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The spatial relationship and influence mechanism
of traditional villages and intangible cultural
heritage: a case study of the upper reaches of the
Yellow River Basin

Qianming Xue' & Yuehao Huang@1M

This paper focuses on 262 traditional villages (TVs) and 189 nationally recognized intangible
cultural heritage (ICH) items in the upper Yellow River basin (YRB). Using nuclear density,
distribution equilibrium and other research methods., this paper tries to reveal the spatial
relationship between TVs and ICH, and analyzes its influencing factors. Through an analysis
of influencing factors, the study identifies pathways for their integrated development. The
findings are as follows: (1) There are significant differences in the spatial distribution of TVs
and ICH in the upper YRB. TVs exhibit a "multi-core aggregation, dispersed concentration”
pattern, with a high degree of imbalance at the provincial (or autonomous region) level. In
contrast, ICH shows a “sparse south, dense center, and sparse north” distribution, with a
lower degree of imbalance at the provincial level. (2) Although there is generally a high
degree of spatial alignment between TVs and ICH, but at the provincial (or autonomous
region) level, three types of regional displacements have been identified: high positive dis-
placement, low positive displacement, and high negative displacement. (3) Factors such as
altitude, river systems, temperature conditions, regional economy, accessibility, population
density, urbanization rate, cultural characteristics, and funding policies significantly influence
the spatial distribution of TVs and ICH. urbanization rate has a common influence and
explanatory power on the spatial distribution of both TVsand ICH in the YRB, with altitude,
financial policies, cultural history, and other factors having secondary influence and expla-
natory power.These factors are crucial in determining the pathways for their integrated
development.
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Introduction

iver basins are the cradle of settlements and city-states, with

settlements being products of the human-environment

coupling and harmonious coexistence within the basin.
These settlements are significant representations of the cultural
landscape of the basin and crucial components of heritage
resources (Shao et al. 2021). The YRB is not only a vital water
source and ecological barrier for northern China but also a hub of
cultural heritage, rich in ecological culture and wisdom in human
habitation construction. It serves as a critical carrier for pro-
moting human-environment harmony and high-quality devel-
opment, playing an important role in the national economy and
urban development (Huang and Xue 2024; Qiao et al. 2024). ICH
is a valuable asset of a nation, representing cultural confidence
and diversity (Michael 2007; Zhang et al. 2024; The State Council
of the People’s Republic of China 2024). TVs, commonly known
as “ancient villages”, are early-established, well-preserved rural
settlements with high cultural, social, aesthetic, and economic
value that merit protection (Yu and Zhao 2024; Kang and Liu
2024; Kang and Liu 2024). Furthermore, as one of the birthplaces
of Chinese civilization, the upper reaches of the YRB host
numerous TVs and ICH. However, due to the region’s unique
geographical position, underdevelopment, and poor transporta-
tion, many TVs and forms of intangible heritage face threats of
disappearance and assimilation. Therefore, promoting coordi-
nated planning between TVs and intangible heritage, and
strengthening their interconnections in spatial areas, is a key topic
of current research.

In recent years, substantial research results on TVs and ICH
have been achieved both domestically and internationally, with
some consensus reached on conceptual definitions and research
methods. International scholars began studying rural settlements
relatively early, with most referring to TVs as “small villages” or
“rural settlements” (Yu et al. 2024; Wang et al. 2021). Their
research topics cover village landscapes (Ye et al. 2024; Santoro
2024), clustering digitalization (Sa et al. 2024), symbiotic trans-
portation networks (Peng et al. 2024), local adaptation (Wang
et al. 2024), village heritage (Tan et al. 2024), and sustainable
development (Long et al. 2024). Research on ICH is relatively
extensive abroad, with fruitful outcomes. Current studies pri-
marily focus on the modernization and digitalization of ICH (Li
et al. 2025; Zhou 2024), its restoration and preservation (Zheng
2024; Li et al. 2024), and digital creation (Wu 2024; Wang et al.
2024; Kai 2024). These studies often examine ICH from per-
spectives such as revitalization and inheritance (Hua and Dai
2024; An and Tan 2024), the “Internet + “ model (Cai et al.
2024), ICH’s role in assisting disabled economies (Hu 2024), and
the integration of cultural tourism (Yang 2024). They explore and
analyze certain cultural elements within ICH, aiming to further
promote its preservation and transmission. In general, most
scholars abroad focus on topics such as the techniques of ICH
transmission (Chen 2024), spatial distribution and genealogy
(Zhang et al. 2024), as well as spatiotemporal distribution and
influencing factors (Zhang et al. 2024). This indicates that the
main directions of international research on TVs and ICH revolve
around technical realization, preservation, restoration, and spa-
tiotemporal distribution. Additionally, ICH research is gradually
shifting towards the integration with modernization and infor-
mation technology, promoting the preservation and inheritance
of ICH through specific cultural elements. Compared with
domestic research, the study of TVs and ICH in China started
relatively late, but the research output is relatively abundant. In
terms of research methods, most scholars utilize methods such as
KDE, standard deviational ellipse (SDE), nearest neighbor index
(NNI), Moran’s I, and geographic detectors to depict the spatial
distribution characteristics of TVs across the country (Bian et al.
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2022; He et al. 2024), in Meishan region (Huang et al. 2024), in
Xiangxi region (Liu et al. 2024), in central China (Wang et al.
2024), in northeastern China (Zhu et al. 2022), and in Guizhou
Province (Luo and Luo 2021), Jiangsu Province (Zhang et al.
2024), and Zhejiang Province (Chen and Li 2024). They also
analyze the formation mechanisms to understand the develop-
ment trends of TVs in these regions, thereby promoting their
sustainable development. Using the same methods, scholars have
studied the distribution characteristics of ICH at national (Li and
Wang 2022), regional (He et al. 2023; Zhu 2024), and provincial
(Han et al. 2021; Kang et al. 2022) scales and have explored and
analyzed the factors influencing ICH to promote its overall pro-
tection in these regions. Overall, both domestic and international
scholars have mostly conducted research on TVs or ICH from
independent perspectives, with research primarily focusing on
spatial distribution and its influencing factors. Most studies are
conducted from the perspective of individual protection and
single research angles, delving deeply into TVs or ICH. Few
scholars have incorporated TVs and ICH into a comprehensive
protection scope and research framework. In light of this, some
scholars have explored the relationship between TVs and ICH to
better understand their connection. They aim to establish a
spatial relationship network between the two to achieve com-
prehensive protection and development. For example, studies
have been conducted on the spatial relationships and formation
mechanisms between TVs and ICH at regional (He et al. 2023)
and provincial levels (Yu et al. 2024). However, to more effec-
tively protect TVs and their ICH, academia and government
departments need to place greater emphasis on the relationship
between the two and develop comprehensive preservation stra-
tegies. This will help preserve cultural diversity and promote the
sustainable development of rural areas.

Returning to the perspective of river basins, some scholars have
studied the spatial correlation and influencing factors of TVs and
ICH in the Yangtze River Basin (Li and Shi 2022), YRB (Tian
et al. 2023; Li and Shi 2022), Jinsha River Basin (Wang et al.
2024), and Grand Canal Cultural Belt (Li et al. 2024). Although
the aforementioned studies have recognized the spatial relation-
ship between TVs and ICH and analyzed the factors influencing
both. However, from the perspective of river basins alone, the
scope of current research is too broad. For instance, the YRB is
vast, and TVs are widely distributed. The spatial distribution
characteristics and influencing factors of TVs and ICH vary
across the upstream, midstream, and downstream stages,
reflecting a lack of fundamental research from a local perspective
within the basin, leaving room for further exploration. Currently,
research on TVs and ICH in the YRB is limited, primarily
focusing on the spatial correlation between the two and their
influencing factors. Some scholars have studied the spatial mor-
phology of TVs in the Shaanxi section of the YRB from an ICH
perspective (Huang 2023), while others have only explored ICH
in individual provinces (Guo and Xing 2022). Although scholars
have recognized the spatial relationship between TVs and ICH
and have analyzed their influencing factors, from the perspective
of the river basin, current studies are too broad and lack in-depth
regional analysis. In summary, existing research has paid little
attention to TVs and ICH in the upstream area of the YRB. There
is a lack of fundamental and typical studies on the spatial rela-
tionship and influencing mechanisms between the two. This
leaves room for deeper exploration of their adaptability and
locality in future studies.

TVs in the YRB account for 17.66% of the national total, and
national-level ICH accounts for 23.35% of the national total (Li
and Shi 2022). Currently, most scholars’ research on the upper
reaches of the YRB focuses on vegetation coverage (Zhang et al.
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2024), coordinated development (Qiao et al. 2024), coupling
coordination degree (Yang et al. 2024), and ecosystems (Pang
et al. 2024). Today, the upper reaches of the YRB face problems
such as the imbalance between economic development and
conservation, the decline and disappearance of TVs and ICH
culture, and real conflicts between village development and ICH
protection. As a result, the sustainable development of TVs in the
upper reaches lacks effective momentum, and the transmission of
ICH lacks effective guarantees. Moreover, few scholars have
conducted in-depth research on the spatial relationship between
TVs and ICH in the upper reaches of the YRB. In short, this
paper takes the upper reaches of the YRB as a typical research
area, using quantitative analysis methods to explore the spatial
distribution characteristics and spatial correlation of TVs and
ICH in the local area. It also deeply analyzes the formation
mechanisms of their relationship from the perspectives of internal
interaction mechanisms and external influencing factors, pro-
posing an integrated protection and development path for TVs
and ICH, an innovative path for the integrated protection and
development of TVs and ICH is proposed, with the expectation of
providing a theoretical basis for the protection and integrated
development of rural settlements and ICH in the YRB and even in
the river basin areas of other countries around the world.

Research Area and Data Methods

Research area. The upper reaches of the Yellow River, located
between 96° to 114° east longitude and 32° to 42° north latitude,
refer to the area stretching from the river’s source to Hekou Town
in the Inner Mongolia Autonomous Region, flowing through five
provinces: Qinghai, Gansu, Sichuan, Ningxia Hui Autonomous
Region, and Inner Mongolia Autonomous Region. The terrain is
generally higher in the southwest and lower in the northeast,
spanning the Qinghai-Tibet Plateau, the Inner Mongolia Plateau,
and the Loess Plateau from west to east (Qiao et al. 2024; Liang
et al. 2024) (Fig. 1). The river is 3472 km long, with a drainage

area of 386,000 km?, accounting for 51.3% of the total area of the
YRB. Rainfall decreases from northeast to southwest, with most of
the upper reaches characterized by an arid climate with little
rainfall, and the annual average precipitation is around 450 mm
(Yang et al. 2024; Hong et al. 2024; Cao et al. 2014). However,
with the advancement of urbanization, industrialization, and
modernization, interpersonal relationships in rural areas have
undergone drastic changes, and the quality of living environ-
ments has been declining year by year. The continuous outflow of
rural populations and the invasion of capital enterprises into rural
areas have further exacerbated rural decay and decline, with
problems such as the assimilation or disappearance of ICH
becoming increasingly evident. Therefore, the development of
rural settlements and the transmission and protection of ICH in
the upper reaches of the YRB have become particularly urgent.
The key task now is to seize the opportunity presented by
national strategic guidelines to address the sustainable develop-
ment of TVs in the upper reaches, achieve the living transmission
of ICH, and promote the overall development of regional TVs
and ICH culture.

Research data. The data on TVs come from the lists of Chinese
TVs published by the Ministry of Housing and Urban-Rural
Development and other ministries in six batches, totaling 8155
villages. Detailed data are sourced from the Ministry of Housing
and Urban-Rural Development of the People’s Republic of China
(https://www.mohurd.gov.cn). The data on ICH are derived from
five batches of national project lists announced by the State
Council in 2006, 2008, 2011, 2014, and 2021, comprising a total of
3610 sub-items of national-level ICH representative projects.
Detailed data are sourced from the China ICH Network (http://
www.ihchina.cn). According to the statistics from these lists, as of
September 2024, there are 262 TVs and 189 ICH sites distributed
across different provinces (autonomous regions) in the upper
reaches of the YRB (Table 1). The Points of Interest (POI) data
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Table 1 Statistics on the number of TVs and ICH in the upper reaches of the YRB.
Region Province (Autonomous Region) TVs(Count) Proportion (%) ICH (Items) Proportion (%)
Upper Reaches of the Yellow River Qinghai 153 0.58 66 0.35

Sichuan 0 0.00 0 0.00

Gansu 55 0.21 60 0.32

Ningxia 24 0.09 28 0.15

Inner Mongolia 30 0.1 35 0.19

Total 262 1.00 189 1.00

for TVs and ICH were obtained by sampling their geographic
coordinates using the Gaode Map Coordinate Picker, and their
spatial vector databases were constructed using ArcGIS 10.8
software. The temperature data, with a resolution of 1km, was
obtained from the National Earth System Science Data Center
(https://www.geodata.cn). The Digital Elevation Model (DEM)
data were sourced from the China Geospatial Data Cloud Plat-
form (https://www.gscloud.cn). Data on the economy, popula-
tion, road transportation, urbanization rate, and other factors
were obtained from the statistical bureaus, statistical yearbooks,
statistical bulletins, and government work reports of the pro-
vinces (autonomous regions) in the upper reaches of the YRB.

Research methods

Quantitative relationship and barycenter model. The quantitative
spatial relationship model is primarily used to measure the cor-
relation between TVs and ICH, revealing the quantitative spatial
relationship that exists between them (Yu et al. 2024; Tian et al.
2023). The calculation formula is as follows:

R—=_—_ adbc  .x2
T bt dar oD 0
_ n(ad—bc)*
= @b (c+da+ob+d)

In Eq. (1): R ranges from [—1, 1], where R > 0 indicates a
positive correlation, and R < 0 indicates a negative correlation. a
represents the total number of sample plots containing both TVs
and ICH; b is the number of sample plots containing only
traditional village points; ¢ is the number of sample plots
containing only ICH points; d is the number of sample plots that
do not contain either traditional village or ICH points; n is the
total number of sample plots. Among them, when |X?|>X%(1), it
shows that the quantitative spatial correlation between TVs and
ICH is strong ; when |X*|< X2(1), the correlation between the two
is weak.

The gravity center model refers to a point within a region
where the forces of elements achieve balance. In this study, the
spatial gravity center model is used to visually describe the spatial
distribution differences between TVs and ICH, as well as their
dynamic evolution process. It can further reveal the overall spatial
distribution characteristics between TVs and ICH (Tian et al.
2023; Liang et al. 2022). The calculation formula is:
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In Eq. (2): X and Y represent the horizontal and vertical
coordinates of the gravity center distribution for ICH or TVs,
respectively; n is the number of provinces (autonomous regions);
x; and y; represent the horizontal and vertical coordinates of the
geometric center of the i-th province (autonomous region); S; is
the number of ICH or TVs in the i-th province (autonomous
region).

Spatial displacement distance and deviation index. The spatial
displacement distance is primarily used to reflect the overlap of
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different elements on the regional gravity center, that is, the
displacement distance between the gravity centers of different
elements. The displacement index can reveal the degree of spatial
displacement among different elements (Zhang et al. 2024; Fan
et al. 2010). The calculation formula is:

D

D= R\/(x,. X (Y, - Y) = X0
In Eq. (3): D represents the spatial displacement distance, X;
and Y; are the horizontal and vertical coordinates of the gravity
center for TVs, and X; and Y; are the horizontal and vertical
coordinates of the gravity center for ICH. R is a constant with a
value of 111.11. When D = 0, the gravity centers of TVs and ICH
coincide, indicating that their gravity centers have the same
spatial distribution within the region, with no displacement.
When D>0, it indicates that there is spatial displacement between
the two gravity centers; the larger the value, the smaller the spatial
overlap between TVs and ICH, and the more significant the
spatial displacement. Conversely, a smaller value indicates less
noticeable spatial displacement. r represents the deviation index
relative to the geometric area, with S being the geometric area of
the region. A larger r value indicates a higher degree of spatial
displacement between TVs and ICH, while a smaller value

suggests a lower degree of displacement.

Spatial mismatch Index. Based on the theory of spatial mis-
alignment, the Spatial Misalignment Index (SMI) model is
applied to further analyze the spatial distribution equilibrium of
TVs and ICH in the upper reaches of the YRB, thereby quanti-
tatively describing the coupling relationship between them in the
regional space. This approach reveals the spatial misalignment
intensity between TVs and ICH in the upper reaches of the YRB.
A higher SMI value indicates a greater spatial misalignment
intensity between the two, and conversely, a lower value indicates
lesser misalignment (Zhang et al. 2024; Richard and Martin
2004). The calculation formula is:

1 .
SMI, = — (@n - ni> x 100 (4)
n\m

In Eq. (4): SMI represents the spatial misalignment index for
the i-th province (or autonomous region); m; and n; are the
numbers of ICH and TVs, respectively, in the i-th province (or
autonomous region); m and n are the total numbers of ICH and
TVs, respectively, in the upper reaches of the YRB. SMI, reflects
whether the spatial distribution of the two elements is highly
aligned; the greater the |[SMI;| value, the more significant the
spatial misalignment. When |SMI;|>1, it indicates a significant
spatial misalignment between TVs and ICH, on the contrary, it is
not obvious. If [SMI;| = 0, it suggests that the spatial misalign-
ment disappears.

To further analyze the spatial misalignment between TVs and
ICH in the upper reaches of the YRB, this study introduces a
contribution model to explore the degree of spatial misalignment
between the two elements (Zeng and Zhao 2019; Wang and Lin
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2023). The calculation formula is as follows:

Ro= L5 (M )
" omisi\ XL, [SM

In Equation (5), m represents the length of the study period, n
represents the number of provinces (or autonomous regions), and
R; represents the average contribution rate of the i-th province
(or autonomous region) to the degree of regional spatial
misalignment during the study period.

Geographical detector. The geographical detector is mainly an
analytical tool used to detect and utilize spatial heterogeneity. It
can not only detect the spatial heterogeneity of a single factor but
also explore whether there is a coupling correlation between two
factors. Referring to references (Huang and Xue 2024), the rela-
tionships among traditional villages, ICH, and other elements in
the upper reaches of the YRB are explored. The calculation for-
mula is as follows:

=1
X! Ny (6)

No?

In formula (6), the g value is a measure of the detection ability
of the independent variable, with a value range of [0, 1]. The
larger the g value is, the greater the explanatory power and
influence of factor x on the spatial distribution y of traditional
villages. h =1, 2, ..., L represents the stratification of variable y or
factor x, that is, classification or partitioning. N, is the number of
units in layer h; N is the number of units within the basin; o7, is
the variance of layer h; and ¢? is the variance of the y value within
the basin. It detects the influence and explanatory power of the
interaction between the influencing factors x; and x, on variable
y in terms of enhancement, weakening effects or remaining
independent and unchanged.

q=1-

Results and Analysis

Analysis of the spatial characteristics of TVs

Spatial quantitative characteristics. As shown in Table 1, there
are 262 villages in the upper reaches of the YRB that have been
included in the national list of TVs, out of a total of 892 TVs in
the entire YRB. This accounts for 29.37% of the total TVs in the
basin and 3.21% of the total number of TVs nationwide.
Analyzing the distribution and proportion across the five pro-
vinces (or autonomous regions) in the upper reaches of the
YRB, it is evident that the distribution of TVs varies sig-
nificantly among these regions. Qinghai Province has the
highest number and proportion of TVs, with 153 villages,
accounting for 58% of the total. This is followed by Gansu
Province, Inner Mongolia Autonomous Region, and Ningxia
Province. There is no traditional village distribution in Aba
Prefecture of Sichuan Province within the boundary of the
upper reaches of the YRB.

Spatial distribution characteristics. According to the kernel den-
sity distribution shown in Fig. 2A, the distribution of TVs in the
upper reaches of the YRB exhibits a pattern of “multi-core clus-
tering with dispersed concentration.” This pattern includes one
high-density core area, four secondary-density core areas, and
several small core areas. The northeastern part of Qinghai Pro-
vince forms a typical high-density core cluster with a radiating
effect towards the eastern regions. Three of the core dense areas
are mainly concentrated in Gansu Province and Ningxia Pro-
vince, with only one located in Inner Mongolia. Several small core
clusters are primarily concentrated in the central region. There-
fore, it can be concluded that TVs in the upper reaches of the

YRB are mainly concentrated in the central region, with a higher
number of villages distributed across the Gansu-Qinghai-Ningxia
zone, showing a clustering tendency. In contrast, the northern
and southern regions have fewer TVs, with more scattered dis-
tributions. In terms of the concentration analysis of TVs, the
geographic concentration index is G = 63.76, with Gy = 52.40,
and since G > Gy, it indicates that TVs in the upper reaches of the
YRB exhibit a highly concentrated distribution. Regarding spatial
distribution equilibrium, the imbalance index calculated using
Excel is S=0.6431, indicating that the distribution of TVs in the
upper reaches of the YRB is uneven. The Lorenz curve of TVs in
this region, generated from statistical data (Fig. 2B), clearly shows
that the curve is relatively distant from the line of uniform dis-
tribution, with a pronounced curvature, indicating an overall
uneven distribution of TVs in the upper reaches of the YRB. The
TVs in the three provinces of Qinghai, Gansu, and Inner Mon-
golia account for over 90% of the total, while Ningxia and
Sichuan have a relatively small distribution of TVs.

Analysis of the spatial characteristics of ICH

Spatial quantitative characteristics. As shown in Table 1, the
upper reaches of the YRB currently have 189 national-level ICH
items, with a total of 430 ICH items in the YRB, accounting for
43.95% of the total ICH in the basin and 5.24% of the national
ICH total. Analyzing the distribution and proportion across the
five provinces (or autonomous regions) in the upper reaches of
the YRB, there are significant spatial distribution differences in
ICH among these regions. Qinghai, Gansu, and Inner Mongolia
have the highest numbers of ICH, with 66, 60, and 35 items
respectively, accounting for 35%, 32%, and 19% of the total ICH.
Therefore, Qinghai Province has the highest number and pro-
portion of ICH, while Sichuan Province has the least. Overall,
ICH is more concentrated in the Gansu-Qinghai region of the
upper YRB, while fewer ICH items are distributed in Sichuan and
Ningxia. Given that Sichuan has a smaller area within the upper
reaches of the YRB, the number of ICH items is correspondingly
lower.

Spatial distribution characteristics. According to Fig. 3A, the
spatial distribution density structure of ICH in the upper reaches
of the YRB exhibits a pattern of “empty in the south, dense in the
center, and sparse in the north.” The southern Sichuan Province
has the fewest ICH items and the lowest density, showing a
distinct “hollow” pattern; the central provinces of Qinghai,
Gansu, and Ningxia have a higher number of ICH items with
higher density; while the northern region of Inner Mongolia has a
relatively scattered distribution of ICH with lower density. The
spatial distribution of ICH presents a characteristic of “one core,
two secondary cores, and multiple small core areas”, with an
overall pattern of “small clusters and large dispersion.” Specifi-
cally, the central dense area has further formed one high-density
core area, centered in the Gansu-Qinghai-Ningxia region,
radiating to surrounding areas; the two secondary core areas are
mainly located in northern Ningxia and Inner Mongolia, while
the remaining ICH core areas are scattered as small core areas
across various regions.

The concentration analysis results indicate that the current
region has a geographic concentration index of G = 52.82, with
Go = 37.80, and since G > Gy, it indicates that ICH in the upper
reaches of the YRB exhibits a highly concentrated distribution. In
terms of spatial distribution equilibrium, the calculated imbalance
index is $=0.4339, indicating that the distribution of ICH in the
upper reaches of the YRB is uneven. The Lorenz curve of ICH
(Fig. 3B) shows that although the distribution of ICH across
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provinces in the upper reaches of the YRB is uneven, the
differences are relatively small. The ICH items in the three
provinces of Qinghai, Gansu, and Inner Mongolia account for
more than 85% of the total, while Ningxia and Sichuan have fewer
ICH items, with sparse distribution.

Analysis of the spatial relationship between TVs and ICH
Quantitative spatial relationship. The 262 TVs and 189 ICH sites
in the upper reaches of the YRB were mapped onto a spatial
vector map, creating a spatial distribution layer of TVs and ICH
in this region. Following the approach of Tian Lei et al (Tian et al.
2023), ArcGIS software was further used to create sample grids of
the administrative map of the upper YRB, with grid squares of
50 km in both length and width. The map layer was then masked
and clipped according to the upper YRB’s boundaries. The
sample grid layer was then overlaid with the point data dis-
tribution layer, ultimately resulting in the spatial distribution and
sample decomposition map of TVs and ICH in the upper YRB.
Research shows that the distribution of TVs and ICH in the upper
YRB is highly consistent. Specifically, areas with a dense dis-
tribution of TVs also correspond to areas with a dense distribu-
tion of ICH. Conversely, in areas where TVs are sparsely
distributed, the distribution of ICH is relatively scarce. This
strongly proves the correlation between the spatial distributions
of TVs and ICH.

Using a quantitative spatial relationship model, the spatial
quantities of both were analyzed, resulting in 122 grid cells
containing both TVs and ICH, 78 grid cells containing only TVs,
73 grid cells containing only ICH, and 329 grid cells containing
neither TVs nor ICH, with a total of 451 grid cells in the region.
Thus, the values are a=122, b=78, ¢=73, d=329, and
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n=451. The spatial relationship index between the two was
then calculated using the following formula:

R— 122x 329 — 78x 73
/(122 4 78)(73 + 329)(122 + 73)(78 + 329)
The results show that R > 0 indicates a positive correlation. The
following formula is then used for further calculation:
- 329% (122% 329 — 78x 73)>
T (122 4 78)(73 + 329)(122 + 73)(78 + 329)
By referring to the distribution table of X2(1), it can be seen

that at the significant level of a =0.05, X2(1) = 3.68, X2’>X§(1),

which indicates that there is a strong spatial correlation between
TVs and ICH.

= 0.0000108

=61.17

Centroid misalignment analysis. According to the centroid model
calculation formula (Table 2), it can be observed that there is a
spatial misalignment between TVs and ICH in the upper reaches
of the YRB. Specifically, the centroid positions of TVs and ICH in
the upper YRB show a significant spatial deviation. As shown in
Fig. 4, the centroid of TVs (103.971°E, 36.402°N) is located to the
northwest of the geometric center, while the ICH centroid
(104.851°E, 36.941°N) is situated to the northeast of the geo-
metric center. Both centroids are located within Gansu Province,
but there is a certain degree of spatial misalignment, with a
deviation distance of 114.98 km between the centroids of TVs and
ICH. This indicates that there is a spatial differentiation between
TVs and ICH in the upper YRB.

The calculation results for each province (or autonomous
region) also show a similar misalignment between the spatial
distributions of TVs and ICH. In terms of misalignment distance,
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Table 2 TVs and ICH distribution center of gravity dislocation.
Province (Autonomous TVs Center ICH Center Displacement Distance (D) Deviation Index (r)
Region) - - " - /km

Longitude/° Longitude /° Longitude /° Longitude /°
pper Reaches of the YRB 103.968 36.402 104.851 36.941 114.98 -
Qinghai 102.139 35.926 101.714 36.209 56.66 0.0119
Gansu 104.643 35.607 104.345 35.351 43.72 0.0094
Inner Mongolia 110.281 40.428 110.602 40.453 35.78 0.0070
Ningxia 106.188 36.221 106.142 37.685 162.77 0.0572
Sichuan - - - - - -
“-"'in the table indicates that there is currently no data available for this region.
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Fig. 4 The TVs in the upper reaches of the YRB are misaligned with the center of gravity of the distribution of ICH.

Ningxia Province exhibits the most significant misalignment, with
a distance of 162.77 km, followed by Qinghai, Gansu, and Inner
Mongolia, with misalignment distances of 56.66 km, 43.72 km,
and 35.78km, respectively. Since Sichuan Province has no
distribution of TVs and ICH in the upper YRB, the misalignment
distance for this region is zero. Analyzing the deviation index,
Ningxia and Qinghai have the highest deviation indices, at 0.0572
and 0.0119, respectively. Gansu and Inner Mongolia have lower
deviation indices of 0.0094 and 0.0070, respectively, while
Sichuan Province has a deviation index of zero. It is evident
that all deviation indices are below 0.1, indicating that the spatial
misalignment between TVs and ICH in the upper YRB is
relatively small, showing a relatively balanced and favorable
pattern.

Analysis of scale misalignment in regional distribution. The cen-
troid model analysis can only observe the spatial misalignment
between TVs and ICH from a macro perspective; it cannot reveal
the degree, intensity, and pattern types of local spatial

misalignment. Therefore, to further analyze the spatial mis-
alignment between ICH and TVs, the SMI was introduced for
analysis. The results indicate that in terms of misalignment
direction, the distribution scale of ICH in Gansu, Inner Mongolia,
and Ningxia is larger than that of TVs (SMI > 0), while Qinghai’s
TVs have a more advantageous distribution scale (SMI<O0).
Analyzing the degree of misalignment, the contribution rate of
each province (autonomous region) in the upper reaches of the
YRB was calculated using the contribution model. Table 3 shows
that Qinghai Province has the highest degree of misalignment,
with a contribution rate of 0.81%. Gansu and Inner Mongolia also
rank in the top three, with contribution rates of 0.37% and 0.24%,
respectively, contributing a total of 1.42%. Sichuan and Ningxia
have the lowest degrees of misalignment, with contribution rates
of 0.19% and 0%, respectively. This indicates that the misalign-
ment phenomenon between TVs and ICH in the upper reaches of
the YRB is mainly caused by the spatial distribution imbalance in
a few provinces (autonomous regions) and partially due to the
relatively small number of TVs and ICH sites in this region.
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Table 3 Spatial mismatch index and type division of provinces (autonomous regions).

Autonomous Regions SMI R Type

Qinghai —23.476 0.81 Negative High Misalignment Area
Gansu 10.754 0.37 Positive High Misalignment Area
Inner Mongolia 7.068 0.24 Positive High Misalignment Area
Ningxia 5.655 0.19 Positive High Misalignment Area
Sichuan 0.000 0.00 Positive Low Misalignment Area

Table 4 SMI value range and type division corresponding
table.

Value Range Regional Type

SMI>5 Positive High Misalignment Area
0<SMI<5 Positive Low Misalignment Area
—5<SMI<0 Negative Low Misalignment Area
SMI< =5 Negative High Misalignment Area

Based on the Spatial Misalignment Index, the five provinces
(autonomous regions) in the upper reaches of the YRB are
classified into four types (Table 4): positive high misalignment
areas (SMI = 5), including Gansu, Inner Mongolia, and Ningxia;
positive low misalignment areas (0 < SMI < 5), which only include
Sichuan; negative low misalignment areas (—5<SMI<0), with
no provinces (autonomous regions); and negative high misalign-
ment areas (SMI < —5), which only include Qinghai Province. It
can be observed that, at the provincial (autonomous region) level,
three types of regional misalignments are formed: positive high
misalignment, positive low misalignment, and negative high
misalignment. Positive misalignment areas, where ICH has a
relatively more advantageous distribution, are mainly located in
the central and northern regions of the upper reaches of the YRB.
Negative misalignment areas, where TVs have a relatively more
advantageous distribution, are mainly concentrated in the
western regions, particularly in eastern Qinghai Province. This
region has a relatively low level of economic development, diverse
and complex landforms, and is located at the intersection of the
Loess Plateau and the Tibetan Plateau, which has allowed TVs to
maintain their original appearance and concentrated distribution.
In contrast, the distribution of ICH in this region is relatively
scattered, reflecting more frequent human activities in the area
and a strong coupling with the natural geographical environment
and transportation routes.

Analysis of the influence mechanisms between TVs and the
spaces of ICH

Analysis of the endogenous correlation between the two. TVs
serve as the spatial carriers and external manifestations of ICH.
They are not only crucial sites for the birth and survival of ICH
but also the original soil for its continuation and development.
TVs provide the cultural foundation and life source for the
transmission and expansion of ICH (He et al. 2024). The upper
reaches of the Yellow River are key areas for high-quality devel-
opment and ecosystem protection within the YRB. This region
suffers from severe soil erosion, fragile ecological environments,
complex geographical conditions, underdeveloped economies,
and inconvenient transportation, leading to limited human
activity. As a result, most TVs and ICH have been preserved and
passed down in their original ecological states. The culture, cus-
toms, and architecture of these areas are deeply rooted in the
Loess Plateau environment and the local regional culture. Once
separated from this original ecological environment, TVs would
lose their foundation for survival, and ICH would lose its material
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carrier, making the sustainable development of ancient villages
and the living transmission of ICH difficult to sustain. TVs are
the carriers of ICH, and ICH is the continuation of TVs; the two
are mutually reinforcing and coexist harmoniously. Therefore,
promoting their integrated protection and sustainable develop-
ment is a key issue in current regional rural development and
heritage preservation. Thus, this study recognizes the unique
environmental conditions of the upper YRB and its cultural,
economic, and human differences from the broader region. It
examines the spatial distribution patterns of TVs and ICH in this
area by analyzing three key aspects: natural geographic environ-
ment, socio-economic conditions, and cultural policies. This
includes factors such as elevation, river systems, temperature,
regional economy, accessibility, population density, urbanization
rates, cultural characteristics, and funding policies. By revealing
the influencing factors and mechanisms between the two, and
drawing on the spatial distribution relationships and influence
mechanisms of TVs and ICH, this study proposes specific stra-
tegies for their integrated development, ultimately outlining a
strategic pathway suitable for the fusion of TVs and ICH in the
upper YRB. Therefore, this study focuses on three dimensions
and eight factors as the core of the influencing mechanisms
analysis, aiming to reveal the typicality, representativeness, and
regional specificity of the integration path of TVs and ICH in the
current area (Fig. 5).

Natural geographic environment

Elevation and slope. As shown in Fig. 6A, B, and Table 5, the
elevation in the upper reaches of the YRB ranges from 735 meters
to 6295 meters. For TVs, the natural geographic environment
significantly influences their distribution, with noticeable geo-
graphic disparities. Using ArcGIS to overlay the TVs in the upper
reaches of the YRB with elevation and slope, the elevation is
divided into five levels using the natural breaks method:
735 ~ 1588 m, 1589 ~ 2326 m, 2327 ~ 3182 m, 3183 ~ 3996 m, and
3997 ~ 6295 m. There are 61 TVs at 735 ~ 1588 m, accounting for
23% of the total; 74 villages at 1589 ~ 2326 m, accounting for 28%;
122 villages at 2327 ~3182m, making up 47%; 5 villages at
3183 ~ 3996 m, accounting for 2%; and no TVs at 3997 ~ 6295 m.
This indicates that the spatial layout of TVs in the upper reaches
of the YRB is significant and relatively concentrated in low-
altitude areas, with most villages located below 3000 meters in
elevation. Due to the high average altitude of the Loess Plateau,
the climate in high-altitude areas is cold and unsuitable for
development, resulting in less human activity and fewer village
distributions. Analyzing the slope, the slopes in the upper reaches
of the YRB are divided into five levels using the natural breaks
method: 0 ~ 6°, 7 ~ 13° 14 ~ 20°, 21 ~ 30°, and 31 ~ 90°. Most TVs
are located in areas with slopes below 20° especially between
0 ~ 6°, where 141 villages are distributed, accounting for 54% of
the total, exceeding half of the region’s total. It is evident that the
distribution of TVs in the upper reaches of the YRB is closely
related to elevation and slope. Lower elevations with gentler
slopes are more conducive to the formation and development of
villages, making them suitable for human activities and
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Fig. 6 The superposition analysis of TVs, ICH and natural geographical elements in the upper reaches of the YRB. A TVs and ICH and altitude overlay
analysis; B TVs and ICH and slope overlay analysis; € TVs and ICH and river overlay analysis; D TVs and ICH and temperature overlay analysis.
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Table 5 Statistics on the geographical spatial distribution of TVs and ICH in the upper reaches of the YRB.
Geographical Factors Classification TVs ICH
Number/Count Proportion/% Number/Count Proportion/%

Elevation /m 735~1588 61 0.23 78 0.41
1589 ~ 2326 74 0.28 58 0.31
2327 ~ 3182 122 0.47 45 0.24
3183-~3996 5 0.02 8 0.04
3997 ~ 6295 0 0.00 0 0.00

Slope/(°®) 0-~6 141 0.54 120 0.63
7-13 93 0.35 52 0.28
14~ 20 22 0.08 17 0.09
21~30 6 0.02 0 0.00
31~90 0 0.00 0 0.00

River/km 0-~5 143 0.55 80 0.42
6-~10 38 0.15 36 0.19
n-~15 21 0.08 10 0.05
16 ~20 12 0.05 19 0.10
21~ 25 18 0.07 n 0.06

livelihoods. In terms of ICH, an elevation analysis shows that ICH
is mainly distributed in areas with elevations between
735 ~ 1588 m, 1589 ~ 2326 m, and 2327 ~ 3182 m, with the most
ICH found between 735 ~ 1588 m, totaling 78, the highest pro-
portion at 41%. However, TVs are sparsely distributed in areas
above 3183 m. Analyzing the slope, ICH is primarily concentrated
in areas with slopes between 0 ~ 6°, with 120 TVs distributed in
this range, accounting for 63%, while no ICH is found in areas
with slopes above 21°. This shows a positive correlation between
the distribution of ICH and the natural geographic environment;
the flatter the slope and the lower the elevation, the more ICH is
distributed and the higher its proportion, and vice versa.

River systems. As shown in Fig. 6C and Table 5, most TVs are
located in the central and southern parts of the region, often near
the main branch of the Yellow River. Using ArcGIS to overlay TVs
in the upper reaches of the YRB with the main river, the rivers are
classified into five levels using the natural breaks method:
0~5km, 6~10km, 11~15km, 16 ~20km, and 21~25km.
Among them, 143 TVs and 80 ICH items are distributed within
5km of the river, accounting for 55% and 42% of the total TVs
and ICH in the region, respectively. There are 38 TVs and 36 ICH
items located within 6 ~ 10 km of the river, accounting for 15%
and 19% of the total, respectively; 21 TVs and 10 ICH items
within 11 ~ 15 km, accounting for 8% and 5%; 12 TVs and 19 ICH
items within 16 ~ 20 km, accounting for 5% and 10%; and 18 TV's
and 11 ICH items within 21 ~ 25 km, accounting for 7% and 6% of
the total. It is evident that river systems are an important factor in
the distribution of TVs and ICH. The closer to the river, the
greater the number of TVs and ICH items, and vice versa.

Climate conditions. Climate conditions are a critical factor in pre-
serving and developing TVs and ensuring the active transmission of
ICH in the upper reaches of the YRB. According to Fig. 6D, the
annual average temperature in this region ranges between
—18~14°C, with a general trend of higher temperatures in the
northeast and lower temperatures in the southwest. Both TVs and
ICH are mainly concentrated in areas with moderate temperatures.
Using ArcGIS, the temperature distribution in the upper YRB was
classified into five categories based on natural breaks:
—18.00 ~ —3.59°C, —3.60~0.22°C, 0.23~4.16°C, 4.17~7.48°C,
and 7.49 ~ 14 °C. TVs are distributed within the 0 ~ 14 °C range, with
the highest concentration (128 villages, or 48.85% of the total) found
in the 4.17 ~ 7.48 °C range. In contrast, ICH is mainly concentrated
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in areas with temperatures between 7.49 ~ 14 °C, where 108 items are
located, accounting for 41.22% of the total. Additionally, 56 items
(21.37%) are found in the 4.17 ~ 7.48 °C range, and 24 items (9.16%)
in the 0.23 ~ 4.16 °C range. Therefore, temperature plays a significant
role in determining the distribution of TVs and ICH. Generally, the
more moderate the temperature, the higher the concentration of
both. This suggests a strong correlation between climate conditions
and the development of TVs as well as the transmission of ICH. The
positive correlation implies that as temperature increases, so does the
number of TVs and ICH items.

Socio-economic environment

Regional economy. As shown in Fig. 7A, the distribution pattern of
TVs in the upper reaches of the YRB is closely related to the eco-
nomic development of each province (autonomous region) in two
main ways. First, TVs are concentrated in cities such as Lanzhou,
Yinchuan, Baotou, and Hohhot, where the level of economic
development is relatively high. The reason for this is that these cities
have better economic development, providing essential material
resources and financial policy support for the survival and devel-
opment of TVs. In terms of ICH, the number of ICH projects in
economically developed regions is greater than in less developed
regions such as Gannan, Haibei, and Haixi, indicating a positive
correlation between their distribution and the level of regional
economic development. Second, TVs are also concentrated in cities
with lower levels of economic development, such as Xining, Qin-
gyang, and Longnan. These areas are rich in traditional culture and
have a long history of settlement development, being home to ethnic
minorities such as the Hui, Tibetan, Mongolian, and Tujia. Due to
limited human activity, the original appearance of TVs has been well
preserved, and the memory of ICH has been effectively retained. The
backward economy and poor location of TVs in these regions have
to some extent limited urban and rural construction and develop-
ment, thus providing a good environment for the survival and
development of TVs and ICH.

Transportation accessibility. This study considers four factors—
highways, national roads, provincial roads, and railways—as the
primary elements for analyzing transportation accessibility in the
region. Based on field surveys of the upper YRB and existing
literature analysis (Hu et al. 2014), TVs and ICH are more
concentrated near transportation roads at critical distances of
5km, 15km, and 25km. Therefore, 5km, 15km, and 25km
were defined as buffer zones around roads in the upper YRB.
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overlay analysis.

Multi-ring buffer zone analysis was then conducted with trans-
portation roads as the focal point. The transportation buffer
zones were overlaid with point data of TVs and ICH to explore
the correlation between TVs or ICH and the distance to trans-
portation routes.As shown in Fig. 7B, a total of 147 TVs are
located within 5 km of roads in the region, accounting for 56.11%
of the total number of TVs. Within the 15 km buffer zone, there
are 80 TVs, making up 30.53% of the total, and within the 25 km
buffer zone, there are 29 TVs, accounting for 11.07% of the total.
It can be seen that the spatial distribution of TVs in the upper
reaches of the YRB is positively correlated with the distance to
roads. The closer the area is to roads, the more TVs are dis-
tributed there. Since ancient times, the upper reaches of the YRB
have been important transportation hubs, serving as key bridges
and distribution centers for the flow of people and goods, and as
significant trading ports between the East and the West. There-
fore, the formation of TVs is closely linked to transportation
accessibility. Regarding ICH, all 189 ICH sites in the region are
located within 5km of roads, indicating that the distribution of
ICH is more influenced by transportation than that of TVs. As
the dissemination of ICH requires strong support from trans-
portation infrastructure, its distribution is more inclined towards
areas with better transportation access. For example, as one
approaches the ancient Silk Road, the number of ICH sites along
the old trade routes gradually increases. However, in regions with
underdeveloped economies and lower transportation accessibility,
the transmission of ICH culture gradually declines and withers.

Population density and urbanization rate. The population density
in 2022 and the urbanization rate of prefecture-level cities in 2020
in the upper reaches of the YRB were selected as analysis factors

in this study. As shown in Fig. 7C, D, the distribution of TVs in
this region exhibits a generally negative correlation with popu-
lation density and urbanization levels. In other words, areas with
a higher density of TVs tend to have lower population density
and urbanization rates. Most TVs in the region are located in
areas with a population density of less than 10 people per square
kilometer and an urbanization rate of less than 60%. This indi-
cates that the population density is relatively low, and TVs are
primarily distributed in cities such as Haidong, Linxia, and
Guyuan, where both population density and urbanization rates
are low. Compared to TVs, the distribution of ICH shows a
different trend in relation to population density and urbanization
levels. ICH is scattered in areas with an urbanization rate above
60%, but it is also found in central and southern regions with
urbanization rates below 60%. In terms of population density, the
distribution of ICH is roughly similar to that of TVs, with most
being located in areas where the population density is below 10
people per square kilometer.

Humanistic and policy environment

Cultural history. TVs and ICH, as the foundation of human civi-
lization in the YRB and as significant windows showcasing agrarian
culture, have maintained their vitality through the historical evolu-
tion over time. The cultural heritage and settlement culture in the
basin are closely linked to the production and living practices of local
people, achieving dynamic transmission within relatively stable
social networks and culturally recognized spaces (Lu and Bai 2017;
Tian et al. 2024). In the upper reaches of the YRB, the formation and
development of TVs and ICH both depend on the local ecological
and cultural environment. This region is a typical agricultural area,
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where places like the Hehuang Valley and the Hetao Plain are sui-
table for farming. The self-sufficient agrarian culture has not only
boosted the regional economy but also strengthened kinship ties
based on blood relations. Additionally, this area is home to a rich
tapestry of cultural heritage, including Yellow River culture,
Hehuang culture, Paleolithic culture, and Neolithic culture. It also
boasts numerous World Cultural Heritage sites and important
agricultural heritage, making it a melting pot of multi-ethnic cultures
and various ideologies. ICH activities such as sacrificial fires, folk
culture, and performing arts remain closely connected to the daily
lives of TVs, continually playing a role in shaping the rural living
environment and reinforcing family identity and values. Moreover,
villagers, as the mainstay of local settlements, are the leading force in
the transformation and transmission of ICH. ICH inheritors and
local sages are the core forces that keep ICH vibrant and alive. The
deep-rooted traditional culture in the upper YRB, influenced by
Taoism, Buddhism, Confucianism, and a small-scale peasant econ-
omy, has fostered a strong sense of nostalgia centered on family and
homeland in this region. The agrarian-based way of life has persisted
under the influence of cultural and kinship ties, and ICH, as an
integral part of the lives of residents in TVs, has been passed down
through generations. However, in recent years, regionally distinctive
architectural styles, such as zhuangbao (fortress-style) and siheyuan
(courtyard-style) buildings, have been damaged. The ecological and
cultural environment that sustains them has also been eroded,
adversely affecting the dynamic development of TVs and the living
preservation of ICH.

Funding policies. In recent years, the protection of TVs and ICH
in the YRB has garnered considerable attention from both local
governments and the national level. In terms of traditional village
protection, after the official reclassification of “ancient villages” to
“TVs” in 2012, the nation has been steadily advancing protective
efforts and enacting relevant laws and policies. In 2021, the
Central Committee of the Communist Party of China and the
State Council issued the “Outline of the YRB Ecological Protec-
tion and High-Quality Development Plan”, which emphasized the
integration and collaboration of resources across regions in the
YRB. In 2023, the “Opinions of the Central Committee of the
Communist Party of China and the State Council on Effectively
Promoting Key Tasks in Rural Revitalization in 2023” called for
the steady advancement of livable and workable beautiful village
construction, and the acceleration of integrated construction and
coordinated development of tourist attractions and key tourist
villages [59]. In terms of ICH protection, the Ministry of Culture
and Tourism issued the “14th Five-Year Plan for the Protection of
ICH?”, which explicitly called for strengthening the protection and
transmission of ICH in the YRB. Clearly, the protection, inheri-
tance, and promotion of Yellow River culture have become key
tasks in the current phase of ecological protection and high-
quality development of the YRB. Protecting the unique cultural
characteristics of the Yellow River, preserving regional civiliza-
tion, safeguarding rural customs, and passing down cultural
heritage in the basin are crucial paths to achieving this goal.

Discussion

Detection and analysis of the interaction of influencing factors.
Factor detection can be used to explore the driving force between
two independent variables, identifying the dominant factors
affecting the spatial differentiation of TVs and ICH by comparing
the magnitude of the two factors. Based on the previous analysis
of driving factors, the spatial distribution of TVs and ICH is
influenced by a combination of multiple factors. This study
subdivides the eight basic driving factors into ten specific
indicators: altitude, slope, river, temperature, economy,
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transportation, population density, urbanization rate, cultural
history, and financial policies, which are treated as independent
variables (x). The kernel density of TVs is taken as the dependent
variable (y,), and the kernel density of ICH is the dependent
variable (y,). Using ArcGIS, the independent variables are clas-
sified into five or more levels according to natural breaks, fol-
lowed by discrete analysis after raster reclassification. The
interaction results of the factors are calculated using GeoDetector,
as shown in Table 6, to assess the influence and explanatory
power of each factor on the spatial differentiation of TVs in the
Upper YRB. It can be concluded that altitude, urbanization rate,
temperature, and economy are the primary factors affecting the
distribution of ICH in the upper reaches of the YRB. Slope,
financial policies, transportation, and population density are
secondary factors, with the least influence coming from the river
and cultural history. Due to the complexity of natural and cul-
tural conditions in the upper reaches of the YRB, the distribution
of ICH largely depends on the distribution of traditional villages.
ICH tends to thrive in areas with low altitude, moderate tem-
perature, and high economic development. Therefore, it can be
observed that urbanization rate is the common dominant factor
influencing the distribution of both TVs and ICH in the upper
reaches of the YRB, while the river is a secondary factor affecting
the distribution of both.

Based on the results of single-factor detection, multi-factor
interaction detection of the spatial distribution of TVs and ICH in
the YRB was conducted according to reference (Huang and Xue
2024), leading to the interaction detection results of the spatial
differentiation of TVs and ICH in the YRB (Fig. 8A, B). The
research results show that the types of interaction detection results
for TVs and ICH in the YRB are mainly dual-factor enhancement
and nonlinear enhancement. It can be concluded that urbanization
rate is the key factor among the interacting variables. In summary,
urbanization rate has a common influence and explanatory power
on the spatial distribution of both TVsand ICH in the YRB, with
altitude, financial policies, cultural history, and other factors having
secondary influence and explanatory power.

Strategies for integrated development paths and other argu-
ments. (1) Based on the analysis of influencing factors, this paper
focuses on examining the integration and development path
between TVs and ICH through factors such as altitude and slope,
river systems, temperature conditions, regional economy, trans-
portation accessibility, population density, urbanization rate,
cultural characteristics, and funding policies, and proposes the
following strategies. Firstly, from the elevation slope, Building
designs should be tailored to local conditions, considering the
characteristics of different elevations and slopes. Second, from the
river system, utilize the natural landscapes and cultural resources
of the YRB to develop ecological tourism in TVs, thereby pro-
tecting both the villages and ICH while generating economic
benefits. Strengthen the integration of intangible heritage trans-
mission and ecological restoration by incorporating local intan-
gible cultural elements, such as traditional crafts and folk
techniques, during soil and water conservation efforts to enhance
local residents’ sense of involvement. Third, from the climate
conditions, climate-adaptive design in traditional architecture:
Utilize locally abundant renewable resources such as soil, stone,
and wood to build courtyard-style homes with effective insulation
and heat retention, thereby adapting to the region’s large tem-
perature fluctuations. Fourth, from the regional economy,
develop the rural cultural and creative industry. Encourage the
use of traditional musical elements such as the suona horn and
labor chants to create cultural products with distinctive features
of the Loess Plateau, attracting young consumers to experience
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Table 6 Geographical Exploration Results of Factors Influencing Spatial Differentiation of TVs and ICH in the Upper YRB.
Serial number Detection factor Index factors q(y,)statistic p(y,) value q(y,)statistic p(y,) value
X Elevation Elevation/m 0.126 0.000 0.263 0.000
X Slope Degree/° 0.026 0.000 0.044 0.000
X3 River Distance to river/km 0.004 0.148 0.002 0.517
X4 Temperature Annual average temperature/°C 0.055 0.000 0.157 0.000
X5 Economy Total annual GDP/yuan 0.052 0.000 0.082 0.000
Xe Transportation Traffic distance/km 0.017 0.000 0.027 0.000
X7 Population density Density/km? 0.001 0.903 0.016 0.017
Xg Urbanization rate Rate/% 0.175 0.000 0.256 0.000
Xo Cultural history - 0.305 0.000 0.001 0.380
X10 Funding policies - 0.584 0.000 0.032 0.000
The larger the g value, the stronger the driving force of the factor, and the smaller the p value, the more significant the result.
q X;n q (X;NXp
0.6960 0.6960
* + ¥ + + ¥ * * + FXpo + X
0305 + * o+ 4+ k% & x * LX
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B

Fig. 8 The interaction test results of the influencing factors of the spatial distribution of TVs (y;) and ICH (y,) in the Upper YRB. A The interaction

results of influencing factors of spatial distribution of TVs; B The interaction results of influencing factors of spatial distribution of ICH. Note: *

denotes

nonlinear enhancement [q(xjnx)> (xi+x;)]; 4+ denotes two-factor interaction enhancement [q(xinxp>Max (x;x].

Yellow River drama and enjoy Yellow River culture, thus forming
a new economic growth point. Fifth, from the transportation
accessibility, protect and restore TVs along historic routes in the
YRB, such as the ancient Silk Road, Tangfan Road, and Tea-
Horse Road, while preserving their unique ancient architectural
styles and cultural history in the northwest Yellow River region to
ensure the traditional appearance of these villages is not damaged.
Sixth, from the population density and urbanization rate, balance
protection and development. In high-population-density areas,
such as Yinchuan, Lanzhou, Hohhot, and Xining in the upper
YRB, strengthen the protection of TVs and avoid over-
development. In areas with lower population density, such as
Haidong, Gannan, Guyuan, and Bayannur in the upper YRB, the
promotion of village-based ICH should be strengthened. Seventh,
from the cultural history, promote the integrated development of
rural culture and tourism. Combine the folk culture and per-
forming arts of the upper YRB to design sightseeing routes and
Yellow River scenic corridors along the cultural tourism route.
This will attract tourists to participate in traditional festivals and
social fire activities, promoting both economic and cultural
development. Eighth, from the funding policies, establish a special
fund for the integrated protection of ICH in the upper YRB.
Establish a regional fund specifically for ICH protection to
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support ICH projects in TVs, such as Mongolian clothing, the
making of water pipes, paper-cutting crafts, ancient building
pigments, etc., and raise funds through government grants, social
donations, and other forms.

(2) Many existing studies discussing the protection of TVs and
the inheritance of ICH (Zeng et al. 2024; Xiong and Lee 2020)
suggest strategies that combine the protection and development
of ICH with the revitalization of TVs. However, they lack
strategies for the integrated development of TVs and ICH in
specific regional contexts. Different regions possess unique
cultural characteristics and varying levels of economic support,
influenced by both natural and social environments. Conse-
quently, the protection and development of TVs and ICH have
distinct goals and requirements. However, the existing research
lacks locality-specific strategies for integrating these two elements.
To further promote the overall protection of TVs and ICH in the
upper reaches of the YRB, this study conducts a quantitative
analysis of the spatial relationships between TVs and ICH from
macro and meso perspectives. The analysis reveals a strong
coupling in their spatial relationships, with several factors
positively correlated, indicating that the characteristics of
coupling and integration between TVs and ICH still exist within
this unique regional context. At the micro level, this study

13



ARTICLE

innovatively proposes pathways for the integrated protection and
development of TVs and ICH. It explores strategies for their
integration concerning factors such as altitude, rivers, tempera-
ture, transportation, population, urbanization, culture, funding,
and policy. This discussion is tailored specifically to the unique
regional characteristics of the upper YRB.

Conclusions

Taking the TVs and ICH in the upper reaches of the YRB as the
research subjects, this study employs a combination of scientometric
and spatial analysis methods. The conclusions are as follows:

(1) There are significant differences in the spatial distribution of
TVs and ICH in the upper YRB. TVs exhibit a “multi-core aggre-
gation, dispersed concentration” pattern, with a high degree of
imbalance at the provincial (or autonomous region) level. In contrast,
ICH shows a “sparse south, dense center, and sparse north” dis-
tribution, with a lower degree of imbalance at the provincial level.

(2) In terms of spatial relationships, the alignment between
TVs and the distribution of ICH in the upper reaches of the YRB
is generally high. However, there are significant misalignments in
terms of spatial centers and regional distribution scales. At the
provincial (autonomous region) level, three types of spatial mis-
alignment are identified: positive high misalignment, positive low
misalignment, and negative high misalignment.

(3) Factors such as altitude, river systems, temperature conditions,
regional economy, accessibility, population density, urbanization
rate, cultural characteristics, and funding policies significantly
influence the spatial distribution of TVs and ICH. urbanization rate
has a common influence and explanatory power on the spatial
distribution of both TVsand ICH in the YRB, with altitude, financial
policies, cultural history, and other factors having secondary influ-
ence and explanatory power. These factors are crucial in deter-
mining the pathways for their integrated development.

Data availability
Data are contained within the article.
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