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Abstract: The traditional Tibetan area of China is an ethnically and culturally significant region with a
historical geographical connection. This study investigates the spatial-temporal distribution patterns
and entropy changes of historical and cultural heritage by examining the association between cultural
heritage and socio-historical factors. It utilizes analytical methods such as information entropy
and incorporates temporal, spatial, and typological information from the data obtained in the Third
National Cultural Relics Census. The findings are as follows: (1) The three major regions in the Tibetan
area of China alternately serve as development cores for the traditional Tibetan area, exhibiting a
fluctuating “dispersion-aggregation” trend of historical and cultural heritage, which also displays
notable regional variations. (2) The quantity and entropy change of historical and cultural heritage
exhibit correlations between different periods, but there are also some intergenerational differences.
(3) The spatial-temporal distribution pattern of historical and cultural heritage demonstrates an
inter-era correlation, indicating that socio-historical development is a nonlinear process characterized
by both “transition” and “accumulation”. These findings are of significant importance for further
understanding the social evolutionary process of human settlements in high-altitude areas and for
the comprehensive protection of cultural heritage in ethnic regions.

Keywords: historical and cultural heritage; spatial distribution pattern; information entropy; traditional
Tibetan area of China

1. Introduction

Since 2017, China has launched the Second Comprehensive Scientific Expedition to the
Qinghai-Tibet Plateau (Qinghai-Tibet Scientific Expedition), which focuses on the human
activity history and its impact on the Qinghai-Tibet Plateau. China has a civilization history
of over two thousand years. Through long-term interaction and exchange among different
ethnic groups, a diverse and unified Chinese civilization has been formed [1]. As an
important ethnic region within the Chinese civilization framework, the traditional Tibetan
area has produced a precious and unique historical and cultural heritage. Discussing the
historical and cultural heritage of the traditional Tibetan area helps us better understand
the movement and changes of human cultural activities in the plateau region throughout
the history of Chinese civilization. It also provides valuable clues for the Qinghai-Tibet
Scientific Expedition and cultural relics census.

In November 2023, the State Council of China issued a notice on conducting the
Fourth National Cultural Relics Census, signaling the upcoming launch of a new round
of historical and cultural heritage survey nationwide. According to incomplete statistics,
China currently has 760,000 historical and cultural heritage sites, which not only include
material remains such as ancient sites, buildings, and tombs, but also encompass natural re-
sources with cultural significance, cultural landscapes involving human–nature interaction,
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and cultural exchange [2]. In 1984, the United States established its first national heritage
area, considering interconnected historical and cultural heritage as special linear cultural
landscape resources [3]. In recent years, cross-regional historical and cultural heritage
resources such as canal waterways [4], railway roads [5], and commercial and cultural
routes [6] have received widespread attention from academia.

Analyzing the spatial distribution patterns and formation processes of historical and
cultural heritage has become an important scientific topic for reshaping regional civilization
processes and strengthening local identity, as it allows for an exploration of the history
of regional development and evolution. Historical and cultural heritage (HCH) is the
explicit expression of national memory and cultural identity. It records the cumulated
social history of spatial resource allocation and reflects social interactions and cultural
transmission between nations or regions during certain historical periods [7]. The formation
and evolution of historical and cultural heritage are influenced by various factors such as
natural climate, geographical conditions, political orientation, and socio-economic factors.
There is no consensus on how these factors in history influence historical and cultural
heritage.

It can be inferred that social events and processes, cultural diffusion and dissemination,
and other information are recorded to varying degrees in historical and cultural heritage.
The political, economic, and cultural changes in different historical periods will have an
impact on the distribution of heritage. Cultural heritage from different historical periods in
the same region will overlap, merge, and transform, forming a new and organic landscape
system and spatial order [8]. Although most cultural heritage in a region is expressed in
point form, within the framework of territorial spatial planning, the spatial distribution
pattern of historical and cultural heritage can be seen as a complex structural entity that
involves social processes, cultural stratification, landscape systems, and human–land
relationships [9].

Through literature review, we can find that there has been more attention given to
the large-scale patterns of historical and cultural heritage [10,11] and cultural heritage
routes [12], while there has been less discussion on the distribution of historical and cul-
tural heritage in special regional areas such as ethnic regions, high-altitude areas, and
cross-basin areas. Although the geographical characteristics of the integrity [13], system-
aticity [14], regionality [15], and scalability [16] of historical and cultural heritage have
been widely recognized, there has been relatively limited research on the complexity [17],
temporality [18], and multiplicativity of historical and cultural heritage. Although some
studies have discussed the potential threats and interferences faced by current historical
and cultural heritage [19], the impact mechanisms of past geographic factors on the current
distribution patterns of historical and cultural heritage still need further investigation
and verification [20,21]. Some studies have discussed the distribution patterns of cultural
heritage of different periods and types, but little is known about the reasons for changes in
the distribution patterns of cultural heritage [22].

Some scholars use time series models to analyze the advantages and changes in the
declaration of world cultural heritage in different regions and periods, and assess the impact
of heritage strategies on the number of heritage sites included in each region [23]. This
interprets the spatial-temporal distribution patterns of historical and cultural heritage as
guided by policies, excluding geographical factors. Some scholars have explained the social
and historical role of cultural heritage and argue that cultural heritage is primarily a product
of economic and social development [24], as well as the dissemination of religion [25], rather
than a result of natural geography [23,26,27]. Therefore, the spatial-temporal distribution
patterns of historical and cultural heritage should not be regarded as a simple system
of geographical factors, but as a geographical phenomenon that can reflect the historical
processes of regional societal development and human–environment relationships. It is
necessary to consider cultural heritage as the richness of regional social culture [28] and
judge the historical processes of regional society based on the complex distribution patterns
of cultural heritage [29].
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The study of China’s historical and cultural heritage has shifted from a simple case
to the study of the coupling between nature and humanity, the relationship between time-
space and environment, and the social influence. Scholars have discussed the spatial
distribution [30], temporal distribution [31,32], and cultural connotation [33] of historical
and cultural heritage in different spatial scopes such as the world [34,35], regions [36,37],
river basins [38], and cities [39], and have analyzed the influences of regional geography,
national politics, ethnic differences, and other factors on the spatial-temporal distribution
pattern of historical and cultural heritage [40,41].

Research on historical and cultural heritage in ethnic regions often concentrates on
urban morphology patterns [42,43], ethnic culture [44], religious governance [45], and
phenomenon analysis of cultural landscapes [46,47]. The research scope is mostly at the
town level or within provinces in areas where ethnic minorities are concentrated, with
less study on the spatial distribution and evolution of historical and cultural heritage
across administrative boundaries in regions where ethnic minorities live [48]. Analyzing
the spatiotemporal distribution characteristics and network structure relationships of
historical and cultural heritage can promote human understanding of social changes,
cultural succession, and the evolution of human–land relationships [49,50].

The majority of traditional Tibetan areas in China are located on the Qinghai-Tibet
Plateau, which is the highest-elevated ethnic region in the world. Despite the analysis of
the Prehistoric era in high-altitude areas through geological exploration [51], genetic test-
ing [52,53], ecological footprint [54], and humanity relics [55], our understanding of human
activities and social processes on the Qinghai-Tibet Plateau remains very limited [56–59].
Despite the evidence of human activities in the traditional Tibetan area dating back millions
of years [60], including highly mobile, long-distance, and large-scale migration in the early
human activities [61], our understanding of human activities and social processes in the
traditional Tibetan area during the medieval period on the Qinghai-Tibet Plateau remains
limited [62–64].

The continuity and development of Tibetan history and culture have been a topic of
wide international interest, often criticized for marginalization or cultural extinction of
Tibet due to various reasons [65,66]. Discussing the historical and cultural heritage of the
traditional Tibetan area from a cultural perspective and incorporating it into the scope
of anthropological research by utilizing temporal [67], spatial [68], and typological [69]
information stored in the historical and cultural heritage can contribute to a better under-
standing of cultural exchange trends and spatial evolution mechanisms in high-altitude
human settlements. It can also provide strong evidence that the traditional Tibetan area
has been an integral part of China since ancient times and, more importantly, help better
understand the close connection between the traditional Tibetan area and the central gov-
ernment in history, thereby reshaping the historical narrative discourse of the traditional
Tibetan area [70].

In response to the issues of geographical determinism and causal inversion in the
current research on the spatial and temporal distribution patterns of cultural heritage,
the concept of the complexity of historical and cultural heritage is proposed [71,72]. It
discusses the differences and connections between different types and periods of cultural
heritage, with time as a potential driving force, forming a formative analytical framework
to examine the diversity of historical and cultural heritage. By observing the changes in
the diversity of historical and cultural heritage, the phenomenon of cultural exchange,
dissemination, and integration that occurred in different historical periods within a region
can be discussed [73,74]. Most historical and cultural heritage consists of inherited ancient
buildings and structures. Discussing the diversity of historical and cultural heritage helps
to bring cultural heritage research into the perspective of anthropology and regional history,
which is of great significance for further understanding the unique historical and cultural
processes of high-altitude ethnic regions [75].

Therefore, this study aims to analyze the spatiotemporal distribution patterns of
4367 historical and cultural heritages, revealing their distribution in different regions and
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time periods. This analysis not only helps us understand the background and evolution
of these cultural heritages but also provides important reference for the study of regional
history. Additionally, through studying their hierarchical patterns, we can uncover the
interconnections and influences among different types of cultural heritages, contributing
to a more comprehensive understanding of their value and significance. In this study, we
will utilize tools such as information entropy and Pearson correlation for analysis. Infor-
mation entropy assists in quantifying the complexity and diversity of the spatiotemporal
distribution patterns of historical and cultural heritages, thus revealing their regularities
and characteristics. Meanwhile, Pearson correlation helps explore the degree of correlation
between historical and cultural heritages in different periods, further uncovering their
mutual influence and mechanisms.

Through the implementation of this study, we hope to provide scientific basis and
decision-making support for the protection and inheritance of historical and cultural
heritages in traditional Tibetan areas of China. Additionally, we aim to promote the
inheritance and promotion of traditional Chinese culture, enhance people’s sense of identity
and pride in historical and cultural heritages, and stimulate the diversified development
and prosperity of culture [76].

2. Materials and Methods
2.1. Study Area

The research area of this study is the traditional Tibetan area (26◦51′ N–39◦12′ N,
78◦23′ E–104◦45′ E), with an area of approximately 2,613,819 km2. The traditional Tibetan
area in China consists of the regions of Weizang, Anduo, and Kangba, which cover the
entire Qinghai and Xizang, as well as parts of Sichuan, Yunnan and Gansu Province. It
is an extensive cultural region [77] inhabited mainly by the Tibetan ethnic group, with
19 prefecture-level cities and 161 districts and counties (Figure 1). The traditional Tibetan
area is one of the highest-altitude regions in the world, with its steep terrain and complex
natural geography nurturing a unique ethnic way of life and religious and social culture
than other regions of China.
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Figure 1. Study area. (Self-drawn. The Chinese map is produced based on the standard map with
approval number GS (2020)4621 downloaded from the website of the Ministry of Natural Resources
(http://www.mnr.gov.cn, accessed on 15 July 2023), and the boundaries of the base map have not
been modified).

Since the Yuan Dynasty unified the Tibetan areas and established local governments,
the three major Tibetan regions gradually formed. They include the Weizang region
(religious domain) primarily in Tibet, the Anduo Tibetan region (pastoral domain) primarily
in Qinghai, and the Kangba Tibetan region (human domain) primarily in western Sichuan
and eastern Tibet. These three regions are not only dialectal regions in the Tibetan language

http://www.mnr.gov.cn
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but also different human and geographical regions. The Tibetan proverb says, “Weizang
people are religious, Kangba people are warriors, and Anduo people are good at business”.
This reflects the basic understanding of the characteristics of the three major regions by
Tibetans. The traditional Tibetan area has a large number and diverse types of historical
and cultural heritage. For the purpose of convenience and understanding, this study uses
the modern Chinese Pinyin system for place names. Terms such as Weizang (Ü-Tsang),
Kangba (Kham), Anduo (Amdo), Rikaze (Shigatse), Changdu (Chamdo), and Lasa (Lhasa)
are not written using the traditional Tibetan phonetic system.

2.2. Methods
2.2.1. Research Approach

The spatial-temporal distribution pattern of historical and cultural heritage refers to
the structural distribution state of material remains with cultural functions within a certain
time range and a certain geographical range, which is the result of long-term interaction
between the natural environment and human activities. We know that the distribution
pattern of historical and cultural heritage is the spatial expression of multiple interacting
factors. However, the process of change for many of these factors is unclear. Therefore,
by suspending other elements, we view the distribution pattern of historical and cultural
heritage as a spatial system, hoping to find clues to the changes from the distribution
pattern of historical and cultural heritage. By analyzing this spatial system, the complexity
of traditional Tibetan historical and cultural heritage and the social-historical processes it
reflects can be discussed (Figure 2).
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The distribution pattern of historical and cultural heritage is discussed using basic
geographic analysis methods. The method of periodization is used to determine the
temporal characteristics of cultural heritage, while the method of classification is used to
determine the cultural characteristics of cultural heritage. The combination of temporal
and typological features is used to discuss the entropy changes in historical and cultural
heritage. By transforming the features of three dimensions into the distribution pattern
of historical and cultural heritage, the temporal correlation, spatial integrity, and heritage
system of traditional Tibetan historical and cultural heritage can be summarized. Analyzing
cumulative temporal changes and entropy rules of historical and cultural heritage is of
great significance for scientifically grasping regional development trends and optimizing
the pattern of historical and cultural heritage.

2.2.2. Information Entropy Algorithm (IEA)

With technological advancements, new theories and technologies, including social
spatial computing, cultural geospatial analysis, complex systems networks, and others, are
gradually being introduced into the study of historical and cultural heritage. Methods such
as exploratory spatial analysis have gradually been applied to the study of historical and
cultural heritage [78–80], providing new possibilities for exploring the distribution patterns
of historical and cultural heritage [81].
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The spatial-temporal distribution patterns of historical and cultural heritage were
gradually formed in ancient societal development and evolution. Although some studies
have explored the conditions of the spatial-temporal distribution patterns of historical
and cultural heritage using contemporary geographic data, such as construction [82],
transportation [83], hydrology [30], and climate [84], and argue that these conditions have
an impact on the distribution patterns of cultural heritage, the causal relationship between
historical and cultural heritage and other geographic factors is still not clear [85,86], and
often falls into the trap of geographical determinism.

The current mainstream methods of multi-factor exploration in academic research
often result in logical problems of causal inference inversion, leading to temporal contradic-
tions. Therefore, information entropy is used as the main technical method to describe the
complexity changes in the distribution patterns of historical and cultural heritage. Within a
certain period of time and spatial range, the more numerous and diverse the quantity and
types of historical and cultural heritage, the more complex we consider them to be.

Information entropy is an index used to describe the degree of confusion of things. The
distribution of historical and cultural heritage in the region presents local characteristics that
change with time series, and this characteristic is composed of structure and randomness.
In order to measure and predict historical and cultural heritage, Shannon’s information
entropy theory is used to perform information entropy calculation of historical and cultural
space in different time phases.

H(x) , −P(xi)∑n
i=1 log2[P(xi)] (P(xi) =

ki
N

i = 1, 2, . . . , N) (1)

where H(x) is the information entropy of historical and cultural heritage, P(xi) is the
probability value of each type of cultural heritage, ki is the frequency of a certain type of
cultural heritage, and N is the total amount of cultural heritage. The calculation based
solely on chronological and typological information may have theoretical shortcomings in
terms of geographic factors and explanatory power of phenomena. However, it can still
serve as a quantitative method to study the history of human societies within a specific
region.

2.2.3. Basic Geographical Analysis

This paper analyzes the spatial information characteristics of historical and cultural
heritage using the nearest neighbor index (NNI) and standard deviation ellipse (SDE)
(Table 1). The diversity and complexity of the distribution of historical and cultural heritage
are studied using the information entropy algorithm. Spatial Autocorrelation Analysis
(Moran’s I Index) and Pearson’s Correlation Analysis (PCA) are applied to explore the
interrelationships among historical and cultural heritage, providing a quantitative analysis
of regional social-historical changes. This offers new insights into the complexity and
diversity characteristics of historical and cultural spatial distribution.
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Table 1. Basic geographic analysis technology of this study (Self-drawn).

Methods Formula Parameter Role

Nearest Neighbor
Index
(NNI)

When the nearest neighbor index R = 1, it means that the
point-like elements tend to be randomly distributed, which is
random type; NNI < 1 tends to be agglomerative distribution;

NNI > 1 tends to be uniform distribution.
NNI = r1

rE

rE = 1
2
√

n
A
= 1

2
√

D

r1 is the average actual nearest neighbor
distance value; rE is the theoretical nearest

neighbor distance; A is the area of the
study area; N is the number of cultural

heritage points; D is the density of cultural
heritage points.

To judge the distribution pattern of point
elements in space.

Standard
Deviation

Ellipse
(SDE)

The larger the flatness, the more obvious the directionality of
the data. Conversely, it indicates less obvious directionality;

the shorter the short half axis, the more pronounced the
centripetal force presented by the data. Conversely, the greater

the degree of dispersion of the data.

C =
[

var(x)cov(x,y)
cov(y,x)var(y)

]
= 1

n

(
∑n

i=1 x2
i ∑n

i=1 xiyi

∑n
i=1 xiyi∑

n
i=1 y2

i

)
C is the coordinate of the standard
deviation ellipse; x, y represent the

arithmetic mean center of the geographic
feature; xi, yi are the spatial position

coordinates of the geographic feature;
θ represents the azimuth of the ellipse;

Xi, YiYi are the mean center deviations;
σx, σy are the standard deviations of the

x-axis and y-axis, respectively.

To describe the spatial distribution
characteristics of geographical elements,

including the distribution center,
distribution range, density, development

direction, etc.
tanθ =

(∑n
i=1 X2

i −∑n
i=1 Y2

i )+
√
(∑n

i=1 X2
i −∑n

i=1 Y2
i )

2
+4(∑n

i=1 XiYi)
2

2∑n
i=1 XiYi

σx =
√

2
√

∑n
i=1 (Xicosθ−Yisinθ)2

n

σy =
√

2
√

∑n
i=1 (Xisinθ−Yicosθ)2

n

Spatial Autocorrelation Analysis
(Moran’s I Index)

When I > 0 and Z > 0, it indicates a High-High cluster. When
I < 0 and Z < 0, it indicates a Low-Low cluster. When I > 0 and
Z < 0, it indicates a Low-High cluster. When I < 0 and Z > 0, it

indicates a High-Low cluster.

Ii =
n(xi−x)∑n

j=1 Wij(xj−x)

∑n
i=1 (xi−x)2 (Z(I) = I−E(I)√

VAR(I)
)

n represents the number of spatial objects;
Wij denotes the spatial weight matrix of
unit i and j within the study area; E (I)

represents the expected value of Moran’s I
statistic, VAR (I) represents the variance of

Moran’s I statistic.

Refers to the existence of relationships
between variables within a certain spatial

area and the same variables in
surrounding areas.

Pearson’s Correlation Analysis
(PCA)

The correlation coefficient is not correlated or very weakly
correlated between 0−0.2; weakly correlated between 0.2–0.4;

moderately correlated between 0.4–0.6; strongly correlated
between 0.6–0.8; and extremely strongly correlated

between 0.8–1.

ρx,y =
cov(x,y)

σxσy
= ∑n

i=1 (xi−x)(yi−y)√
∑n

i=1 (xi−x)2∑n
i=1(yi−y)2

(
ρx,y ∈ [−1, 1]

)

ρx,y represents the correlation of two
variables; xi, yi are the measurements of

the random variables x and y, respectively;
x and y represent the measurements of x

and y, respectively; n is the number of
sequences.

Pearson’s correlation analysis is an
indicator measure of the dependence of

two variables.
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2.3. Materials

This research is based on the cultural heritage resource list publicly released by na-
tional ministries and local governments, including the cultural heritage protection units
(919 sites) and general cultural heritage sites (3448 sites) announced by cities, counties, and
districts during the Third National Cultural Relic Census. The administrative division data
are sourced from the Resource and Environmental Data Cloud Platform of the Chinese
Academy of Sciences (http://www.resdc.cn/, accessed on 15 July 2023).

Based on the cultural heritage resources (Table 2), this study verifies the spatial loca-
tion of cultural heritage by referencing local chronicles, cultural yearbooks, cultural relic
bulletins, and government department files, and forms a cultural heritage database contain-
ing construction information, which is categorized by type and period. For cross-regional
cultural heritage, multiple key areas are selected for placement. The cultural heritage data
used in this study may have some duplication, such as some national key cultural heritage
protection units including general heritage sites. The original lists are retained without
deletion.

Table 2. Distribution statistics of the quantity statistics of cultural heritages (Self-drawn).

Regions Cities
National Key

Cultural Relics
Protection Units

National Key
Cultural Relics

Protection Units

Municipal and
County-Level

Cultural Relics
Protection Units

Ordinary
Cultural
Heritage

Total

WEIZANG

ALI 7 27 — 98 132
HAIXI 5 14 6 57 82
LASA 17 44 1 279 341

LINZHI 2 10 8 109 129
NAQU 2 13 24 128 167

RIKAZE 17 24 16 366 423
SHANNAN 17 33 9 246 305

KANGBA

ABA 33 18 88 599 738
CHANGDU 11 15 33 148 207

DIQING 6 5 19 9 39
GANZI 17 22 35 91 165
YUSHU 7 8 4 55 74

ANDUO

GANNAN 9 23 43 356 432
GUOLUO 3 10 2 72 87
HAIBEI 4 14 26 61 105

HAIDONG 13 — — 9 22
HAINAN 9 60 43 527 639

HUANGNAN 4 18 16 237 275
XINING 5 — — 1 6

Total 188 358 373 3448 4367

3. Results
3.1. The Distribution Pattern of Historical Cultural Heritage in Multiple Periods
3.1.1. Distribution Characteristics of Historical and Cultural Heritage in Multiple Periods

According to the principle of relative balance, the historical and cultural heritage of
the traditional Tibetan region can be divided into eight periods (Table 3). The historical
cultural heritage in the traditional Tibetan areas of China has to some extent preserved
the process of civilization competition and cultural integration. The historical cultural
heritage of the traditional Tibetan areas in China shows a significant trend of concentration
in chronological order (Figure 2).

By calculating the nearest neighbor index (NNI) for cultural heritage from different
periods, it can be observed that the traditional Tibetan cultural heritage in China exhibits
significant clustering characteristics. Cultural heritage from the Stone Age shows the
highest level of clustering, with an NNI of 0.265, while the cultural heritage from the

http://www.resdc.cn/
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Qin-Han and Southern and Northern Dynasties is relatively dispersed, with an NNI of
0.451. Although the quantity of cultural heritage from the Ming Dynasty is similar to that
of the Stone Age, the cultural heritage from the Ming Dynasty is more dispersed. Under the
assumption of relatively stable natural conditions, it is evident that human activities during
the Ming Dynasty were more extensive, indicating that the socio-economic aspects of the
Ming Dynasty were more adaptable and resilient to the natural geographic environment.
The number of cultural heritages from the Bronze Age is similar to the number of cultural
heritages from the Qing Dynasty, while the distribution of cultural heritages from the
Bronze Age is more concentrated, with an NNI of 0.272. The number of cultural heritages
from the Qin-Han and Southern and Northern Dynasties is similar to the number of cultural
heritages from the Liao, Song, and Yuan dynasties, but the cultural heritage sites from the
Qin-Han and Southern and Northern Dynasties are more dispersed, with an NNI of 0.451.

Table 3. The NNI statistics of historical and cultural heritage in multiple periods (Self-drawn).

Periods Era Range Quantity
Average Actual

Nearest Distance
(m)

NNI Z Value

The Stone Age (SA.) Before BC 5000 593 8877.36 0.265 −34.26
The Bronze Age (BA.) BC 5000–BC 221 722 22,513.85 0.272 −37.41

The Qin-Han and Southern and
Northern Dynasties (QHSND.) BC 221–AD 581 177 12,532.07 0.451 −13.96

The Sui-Tang, and Five
Dynasties (STFD.) AD 581–AD 960 820 8688.30 0.309 −37.85

The Liao, Song, and Yuan
Dynasties (LSYD.) AD 960–AD 1368 196 18,616.24 0.395 −16.22

The Ming Dynasty (MD.) AD 1368–AD 1644 598 11,170.56 0.327 −31.47
The Qing Dynasty (QD.) AD 1644–AD 1840 951 9386.84 0.346 −38.56

The Modern and Contemporary
Period (MCP.) AD 1840–AD 1949 310 15,909.95 0.358 −21.62

3.1.2. Distribution Pattern of Historical and Cultural Heritage in Multiple Periods

Overall, the distribution and aggregation characteristics of historical and cultural
heritage in the traditional Tibetan areas have been continuously significant. With the
passage of time, the core of heritage aggregation has shifted among the three major Tibetan
areas and become stable (Figure 3). From the perspective of the distribution of cultural
heritage, there is a trend of aggregation from west to east, which is particularly evident
during the Bronze Age and the Qin-Han and Southern and Northern Dynasties.

The Stone Age historical and cultural heritage was concentrated in the eastern edge
of the plateau and the surrounding area of the Yellow River basin, showing an overall
uneven distribution pattern with denser distribution in the east and sporadic distribution
in the west. This period was influenced by the altitude and natural environment, with
the regions of the Gangdisi Mountains and the Hengduan Mountains being unsuitable for
human activities, resulting in very few scattered cultural heritages. During the Bronze Age,
historical and cultural heritage in the traditional Tibetan region gathered and appeared
to have a trend of polarization in the Huangshui River basin and the foothills of the
Laji Mountain due to the migration of Central Plains immigrants and the construction of
military fortresses. During the Bronze Age to the Qin-Han and Southern and Northern
Dynasties, the cultural heritage primarily gathered in the eastern part of the traditional
Tibetan areas.
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During the Qin, Han, and Southern and Northern Dynasties, as the central control area
extended westward, the long-term confrontation between the Central Plains and the local
areas led to a sharp decline in the population of ethnic minority groups such as the Wuhuan,
Xiongnu, and Western Qiang. As a result, the cultural heritage also decreased. Government
immigration and natural migration prompted population movement southward. At this
time, the historical and cultural heritage in the traditional Tibetan areas showed a dual-
core distribution pattern of Anduo and Kangba. Starting from the Sui and Tang Dynasties,
cultural heritage gradually converged, showing a trend of moving closer to the east. The rise
of the Tubo Dynasty prompted a spatial migration of the distribution center of historical and
cultural heritage from east to west. The Anduo region experienced a peak of aggregation,
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while the Anduo and Kangba regions fell into a trough. At the same time, the economic
and trade exchanges between Tubo and the central dynasties and the “Musk Route” also
promoted the socio-cultural development of regions along the route such as Aba and
Changdu, as well as the Ali region.

After the fall of the Tubo Dynasty (equivalent to STFD.), conflicts among various
traditional tribes in the Tibetan region intensified, weakening the population and economic
advantages in the Lhasa area. Branches of the Tubo tribe established their regimes in the
Huanhe River basin in Qinghai Province, centered around Haidong (Ancient Miaochuan)
and Xining (Ancient Qingtang), while Qiang tribes re-engaged in independent activities in
the Yushu area after the fall of the Tubo Dynasty, leading to a significant increase in the
quantity and density of cultural heritage in the Anduo and Kangba regions during the
Liao, Song, and Yuan Dynasties. In the Ming Dynasty, inheriting the Tusi policy from the
Yuan Dynasty, the distribution center shifted towards the eastern border of the Tibetan
region, with no significant changes in the distribution range. Since the Qing Dynasty, with
the continuous integration of the traditional Tibetan region and the mainland in politics,
economy, and culture, the pattern of cultural heritage has shown a continuous movement
of the center of gravity towards the Aba and Gannan regions, which are at the junction of
the Han and Tibetan cultures, exhibiting characteristics of polarization.

Generally, the closer the heritage is to the present day, the higher the probability of
its preservation. The longer the time span, the greater the number of preserved historical
and cultural heritages. In terms of spatial distribution, the quantity and clustering degree
of historical and cultural heritage in each period show fluctuating changes (Figure 4).
Among them, four clusters of historical and cultural heritage have been formed from the
Paleolithic Age to the Qin, Han, and Northern and Southern Dynasties periods, exhibiting
the distribution characteristics of HH clusters against LL clusters. Among them, HH clusters
and LH clusters are distributed alternately in the northeastern part of the traditional Tibetan
region, while LL clusters are mainly distributed in the central and southern parts of the
traditional Tibetan region, accompanied by a small number of LH clusters. The distribution
ranges of each cluster expand with the passage of time. Since the Sui, Tang and Five
Dynasties period, there have been obvious abrupt changes in the clustering distribution of
the traditional Tibetan region.

HH clusters are distributed in the southern part of Changdu region and gradually
shrink and disappear from the Sui, Tang to Qing Dynasties. LL clusters are mainly dis-
tributed in the central and northern parts of Kangba and the southern part of Anduo,
with LH clusters showing a clear trend of migration along the Tanggula Mountains from
southeast to northwest. In the Qing Dynasty and modern times, the clustering distribution
characteristics are similar to those of the Paleolithic Age to the Qin, Han, and Northern and
Southern Dynasties periods. The distribution areas of HH and LH clusters overlap more,
and the clustering tendency continues to increase, reflecting the intermittent distribution
pattern of LL clusters in a northeast-southwest direction in places like Rikaze, Naqu, and
Haixi due to the accelerated process of modernization and Sinicization in this region.
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3.2. The Distribution Pattern of Multi-type Historical and Cultural Heritage
3.2.1. Distribution Characteristics of Multi-Type Historical and Cultural Heritage

The coverage of historical and cultural heritage in the traditional Tibetan areas is
extensive, showing significant regional differences in types. According to the attributes of
cultural heritage, it can be divided into six types, including the ancient ruins, the ancient
tombs, temples and carvings, the ancient buildings, the Important Historical Sites from the
Modern period, and other cultural relics (Table 4).

The quantity of ancient ruins is the highest, and their aggregation is also the most
pronounced. The ancient ruins mainly include temple ruins, ancient city ruins, and military
fortress ruins. These ancient ruins were abandoned in the course of history, and their
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high level of aggregation indicates the transition from more concentrated settlements to
a broader geographic dispersion in ancient societies. The ancient tombs are generally
found in burial clusters and have a strong spatial correlation with human settlements of
different eras. Although the aggregation of ancient tombs is second only to ancient sites,
their quantity is only one-third of that of ancient sites. The relatively high aggregation
of ancient tombs provides a possibility for understanding human social behavior on the
Qinghai-Tibet Plateau, suggesting a gradual transition from settlements in areas with better
geographical and climatic conditions, such as valleys, to areas with poorer conditions,
resulting in a shift from a concentrated pattern to a dispersed one. Temples and caves have
slightly fewer numbers compared to ancient sites, and they are also more dispersed. Some
temples after the Sui and Tang Dynasties were metaphorically referred to as “joints that
suppress witches” in Tibetan legends. The dispersed pattern of temples and caves echoes
this concept in the legends.

Table 4. The NNI statistics of multi-type historical and cultural heritage (Self-drawn).

Types Features Quantity
Average Actual

Nearest Distance
(m)

NNI Z Value

The Ancient Ruins
(AR.)

The ruins of ancient human
activities, including villages,

castles, and the like.
1876 5633.40 0.282 −59.52

The Ancient Tombs
(AT.)

The above-ground and
underground structures

used for burying the
deceased.

516 11,270.87 0.301 −30.36

Temples and Carvings
(TC.)

Religious buildings, rock
paintings, stone carvings. 1607 6839.41 0.314 −52.60

The Ancient Buildings
(AB.)

Historically significant
buildings before 1949. 196 19,518.05 0.365 −16.99

The Important Historical
Sites from the Modern

Period
(IHS.)

Important historical relics
related to modern China. 113 30,640.66 0.537 −9.41

The Other Cultural Relics
(OCR.)

Unconventional heritage
with historical, cultural, and

artistic value.
59 43,374.68 0.565 −6.39

All Cultural Heritage Sites —— 4367 3766.29 0.283 −90.60

3.2.2. Distribution Pattern of Multi-Type Historical and Cultural Heritage

Overall, the historical and cultural heritage in the traditional Tibetan areas exhibits
significant regional, temporal, and multi-polarization characteristics (Figure 5). High-
density distribution areas are located at the intersection of the Anduo region and the
eastern part of the Kangba region, while low-density distribution of historical and cultural
heritage is found in the Changdu, Ganzi, and Yushu where the Hengduan Mountains
are located. The distribution of ancient ruins, which mainly consist of early civilization
settlements and town ruins, is influenced by the terrain factors of the interlacing between
high mountains and valleys. They are densely distributed in the eastern Tibetan areas,
such as the Hehuang Valley and Songpan Grassland, which have lower altitudes and are
suitable for agriculture [87].

The ancient tombs are widely distributed in areas with dense population and cultural
phenomena, and they highly overlap with the active range of the Tubo Dynasty. They
form three core areas in Lasa of the Weizang region, Aba of the Kangba region, and
Hainan, Huangnan of the Anduo region. The grotto temples and stone carvings are mainly
distributed along the ancient Buddhist propagation route called “Tangfanni”, forming a belt-
shaped distribution. The main cores are in Lasa and Shannan, with multiple concentrations
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in places like Rikaze, Changdu, Aba, and Huangnan. With the rise of transportation
methods such as Maritime Silk Road, there are rarely newly built grotto temples and stone
carvings in the Tibetan areas.

Compared to other types of historical and cultural heritage, the number of ancient
buildings is relatively small. They are concentrated in the relatively flat areas with a
larger number of towns, such as the Aba region, and the secondary concentrated areas
are in regions with relatively developed industry and commerce, such as Lasa, Xining,
and Gannan. The Important Historical Sites from the Modern period mainly include
battle memorial sites, administrative office sites, and industrial and commercial production
sites. Therefore, they are concentrated in the eastern edge of the Tibetan areas where
transportation conditions are better and resource development started earlier. Gannan, as
an important node for the Red Army’s Long March and the major defeat of the Nationalist
Army, has a relatively large number of important modern and contemporary historical
sites.
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Different types of cultural activities and behaviors have shaped the diverse distribution
patterns of historical and cultural heritage (Figure 6). The ancient ruins, the important
Historical Sites from the Modern periods, and other cultural relics have similar distribution
patterns. Natural conditions such as topography and terrain influence the clustering
types of these types of historical and cultural heritage through their impact on human
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activities. HH clustering and LH clustering are widely distributed in the northeastern part
of the traditional Tibetan area, indicating that the northeastern part is an important area
where frequent production and living activities of traditional Tibetans occur. LL clustering
is mainly distributed in the central and southern plateau regions, such as Rikaze and
other areas with high mountains and deep valleys and higher utilization requirements,
indicating that the production of historical and cultural heritage in the early stages of
different development stages of agricultural activities and industrialization is limited by
technological levels.
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The clustering distribution of ancient buildings is more balanced. HH clustering is
distributed in the eastern part of the traditional Tibetan area, which is also the region
with the most favorable conditions in terms of topography, terrain, and transportation
accessibility. The construction difficulty is relatively small, and the distribution of ancient
buildings is more prominent in terms of quantity. The clustering of ancient tombs, grotto
temples, and stone carvings is accompanied by HH clustering and LH clustering, mainly
distributed in two major regions centered on Lasa and Aba, respectively. The clustering of
LL is characterized by significant spatial complementarity.

The LL clustering of ancient tombs is mainly distributed in the Kangba region, while
the LL clustering of grotto temples and stone carvings is mainly distributed in the Anduo
region. This is closely related to the different functions developed over time in the three
major regions of traditional Weizang, Anduo, and Kangba. The Anduo region, also known
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as the “Land of Horses”, is an area where nomadic culture thrives. It is not primarily
influenced by religion, hence there are relatively fewer temples in this region. The temples
are densely distributed in areas where religious dissemination is widespread, while the
ancient tombs are mainly found near settlements that developed in different periods. It can
be inferred that the distribution patterns of different types of cultural heritage can reflect
the cultural characteristics of a region.

3.3. The Distribution Pattern of Entropy Change in Historical and Cultural Heritage
3.3.1. Overall Distribution Pattern of Entropy Changes in Historical and Cultural Heritages

Entropy is a term used in physics to describe the degree of disorder or randomness in
a system. In the study of cultural heritage, entropy is used to measure the diversity, com-
plexity, and degree of change of traditional Tibetan cultural heritage in the Tibetan region.
Entropy change analysis can provide a scientific basis and reference for the protection and
inheritance of traditional Tibetan cultural heritage.

Entropy change analysis compares cultural heritage data from different time periods
to calculate the entropy value of the heritage, thus understanding the dynamic process of
heritage change. If a region has a greater variety of cultural heritage types and a more even
distribution, its entropy value will be higher, indicating a higher level of cultural heritage
diversity. Conversely, if the quantity of a certain heritage type decreases or disappears over
different time periods, the entropy value will decrease, indicating that the heritage is facing
the risk of loss or decline.

The clustering characteristics of entropy change in the traditional Tibetan areas of
historical and cultural heritage in China are significant. The core of entropy increase has
spread and migrated from the eastern part of Anduo region to the intersection of Weizang
region and Kangba region, and then moved to the intersection of Anduo region and Kangba
region (Figure 7). There has been no significant high-value aggregation of entropy change in
the northern Tibetan Plateau. Prior to the Qin, Han, and Northern and Southern Dynasties,
the high-value aggregation area of entropy change in the traditional Tibetan areas of China
was mainly distributed in the surrounding areas of Gannan, Huangnan, and Haixi, and
the range of high-value increase continuously expanded. The Weizang region centered on
Lasa was a low-value aggregation area of entropy change, showing a significant spatial
differentiation distribution pattern.

After the Tubo Dynasty (equivalent to STFD.) and the fusion of politics and ethnic
groups, the unipolar entropy increase pattern centered around Hainan and Haibei gradually
migrated southward, forming a distribution pattern centered around Gannan, Huangnan,
and Aba regions. From the Sui, Tang, Five Dynasties to the Qing Dynasty, the areas
where Changdu, Yushu, Linzhi, and Naqu are located maintained a long period of high-
value aggregation of entropy increase. The high-value aggregation of entropy changes
continuously moved northward and gradually showed a decreasing trend in aggregation
degree. During this stage, there were no obvious low-value aggregation areas within the
traditional Tibetan areas. In modern times, the high-value aggregation of entropy change in
the historical and cultural heritage is concentrated in the intersection of Anduo region and
Kangba region, where Aba, Gannan, and Guoluo are located, and there are a few low-value
aggregation areas in the southeastern part of the Weizang area and the southern part of the
Kangba region.
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3.3.2. The Autocorrelation Distribution of Entropy Changes in Historical and
Cultural Heritage

The types of cultural heritage in the traditional Tibetan areas are gradually increasing
and becoming more complex. They exhibit a trend of fluctuating growth and gradual
expansion (Figure 8). During the Stone Age, the entropy increase of traditional Tibetan
historical and cultural heritage in China was mainly characterized by low-value clustering,
with a small amount of LH clustering distributed in the Qaidam Basin, where Haixi, Haibei,
and Hainan are located. From the Bronze Age to the Qin, Han, and Northern and Southern
Dynasties, the entropy changes of cultural heritage formed four distinct patterns with
significant spatial differentiation. Among them, HH and LH clusters were distributed in
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the monsoon climate-dominated areas where Hainan, Gannan, and Aba are located, while
LL clusters and a small amount of HL clusters were distributed in the plateau areas west of
the Hengduan Mountains and north of the Himalayas.
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The distribution of historical and cultural heritage from the Sui, Tang, Five Dynasties,
Liao, Song, and Yuan Dynasties shows a significant leap, forming three clusters, with
high-value and low-value clusters mainly distributed in the Kangba and Anduo region.
The LH cluster is mainly located in the Changdu area, surrounded by the HH cluster,
while a small number of LL clusters are distributed in the Ganzi and Guoluo. By the Ming
and Qing Dynasties, the HH cluster disappeared, and the LH cluster moved northward
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to the border area of Naqu and Yushu, with a few scattered LL clusters appearing in the
Weizang region. In modern times, the high-value cluster of historical and cultural heritage
returned to the Aba, Gannan, Huangnan, and Hainan regions, while the LL cluster showed
a southwest-to-northeast scattered distribution pattern in Rikaze, Naqu, Yushu, Haixi,
and Haibei, indicating a shift in social, economic, and cultural activities towards towns
intersecting with the mainland.

The increase in entropy of historical and cultural heritage is an indicator that measures
the richness and disorder of cultural heritage in spatial distribution during different peri-
ods, and it explains the formation principles of the spatial distribution pattern of current
historical and cultural heritage.

The distribution pattern of the increase in entropy of historical and cultural heritage,
using the type information and age information of cultural heritage, depicts the formation
process of social history in traditional Tibetan areas in China. In terms of the types and
characteristics of historical and cultural heritage (Figure 9a), ancient sites are most closely
associated with the overall distribution pattern of historical and cultural heritage, followed
by ancient tombs, other types, temples, and caves. Although the number of other types
of cultural heritage is the smallest, they are closely related to the overall distribution
of historical and cultural heritage. Modern representative historical sites have the least
influence on the overall distribution pattern of historical and cultural heritage. In addition,
there is a high correlation between ancient sites and ancient tombs, temples and ancient
buildings, and ancient tombs and temples, suggesting that the spatial distribution pattern
of historical and cultural heritage is related to the cultural characteristics of human activities
in different periods. Modern settlements have a significant spatial differentiation from
ancient settlements, and there is also spatial differentiation between continuous ancient
settlements and abandoned settlements. Temples play a crucial role in the development
and evolution of settlements.

It is generally believed that “the closer the periods are, the stronger the correlation”.
Connected periods should have a strong correlation. According to the statistical analysis of
the correlation between the distribution of the quantity of historical and cultural heritage in
different periods and the distribution of entropy changes, it is found that the spatial distri-
bution pattern of historical and cultural heritage has the dual characteristics of cumulation
and transition. In terms of the quantity of historical and cultural heritage (Figure 9b), there
is a more significant correlation between the Stone Age and the modern and contemporary,
Qing Dynasty, and Ming Dynasty. This indicates that there is a discontinuous “pattern
transition” in the long-term cumulation process of historical and cultural heritage. The
Qin-Han and Southern and Northern Dynasties and earlier periods show strong correlation,
while the Ming, Qing, and contemporary periods show strong correlation, and the values
of the two stages of intergenerational superposition are closer.

The multigenerational relevance of the spatial distribution pattern of historical and
cultural heritage reflects the social and historical development process of the regional space.
In terms of the increase in entropy of historical and cultural heritage (Figure 9c), before the
Sui and Tang Dynasties, the increase in entropy of historical and cultural heritage in the
traditional Tibetan areas of China basically follows the cumulation characteristics. After
the unification of the Tibetan area by the Tubo Dynasty, there is a sudden change in the
increase in entropy of historical and cultural heritage, entering the second stage of linear
superposition, and there is a significant negative correlation with the previous period in
terms of entropy increase. The modern and contemporary period has a strong correlation
with the entropy changes in the Sui and Tang Dynasties and earlier periods, reflecting a
significant transition.
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4. Discussion

The United Nations Educational, Scientific, and Cultural Organization (UNESCO)
cultural heritage policies and Chinese state-directed tourism policies have played a sig-
nificant role in the preservation of historical sites and the development of ethnic culture
in contemporary Tibet [88]. This study of the temporal and spatial distribution patterns
of historical and cultural heritage in traditional Tibetan can provide valuable support for
the ongoing national cultural relics survey and comprehensive scientific expedition on the
Qinghai-Tibet Plateau (Qinghai-Tibet Scientific Expedition). By analyzing the temporal and
spatial distribution patterns and entropy trends of traditional Tibetan historical and cultural
heritage, it is possible to discuss the process of social change in high-altitude regions from
a regional perspective.

In recent years, social historical research at the regional level has gradually gained
attention from scholars. In recent years, there has been increasing attention to cross-regional
historical and cultural heritage resources, and researchers have been devoted to optimizing
the allocation of regional cultural resources. The spatial distribution patterns of historical
and cultural heritage reflect the structural distribution of cultural functions that have
existed over a certain period of time and within a geographical range. In our previous
research, we found that non-geographical factors such as politics, economy, and cultural
changes are key driving factors affecting the distribution of heritage [89]. Therefore, we
hope to verify the accumulative and transformative laws of regional social history by
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studying the distribution patterns of traditional Tibetan cultural heritage in China under
the guidance of systems theory and entropy theory.

We will summarize the phenomena we discover into three aspects.

(1) The distribution patterns of traditional Tibetan historical and cultural heritage in
China exhibit a “large dispersion-small aggregation” distribution characteristic and
show fluctuating changes of “aggregation-dispersion-aggregation” during the process
of socio-economic development. The historical and cultural heritage in traditional
Tibetan areas of China is mainly distributed in high-altitude river valleys with suitable
climate conditions [90] with the Weizang region, Anduo region, and Kangba region
alternately becoming the center of the traditional Tibetan areas. The distribution
patterns of historical and cultural heritage reflect the transfer of important cultural
activities in the region, which is mainly influenced by geographical environment and
socio-economic aspects.

According to investigations, the geographical environment of traditional Tibetan
areas in China has remained relatively stable for thousands of years, with no drastic
changes in geological landforms and other factors, while the distribution patterns of
cultural heritage have undergone morphological evolution. It can be considered that
although the distribution patterns of historical and cultural heritage are constrained by
geographical conditions, they are mainly influenced by social changes and record the
historical processes of cultural exchange and civilization confrontation. In the long run,
the social and historical development of traditional Tibetan areas is influenced by political
power and civilization, forming a series of unique political, military, economic, and social
systems in the game between plateau civilization and valley civilization, Tibetan culture,
Central Plains culture, and Buddhist culture [91]. This systemic nature can be confirmed
through quantitative methods based on the distribution patterns of historical and cultural
heritage.

(2) The distribution pattern of traditional Tibetan historical and cultural heritage in China
exhibits a regional characteristic in typology. Over a long period of evolution, it has
formed a pattern of diverse elements, adjacent distribution ranges, and deep cultural
accumulation. The spatial distribution system is concentrated in the junction area of
Xining, Hainan, Haidong, and Huangnan, supplemented by Lasa, Shannan, Gannan,
and Aba as secondary cores, echoing the belt-like historical and cultural elements
corridor formed by the southwest entry route to Tibet.

The three main regions of traditional Tibetan area exhibit significant differences in ty-
pological characteristics, reflecting the differences in cultural integration and dissemination
processes in these regions [92]. The Weizang region has abundant ancient tombs, grotto
temples, and stone carvings. Before the Qin-Han and Southern and Northern Dynasties,
there were dense cultural heritage sites in this area, indicating that the Weizang region had
a prosperous social civilization in history and wielded significant political and religious
power. As a center for ancient sites and various cultural relics, the Anduo region exhibits a
phenomenon of numerous archaeological sites but fewer tombs, indicating the presence of
cultural discontinuities.

This may be attributed to ancient population migrations influenced by ethnic wars,
natural disasters, and other factors. The Kamba region has a large number of ancient tombs,
ancient buildings, and representative buildings from modern times, through which it can
be inferred that although the Kamba area experienced decline in some historical periods, it
has always been a core region for human activities in Tibet as an important communication
passage between the Qinghai-Tibet Plateau and the Central Plains.

(3) The changing distribution pattern of historical and cultural heritage in traditional
Tibetan areas of China reflects the cumulative and transition of social history, and
even reflects the rise and fall of civilizations [93]. There is a significant correlation
between the quantity of historical and cultural heritage from the Stone Age and the
Modern, Ming Dynasty, and Qing Dynasty. From a spatial clustering perspective, the
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clusters of historical and cultural heritage sites from the Stone Age, modern era, Qing
Dynasty, and Ming Dynasty overlap, mainly in the eastern edge of the Tibetan region
and the Tibetan-Han border area, while historical and cultural heritage in other areas
is relatively scattered. Human and religious activities gradually shifted from simple
ritual sites and caves to more complex buildings and settled tribal areas, and historical
and cultural heritage gradually formed and accumulated during this process, thus
the continuity of history is easily understood, manifested as linear accumulation [94]
of history and cultural heritage.

However, the differences in the correlation of cross-era cultural heritage challenge the
geographical continuity and the overall nature of history [95], mainly manifested in the
significant correlation between the Stone Age and the Qing Dynasty, and the significant
lack of correlation between the Sui and Tang Dynasties. Due to technological limitations,
production and daily activities in the Stone Age were mainly concentrated in the low-
altitude areas of the eastern edge of the Tibetan area [96]. Compared with the Stone Age,
the Qing government established a large number of administrative institutions and military
bases in the eastern edge of the Tibetan region in order to achieve practical control over the
Tibetan region. Therefore, there is a significant correlation between the Stone Age and the
Qing Dynasty.

Meanwhile, another phenomenon of transformative nature is the extremely weak
correlation in the entropy changes of historical and cultural heritage before and after
the Sui Dynasty. Before the Sui and Tang Dynasties, the complexity of historical and
cultural heritage continued to increase, and spatial differentiation intensified, forming
a high entropy value area centered on the Qinghai River Valley. After the Sui Dynasty,
the spatial distribution pattern of historical and cultural heritage stabilized, and the high
entropy growth area of historical and cultural heritage was mainly concentrated in the
border towns between the Han and Tibetan regions.

The situation of local separatism in the Sui and Tang periods was broken, and with
the unification of various tribes by the Tubo Dynasty, the central dynasty’s discourse
power and control significantly increased compared to the Han Dynasty. There was a
great degree of exchange between the local and central dynasties in terms of economy,
technology, and culture, and the social form of the traditional Tibetan area underwent a
transformation, with a leapfrog change in production forms and cultural exchanges. The
Tubo regime strengthened its control over religious beliefs, military, and politics, leading
to a highly prosperous development of social and cultural aspects. Traditional Tibetan
areas experienced a leap in social structure and technological advancement. Therefore, the
entropy of historical and cultural heritage exhibits a significant weak correlation.

The above is research finding on the distribution pattern of historical and cultural
heritage in traditional Tibetan areas. This is not just a case study. We hope to emphasize the
importance of historical and cultural heritage in regional social and historical research in this
study, and validate what we call the “historical leap” pattern. Although geographic factors
can to some extent explain the changes in the distribution pattern of historical and cultural
heritage, the diversity of cultural heritage exceeds the stability of geographic elements, and
the social processes reflected by cultural heritage have not received sufficient attention. It is
necessary to conduct comprehensive research on the differences and connections between
different types and periods of cultural heritage, and explore the mutual influence between
the diversity of historical and cultural heritage and cultural exchange and integration.

As seen in previous studies on cultural heritage, the combination of entropy weight
and analytic hierarchy process can be used to evaluate heritage value and potential [97,98],
and weigh the regional cultural stratification in urban structure using the entropy of spatial
form [99]. It can discuss the inherent connections between place names, population, and
ethnic groups [100], and evaluate the impact of endogenous and exogenous factors on
culture using information matrices [101]. However, there is still limited quantification of the
dispersed distribution of cultural heritage or ancient human activities. Dispersed distribu-
tion is an important concept in systems theory and can be measured by information entropy
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to assess the complexity of dispersed distribution explaining the cultural accumulation in
the cycles of social development [102]. Compared with clustered distribution, dispersed
distribution is more likely to have the resilience to survive in adverse conditions. In a vast
region, different degrees of dispersed distribution reflect differences and connections in
cultural diffusion patterns under the influence of settlement survival modes in different
eras. The dispersed pattern of the Liao, Song, and Yuan Dynasties in the research on
the historical and cultural heritage of the Beijing-Tianjin-Hebei region can also verify this
viewpoint [89].

Some scholars have analyzed the cultural routes [103] formed by the traditional urban
spatial composition in Tibet and summarized the basic types of traditional Tibetan spaces,
such as single-core and multi-core. Although the idea of regional spatial integrity has been
accepted in the theory and practice of cultural heritage protection, there is still a lack of
discussion on the formation process of Tibetan cultural routes and traditional spaces in
terms of chronology [104]. The continuity of time has not received sufficient attention in
cultural heritage research [105–107]. Some studies have found that Tibetan cultural heritage
exhibits high internal consistency and cultural identity [108].

In the historical process of China, the traditional Tibetan region is closely connected
to the main ethnic regions of China. The traditional Tibetan areas of China experienced
political struggles between the Tubo regime and the central regime during the Sui, Tang,
and Five Dynasties period [108,109]. They underwent religious movements influenced by
East Asian and Central Asian cultures during the Liao, Song, and Yuan Dynasties [110,111].
In the Ming Dynasty, they transitioned from a semi-independent mode managed by the
Office of Pacification and Governance to a central governance mode managed by the Office
of Military Affairs [112]. In the Qing Dynasty and modern times, they transitioned from
a centralized system of combining politics and religion to a system of ethnic regional
autonomy with the separation of politics and religion [113]. This has formed a distribution
pattern of historical and cultural heritage characterized by multi-ethnic exchanges and
religious integration.

The social history of a region is a process of fluctuation and dynamic development.
Geographic and climate changes over thousands of years may have influenced the cultural
forms of settlements, exhibiting similar characteristics in discontinuous periods. It should
be emphasized that social change occurs faster than geographic change. The distribution
pattern of historical and cultural heritage is closely related to the social historical process
and requires exploration from the perspectives of social geography or anthropology. The
distribution pattern of historical and cultural heritage is closely related to social-historical
processes, requiring exploration from the perspectives of social geography or anthropology,
rather than solely relying on geographical analysis of elements. The cultural heritage
of each period has accumulated over time, forming the current distribution pattern of
historical and cultural heritage.

Generally, the closer the cultural heritage is to the present, the higher the likelihood of
its preservation; the longer the time span, the greater the quantity of preserved cultural
heritage. Through the method of entropy, we found that although cultural heritage has
grown in quantity and diversity in different regions over time, the fluctuating changes in
the entropy of historical and cultural heritage are also influenced by the fluctuations of
social history, and even exhibit cross-generational correlations. Further exploration of this
cross-generational correlation will require the use of other technical methods. The types
of historical and cultural heritage represent cultural characteristics, and different types of
historical and cultural heritage are concentrated in different regions, implying different
cultural features in these regions [114]. Overall, this study reveals the regional variations
and temporal correlations within the interior of the Qinghai-Tibet Plateau.

5. Conclusions

Historical and cultural heritage refers to the material collection created by human
activities, with functions of dissemination [115], cultural value [116], and historical signif-
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icance [117]. This study focuses on the traditional Tibetan regions in China, and utilizes
methods such as information entropy, correlation analysis, and historical periodization
to explore the temporal complexity of the historical and cultural heritage patterns, and
analyze the entropy change trends in these patterns. Through this research, we confirm that
the spatial distribution pattern of historical and cultural heritage can effectively reflect the
social and historical development process of the region [118,119]. Although the complexity
changes in cultural heritage cannot fully restore the historical processes, it contributes to
a scientific understanding of the local historical background and regional development
trends.

The results show the following:

(1) The distribution pattern of historical and cultural heritage in traditional Tibetan areas
of China exhibits fluctuating changes of “aggregation-dispersion-aggregation”. This
distribution characteristic is closely related to the process of social and economic
development and is also influenced by geographical environment and socio-economic
factors.

(2) The distribution pattern of historical and cultural heritage in traditional Tibetan areas
of China has regional characteristics. Different regions have significant differences
in the types of historical and cultural heritage, reflecting the differences in cultural
integration and dissemination processes in each region. The Weizang region, Anduo
region, and Kangba region each have distinct historical and cultural features and
architectural heritage.

(3) The changes in the distribution pattern of historical and cultural heritage in tradi-
tional Tibetan areas in China reflect the cumulative and transformative nature of social
history. The quantity and entropy change of historical and cultural heritage exhibit
correlations between different periods, and there are also some intergenerational dif-
ferences. The distribution pattern of historical and cultural heritage in contemporary
times returns back to the characteristics of the Qin-Han and Southern and Northern
Dynasties and the Northern and Southern Dynasties, forming the basic pattern of the
current protection of historical and cultural heritage.

In previous studies, discussions on the spatial distribution pattern of cultural heritage
mainly focused on the geographical and climatic causes [21,120–122], while the discussion
on the temporal aspects of the distribution pattern of historical and cultural heritage was
limited. The important perspective of this study is to combine the analysis of the types and
time periods of cultural heritage to judge the complexity of cultural heritage in different
historical periods, explaining the complexity of social culture and the systematic nature of
historical landscapes. This can serve as effective evidence for the regional development
process of social history.

This study on the spatiotemporal distribution pattern of historical and cultural her-
itage in the traditional Tibetan areas of China emphasizes the systematic relationship
between historical cultural heritage and ancient societies. It further validates our theoretical
understanding of regional social history, which is the combination of “transition” and
“cumulation”. In particular, the leapfrogging transition of history is of great value for a
profound understanding of the laws of ancient social evolution.

In addition to these theoretical findings, our research also has practical value. From
the perspective of a regional cultural heritage protection system, it is possible to develop
integrated cultural heritage protection policies by utilizing large-scale cultural routes, which
is a cross-administrative cultural strategy improving urban competitiveness [119]. The
traditional Tibetan region in China can establish tourism service standards different from
those in the general plain areas, creating a tourism system with bronze culture, Tubo culture,
and Ming-Qing culture as the main features. The three major Tibetan regions can form
cultural heritage exhibition systems with different themes. The Weizang region mainly
showcases the splendid political and religious cultural history of Tubo, while the Amduo
region and Kangba region mainly showcase the cultural exchange history between Tibet
and the Central Plains. The vast expanse of the traditional Tibetan region is not conducive
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to the formation of a tourism network, but visitors can combine extensive sightseeing
with in-depth experiences to better appreciate the unique culture of the traditional Tibetan
region.

This study contributes to the preservation and inheritance of cultural heritage and
the orderly utilization of historical heritage while also providing a reliable foundation for
maximizing the protection of temporal and spatial information. This is of great significance
for the rational optimization of the historical and cultural spatial pattern, the continuity of
civilization, and the revitalization of culture. In addition, it is necessary to further explore
the reasons for the complexity changes in cultural heritage and to investigate the causality
across different eras using other technological methods. The classification of cultural
heritage based on certain technical standards is insufficient to encompass the complete
cultural characteristics and can also be categorized according to different social classes or
professional attributes, which will be reflected in future research. The correlation between
the spatial distribution of modern and early Tibetan historical and cultural heritages in
terms of entropy values may be limited due to the limitations of archaeological work scope.
Many early Tibetan activities still lack historical records, which may result in potential
blind spots in this study. It is hoped that new evidence will be discovered in the upcoming
Cultural Relics Census.
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