attractions are a comprehensive assessment
method for the quality of tourist attractions in China (Wu et al.,
2009), classifying them as 1A–5A. Attractions of 3A and above are
of high standards in terms of infrastructure, resource
attractiveness, management, and reception capacity, and are
tourist destinations with high visitor arrival rates. The
development status of level 3A and above is a barometer of
tourism development in a region and has become an important
reference for tourists’ choice of tourist destinations and the
government’s integration planning of tourism resources. Zhang
et al. (2018), Wang et al. (2020), Liao and Zhang (2021), and Qiu
et al. (2021) define tourist attractions of 3A and above as high-level
tourist attractions (MA XF, 2019; Li et al., 2020), whose number
and spatial distribution largely determine the spatial pattern of
tourism in the region.

Overseas research on high-level tourist attractions (HLTAs)
has mostly been conducted in the case of national parks (Weber
and Sultana, 2013) and World Heritage Sites (Jaafar et al., 2015),
especially covering accessibility (Weber and Sultana, 2013),
recreational behavior (Grayson and Martinec, 2004), demand
forecasting (Samitas et al., 2018), and visitor perception (Fyall
et al., 2017). Chinese scholars have mainly researched scenic
planning and development (Zhan and Zhu, 2019), management
models and economic benefits (Yuan et al., 2015; Cheng and Niu,
2016), spatial structure and distribution characteristics (Wu and
Chen, 2022), economic value assessment (Zha and Qiu, 2015), and
scenic capacity (ZHANG and WANG, 2007). In terms of the
research timeframe, scholars mostly use single-year cross-
sectional data to explore the spatial differentiation patterns and
characteristics of scenic spots from a static perspective (Wu et al.,
2017; Li et al., 2020); research methods are mostly qualitative
analysis (Lin et al., 2014), AHP (Gu et al., 2015), and location
entropy (Li et al., 2013). In recent years, mathematical and spatial
analysis has become the mainstream method for exploring spatial
distribution patterns (Yao et al., 2019) and correlation analysis
(Wu et al., 2013; Wu et al., 2017). The geographical linkage rate
(Xinyue and Juanjuan, 2016) and the GWR model (Zhu et al.,

2017) have been used to study the influencing factors. Case studies
cover countries (Zhu and Chen, 2008; Guedes and Jiménez, 2015;
Kang et al., 2018), regions (Ma et al., 2013; Tang et al., 2019; Yang
et al., 2019; Zhu et al., 2022), provinces (Wu et al., 2013; Xinyue
and Juanjuan, 2016; Qiu et al., 2021; Bao et al., 2023), and
municipalities (Liu et al., 2014); they include the Yangtze River
Economic Belt (Zhang et al., 2018), Pearl River Delta (Chen et al.,
2011), and Poyang Lake Ecological Economic Zone (Guo et al.,
2012).

Existing studies in related fields have made advancements;
however, there are still some shortcomings. First, in terms of
research time frame, few scholars have studied the
spatiotemporal evolution characteristics of the spatial distribution
of HLTAs under long time series based on panel data. Second, in
terms of research methods, mathematical models and spatial
analysis are not linked closely enough, and there is a lack of
spatial econometric analysis based on GIS visualization. Third,
GeoDetectors are not adequately used in the study of influencing
factors, and most of the use of GeoDetectors usage is focused on
single-factor detection (Tang et al., 2019; Yao et al., 2019).
Multifactor interaction detection is lacking. Finally, there are
few basin-based studies (Li et al., 2019; Zhang et al., 2021) and
even fewer results for the Yellow River Basin (Zhang C. et al., 2020;
Li et al., 2020). In summary, there is a lack of quantitative analysis
of spatial patterns and their influencing factors at long timescales
based on panel data, spatial visualization analysis, and
GeoDetector interaction detection for HLTAs in the Yellow
River Basin regions.

The Qing–Gan–Ning region of the Yellow River Basin is
located at the intersection of the Upper Yellow River Economic
Belt and the Silk Road Economic Belt, with connected geography
and humanities, and close social, economic, and cultural ties
(Xiaoxiao et al., 2018). This area is also an important ecological
barrier and a typical zone for high-quality development in the
Upper Yellow River area. Based on this finding, this study
uses spatial analysis, mathematical statistics, and other methods
to analyze the basic features and evolutionary laws of spatial
pattern changes in HLTAs, and uses GIS spatial analysis and
GeoDetectors to determine the influencing factors. This
approach helps identify the spatial structure of tourism
resources with a view of providing a decision basis for the
optimal layout and business mode enhancement of cross-
regional high-level tourist attractions, which has theoretical and
practical significance for the coordinated, high-quality, and
sustainable development of the cultural tourism belt in the
Yellow River Basin.

1.2 Study area overview

The Qing–Gan–Ning region in the Yellow River Basin refers to the
basin area of the Yellow River from Maduo in Qinghai to Huinong in
Ningxia. It is in the upper reaches of the Yellow River. The geographical
range is 95°57′–108°46′E and 32°55′–39°18′N, with a basin area of
359,300 km2, covering 22 cities and autonomous prefectures in three
provinces of Qinghai, Gansu, and Ningxia. The terrain is dominated by
plateaus, and the overall presentation is high in the west and low in the
east. It mainly flows through the Qinghai–Tibet Plateau, Loess Plateau,
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loop plain, and other geomorphic units. The complex geographical
environment has bred rich natural and cultural tourism resources. It
belongs to the transition zone of the Qinghai–Tibet alpine region and
the easternmonsoon region, and is an important water connotation and
recharge area of the Yellow River Basin, as well as an important
ecological barrier in the northwest (Figure 1).

The Yellow River Basin Qing–Gan–Ning region (hereinafter
referred to as “the region”) has a long history and culture, where
multiple ethnic cultures are intertwined, the mountains and waters
are connected, and the cultures are close to each other and
connected. Natural and humanistic environments are similar and
exhibit regional cultural characteristics. In 2009, the three regions of
Qing, Gan, and Ning received 0.483 billion tourist trips and
28,035 billion yuan in tourism revenue. In 2021, 352 million
people received a tourism revenue of 247,868 billion yuan, and
the tourism revenue accounted for a GDP increase from 4.83% to
13.69%. The tourism industry has become a strong engine of
economic growth in this region. As of November 2021, there are
475 high-level tourist attractions ranked 3A and above in the
Qing–Gan–Ning region, including 14 5A-, 160 4A-, and 301 3A-
level tourist attractions.

2 Data sources and research methods

2.1 Data sources

Since high-level tourist attractions are stable and may not
change significantly in adjacent years (Gan and Wang, 2021),
594 high-level tourist attractions in 3 years (i.e., 2009, 2015, and
2021) were selected for this study over a span of 6 years. In terms of
geographic base data, the tourist attractions’ catalogs were obtained
from the lists of 2009, 2015, and 2021 A-class tourism scenic spots
published on the official websites of the Department of Culture and
Tourism of Qinghai, Gansu, and Ningxia provinces (autonomous
regions); the coordinate data on the scenic spots were obtained from
the Baidu Map API, and the coordinates were picked up one by one
to build the database by year. The vector data (e.g., elevation DEM,
river data, road data, etc.) were obtained from the Institute of
Geography and Environment, Chinese Academy of Sciences
(https://www.resdc.cn/). Socio-economic data such as population
data, GDP data, per capita disposable income data, and fiscal
expenditure data were obtained from 2009 to 2021 provincial
and regional statistical yearbooks, statistical bulletins, government
work reports, and China’s economic and social big data platform
(https://data.cnki.net/).

2.2 Research methodology

2.2.1 Clustering analysis method for spatial
distribution

The nearest neighbor index (NNI) is the ratio of the observed
nearest neighbor distance to the theoretical nearest neighbor
distance. It is used to express the type of distribution of point-
like elements in geospatial space.

R1 �
∑n
i�1
di

n
, RE � 1

2
�
n
A

√ ·, R � R1

RE
. (1)

Here, R denotes the nearest neighbor index, R1 denotes the
observed distance, RE denotes the theoretical distance, n denotes the
number of points, A is the total area of the region, and di is the
distance from point i to its nearest neighbor. When the value of R is
close to 1, the point elements are randomly distributed; when R > 1,
the distribution is discrete; and when R < 1, the distribution is
coalescent.

2.2.2 Morphological analysis method of spatial
distribution
2.2.2.1 Kernel density

Kernel density was used to estimate the spatial distribution
of the geographic elements and visualize the spatial
agglomeration state. The higher the kernel density value is,
the higher the probability of event occurrence and the denser
the points.

f̂ x( ) � 1
nhd

∑n
i�1
K

x − xi

h
( ). (2)

Here, f̂ is the kernel density estimate of high-level tourist
attractions, and a larger f̂(x) indicates a denser distribution. h is
the search radius, k is the kernel function, n is the number of tourist
attractions, (x-xi) denotes the distance from the valuation point x to
the sample, and d is the dimensionality.

2.2.2.2 Standard deviation ellipse
The standard deviation ellipse (SDE) quantitatively explains the

characteristics of aggregation, spreading, direction, and spatial
patterns of the spatial distribution of geographical elements from
the perspective of global space. The parameters include the position
of the center of the ellipse and the distance between the long and
short axes. The change in the position of the center of the ellipse
intuitively reflects the spatial change in the center of gravity of
tourist attractions.

2.2.3 ESDA exploratory space analysis
The ESDA spatial exploratory analysis method integrates

various techniques. Global autocorrelation uses global Moran’s I
to describe the overall trend and variability of spatial correlation
of the geographic element attribute values across the region, and
the local spatial autocorrelation uses the local Moran’s I index to
further reveal the heterogeneity of elements at the spatial scale.
All of the aforementioned steps can be calculated using the
spatial autocorrelation tool in the ArcGIS spatial statistics
module.

2.2.4 GeoDetector
GeoDetector was used to detect spatial heterogeneity, explain

the degree of the differential driving forces behind its influencing
factors, and reveal factor interactions. In this study, we use the
function of the factor and interaction detectors to clarify the
explanatory strength of each influencing factor on the spatial

Frontiers in Earth Science frontiersin.org03

Shu et al. 10.3389/feart.2023.1206716

https://www.resdc.cn/
https://data.cnki.net/
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2023.1206716


distribution of tourism scenery and to detect the interaction between
each influencing factor indicator.

q � 1 −
∑L
h�1

Nhσ2h

Nσ2
. (3)

Here, q is the intensity detection value of the influencing factor
on the spatial pattern, N and Nh are the number of samples
contained in the whole area and sub-region of the detection
factor, respectively, and σ2h and σ2 denote the variance of the
value of the sub-element layer h and the whole area Y,
respectively. L is the number of sub-regions. q has a value
ranging between 0 and 1, and if stratification is generated by the
independent variable X, a larger q-value indicates a stronger
explanatory power of the independent variable X on attribute Y.
When q is 1, it indicates that factor X completely controls the spatial
distribution of tourist attractions and vice versa. The q-value
indicates that factor X explains 100 × q% of the spatial variation
in tourism.

2.3 Theoretical framework

The point-axis theory was proposed by the Chinese
geographer Lu Daodao in 1984. Based on the central place
theory, spatial diffusion theory, and growth pole theory, this
theory illustrates the objective rules of spatial development of
geographical elements. The point-axis theory provides a
theoretical basis for the study of regional tourism development
and planning, and the optimization of tourism spatial patterns.
Spatiotemporal thinking is one of the characteristics of
geography research. The organic combination of spatial
thinking and temporal thinking reflects the unity of
ephemerality and co-occurrence. This paper uses
spatiotemporal thinking to help improve the depth and
science of research on issues such as spatial evolution and
chronological studies. In 1980, Butler proposed a model of the
life cycle evolution of tourist places, which helps study the
development stages of tourist places, predicts the development
trend of tourist destinations, and guides the optimization of the
spatial pattern of high-level scenic spots and the formulation of
tourism development ideas.

In order to study the spatial pattern evolution characteristics and
influencing factors of high-level scenic areas, this study first puts
forward hypothesis H1H2 based on the point-axis theory,
spatiotemporal thinking theory, and tourism place life cycle
theory. Second, the correctness of hypothesis H1H2 is verified by
using geospatial statistical methods, correlation analysis, and
geographic probes (Figure 2).

H1. The high-level scenic spots in the Qing–Gan–Ning area of the
Yellow River Basin have significant divergent characteristics in
spatial and temporal distribution.

H2. Natural, economic, and social factors have a significant impact
on the spatial pattern of high-level scenic spots.

3 Spatial distribution characteristics of
tourist attractions and their evolution

3.1 Spatial distribution types of tourist
attractions and their evolution

The mean nearest neighbor analysis tool was used to calculate
the NNI of high-level tourist attractions in the area (Table 1); the
NNI values of the spatial distribution of HLTAs from 2009 to
2021 were all less than 1, passed the Z-test and confidence test,
and had a clustered spatial structure type. The NNI value first
showed growth and then declined, indicating that the spatial
agglomeration of HLTAs was first mildly weakened and tended
to be uniformly distributed, and then, the agglomeration was
strengthened.

To eliminate the interference of administrative boundaries
(Weng et al., 2021), the coefficient of variation (CV) of the
Tyson polygon was used to measure the degree of agglomeration.
The Cv values of the Tyson polygon were 131.8%, 161.4%, and
203.5% from 2009 to 2021, and the Cv value increased steadily
during the period. When the Cv values are all greater than 64%, it
shows an aggregation distribution, and higher Cvs represent a more
obvious aggregation (Duyckaerts et al., 2000). The Cv values based
on the Voronoi diagram area further verified the conclusion that the
HLTAs in the area showed a clustered distribution trend.

3.2 Density of spatial distribution of tourist
attractions and their evolution

After using ArcGIS 10.8 to analyze the Kernel density of HLTAs,
the resultant values were graded, and distribution maps were
generated according to the natural break method. The Kernel
densities of HLTAs in the area were 2.7, 4.4, and 7.4 per
10,000 km2 in 2009, 2015, and 2021, respectively. The Kernel
density gradually increased, and the degree of agglomeration
continued to improve (Figure 3).

The areas with the highest Kernel density in 2009 were near Lan-
Xi-Yin and Pingliang. The Kernel density was highest in Lanxi along
the yellow urban agglomeration area, the southeast area of Gansu, and
the northern area of Ningxia, and it was lower in other areas. In 2015,
the core cities were further strengthened and the Kernel density of
secondary centers was extended to the southeast and northeast. The
areas in Lanxi along the yellow urban agglomeration area and the
southeast area of Gansu were connected as one and tended to be
connected with the area of Ningxia. In 2021, with a further increase in
the number of HLTAs, the three areas were concentrated and
connected into one large area. In particular, along the yellow
urban agglomeration area, the Kernel density grows rapidly.
Overall, the spatiotemporal pattern of high-level tourist attractions
shows a spatiotemporal evolution, with the provincial capital city as
the core, key cities as sub-centers, and the Yellow River as the axis,
with point-like clustering and belt-like extension coexisting.

The distribution of the Kernel density of HLTAs in the area had
a more evident hierarchical nature. Lanzhou, Xining, and Yinchuan
form the three cores, whereas Pingliang, Linxia, and Haidong in
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Qinghai, and Zhongwei in Ningxia form several sub-centers. The
core area core density was above 43 per 10,000 km2, and the sub-
center distribution density was above 30 per 10,000 km2. In addition,
the medium-value area was distributed along the Yellow River and
its tributaries, with a distribution density of more than 14 per
10,000 km2. The low-value areas are mainly distributed in the
Yushu and Guoluo provinces of Qinghai Province, Dingxi City,
Qingyang City of Gansu Province, and the loess hills and ravines of
southeastern Ningxia Province. This may be related to the
distribution of nature reserves, fragile natural geographical
environments, ecological protection policies, transportation
accessibility, population density, and socioeconomic development
levels in some areas.

3.3 Spatial distribution center of gravity of
tourist attractions and their directional
evolution

The spatial distribution of HLTAs in the area from 2009 to
2021 was analyzed using standard deviation ellipse analysis to study
the changes in their shapes, distribution directions, and the mobility
of the center of mass (Figure 4). In 2021, the mean center of mass
shifted to the east by approximately 16′ and to the north by
approximately 6′. The center of mass is now located in Lanzhou
City within Yuzhong County. Considering the Qing–Gan–Ning
region of the Yellow River Basin as a whole, the distribution of
HLTAs extends in the northeast direction as a whole; in other words,
the development of HLTAs is faster in the northeastern part of the
study area. The standard deviation ellipse has some significance for
the balanced development of regional tourism and for avoiding
bifurcation.

From 2009 to 2021, the area of the standard deviation ellipse
decreased annually from 190,864 km2 to 174,647 km2. When the
area of the ellipse decreases, the same proportion of high-level
tourist attractions is distributed in smaller ellipses and the
clustering of scenic spots in the ellipse increases. From
2009 to 2021, the long axis of the ellipse shortened from
320,969 km to 291,141 km, and the short axis remained almost
the same. When the flatness of the standard deviation ellipse was
smaller, the polarization in the direction of the long axis was
weaker, and the standard deviation ellipse tended to be more

TABLE 1 NNI index and spatial structure type of HLTAs in the area from 2009 to 2021.

Year/year Number of high-level scenic spots Observations/km Expected value/km NNI Type of spatial structure

2009 114 22.095 31.59 0.699 Clustered

2015 178 17.651 25.081 0.704 Clustered

2021 298 12.01 19.427 0.618 Clustered

TABLE 2 Slice high-level landscape municipal county-scale global Moran’s I
Index from 2009 to 2021.

Year Moran’s I Z-score p-value

Municipalities 2009 −0.0868 −0.3520 0.7248

2015 −0.0522 −0.0645 0.9485

2021 0.0863 0.9001 0.3677

County 2009 0.1121 2.0256 0.0428

2015 0.1864 3.2689 0.0011

2021 0.1218 2.3555 0.0185

TABLE 3 Analysis of the number of HLTAs in the region and economic factors, and correlations from 2009 to 2021.

Economic base Income level Industry development level

2009 0.640** 0.421* 0.715**

2015 0.536* 0.366 0.565**

2021 0.639** 0.499* 0.562**

* indicates significant correlation at 0.05 level (two-sided).

** indicates significant correlation at 0.01 level (two-sided).

TABLE 4 Detection results of factors influencing the distribution of HLTAs in the Qing–Gan–Ning region of the Yellow River Basin from 2009 to 2021.

Year X1 X2 X3 X4 Y1 Y2 Y3 Y4 Z1 Z2 Z3 Z4

2009 0.336 0.336 0.608 0.661 0.31 0.82 0.48 0.416 0.273 0.877 0.491 0.449

2015 0.295 0.365 0.134 0.599 0.765 0.743 0.419 0.299 0.361 0.608 0.542 0.602

2021 0.690 0.62 0.642 0.600 0.336 0.619 0.608 0.496 0.598 0.538 0.433 0.51

Average 0.440 0.440 0.461 0.620 0.470 0.727 0.502 0.404 0.411 0.674 0.489 0.520
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positive; thus, the directionality of the distribution of the HLTAs
was weaker. From the angle of deflection of the standard
deviation, the angle of deflection of the ellipse decreased from
83.169° to 78.768° and then increased to 80.282°; the angle of
deflection first decreased and then increased. The overall
distribution pattern of the high-level tourist attractions was
first deflected toward the northeast and then southeast. In
general, the standard deviation of the elliptical area changed
significantly; however, the morphology did not. The distribution
direction of HLTA was northeast–southwest, which is consistent
with the flow direction of the Yellow River in the region. It is
assumed that the spatial distribution direction of HLTAs may be
closely related to the flow direction of the Yellow River and the
distribution of the water systems, which will be discussed later.

3.4 Spatial distribution linkagemechanism of
tourist attractions and their evolution

The prefectural and county scales from 2009 to 2021 were
subjected to ESDA exploratory spatial analysis (Table 2). The
global Moran’s I index of HLTA in this area was obtained. At
the prefectural scale, HLTAs are not statistically significantly
spatially autocorrelated under the municipal unit. Under the
county unit, Moran’s I indices for 2009, 2015, and 2021 were
0.1121, 0.1564, and 0.1218, respectively. Indices > 0, p-values
passing the 0.05 significance test, and normal statistical
Z-scores > 1.96 indicate that at the 95% confidence level, HLTAs
have spatial autocorrelation under the county unit. From 2009 to
2015, Moran’s I index increased from 0.1121 to 0.1864, indicating
that the spatial agglomeration of tourism tourist attraction
neighborhoods increased, and spatial differences gradually
became significant. From 2015 to 2021, Moran’s I index
decreased to 0.1218, indicating that the spatial agglomeration of

tourism tourist attraction neighborhoods weakened. The overall
inter-neighborhood differences were first enhanced and then
weakened. Spatial autocorrelation and neighborhood
agglomeration in HLTAs are closely related to the development
status of the tourism industry in the region and in each domain area,
which will be discussed later.

Using the Anselin Local Moran’s index, a local indicator of
spatial association (LISA) clustering map of the HLTA at the
county scale was obtained (Figure 5). H–H areas from 2009 to
2021 were mainly concentrated in Xining City and Yinchuan
City. After 2015, L–L areas began to appear, especially in the
Qilian Mountains, Sanjiangyuan, and Gannan regions. The
distribution of negatively correlated types was low, and the
H–L areas showed a decreasing trend from 2009 to 2021,
whereas the L–H areas showed an increase and then a
decrease. The positively correlated H–H and L–L zones
exhibited clustering and were widely distributed. The
negatively correlated L–H and H–L zones show a point
distribution that is more dispersed and smaller in scope.

The local spatial autocorrelation of eight counties, including
Qinghai Huzhu County, changed from significant to non-
significant, indicating that the spatial autocorrelation between
the counties and surrounding counties weakened. Chongxin
County in Gansu changed from an H–H area to an L–H area,
and Ping’an District in Qinghai changed from a non-significant
area to an L–H area, indicating that the surrounding HLTAs
developed faster and lagged behind the surrounding areas due to
the siphoning effect. Pingluo County and Yongning County in
Ningxia changed from non-significant areas to H–H areas,
indicating that the spatial distribution of HLTA in these two
areas developed rapidly. Xinghai County of Qinghai changed
from a non-significant area to an H–L area, indicating that the
HLTA is developing well but does not significantly drive the
development of the surrounding areas. The change from non-

TABLE 5 Interaction detection results of factors influencing the spatial distribution of HLTAs in the Qing–Gan–Ning region of the Yellow River Basin from 2009 to
2021.

X1 X2 X3 X4 Y1 Y2 Y3 Y4 Z1 Z2 Z3 Z4

X1 0.690

X2 0.977 0.620

X3 0.857 0.961 0.642

X4 0.845 0.996 0.818 0.600

Y1 0.930 0.898 0.961 1.000 0.336

Y2 0.953 1.000 0.996 0.981 0.984 0.619

Y3 0.992 0.996 0.984 0.899 0.922 0.969 0.608

Y4 0.981 0.988 0.919 0.977 0.996 0.984 0.771 0.496

Z1 0.981 0.996 0.961 0.965 0.934 0.930 0.922 1.000 0.598

Z2 0.984 0.965 0.965 0.903 0.938 0.984 1.000 1.000 0.981 0.538

Z3 0.919 0.984 0.925 0.965 0.806 0.965 1.000 0.860 0.915 1.000 0.433

Z4 0.996 0.996 0.965 0.868 0.981 0.733 0.833 0.991 0.996 0.996 0.995 0.510

Bold value indicates nonlinear enhanced type.
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significant to L–L in Gangcha, Tianjun, Maduo, and Qumalai
counties in Qinghai and Minxian in Gansu indicates that the
density of HLTAs in and around the region is low and the
development of HLTA is lagging in relation, which may be
related to the ecological protection measures implemented in
Sanjiangyuan National Park, Qilian Mountain National Park,
and other nature reserves (Hao et al., 2022).

4 Influencing factor selection

This study explored the influencing factors, aiming to address
the following questions: (1) “why is the distribution along the
Yellow River?” (2) “Why does it show spatial and temporal
divergence?” and (3) “Why does it show spatial
autocorrelation?”. Many factors affect the spatial distribution of
HLTAs in the Yellow River Basin area of Qing, Gansu, and Ningxia.
The basin is a special geographical unit. Based on Wu et al. (2017),
Zhang et al. (2018), Zhang S. et al. (2020), Li et al. (2020), andWang
et al. (2020), the following three major categories were selected as
the factors affecting the distribution of HLTAs to reflect the
common features and individual characteristics of the influencing
factors. Natural factors are difficult for humans to change and are
the basic and limiting factors in the spatial distribution of HLTAs.
Areas with superior natural conditions are excellent for the
development of HLTAs, and this study explored the influencing
factors from three perspectives: river hydrology, resource
endowment, and topography. Social and economic factors are
important driving factors for the spatial pattern of HLTAs and
their evolution, as well as one of the important factors for
spatiotemporal pattern divergence. Examples include economic
development, transportation accessibility, and visitor markets.

4.1 Natural factors

4.1.1 River system
The river system is an important element in the landscape and is

the circulatory system of the watershed. Diverse water distribution
conditions offer advantages as important carriers of tourism
development in the Yellow River Basin. Tourism in the Yellow
River Basin in Qing–Gan–Ning has developed and flourished
because of water, which not only provides for the life and
productivity of the coastal population but also provides high-
quality resources for nature and humans. ArcGIS 10.8 was used
to analyze the buffer zone of the main stream of the Qing–Gan–Ning
Yellow River and its main tributaries (Duan et al., 2021). The
analysis showed that the number of tourist attractions falling
within the 3 km buffer zone was the highest, and the least
number of locations fell within the 5-km buffer zone. From
2009 to 2021, 84, 140, and 204 locations fell into the three-level
buffer zone on both sides of the main Yellow River and its major
tributaries, accounting for 73.68%, 77.78%, and 68%, respectively.
The remaining tourist attractions did not fall within the 10-km
buffer zone. Combined with the nuclear density analysis in Figure 2
and the buffer zone analysis in Figure 6, it can be concluded that the
spatial distribution of HLTAs in the Yellow River Basin has a strong
connection with the distribution of river systems, which reflects a
certain “hydrophilicity” and is one of the factors for the distribution
of HLTAs along the Yellow River and the linear expansion along the
Yellow River (Duan et al., 2019).

4.1.2 Resource endowment
Tourism resource endowment is the basis for the high-quality

development of tourism in the Yellow River Basin. The spatial
pattern of the HLTAs is an objective reflection of the elements of

FIGURE 1
Yellow River Basin Qing–Gan–Ning region map.
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tourism resources in a region (Qin et al., 2022). The Yellow River
Basin in Qing–Gan–Ning is located in the transition zone
between the second and the third terrain in China, with
mountains, hills, and plains. The area has 155 basic types of
distribution: grasslands, forests, lakes, rivers, wetlands, deserts,
glaciers, and other crisscrossed natural landscapes. It is also the
intersection area of multi-ethnic and multi-cultural heritage with
deep historical and cultural heritage. The tourism resources of
the three regions have continuity, correlation, and
complementarity in spatial distribution with better resource
endowment. There are primarily world natural cultural
heritage sites, national parks, national natural parks, national
tourist attractions, national historical and cultural cities, and
other high-quality tourism resources. Resource endowment is
also an important factor influencing the spatial and temporal
patterns of HLTAs, as shown by the possible spatial clustering of
HLTAs of the same type.

4.1.3 Topographical features
Topography is the basic skeleton of tourism tourist attractions

(Qiu et al., 2021) and determines the type and distribution of tourist
attractions to a certain extent. In ArcGIS 10.8, 2009, 2015, and
2021 high-level tourist attraction data were superimposed onto the
watershed area digital elevation model (DEM) to obtain elevation
and slope data for each high-level tourist attraction (Figure 6). In
terms of slope, HLTAs are mostly distributed in areas with a slope of
0°–10°, accounting for 67.34% of all HLTAs. In terms of altitude,
88.55% of HLTAs are distributed in areas with an altitude of
1,000 m–3000 m, and only 11.11% are distributed in high-altitude

areas above 3,000 m. In other words, HLTAs are mostly distributed
in areas with relatively low altitudes and flat terrain in the Loess
Plateau, Qinghai–Tibet Plateau, and Loop Plain. The flat terrain is
conducive to the layout and development of HLTAs.

4.2 Economic factors

4.2.1 Economic basis
Tourism is an economic activity that is directly impacted by the

level of economic development. First, the economic base is
important for the stable and healthy development of HLTAs. The
economic base provides the necessary financial support for the
planning, operation, product system construction, infrastructure,
and talent introduction to the HLTA. In contrast, the rapid
development of the regional tourism economy promotes the
emergence of HLTAs and spatial agglomeration, which helps
bring into play the radiation-driven role of tourism and
deepens regional tourism cooperation, thus accelerating the
growth of high-quality tourist attractions. The development and
construction of HLTAs, and their spatial agglomeration, in turn,
drive the development of the regional tourism economy.

4.2.2 Income level
The income level provides material guarantees for residents to

travel and is an important driving force for the evolution of tourism
spatial patterns. Between 2009 and 2021, with the rapid economic
development of the Qing–Gan–Ning region, the living standards of
residents improved significantly, and people had a higher pursuit of

FIGURE 2
Theoretical framework.
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spiritual and cultural life. This brings about a change in
consumption, which increases tourism demand, the willingness to
travel, and tourism consumption expenditure to significantly

increase and promote the development of tourism. In the context
of mass tourism, the income level of residents has a profound impact
on the layout of HLTAs and tourism development.

FIGURE 3
(A) is 2009’s distribution of high-level tourist attcations kernel density in the region. (B) is 2015’s distribution of high-level tourist attcations kernel
density in the region. (C) is 2021’s distribution of high-level tourist attcations kernel density in the region.
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4.2.3 Industry development level
The tourism industry’s development level is an external

expression of the evolution of regional tourism spatial patterns
(Gan and Wang, 2021) and an important factor that constrains
the high-quality development of tourism. The tourism development
level is an important indicator of the level of utilization of tourism
resources in a region. A good tourism industry foundation can
promote the development of regional food, housing, transportation,
tourism, shopping, entertainment, and related industries, which
drive each other and, thus, promote the benign development of
tourist attractions and bring about industrial agglomeration. In
addition, a HLTA has high recreational value and attractiveness
and often develops into key tourism development nuclei, which
further influence the spatial pattern characteristics of tourist
attractions. The level of industrial development is also an
important factor affecting the spatial autocorrelation in HLTAs.
When the industrial development of each region is separate and
lacks linkage, the industrial development status is further stretched,
and there is no positive correlation in space.

Table 3 Using GDP per capita, disposable income per capita,
and tourism income as measurement factors, the results show
that the Pearson correlation was ≥ 0.3 and passed the significance
test. The selected factors show moderate or higher correlation
with the number of HLTAs. In summary, the spatiotemporal
pattern of HLTAs is significantly influenced by economic factors.

4.3 Social factors

4.3.1 Policy support
Government orientation is an external regulatory force for

the evolution of the tourism spatial structure. On one hand, the

dynamic management mechanisms and policy guidance of
tourist attractions have a direct impact on the spatial pattern
of HLTAs. On the other hand, dynamic management
mechanisms and policy guidance exert an impact by making
tourism development plans, improving tourism-supporting
facilities, broadening tourism investment and financing
channels, deepening regional tourism cooperation, helping to
create a diversified HLTA, providing policy support for tourism
development, and realizing high-quality tourism development.
The number of HLTAs is increasing, the types of HLTAs are
becoming richer, the spatial layout is more reasonable, and
financial investment and policy support from governments at
all levels are indispensable.

4.3.2 Traffic network
The transportation network is a channel linking tourist

sources and destinations, which enhances the accessibility of
tourist locations by reducing the spatial and temporal distance
effects, and, thus, the psychological distance of tourists from
tourist locations, enhancing tourists’ willingness to travel (38). It
also has an important impact on the development and
construction of tourism resources and the spatial distribution
of HLTAs, and is the “blood vessel” for the evolution of the spatial
and temporal patterns of HLTAs. Improving transportation
networks improves the spatial agglomeration and spatial
diffusion of HLTAs, and promotes the transformation of
HLTAs into “point-line surfaces.” Buffer zone analysis was
conducted on the main national and provincial roads in the
area. Buffer zone analysis showed that the number of HLTAs
within the buffer zone of major highways in 2009, 2015, and
2021 was 97, 151, and 257, respectively, accounting for 84.9%,
83.8%, and 85.6% of all HLTAs in the area (Figure 7).

FIGURE 4
2009–2021 slice of high-level scenic spatial distribution of the center of mass and standard deviation ellipse.

Frontiers in Earth Science frontiersin.org10

Shu et al. 10.3389/feart.2023.1206716

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2023.1206716


4.3.3 Guest market
Tourists influence the production and development of tourist

attractions. As an important tourist destination, the spatial layout

of the HLTA is closely related to the source market and
population distribution. With the development of mass
tourism and tourism demand, residents of tourist attractions

FIGURE 5
(A) is 2009’s local spatial autocorrelation LISAmap of the slice counties. (B) is 2015’s local spatial autocorrelation LISAmap of the slice counties. (C) is
2021’s local spatial autocorrelation LISA map of the slice counties.
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have become an important source of tourists for such locations.
The resident population influences the scale of the local tourism
market and the scale of related tourism practitioners to meet the
operational needs of tourist attractions and also brings consumer
groups and passenger flow support for tourist attractions.
Represented by urban areas with a high population size and

consumption levels in the area, contours are generated based on
the spatial distribution density of HLTAs and superimposed with
the distribution density of municipal and county administrative
centers in the area. The area with a high tourist attraction value
distribution density has significant spatial coupling
characteristics with the area with a high town distribution

FIGURE 6
Elevation and slope distribution of HLTAs in the Qing–Gan–Ning region of the Yellow River Basin.

FIGURE 7
(A) is landforms overlay analysis of the impact factors of HLTAs. (B) is water systemoverlay analysis of the impact factors of HLTAs. (C) is road network
overlay analysis of the impact factors of HLTAs. (D) is cities overlay analysis of the impact factors of HLTAs.
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density. The trend of HLTAs in the Yellow River Basin relying on
the town source market distribution is obvious. In addition, the
distribution of towns and populations tends to be water-based
and mostly distributed along rivers.

5 Geo-probe-based impact factor
detection and interaction detection

5.1 Factor detection

These factors are verified using a GeoDetector. The data were
clustered and discretized using the Jenks natural break method to
generate the data type, and the influencing factors were introduced into
the geographic probe to measure the influence of q-values and analyze
the explanatory power of the factors influencing the spatial distribution
pattern of HLTAs in Qing–Gan–Ning. Referring to the research results
of scholars and the actual situation in the Qing–Gan–Ning region
(Tang et al., 2019; Yao et al., 2019; Min et al., 2021), three major
categories and 12 index systems were established. For this approach, X,
Y, and Z are natural, economic, and social factors, respectively; X1 is the
resource endowment, X2 is the altitude of the tourist attractions, X3 is
the distance from rivers, X4 is the slope of the tourist attractions, Y1 is
the proportion of the three industries, Y2 is the tourism income, Y3 is
the per capita disposable income, Y4 is the urbanization rate, Z1 is the
resident population, Z2 is tourism trips, Z3 is fiscal policy support, and
Z4 is the distance from the traffic line. Yellow River Basin 2009 to
2021 HLTA factors in the order of the size of explanatory factor q are
tourism industry income (0.7274) > tourism trips (0.6743) > scenic
slope (0.62) > scenic distance from road (0.52) > per capita disposable
income of residents (0.5) > fiscal policy support (0.489) > tertiary
industry share (0.471) > distance from river (0.462) > resource
endowment (0.441) > tourist attraction elevation (0.44) > resident
population (0.411) > urbanization rate (0.404). After classification,

economic (0.5257), social (0.5235), and natural factors (0.491) were
identified (Table 4).

The q-values varied from year to year. From 2009 to 2021, the
q-values of nine out of 12 factors affecting the spatial distribution of
HLTAs showed an increase, indicating that the explanatory power of
the influencing factors on the number of HLTAs is increasing. Three
factors show a decline in both the q-value and the X4 slope factor,
indicating that the topography of the HLTAs is becoming richer and
more diverse. The Y2 disposable income of residents has less
explanatory power for HLTAs, indicating that an increasing
number of groups with average income participate in tourism,
and the trend of mass tourism is significant. Z2 tourist trips
show a decline in the q-value, indicating that more tourists are
no longer consuming tickets, and the consumption per unit tourist
increased, indicating the gradual development of in-depth tourism
that emphasizes the experience and the feeling.

5.2 Interaction detection

Interaction detection mainly analyzes whether there is an
interaction effect between factors in the spatial distribution of
HLTAs. When q(x1∩x2) < Min(q(x1), q(x2)), the interaction
shows nonlinear weakening; if Min(q(x1), q(x2)) < q(x1∩x2) <
Max(q(x1), q(x2)), the interaction shows single-factor nonlinear
weakening; when q(x1∩x2) > Max(q(x1), q(x2)), the interaction
shows one-factor nonlinear weakening; when q(x1∩x2) >
Max(q(x1), q(x2)), the interaction shows one-factor nonlinear
weakening. When q(x1∩x2) > Max(q(x1), q(x2)), the two show a
two-factor enhancement, when q(x1∩x2) = q(x1) + q(x2), they show
independence, and finally, when q(x1∩x2)) > q(x1) + q(x2), they
show a nonlinear enhancement.

Among the combinations of interaction probes (Table 5), the
four groups that showed nonlinear enhancement were (X4∩Y1),

FIGURE 8
Spatial pattern of tourism in the Qing–Gan–Ning region of the Yellow River Basin.
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(Y1∩Y4), (Y1∩Z2), and (Y1∩Z4), where Y1 showed nonlinear
enhancement with the other four factors. The interactions among
the remaining 74 groups of factors showed a two-factor
enhancement.

The results of interaction detection show that there is an
interaction between any two influencing factors, which enhances
the explanation of the spatial distribution of HLTAs. This indicates
that the spatial and temporal evolution of the spatial pattern of
HLTAs in the area is not only influenced by the natural
environment, society, and economy but also that each factor
interacts with the others to form the spatial distribution pattern
of HLTAs.

6 Discussion

(1) From the viewpoint of natural influencing factors, the spatial
distribution pattern of HLTAs is influenced by natural factors
such as resource endowment, topography, geomorphology, and
hydrology. Therefore, regarding tour operators and tourist
attractions, scientific and systematic planning and
development of HLTAs should be conducted, and the
development mode of tourist attractions should be changed
to promote the rational allocation of resources oriented to the
resource–product–market brand (Xiao et al., 2011).

(2) From the perspective of economic and social factors,
governments and policy-making authorities should first
improve the construction of tourism-supporting
infrastructure, establish a hierarchical transportation network,
strengthen spatial connections, and enhance the accessibility
and convenience of tourist attractions, continuing to promote
overall economic and societal development. We should also
raise income levels to increase the potential for residents’
tourism consumption and provide a source market for
HLTAs. Simultaneously, high-quality and comprehensive
talent should be cultivated in the fields of culture and
tourism to enhance the level of tourism services.

(3) From the current regional development, the H–H areas can
adopt the agglomeration-line diffusion development mode to
create a high-standard demonstration area. The L–H and H–L
areas can adopt the growth pole diffusion mode with bigger and
more advantageous tourist attractions. The L–L areas can adopt
the ecological-common promotion development mode with
ecological priority and cross-area cooperation, a point to lead
the line, a point to become a line, and a line to lead the surface,
and break the low–low agglomeration situation, promoting the
upgrade of tourism scenic spots to high-level tourism scenic
spots (Chang et al., 2023).

(4) We should establish cross-regional linkage development and
tourism cooperation mechanism, give full play to the advantages
of complementary resources, geographical proximity, and
cultural commonality, and strengthen the linkage
development between provinces, high-level scenic spots, and
high-level scenic spots in the upper, middle, and lower reaches
of the Yellow River. At the same time, we should actively
cultivate the Internet + new tourism industry, accelerate the
construction of high-level scenic site informationization,
actively build intelligent scenic spots, and optimize intelligent

information systems. In addition, we should actively explore the
creation of the Yellow River National Cultural Park brand,
digging deeper into the local characteristics of culture, the
Yellow River culture, ethnic culture, and promote the organic
integration of cultural tourism.

(5) Taking the Silk Road Economic Belt as an opportunity, with
“one axis, two wings, three cores, and ten districts” as the
blueprint, we suggest building the Yellow River Basin into a
world-class golden cultural tourism belt to achieve high-quality
tourism development (Yu and Chen, 2022).

“One axis” is the main development axis of the Yellow River. The
Yellow River was used as a link to establish a cross-regional
cooperation mechanism. The linkage development between
provinces, HLTAs, and HLTAs on the Yellow River should be
strengthened to realize the complementary advantages of regional
tourism resources and the mutual delivery of tourists.

The “two wings” of the Yellow River are formed by its four first-
class tributaries (i.e., Huangshui–Datong River and Weihe–Daxia
River development wings). We suggest building the Yellow
River–Silk Road intelligent tourism belt, including online and
offline synergistic promotion and active cultivation of the
“Internet + tourism” industry, enrichment of online tourism
activity, and actively carrying out online and offline multiple
image shaping, marketing, and intelligent tourist attraction
construction (Figure 8).

The “three cores” are the provincial capitals of Qinghai, Gansu,
and Ningxia (the capital). Xining, Lanzhou, and Yinchuan are the
three major growth poles. The central city played a leading role in
enhancing the radiation functions of the core area. In contrast,
secondary tourism cities, such as Qinghai Haidong, Gansu Linxia,
and Tianshui, should be developed to achieve an orderly and
efficient tourism node in the hierarchical system.

The “ten districts” form the Qing–Gan–Ning 10 key tourism
function board. We suggest enrichment and improvement of the
product system. The Yellow River-theme tourism brands include
Chinese civilization exploration, world heritage, ecological culture,
non-foreign heritage culture, red gene inheritance, Yellow River
peace, grotto culture, ancient capital new cities, and rural
revitalization.

There are some shortcomings and uncertainties in this study.
First, we selected the Qing–Gan–Ning region of the Yellow River
Basin as the research area and the scope of the research area is
relatively small. Future work should compare and analyze the
HLTAs in the upper, middle, and lower reaches of the Yellow
River. From the data source perspective, the social statistics are
mostly from the municipal level, and the accuracy of the research on
themicro level is poor. In terms of the influencing factors, the factors
selected in this paper are not broad enough, and the influencing
factors will vary from time to time and place to place. This study
shows that the spatial pattern of high-level tourist attractions is
formed by the interaction of natural, economic, and social factors, so
there is uncertainty whether the high-level tourist attractions in the
Qing–Gan–Ning region will continue to maintain the evolution of
“point-like clustering and belt-like extension” in the next 6 years.
Second, this study abstracts all the tourist attractions as “point-like
elements,” and there is uncertainty whether the abstraction as point-
like elements will affect the accuracy of the research conclusions.
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In the future, we will further study the influence mechanism
based on microscale data, such as counties, to improve the
accuracy of the research results and provide a scientific
reference for the high-quality development of HLTAs in the
Yellow River Basin.

7 Conclusion

This study investigated the spatial distribution and influencing
factors of premium tourist attractions in the Qing–Gan–Ning region
of the Yellow River Basin from 2009 to 2021. The main findings are
the following. (1) Distribution type: in the nodal years, the premium
scenic spots in the basin exhibited a cohesive distribution pattern.
The nearest neighbor index values were 0.699, 0.70, and 0.618, with a
coefficient of variation of Tyson polygons ranging from 131.8% to
203.5%. (2) Density and evolutionary trend: the density of premium
sites per 10,000 km2 during the nodal years was 27, 44, and 74,
respectively. These sites showed a trend of point-like clustering and
linear expansion, with the provincial capital and the Yellow River as
the central elements. (3) Distribution center of mass and direction:
the distribution center of mass for premium scenic spots was located
in Yuzhong County, Gansu Province. The deflection angles ranged
from 83.169° to 80.282°, aligning with the flow direction of the
Yellow River. (4) Spatial autocorrelation: at the county scale, the
distribution of premium scenic spots exhibited a piecewise pattern.
The positively correlated areas had a wide distribution range, while
the negatively correlated areas showed a point-like distribution. (5)
Influencing factors: economic factors (0.5257) had the greatest
impact on the spatial distribution of high-level scenic spots,
followed by social factors (0.5235) and natural factors (0.491).
The interaction among these factors demonstrated two-factor
enhancement and nonlinear enhancement, shaping the final
spatial distribution pattern of premium tourist attractions.
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