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Abstract

Tibetan Buddhist monasteries constitute significant cultural heritages of ethnic minorities, evolving into the Princi-
pal-Subordinate Monastery System (PSMS) with profound historical and cultural significance. This system exhibits

an integrated hierarchical structure in terms of religious dominance, political administration, and cultural diffusion.
Existing research primarily focuses on internal humanistic factors such as governance patterns, while there is not any
research focused on its patterns and manifestations in spatial distribution. This study aims to elucidate the spatial
distribution characteristics of the PSMS in Hehuang region, including the Tibetan Buddhist monasteries from all sects
in the Hehuang region since the Song Dynasty It establishes a hierarchical PSMS database based on the affiliation
relationships, aimed at storing spatial and property information related to PSMS. The database standardizes the naming
and coding of monasteries, and classifies them through hierarchical relationships to ensure data consistency and usa-
bility. Finally, the classified and coded monastery data were analyzed by GIS tools to form the PSMS spatial distribu-
tion characterisation framework. Results reveal that (1) Monasteries demonstrate notable spatial clustering patterns
from both holistic and sectarian perspectives, with density being influenced by the principal monastery’s position. (2)
Almost every PSMS exhibits a spatial pattern centered around the principal monastery, with subordinate monasteries
clustering within a defined range correlated with the administrative region of the principal monastery. (3) PSMS scale
variations are controlled by principal monasteries, exhibiting positive correlations in hierarchical structure, control
quantity, and distribution range. (4) The spatial orientation of PSMS correlates with river distribution, while the rela-
tionships among mountain ranges require further investigation. These findings provide initial insights into the spatial
distribution characteristics of PSMS, confirming the spatial influence of the principal monastery. Besides, this study
established an innovative spatial research framework for heritage clusters with multiple types and hierarchies. Thus, this
study offers new insights into the spatial distribution of Tibetan Buddhist monastery heritage and presents a frame-
work for further examining the spatial distribution of the Tibetan Buddhist monastery heritage in other regions, as well
as other heritage clusters where connected and clustered through religious and cultural ties.
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monasteries showcase a rich architectural and artistic
culture through diverse material legacies such as archi-
tectures [4—6], murals [7, 8], and sculptures [9]. Addi-
tionally, they demonstrate deep historical and religious
cultural value with their extensive collection of Buddhist
scriptures [10] and the hosting of traditional folk activi-
ties [11]. Over centuries, these monasteries have wit-
nessed the development of Tibetan cultural traditions
and civilization [12], while also embodying unique local
ethnic cultural beliefs and characteristics [13], making
them highly regarded as precious cultural heritage [14].
Concurrently, as the core of Tibetan society, Tibetan
Buddhist monasteries are not only centers for the dissem-
ination of religious beliefs [15] but also vital spaces for
community life and education [16, 17], holding important
protective significance. However, with the rapid develop-
ment of urban economies and tourism, Tibetan Buddhist
monasteries’ heritage faces trends of secularization and
commercialization [18]. Furthermore, environmental
changes and incomplete historical documentation exac-
erbate the loss of traditional cultures in cases of building
damage and inadequate monastery conservation [19].
These factors collectively present numerous issues and
challenges facing the conservation of Tibetan Buddhist
monastery heritage, requiring immediate and effective
measures for mitigation and protection.

There is a unique cultural phenomenon known as
Principal-Subordinate Monastery System (PSMS) in the
process of establishing and developing Tibetan Buddhist
monasteries [20, 21]. PSMS centers around a principal
monastery serving as a political and cultural nucleus,
with surrounding subordinate monasteries forming a
cohesive network [22]. These subordinate monaster-
ies operate under the governance of the principal mon-
astery, establishing intricate hierarchical relationships
and organizational structures within the PSMS [23]. The
emergence of this phenomenon coincides with the sec-
ond diffusion of Buddhism, roughly from the mid-tenth
century to the early thirteenth century [22], which led to
the diversification of Tibetan Buddhism into sects such
as Gelug, Nyingma, Kagyu, Sakya, and Jonang [24, 25],
where monasteries played pivotal roles in the propaga-
tion and development of these sects [26]. After the ini-
tial monastery’s construction, surrounding regions would
establish smaller monasteries, gradually forming the
PSMS network [27]. Within traditional Tibetan Buddhis
doctrine, the hierarchical relationships between monas-
teries are also referred to as mother-son monastery rela-
tionships [28—30]. Historical records indicate that during
the Ming and Qing dynasties, the Gelug sect established
25 PSMSs in the Qinghai-Tibetan region, encompassing
over 300 monasteries [22].
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Current research on the PSMS primarily focus on its
organizational structure and historical development. La
extensively discusses the formation and evolution of the
PSMS during the Ming and Qing dynasties, analyzing
internal and external factors such as religion, personnel,
politics, and economics. He identifies and summarizes
various models of the Gelugpa PSMS in Qinghai [22,
24]. Zhu statistically analyzes the spatiotemporal distri-
bution and patterns of Qinghai’s principal and subor-
dinate monasteries, briefly addressing the hierarchical
characteristics and formation mechanisms of PSMS [21].
Pu has examined relationships of certain PSMS among
Tibetan Buddhist monasteries in Qinghai [20]. Addi-
tionally, there are some case studies on individual mon-
asteries and their PSMS, such as Seerke Monastery [31],
Zhazang Monastery [32], and Kumbum Monastery [33],
which investigate the scale, history, and distribution of
PSMS. Researchers such as Jie [34] and Shi [27] have also
documented aspects of the PSMS within the context of
Buddhist historical cultural geography and the symbiotic
relationships between monasteries and villages. Moreo-
ver, relevant insights into the PSMS have been gleaned
from various historical documents, including Tibetan
literature [28—30], Chinese historical texts [35], and local
county annals [36, 37].

Although Tibetan Buddhist monasteries could be
divided into different PSMS by various doctrine and
administrations, current research on their spatial dis-
tribution mainly focuses on the overall monasteries
from the categories of different sects or specific Tibetan
regions. Scholars have extensively explored the tempo-
ral and spatial distribution characteristics of monasteries
from the perspectives of different sects such as Gelugand
Sakya. It indicates that the Gelugpa sect shows differ-
ent spatial distribution patterns in U-Tsang, Amdo, and
Kham, reflecting varying degrees of aggregation at dif-
ferent scales. The Gelugpa sect is densely distributed
across these Tibetan regions, with the highest density
in U-Tsang compared to the other two areas [38, 39].
In contrast, the Sakya sect is mainly concentrated in
the Kham region [40]. Similarly, researchers have inves-
tigated the spatial patterns or changes of monasteries
in specific Tibetan regions such as Amdo [41], U-Tsang
[42], and Kham [40]. Monasteries in Amdo show a distri-
bution pattern of centers in the Gansu-Qinghai area due
to historical military support. In contrast, monasteries
in U-Tsang cluster in Anterior Tibet and Tsang because
of the region’s flourishing religious development. Unlike
both, monasteries in Kham form multiple high-density
centers in the Sichuan region, influenced by the 'Tea
Horse Ancient Road’ that facilitated cultural and eco-
nomic exchanges [42].
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Recently, there has been increasing attention towards
some provinces associated with Tibetan Buddhist mon-
asteries in China. Han’s qualitative study of Inner Mon-
golia, based on historical documentary analysis, revealed
that the establishment of monasteries was influenced by
factors such as religious policies and the historical sig-
nificance of the Silk Road [43]. Some scholars utilized
geospatial analysis techniques, namely the nearest neigh-
bor index and kernel density estimation, to examine the
spatial differentiation characteristics of Buddhist mon-
asteries in Yunnan province. Their results indicate that
the distribution of these monasteries is influenced by
a multitude of cultural and geo-environmental factors
[44]. Notably, research on the distribution of monasteries
in Qinghai and the Qinghai-Tibet Plateau has become a
focal point. Zhu conducted an in-depth study of Tibetan
Buddhist monasteries in Qinghai using the method of
literature analysis. It revealed that there were different
temporal and spatial distribution characteristics in dif-
ferent periods, such as the Yuan, Song, and Ming dynas-
ties [21]. On this basis, Zhu analyzed the spatiotemporal
evolution patterns of Tibetan Buddhist monasteries in
Qinghai Province by the mathematical statistics and spa-
tial analysis methods, revealing a "dual-core clustering”
spatial distribution with centers in Yushu and Hualong
[45]. Xiao also employed GIS tools to examine the spatial
distribution characteristics of 66 monasteries in Guoluo
Tibetan Autonomous Prefecture in Qinghai Province,
and found that these monasteries are mainly located at
elevations of 4000-4500 m, showing a close connection
with the natural environment [46]. Additionally, Chen
has established a historical geographic information data-
base for all Tibetan Buddhist monasteries in the Tibetan
area based on the digital humanities approach [47]. It is
apparent that the spatial distribution characteristics of
Tibetan Buddhist monasteries according to sects and
regions have been the attention of the academic commu-
nity in recent times. Research methodology employed in
this field includes historical document analysis and GIS
analysis, which provide a methodological foundation for
the study of this paper.

However, considering the extensive history and distinc-
tive hierarchical structure of these monasteries, a com-
prehensive approach to their study and preservation is
inadequate. Although there have been studies in the field
of humanities that examine the history and structure of
PSMS, the unique PSMS specific to Tibetan Buddhism
has rarely been utilized as a categorization framework
in previous spatial distribution research. As a result,
there is a dearth of systematic and orderly investigations
into the spatial distribution characteristics of monaster-
ies from the PSMS perspective. Accordingly, the core
research question of this study is defined as follows: what
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are the spatial distribution patterns and characteristics of
Tibetan Buddhist PSMS? This study aims to classify mon-
asteries into different types of PSMS, according to differ-
ent doctrines and management systems, and to conduct
detailed analyses from the following perspectives: spatial
hierarchy and quantity scale, spatial clustering and dis-
tance range, as well as spatial center and cardinal direc-
tion, so as to elucidate more accurately the distributional
characteristics of Tibetan Buddhist monasteries and to
provide a scientific basis for the protection and preserva-
tion of Tibetan Buddhist monasteries.

Therefore, this study focuses on all Tibetan Bud-
dhist monasteries in the Hehuang region since the Song
Dynasty by collecting data from historical documents,
field investigations, and the religious lists published by
the State Administration of Religious Affairs of China.
Initially, the hierarchical structure of the monasteries is
clarified based on the classification of primary and sub-
sidiary monasteries, and a GIS-based monastic heritage
database is established. Subsequently, a spatial research
framework of data classification and coding with vari-
ous GIS analysis tools is used to summarize the distri-
bution characteristics of Tibetan Buddhist monasteries,
both from a holistic perspective and within each system.
This framework analyzes the spatial pattern of the PSMS
through its spatial hierarchical structure, aggregation fea-
tures, and main center; examines the spatial scale based
on the hierarchical structure, number of monasteries,
and distribution range; and explores the distribution
direction concerning its relationship with nature. Finally,
the factors influencing the formation and scale of this
spatial pattern are explored.

This approach corroborates the dominant role of prin-
cipal monasteries in cultural and geographical contexts,
introduces a novel classification basis for Tibetan Bud-
dhist monastic heritage, and lays a analysis foundation
for future research on the spatial distribution and con-
servation of heritage cluster that is diverse and multi-lev-
eled, connected by religious and cultural ties. In addition,
the protection of Tibetan Buddhist monasteries regarded
as PSMS is of paramount importance from a practical
perspective. The establishment of the PSMS will not only
guarantee the integrity of monastic heritage conserva-
tion, but also prevent the fragmentation of cultural ties
caused by unquestioning and uncritical conversation.
Furthermore, it will determine the priority of protection
and resource allocation according to the scale and influ-
ence of the monasteries in the system. Concurrently, it
could also provide a basis for the classification of catego-
ries of Tibetan Buddhist cultural areas, so as to plan and
design tourism routes in a more rational manner, and to
protect by community participation from promoting the
community’s sense of identity with the heritage.
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Study area overview

The Hehuang region, located in the northeastern part
of Qinghai Province, China, is a unit of natural geo-
graphic division. Its geographical position is shaped by
the river valleys formed by the confluence of the Yellow
River, Huangshui River, and Datong River [48]. Accord-
ing to the definition by the 1989 comprehensive survey
team of the Chinese Academy of Sciences on the Loess
Plateau, the Hehuang region includes counties and cit-
ies such as Xining, Huangyuan, Huangzhong, Datong,
Huzhu, Ping’an, Ledu, Minhe, Xunhua, Hualong, Ton-
gren, Jianzha, Guide, and Menyuan, covering a total area
of approximately 36,000 square kilometers [49].

As a core area of Tibetan Buddhism culture, the
Hehuang region has a large Tibetan population, a long
history of Tibetan Buddhist development, and a rich
Tibetan cultural heritage [50]. The region is densely pop-
ulated with Tibetan Buddhist monasteries, making it one
of the areas with the highest concentration of such mon-
asteries [44]. The Hehuang region serves as an impor-
tant transportation hub on the ancient Tang-Tibet Road
and the southern section of the Silk Road [51, 52], and
is considered a sacred site for the "lower route transmis-
sion" during the later propagation of Tibetan Buddhism
[53]. This has played a crucial role in the distribution and
development of monasteries, facilitating not only the flow
of material goods but also enhancing cultural exchanges.
Monasteries are often distributed along these major
transportation routes, facilitating pilgrimages and inter-
actions among monks, while also aiding in securing more
funding and support for the monasteries. Furthermore,
the Hehuang region is the birthplace of Tsongkhapa, the
founder of the Gelug sect [54], and includes multiple
sects such as Gelug and Nyingma, forming diverse PSMS
in the process of doctrinal transmission and cultural dis-
semination [22].

The natural environmental characteristics of the
Hehuang region have significantly influenced the spa-
tial distribution and historical development of Tibetan
Buddhist monasteries. This area is not only the intersec-
tion of the Qinghai-Tibet Plateau and the Loess Plateau
but also features a complex topography with interwoven
mountains, valleys, and basins, creating a unique mixed
agricultural and pastoral production method [55]. Such
complex terrain and diverse production methods pro-
vide various options for monastery site selection. Some
monasteries are located in relatively flat and easily acces-
sible areas, such as river valleys, while others are built on
mountains, utilizing the terrain to enhance their gran-
deur and mystery [56]. Additionally, climatic conditions
have a significant impact on the siting and distribution
of monasteries in the Hehuang region, characterized by
high altitude and arid climate [57]. The scarcity of water
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resources necessitates that monastery sites prioritize
proximity to water sources. Monasteries typically choose
locations near rivers, springs, or areas with abundant
groundwater to ensure the water needs for daily life and
religious activities are met [22]. Therefore, the natural
environmental characteristics of the Hehuang region are
closely linked to the spatial distribution and historical
development of Tibetan Buddhist monasteries. Factors
such as topography, climate, and transportation routes
collectively shape the distribution pattern and historical
evolution of monasteries in this region [58] (Fig. 1).

Materials and methods

Data collection
The data for this study on Tibetan Buddhist monaster-
ies was primarily collected by three methods. Firstly,
primary data on monasteries is obtained from local
chronicles, archival documents, and historical literature
of the Hehuang region. Some specialized monographs
and scholarly journal articles detailing monasteries are
also reviewed to gather additional information related to
monasteries. Secondly, data is supplemented and verified
using publicly accessible resources from official websites
such as the National Religious Affairs Administration in
China (https://www.sara.gov.cn/resource/common/zjjcx
xcxxt/) to ensure data accuracy. Finally, field surveys are
conducted to address potential gaps and errors in histori-
cal records, correcting monastery address discrepancies
and enriching monastery data with detailed background
information obtained through interviews with local resi-
dents. In addition, the elevation data comes from the
DEM elevation data published by the Chinese Academy
of Sciences’ Computer Network Information Center
(http://www.gscloud.cn); the hydrological data comes
from the Chinese Geographic Information Resource
Directory Service System (https://www.webmap.cn).
Through these systematic procedures, a comprehen-
sive database of Tibetan Buddhist monastic heritage in
the Hehuang region is compiled. This database mainly
records information about 389 monasteries, including
geographic locations, affiliated sects, PSMS information,
time of establishment and demolition, architectural style,
scale, and resident lamas. Following a thorough selection
process, 105 independent monasteries lacking definitive
PSMS information were excluded, along with 25 mon-
asteries possessing PSMS affiliation but belonging to
systems with fewer than 4 monasteries in the Hehuang
region. Ultimately, a total of 259 monasteries with clear
primary affiliations and at least 4 monasteries within
their respective systems in the Hehuang region have been
identified as the subjects of analysis.
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Fig. 1 The location of the research area. a China Area; b Qinghai Province Area; ¢ Hehuang Region

Type classification

In contrast to other subjective hierarchical classifica-
tions of Tibetan Buddhist monasteries, this study uti-
lizes a classification based on established hierarchies and
rules within the PSMS of Tibetan Buddhism, which have
been academically validated [21, 23, 27]. Specifically, this
study initially categorizes all monasteries in the Hehuang
region into various sects such as Nyingma, Sakya, Kagyu,
Kadam, and Gelug based on sectarian differences. Subse-
quently, considering variations in sect lineages, doctrinal
systems, and the channels through which monks study
scriptures, monasteries are further distinguished into
principal (main) and subordinate (branch) monaster-
ies. La has defined the PSMS consisting solely of princi-
pal and subordinate monasteries as a two-tier structure
model [22]. Moreover, if subordinate monasteries govern
other monasteries, leading to more complex hierarchical
relationships, this PSMS is termed as a multi-tier struc-
ture model [22].

Drawing from this classification, this study categorizes
the Hehuang region’s PSMS into two-tier structure mod-
els and multi-tier structure models (e.g., three-tier, four-
tier) as depicted in Fig. 2. Additionally, monasteries in

the Hehuang region are coded for research convenience.
Table 1 illustrates the coding scheme for principal and
select subordinate monasteries, with Longhe Monastery
and its subordinate Lianhuatai Monastery serving as an
example. It should be noted that monasteries that have
changed sect affiliations over time are classified based on
their current sect affiliation, due to the absence of spati-
otemporal evolution analysis.

Analysis tools

The study utilizes GIS spatial analysis tools to investigate
monastery spatial distribution patterns from holistic, sec-
tarian, and PSMS perspectives, respectively. Specifically,
the analysis involves the following approaches (Fig. 3 and
Table 2): (1) Exploring aggregation characteristics and
clustered areas of monasteries from overall and sectar-
ian perspectives using methods such as Average nearest
neighbor and Kernel density estimate. (2) Investigating
clustering characteristics of the PSMS through Average
nearest neighbor analysis, and analyzing spatial scale
characteristics of PSMS using buffer analysis. (3) Utiliz-
ing techniques such as centroid summarization, Stand-
ard deviation ellipses, and proximity analysis to examine
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Structure of Tibetan Buddhism
Principal-Subordinate Monastery System

Absence of
Hierarchical

Existence of
Hierarchical

or not Relationship Relationship
Different f T T 1
Religious Sects Gelugpa Nyingma sekva Keavy
Principal Monasteries A B c o E F Second-tier
{Eirst tlr) T . 1 T ! 1 —— — | — Structure
Subordinate Monasteries N " o & « @ o o2 © " 2 Pattern
ubordinate Monasteries C2-+1 F2-1-1 HI-- Structure
Fig. 2 Structure of Tibetan Buddhism Principal-Subordinate Monastery System
Table 1 Codes for all principal and subordinate monasteries
Principal monastery Codes Second-tier Codes Multi-tier Codes
Subordinate Monasteries Subordinate Monasteries
(Longhe Monastery) (Lianhuatai Monastery)
Caidan Monastery A ZhaChu Monastery E1 Hanjia Monastery E6-1
Degian Monastery B Hongshan E2 Gangou Monastery E6-2
Monastery
Gulei Monastery C Jiakanjo Monastery E3 Guangjiao Monastery E6-3
Guanghui Monastery D Kajiji E4 Guangji Monastery E6-4
Monastery
Longhe Monastery E Muangla Monastery ES Guanglong Monastery E6-5
Longwu Monastery F Lianhuatai Monastery E6 Hullijia Monastery E6-6
Qutan Monastery G Puhua Monastery E7 LiJia E6-7
Monastery
Kumbum monastery H Chazang Monastery E8 Pine E6-8
Monastery
Wendu Monastery I Sanjia Monastery E9 Tuanjie Monastery E6-9
Yuning Monastery J Shanfo Monastery E10 Hendang Monastery E6-10
ZhiHajia Monastery K Zhangjia Monastery EN Zengfu Monastery E6-11
Banzhuwa Monastery L Zhaojia Monastery E12 Zhuangzigou E6-12
Monastery

the spatial centroids and orientations of different PSMS.
Finally, the univariate chi-square test is employed a to
furthering verify the correlation between PSMS distribu-
tions and environmental factors.

Results

Spatial distribution characteristics of all monasteries
Distribution characteristic from the holistic perspective

A comprehensive study of the distribution patterns of all
Tibetan Buddhist monasteries in the Hehuang region is
conducted initially. To better display the density trends
within the study area of the Hehuang region, we ulti-
mately chose 20 km as the bandwidth. Figure 4a pre-
sents the Kernel density estimate results for monasteries
in the Hehuang region, showing a prominent clustering

tendency through visualization. This observation is cor-
roborated by the Average nearest neighbor with a z-score
of -4.787, indicating a statistically significant inclination
towards spatial clustering of monasteries. The nega-
tive z-score indicates a significant spatial clustering ten-
dency of the monasteries, with larger absolute values
of the z-score representing a higher degree of deviation
from a random distribution. Furthermore, the associ-
ated p-value, which measures the probability that the
observed clustering pattern is due to random chance,
is very low (typically p<0.05 for significance). This low
p-value confirms that the clustering is not random but
statistically significant, further validating the clustering
observed in the Kernel density estimate.
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Furthermore, Fig. 4a highlights notable regional dispar-
ities in monastery density. High-density areas are primar-
ily concentrated in the eastern and southern Hehuang
region, while density gradually decreases in the central
and western parts, with the northern area having rela-
tively few monasteries. Specifically, regions such as the
border between Hualong and Minhe, northern Tongren,
northern Huangzhong, northwestern Hualong, and both
eastern and western Xunhua, as well as central Guide,

exhibit high monastery densities, with values of Kernel
density estimates exceeding 0.020. Areas such as eastern
Jianzha, northern Ledu, and central Huzhu exhibit sec-
ondary high-density characteristics, with Kernel density
estimate values exceeding 0.011. In contrast, regions such
as Datong, Menyuan, Huangyuan, Xining, and Ping’an
have lower monastery densities, with Kernel density esti-
mate values below 0.006. In summary, the distribution
of monasteries in the Hehuang region exhibits observed
regional variation. Higher clustering is observed in the
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Fig. 4 Holistic kernel density distribution of monasteries. a All principal and subordinate monasteries; b Gelug's Monasteries; ¢ Nyingma's

Monasteries

eastern and southern areas, while the western and north-
ern areas show relatively lower clustering.

Distribution characteristic from the sectarian perspective
Average nearest neighbor analysis and Kernel density
estimate are also utilized to further investigate the spatial
distribution of monasteries across different Tibetan Bud-
dhism sects. The existing monasteries in the Hehuang
region currently belong to Gelug and Nyingma sects
and lack representation from other sects. Monasteries
of the Gelug and Nyingma sects, with z-scores of -4.361
and -5.721 respectively (as shown in Table 3), indicating
significant clustering tendencies for both sects. How-
ever, the degree of clustering differs between them, with
Nyingma monasteries exhibiting a higher level of cluster-
ing compared to Gelugpa monasteries, as indicated by
the lower z-score.

Table 3 Nearest Neighbor Index result for all monasteries

By comparison, the spatial distribution patterns of
monasteries from different sects exhibit significant dif-
ferences. Specifically, the density distribution character-
istic of Gelugpa monasteries (Fig. 4b) closely resembles
the overall distribution characteristic of monasteries
(Fig. 4a), indicating an extensive spatial distribution in
the Hehuang region. Conversely, Nyingma monasteries
demonstrate a pronounced spatial clustering tendency
(with a KDM value of 0.012), predominantly situated at
the junction of Hualong and Guide, as well as in the east-
ern part of Hualong (Fig. 4c). These distinctions suggest
that the spatial distribution patterns of monasteries in
the Hehuang region exhibit significant variation by the
different sect.

Spatial distribution characteristics of PSMS
This study aims to investigate the spatial representa-
tion of organizational structures and management

Type R Average nearest Expected nearest z score p value Distribution pattern
neighbor distance neighbor distance
(km) (km)
Overall 0.845 49 58 —4.787 0.000 Significantly clustered
PSMS
Gelugs's 0.851 52 6.1 —4.361 0.000 Significantly clustered
Monasteries
Nyingmas's 0376 74 19.6 —5721 0.000 Significantly clustered

Monasteries
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characteristics across different PSMS by examining the
distribution patterns and scale of each system in rela-
tion to hierarchy and quantity, as well as clustering and
range. Additionally, this study further substantiates the
central role of principal monasteries in governance and
religious culture by identifying their geographical cen-
trality. Moreover, the research explores potential distri-
bution orientations of each system under the control of
principal monasteries, aiming to achieve a more compre-
hensive understanding of the complexity and diversity of
PSMS under the influence of various cultural and natural
factors.
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Spatial hierarchy and quantity scale of PSMS

The organizational hierarchy and structures of PSMS in
the Hehuang region are clearly delineated on maps illus-
trating spatial relationships (Fig. 5) and visual charts
depicting affiliation relationships (Fig. 6). In general,
these representations encompass 12 PSMS which are
affiliated with the Gelug and Nyingma sects. Among
these, the Gelug-affiliated systems predominate, includ-
ing 10 principal-subordinate systems such as Caidan,
Degqian, Gulei, Guanghui, Longhe, Longwu, Qutan, Kum-
bum, Wendu, and Yuning. In contrast, the number of
Nyingma-affiliated monasteries is relatively small, with
only two principal-subordinate systems, namely ZhiHajia
and Banzhuwa.
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Fig.5 The spatial hierarchical distribution pattern of PSMS
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Fig. 6 The hierarchy and structure of PSMS in Hehuang Region

According to Fig. 5, the spatial distribution of these 12
PSMSs is analyzed and the spatial hierarchical patterns of
PSMSs are summarized and classified into three catego-
ries, from the tightly connected PSMS-I level to the more
dispersed PSMS-II level, and finally to the widely spread
PSMS-III level. This spatial hierarchical pattern provides
valuable insights into the organizational structure and
diffusion of religious influence among Tibetan Buddhist
monasteries in geospatial terms.

Spatial hierarchical pattern of PSMS-I

The PSMS-I demonstrates the core spatial relationships
between a principal monastery (represented in red) and
its directly associated second-tier subordinate monaster-
ies (represented in blue). These spatial relationships are
characterized by a high degree of concentration, where
the principal monastery forms a tight network with its
second-tier subordinate monasteries in the surrounding
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area. The system A, B, C, G, I, H, and L exemplify this
hierarchical model, where second-tier subordinate mon-
asteries are clustered around the principal monastery,
forming a clear "core-periphery" structure. This model
indicates that the principal monastery exerts strong spa-
tial control and influence over its associated second-tier
subordinate monasteries, which are typically located
within a relatively close geographic range.

Spatial hierarchical pattern of PSMS-II

The PSMS-II represents secondary spatial relationships,
involving third-tier subordinate monasteries (represented
in green or orange) that are connected to the second-tier
subordinate monasteries. The spatial relationships in this
level are more dispersed compared to PSMS-I but still
maintain a distinct hierarchical structure. For instance,
the system F and H illustrate the PSMS-II model, where
third-tier subordinate monasteries are spread across a
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broader geographical region and are spatially connected
to the core monastic network. This model reflects the
role of second-tier subordinate monasteries in extending
the religious and cultural network over a wider area.

Spatial hierarchical pattern of PSMS-III
The PSMS-III involves the spatial relationships among
fourth-tier subordinate monasteries (represented in light
green and yellow), typically located in remote areas. The
spatial connections at this level are the most dispersed,
covering a wide area with long-distance connections. The
system E and ] show that fourth-tier subordinate monas-
teries are distributed in more remote regions, with rela-
tively loose spatial connections between them. Despite
the wide distribution, these monasteries maintain a basic
religious network structure. This model emphasizes the
peripheral diffusion of religious influence across geo-
graphical space.

Subsequently, all monasteries are systematically coded
and quantified according to their hierarchical relation-
ships, and visually represented in Fig. 7. The innermost

ﬂﬁ//lﬁﬂh%\\\\%\\\&

Fig. 7 Number of hierarchy and structure of PSMS in Hehuang Region
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circle illustrates three types of monasteries in the
Hehuang region: 105 independent monasteries with-
out PSMS information, 25 monasteries affiliated with
PSMS whose systems with fewer than 4 monasteries in
the region, and 259 monasteries affiliated with PSMS
and having at least 4 monasteries within their system in
the region. The second circle highlights 259 monasteries
within PSMS, with Gelug monasteries representing 92%
and Nyingma monasteries 8%. The third circle details
the number of monasteries within 12 systems, showing
prominent variation. Among Gelug systems, System ]
owns the largest number of monasteries (21%), followed
by E (15%) and H (16%). Systems B and F account for
approximately 10%, while systems A, C, D, G, and I are
smaller, ranging from 3 to 4%. Nyingma systems K and
L are much smaller, at 7% and 2%. The fourth and fifth
circles represent the number of secondary and multi-tier
structural patterns, with Systems E, F, H, and ] display-
ing multi-tiered structures. Notably, Systems E and ] have
extensive subordinate monasteries, each with four-tier
hierarchies.

- Monasteries affiliated with PSMS whose systems
with fewer than 4 monasteries in the region

! Independent monasteries without PSMS information

Monasteries affiliated with PSMS and having at
least 4 monasteries within their system in the

AN Gelug
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Fig. 8 Spatial distribution of PSMS in Hehuang Region

Spatial clustering and distance range of PSMS

Figure 8 illustrates the spatial distribution for each PSMS.
To further investigate the spatial clustering or dispersion
of these systems, the Average nearest neighbor analysis
is first employed to quantitatively verify the clustering
tendency within each PSMS. The results indicate that all
the systems exhibit significant or moderate clustering,
as illustrated in Table 4. This suggests that the layout of
monasteries within each PSMS generally tends to cluster.
Besides, Fig. 8 displays the spatial distribution of prin-
cipal monasteries. According to the results in Table 4,
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the layout pattern of the principal monasteries shows a
significant dispersion (z-score of 3.537), indicating that
there is no evident clustering effect among them.
Secondly, buffer analysis was utilized to further vali-
date the spatial clustering of PSMS and to precisely
quantify their clustering range. Given the maximum dis-
tance of nearly 18 km between the farthest subordinate
monastery and the principal monastery, this distance
was divided into nine intervals of 20 km each. Regard-
ing the principal monastery as the center, monastery
counts were tallied within each 20-km radius interval.
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Table 4 Nearest Neighbor Index result for all PSMS

Type R Average nearest Expected nearest z score p value Distribution pattern
neighbor distance neighbor distance
(km) (km)
All principal mon- 1534 416 27.1 3.537 0.000 Significantly dispersed
asteries
A 0424 14.1 332 -3.114 0.002 Significantly clustered
B 0.263 4.7 18.1 —-7.330 0.000 Significantly clustered
C 0.359 10.2 283 —4.064 0.000 Significantly clustered
D 0.792 248 313 —2.279 0.023 Moderately clustered
E 0.680 104 15.2 -3.770 0.000 Significantly clustered
F 0.814 14.2 174 -1.919 0.055 Less strongly clustered
G 0.218 7.2 332 —4.234 0.000 Significantly clustered
H 0.593 8.6 14.5 —5.042 0.000 Significantly clustered
I 0.543 16.1 29.7 —2.765 0.006 Significantly clustered
J 0.800 10.1 12.7 —2.837 0.005 Significantly clustered
K 0315 7.2 228 —5.402 0.000 Significantly clustered
L 0439 184 420 —2.400 0.016 Moderately clustered
100.00%
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Fig. 9 Distance range of the PSMS in Region
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The results shown in Fig. 9 reveal a pronounced concen-
tration of monasteries within a 20km radius of principal
monasteries for each PSMS. Notably, all monasteries
within System G are within this range. Systems C, A, and
K also have high densities, comprising 90%, 71%, and 75%
of their total monasteries, respectively. When the dis-
tance extends to 40 kms, Systems B, D, E, H, and L show
a notable increase in the number of monasteries, with
System L containing all its monasteries within this range.
Within a 60-km radius, almost all systems include more
than 88% of their monasteries except for System J, while
System ] reaches its peak monastery count within the 60
to 80-km range. Beyond 80 km, the number of monaster-
ies decreases in all systems, with only a few systems hav-
ing monasteries located beyond 100 km, specifically E, F,
H, and J. In summary, most PSMS in the Hehuang region
exhibit pronounced spatial clustering, with over 88% of
monasteries located within a 60-km radius of their prin-
cipal monasteries.

Subsequently, to further delineate the range char-
acteristics of each system, the variability in the spatial
distribution range within the principal-subordinate mon-
astery systems is indicated by the difference between
the maximum and minimum distances from the subor-
dinate monasteries to the principal monasteries.. This
range variability is visually represented in Fig. 9, where
a broader span on the x-axis corresponds to a wider dis-
tribution range. The results reveal that Systems F, E, and
J exhibit the widest distribution ranges, with difference
values of 173.6km, 129.5km, and 116.8km, respectively.
In contrast, Systems G, D, and L demonstrate compara-
tively narrower distribution ranges, with difference val-
ues of 11.5km, 25.2km, and 31.1km, respectively. The
distribution ranges of the other systems fall between
these extremes, illustrating varying degrees of distribu-
tion range.

Spatial center and cardinal direction of PSMS

The spatial dominance center of PSMS was analyzed
using the method of aggregation centers and devia-
tions, with the weighting field defined as the number of
subordinate monasteries. The outcomes are illustrated
in Fig. 10, showing the central element, median center,
mean center, and Standard deviation ellipse. It is evi-
dent that the central element of each PSMS aligns with
its principal monastery. Furthermore, except for System
J, most median centers of PSMS predominantly coin-
cide with the position of their principal monasteries.
Additionally, while the mean centers exhibit slight dis-
parities from the principal monastery positions, they are
geographically close as they largely remain within the
confines of the same county, within a specific distance.
It could be proven by neighborhood analysis (Table 5)
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which illustrates that the neighboring elements of mean
centers correspond to the principal monasteries of their
respective systems, with distances seldom exceeding
11 km, except for System J. The reason for this deviation
is that one of the second-tier monasteries in system ] has
a large number of third-tier monasteries, and they are
geographically distant from the original principal mon-
astery, over 60 km away. In summary, the spatial cent-
ers of most PSMS closely approximate the locations of
their principal monasteries, thereby establishing a spa-
tial distribution pattern centered around these principal
monasteries.

Simultaneously, the results of the Standard deviation
ellipses, which indicate the distribution orientation of
each PSMS, are presented in Fig. 10. It is evident that the
distribution orientations of various systems exhibit diver-
sity alongside the distribution of water systems, such as
Yellow River and its tributaries, the Hehuang River and
Datong River. System D is located to the north of the
Hehuang River and follows the direction of the Datong
River, while Systems H, J, and E are intersected by the
Hehuang River, distributing perpendicular to its flow
direction on both sides. Systems A, K, and L are located
to the north of the Yellow River, showing a consistent
orientation aligned with the direction of Yellow River.
Similarly, Systems B, I, and C are located to the south of
the Yellow River and in close proximity to it, showing a
resemblance in orientation of the Yellow River. System F
is distributed along both sides of the Longwu River, a sec-
ondary river of the Yellow River. However, Systems G and
those situated farther from the rivers show no distinct
correlation.

Discussion
Spatial distribution of the overall monasteries
In general, the monasteries in the Hehuang region exhibit
a distinct clustering tendency, primarily influenced by
historical accumulation, governmental policies, and
geographical location. Historically, since the mid-ninth
century AD, Tibetan Buddhist monks, known as the
"Three Wise Men," fled to Qinghai due to the prohibi-
tion of Buddhism in Tibet. This facilitated the dissemi-
nation and development of Tibetan Buddhism in the
region [43]. Scholars have documented that monaster-
ies such as Xiongxian Monastery, Dandou Monastery,
and Zhazang Monastery in locations like Hualong and
Huangyuan were constructed before the Song Dynasty
[21]. From then on, the Hehuang region also became a
crucial center for the dissemination of Tibetan Buddhist
culture, with many Tibetan Buddhist monasteries being
built successively.

The government policies of the Ming and Qing dynas-
ties also played a crucial role in the concentration of
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Table 5 Mean Center and its neighboring principal monastery
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System code Mean center coord X Mean Center Coord Y NEAR principal Distance between mean center Near angle
Monastery and principal Monastery(km)
A 826312.63 3982110.67 Principal A 6.6 3.78
B 75687551 3977058.54 Principal B 10.7 -20.14
C 826835.44 3951381.71 Principal C 3.7 7.57
D 756656.08 4103499.93 Principal D 6.6 179.26
E 826613.69 4015234.33 Principal £ 5.6 -169.32
F 774659.83 3941645.07 Principal F 8.2 -102.85
G 799060.74 4024964.23 Principal G 4.7 134.22
H 729745.26 4035585.02 Principal H 55 89.50
I 797793.29 3959473.79 Principal | 5.2 22.09
J 780317.08 4043701.72 Principal G 21.8 —44.82
K 810298.33 3995078.65 Principal K 57 10.82
L 751710.21 4007406.40 Principal L 4.1 125.62

monasteries. The Ming dynasty implemented the "mul-
tiple grants and construction" policy, granting titles and
providing financial support to the Tibetan regions. For
example, during the Hongwu period, the Qutan Mon-
astery was built, and the Xining Buddhist Registry was
established. These grants provided funding and elevated
the status of the Buddhist elite, promoting the develop-
ment of Tibetan Buddhist monasteries [20]. The Qing
dynasty also implemented the "promote Gelug" policy,
which supported monastery development through eco-
nomic support and promotion. The Qing court granted
titles such as Hutuktu and Zen master to the leaders of
monasteries like Yuning Monastery, Kumbum Monas-
tery, and Guanghui Monastery. In the fifty-first year of
Qianlong (1786), Emperor Qianlong appointed the Jamy-
ang Zhépa and Minzhur as important Buddhist leaders in
the Hehuang region. These policies enhanced the social
and political influence of the monasteries, promoting
their concentration and development in the Hehuang
region [77].

Geographically, the Hehuang region is a crucial area
where multiple ethnicities converge, with the agricul-
ture and animal husbandry intertwine. With relatively
low altitudes, a mild climate, developed agriculture, eco-
nomic growth, and convenient transportation, this region
facilitates frequent cultural exchanges, fostering the
establishment and flourishing of Tibetan Buddhism [48].

In addition, the kernel density distribution shows a
gradual decrease from southeast to northwest, corre-
sponding with the spatial distribution of principal mon-
asteries. Specifically, the highest density of monasteries
is found at the border of Hualong and Minhe, where the
Zhihajia, Caidan, and Longhe monasteries are situ-
ated. In addition, prominent density of monasteries can
be found in other areas such as the northern part of

Tongren, central Huangzhong, northwestern Hualong,
and eastern and western Xunhua. This is mainly due to
the presence of principal monasteries like Longwu, Kum-
bum, Banzhuwa, Wendu, and Gulei. Although there are
no principal monasteries in Guide, the adjacent regions
contain principal monasteries such as Kumbum, Deqian,
and Banzhuwa. Their subordinate monasteries extend
into Guide, resulting in a high density of distribution in
this area. Conversely, regions without principal monas-
teries, such as Datong, Menyuan, Huangyuan, Xining,
and Ping’an, exhibit lower distribution densities. This
distribution pattern not only reveals the intrinsic connec-
tion between the principal monasteries and kernel den-
sity distribution in the Hehuang region but also provides
critical insights for understanding the region’s religious
and cultural distribution.

From the perspective of various sects, the geographi-
cal distribution characteristics of monasteries exhibit
notable disparities. These differences are influenced not
only by natural or social factors, but also potentially by
the different doctrine and organizational structure of
each sect [78]. The distinctive features of religious doc-
trines and organizational management among different
sects may result in different spatial distribution patterns.
Gelug monasteries in the Hehuang region exhibit a broad
and dispersed spatial distribution. This is attributed to
the Gelug sect’s rigorous and systematic organizational
structure, which forms a theocratic regime with a com-
prehensive and systematized approach to monastery
construction, organizational systems, and educational
methods. This organizational structure facilitates the
extensive spatial distribution of Gelug monasteries, as
they can better leverage political resources and organiza-
tional advantages to expand their influence and monastic
network [24]. In contrast, the Nyingma sect’s doctrines
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and organizational form are more primitive and loosely
structured, with scattered monks and a lack of powerful
monastic groups [79]. They maintain independence from
local forces, resulting in Nyingma monasteries being
more likely to concentrate within specific areas rather
than widely dispersing.

Furthermore, the spatial distribution differences among
monasteries of various sects may be closely related to the
geographical location of their principal monasteries. In
the Hehuang region, monasteries affiliated with Gelug
dominate both in number and spatial density, aligning
with the distribution of the ten principal Gelug monas-
teries in the area. In contrast, monasteries affiliated with
Nyingma are more concentrated, primarily located in the
eastern part of Hualong and along the border between
Hualong and Guide. Correspondingly, there are only two
principal monasteries of Nyingmapa: Zhihajia Monas-
tery in eastern Hualong and Banzhuwa Monastery at the
Hualong-Guide border, closely aligned with the dense
distribution of Nyingmapa monasteries. This suggests a
correlation between the dense areas of monasteries and
the locations of their principal monasteries, further vali-
dating the notable influence of principal monasteries on
the overall distribution of monasteries.

Spatial distribution characteristics of PSMS

Spatial pattern and formation reasons of PSMS

The aforementioned results highlight a spatial distribu-
tion pattern across all principal-subordinate monastery
systems, characterized by the principal monastery being
centrally located and surrounded by its subordinate mon-
asteries. The underlying cause for the formation of this
spatial relationship is its provision of numerous advan-
tages and benefits for organizational management and
doctrinal transmission within Tibetan Buddhism.

First, concerning organizational management and
administrative efficiency, the principal monastery usu-
ally supervises subordinate monasteries by appointing
key positions such as Khenpo and Khenzur to oversee
religious activities and make major decisions [79]. This
spatial arrangement, with the principal monastery at the
core surrounded by subordinate monasteries, optimizes
the coordination of religious activities, ceremonies, and
administrative processes, ensuring orderly and efficient
management. This also reinforces the principal monas-
tery’s leadership in both political and religious spheres
[22].

Secondly, subordinate monasteries depend on finan-
cial and material support from the principal monastery
for the maintenance, renovation, and expansion of their
facilities. As the spatial center, the principal monas-
tery can efficiently concentrate and distribute resources,
providing comprehensive support in terms of finances,
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materials, personnel, and education, thus fostering the
stability and development of the entire system [21].

Besides, in the realm of doctrinal transmission and reli-
gious propagation, the principal monastery serves as the
cultural and educational hub, providing religious educa-
tion and training for monks, thus supporting subordinate
monasteries. This spatial relationship strengthens the
doctrinal continuity among the monasteries. Addition-
ally, the spatial distribution pattern of PSMS enhances
the regional influence of the religion. Through the out-
reach efforts of the principal monastery, it promotes the
dissemination and popularization of Tibetan Buddhist
culture [23].

Spatial scale and formation factors of PSMS

Scale parameters and its relationships of PSMS Even
though each PSMS exhibits a spatial clustering pattern
with subordinate monasteries surrounding the principal
monastery, their spatial scales such as the number of con-
trolled subordinate monasteries, their distribution range,
and hierarchical structure quite vary. To explore this
result in depth, a scatter plot cluster diagram was gener-
ated using three parameters representing the spatial scale
of each system (Fig. 11). The diagram uses color, the hori-
zontal axis, and the vertical axis to represent spatial hier-
archy, quantity scale, and range variability, respectively.

It illustrates that systems E, F, H, and ], which have
multi-level hierarchical structures, demonstrate a larger
number of subordinate monasteries and a broader range
variability. In contrast, PSMS with a two-tier hierarchi-
cal structure show fewer subordinate monasteries and a
smaller distribution range. This suggests that the hier-
archical structure may positively influence the number
and range of controlled subordinate monasteries. Fur-
thermore, for PSMS with two-tier hierarchical structure,
there is a general trend where an increase in the number
of subordinate monasteries correlates with an expanded
range variability aside from a few outliers. This supports
the notion of a positive correlation between the num-
ber of subordinate monasteries and their range of con-
trol. Therefore, the scale of each PSMS is influenced by
parameters such as hierarchical structure, the number of
controlled monasteries, and their distribution range vari-
ability, with these factors showing a positive correlation
among them.

Spatial scale influenced by different sectarian doc-
trine The varied spatial scales of different PSMS are
influenced by factors deeply rooted in historical and cul-
tural contexts. Firstly, diverse characteristics in religious
doctrines and organizational management among differ-
ent sects may account for the disparities in the hierarchi-
cal structures of PSMS. The Nyingma sect, as one of the
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Fig. 11 The relationship between the hierarchy, amount, and range of PSMS

early sects of Tibetan Buddhism, demonstrates relatively
primitive and loose doctrinal and organizational struc-
tures, with dispersed monks and monasteries. These
monasteries maintain independence from local authori-
ties, leading to a relatively consistent hierarchical struc-
ture with modest numbers and an uneven distribution
range [67].For instance, within System L, there are only
four subordinate monasteries, whereas within System
K, the controlled range spans from within 20,000 m to
over 900,000 km, illustrating apparent variations in con-
trol range. In contrast, the Gelug sect’s close association
with political power has led to a unified political-religious
authority, resulting in a more organized and standardized
system of monastery construction, organizational struc-
tures, and educational methods [23], reflected in a more
uniform and sizable spatial distribution pattern.

Spatial scale influenced by different control modali-
ties However, each PSMS of Gelug exhibits distinct spa-
tial scales, likely influenced by the diverse management
and control modalities. La categorized the PSMS in Qing-
hai Province into two control modalities, including one
where both political and religious authority are vested in
the principal monastery, and another where there is a only
religious affiliation with the principal monastery but with-
out political control [22].

In systems where both political and religious authority
are centralized in the principal monastery, the principal
monastery’s acquisition of secular governance leads to

smaller monasteries becoming completely subordinate
both politically and religiously [29]. This dynamic cre-
ates a spatial distribution where subordinate monasteries
cluster within a defined area. This form of hierarchical
structure is predominant among the PSMS in Qinghai.
For example, Principal G exercised both political and
religious control over its seven subordinate areas, result-
ing in all subordinate monasteries being located within
a 20,000 m radius [80]. Similarly, Principal D controlled
its "five clans" within a 20-60 km range [21], indicating a
deliberate limitation of its control area.

For the PSMS primarily linked by religious affiliation,
there may not be strict distance limitations on the distri-
bution of their subordinate monasteries. Although great
geographical distances separate subordinate monasteries
from the principal one, extending beyond its territorial
boundaries, they maintain close ties in religious heritage
and doctrinal matters, rather than direct political control
[23]. For instance, within System J, there exists a wide-
ranging distribution with considerable range variance.
This is because the distant subordinate monasteries in
System ] are established or built by monks from the prin-
cipal monastery in remote areas, primarily with strong
religious affiliations rather than political governance
ties [83]. Furthermore, in System F with a wide range
variance, the senior monks of the principal monastery
have established 18 meditation monasteries in different
regions, which later became the subordinate monasteries
[84]. This might illustrate that the PSMS within a certain
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range fall under a unified religious-political governance,
while those beyond this range maintain a purely religious
affiliation with the principal monastery.

Spatial scale influenced by different territorial sover-
eignty Furthermore, discrepancies in land control rights
at the principal monastery contribute to variations in the
scale of these amalgamated religious-political systems.
Principal ], for instance, received patronage and support
from leaders of various Mongolian tribes during its initial
construction. This support endowed the monastery with
extensive lands, population, and properties [81]. By the
late 1940s, Principal ] possessed over 50,000 mu (78.29
acres) of cultivated land [22]. Consequently, it established
numerous subordinate monasteries within its territory.
Similarly, the principal monastery H, with a large spatial
scale, also controlled a considerable area, reaching over
100,000 mu (15.66 acres) by the 1950s [82]. In contrast,
monasteries with smaller spatial scales, such as Principal
D, controlled only nearly 10,000 mu (1.57 acres) of land,
and Principal D possessed only 2,094 mu (3.29 acres) [21].

Spatial scale influenced by different religious magni-
tude Inaddition, the spatial scale may also be influenced
by the religious magnitude of the principal monastery
within those PSMS, such as the number of revered monks
and reincarnated lamas, along with the frequency of their
ennoblement. The reincarnation system of living Buddhas
expands by enlarging principal monasteries or estab-
lishing more subordinate monasteries to enhance their
authority and prestige [23]. For example, System ] estab-
lished diverse and complex reincarnation systems such as
the Zhangjia, Tuguan, Songbu, and Quecang systems in
its developmental trajectory, with a total of 54 subordi-
nate monasteries [81]. Furthermore, the number of emi-
nent monks receiving titles and honors may also correlate
with the scale of the principal monasteries [22]. This can
be seen from the scale of Systems J, K, and E, as they are
bestowed with the most titles of Houtu Kektu, as well as
the titles of Nomkhan and Banzhida [29].

In general, there is a notablevariation in the scale of
PSMS, influenced by multiple parameters such as spatial

Table 6 Univariate chi-square test of Elevation Factors for system A
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hierarchy, quantity scale and range variability. A compre-
hensive analysis reveals that this variation stems from the
diverse interplay of historical factors such as doctrinal
characteristics of different sects, control modalities, terri-
torial sovereignty, as well as religious magnitude of prin-
cipal monasteries. Notably, the complexity of the system
hierarchy, the abundance of subordinate monasteries,
and the wide distribution range correspond to a richer
historical and cultural background. For instance, System
J, with the widest geographical spread and the highest
hierarchical complexity, encompasses not only politically
and religiously affiliated subordinate monasteries but also
those with solely religious interactions. This system pos-
sesses extensive lands and boasts an importantreligious
presence with numerous eminent monks and reincar-
nated lamas, reflecting the intricate historical and cul-
tural factors underlying the differences in scale among
PSMS.

Spatial scale influenced by natural and topographical fac-
tors The spatial direction of the PSMS shows a trend
of correlation with the distribution of water system in
Hehuang region. To provide evidence and further dem-
onstrate the influence of natural elements on the PSMS,
univariate chi-square tests were used to quantify the cor-
relation between the natural influences of elevation and
hydrology. This method of testing is commonly used to
examine the correlation between the spatial distribution
of samples and environmental factors, such as the study
of ancient road restoration [78]. As shown in Table 6 and
Table 7, the system A was chosen to be verified as an
example for demonstration.

The univariate chi-square test uses the natural break
classification method to categorize the elevation and
hydrology data of Hehuang region into three levels. The
second column lists the number of monasteries Q; corre-
sponding to the environmental factors within each level.
The third column provides the area/distance for each
level as determined by ArcGIS. The fourth column calcu-
lates the percentage for each level based on the classified
area/distance. The fifth column computes the expected

Number of Classified area/ km?

monasteries Q;

Elevation

Percentage of
classified area / %

The expected number Difference between
of monasteries Ei observed and expected

under the null values x?
hypothesis Hop
First Class(1796-1991) 2 608.58 3.07% 0.25 12.56
Second Class(1992-2712) 3 9533.10 48.02% 3.84 0.18
Third Class(2713-3216) 3 9710.50 48.91% 391 0.21
Sum of all 8 19852.19 100.00% 8.00 12.95
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Table 7 Univariate chi-square test of Hydrological Factors for system A

Hydrological Number of Classified area/ km?>  Percentage of The expected Difference between
monasteries classified area number of observed and expected
Q; /% monasteries Ei values x2
under the null
hypothesis Hp
First Class(0-364.06) 4 4760.66 16.50% 1.32 544
Second Class(364.06-1224.08) 1 9931.40 34.41% 2.75 112
Third Class(1224.08-2893.83) 3 14168.27 49.09% 393 0.22
Sum of all 8 28860.33 100.00% 8.00 6.78

number of monasteries in each level based on the data in
the second and fourth columns. Based on this, a hypoth-
esis test is performed as follows:

a. Formulate the null hypothesis Ho: The distribution of
monasteries is independent of the different environ-
mental factors.

b. Under Ho, calculate the test statistic x2 using the fol-
lowing formula:

2
X2=E(fo ;efE)

c. The calculated x?2 value, since the four environmen-
tal factors are divided into three levels, follows a chi-
square distribution with 3—1=2 degrees of freedom.
Referring to the standard chi-square distribution
table, at a 0.05 significance level, the chi-square value
for 2 degrees of freedom is 5.99.

As shown in Table 8, seven monastery clusters have an
x2 value less than 5.99 for the elevation factor, indicating
no significant correlation. In contrast, only three mon-
astery clusters show no significant correlation with the
hydrology factor. Overall, for the 12 PSMSs, the correla-
tion with elevation is only 41%, whereas the correlation
with hydrology reaches 75%. This demonstrates that the
distribution of most PSMS monasteries is closely related
to rivers, while their association with mountains is com-
paratively weaker.

This correlation arises because the Hehuang region, a
major agricultural area in Qinghai with a high population
density, has historically been a frontier for the spread of
Tibetan Buddhist culture to eastern Tibet. The relatively
narrow valley leads to a densely clustered and perpen-
dicular distribution along the riverbanks. In contrast, the
Yellow River basin, being more extensive and broader,
leads to a distribution pattern where systems are spread
along its banks because the river acts as a natural bar-
rier. Furthermore, the Datong and Longwu Rivers, which

are significant northern and southern tributaries of the
Yellow River in the Hehuang region, support Tibetan
communities that predominantly reside along these riv-
ers. Consequently, the principal-subordinate monastery
systems are oriented almost perpendicular to these riv-
ers. This analysis reveals that most PSMS in the Hehuang
region are influenced by the river systems. They display
distribution patterns that either align with or run per-
pendicular to the river courses based on the characteris-
tics of the respective waterways.

Conservation application to other heritage

The PSMS, with its principal monastery at its core and
subordinate monasteries distributed in clusters around
it, offers a novel approach to the conservation of cultural
heritage. Its analytical framework can be employed as a
reference point and applied to the conservation of other
heritage clusters.

Reference to the hierarchical structure of the PSMS

The hierarchical structure of the Tibetan Buddhist PSMS
exhibits a common feature with other religious herit-
ages, which provides a scientific basis for the prioritisa-
tion of conservation work and the allocation of resources.
The Tibetan Buddhist PSMS is notable for its hierarchi-
cal structure, which can also be found in other religious
heritages. These include the diocesan network of the
Catholic Church, the system of autonomous churches
of the Eastern Orthodox Church, the close-knit network
of Buddhist Zen monasteries, the system of the main
mosque and the neighbouring community mosques of
Islam, and the network of the main temple and the local
temples of Hinduism. Despite the differences in cul-
tural roots, geographical background and organizational
forms, these systems might exhibit certain patterns and
characteristics in their spatial layout. Furthermore, the
determination of their spatial hierarchical structure and
main center enables the PSMS to identify the monasteries
with significant influence. Similarly, other types of herit-
age clusters can also identify key and influential heritages
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Table 8 Results of univariate chi-square test for environmental factors for 12 PSMS

System Principal monastery Difference between observed and expected  Difference between observed and
values for elevation x2 expected values for distance to water
x2
A Caidan Monastery 12.95 6.78
B Degian Monastery 2.54 23.72
C Gulei Monastery 1.96 352
D Guanghui Monastery 1.52 6.40
E Longhe Monastery 72.75 25.54
F Longwu Monastery 4.60 2548
G Qutan Monastery 2.11 2.96
H Kumbum monastery 17.71 17.87
I Wendu Monastery 2.81 2.86
J Yuning Monastery 6.80 14.23
K ZhiHajia Monastery 0.13 6.09
L Banzhuwa Monastery 1836 7.22

on the basis of their internal hierarchical structure, which
can provide a basis for prioritization and resource alloca-
tion for conservation.

Reference to the systematic pattern of the PSMS

The culture-based, systematic categorisation of Tibetan
Buddhism can provide a basis for spatial planning of her-
itage conservation under an approach to cultural heritage
that prioritises integrity. Tibetan Buddhism categorizes
monasteries into different PSMS based on differences in
the living Buddha system and the lineage of the teach-
ings. Although other cultural or religious heritage may
not adhere to the same logic of classification, they may
exhibit diverse typologies based on the context of the
spread of their own culture and history. Such typologies
extend beyond the scope of individual conservation or
group conservation within administrative districts, being
based on cultural ties intrinsic to the area in question.
This approach allows for a more complete and coher-
ent conservation, effectively avoiding the cultural frag-
mentation that may otherwise result from a misguided
approach to conservation. Furthermore, analogous to
PSMS, the dense spatial distribution of heritage groups
is frequently the area with the most prominent religious
or cultural ambience, which serves as a crucial reference
point for the delineation of cultural zones. Moreover, the
direction and accessibility of the heritage cluster provide
a basis for the investigation of the trajectory of religious
and cultural transmission. Consequently, the analytical
framework of PSMS, which encompasses the distribution
patterns of density, main center, range, and direction,
provides a novel and integrated perspective that can be
employed in other culture heritage clusters.

Reference to the social-natural contexts of the PSMS

The close links between PSMS with society and nature
provide a broader conservation mechanism for other
types of heritage conservation. PSMS is not only deeply
rooted in the natural environment, but are also closely
linked to all aspects of social life. This characteristic is
also reflected in other types of heritage, where the lay-
out of PSMS is often influenced by natural factors such
as the distribution of watercourses. Furthermore, the vast
majority of cultural heritage is faced with similar influ-
ence factor in terms of the natural environment. It is
therefore important to consider the potential impact of
the natural environment on heritage sites and to imple-
ment measures aimed at the protection of the ecosystems
and natural landscapes in the immediate vicinity of such
sites. In addition, other heritage forms, including PSMS,
are closely connected to neighbouring communities or
villages, forming intricate and vibrant cultural tapestries
through religious ceremonies, festivals, and other com-
munal activities. Consequently, in the process of heritage
conservation, it is essential to reinforce a profound com-
prehension of the cultural practices prevailing within the
local communities. This can be achieved by establishing
an efficacious mechanism for the participation of these
communities, thereby encouraging them to collaborate in
the protection and advancement of cultural heritage.

Practical significance of conservation monasteries as PSMS
Integrated perspective of heritage conservation

In contrast to prior conservation efforts that focused
on individual monasteries, a more comprehensive
approach has been taken with the division of monaster-
ies into distinct heritage clusters based on the PSMS for
integrated conservation. This methodology provides a
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comprehensive and holistic perspective on the conserva-
tion of heritage, offering an novel strategy for the conser-
vation of monastic heritage.

This is due to the fact that a conservation approach
which considers monasteries as a cluster ensures that
the integrity of the cultural heritage is maintained and
reflected. The World Heritage Convention places a sig-
nificant emphasis on the concept of integrity as a funda-
mental assessment criterion for the nomination of World
Heritage sites. Tibetan Buddhist monasteries represent
a comprehensive system of governance and religion,
founded upon the historical and cultural divisions of
the teachings, the living Buddha system, and the ruling
administration. Previously, the conservation of monastic
heritage was typically confined to individual monaster-
ies, with an emphasis on the evaluation and protection
of their architectural features, cultural artifacts and his-
torical significance. One limitation of this approach was
an insufficient appreciation of the interconnectedness of
monastic heritage within a larger context of history and
culture. However, PSMS provides a framework for inves-
tigating the historical connection and cultural correlation
between the principal monasteries and their subordinate
monasteries. Furthermore, this historical and cultural
link has been further substantiated by physical evidence
of the spatial distribution pattern of the PSMS. This has
led to the formulation of a novel approach to heritage
conservation, based on the delineation of each principal
monastery system.

Furthermore, this approach offers a cultural regional
reference point for the safeguarding of monastery her-
itage, diverging from the prevailing strategy of conser-
vation based on administrative divisions. This novel
approach to heritage conservation, which is predicated
on the subdivision of each PSMS, serves as a founda-
tional reference point for the preservation of disparate
categories of cultural areas. This approach diverges from
traditional conservation strategies based on administra-
tive areas, which have been identified as potentially lead-
ing to the neglect or fragmentation of cultural ties. In
contrast, this strategy provides a systematic and compre-
hensive approach to conserving monastic heritage.

Prioritized allocation of conservation resources

A model centred on the principal monastery in PSMS
has the potential to facilitate the establishment of pri-
orities for heritage conservation and achieve a more effi-
cient allocation of resources. Previously, the approach to
the conservation of monasteries was unclear and lacked
a defined focus. The implementation of traditional con-
servation strategies may result in an imbalanced distribu-
tion of resources, particularly in regions where resources
are scarce or management levels are disparate. However,
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this study establishes the cultural and geographic central-
ity of the principal monastery, as well as the linkages and
hierarchies between the principal and subordinate mon-
asteries. The prioritisation of conservation efforts can
be conducted in accordance with the status and influ-
ence of the monastery in question within the system. By
prioritising the protection of the principal monastery,
the conservation of the subordinate monasteries can be
driven, thereby ensuring a more targeted and efficient use
of resources. This approach will not only maintain the
overall stability of the system, but also help to ensure the
continued cultural value and influence of the system as a
whole, avoiding the lack of protection that would other-
wise result from the dispersal of resources.

Rational tourism route of cultural conservation

The spatial distribution characteristics of the principal
monasteries provide a reference basis for the develop-
ment of reasonable tourism routes. This study employs
a classification system based on the primary monastery
system to categorise Tibetan Buddhist monasteries. This
reveals that monasteries within this system are typically
situated in particular geographical regions, thereby estab-
lishing a foundation for the delineation of diverse Tibetan
Buddhist cultural areas. In general, monasteries situated
within the same cultural area are linked by historical and
cultural ties. This indicates the possibility of establish-
ing a range of tourist destinations with shared cultural
characteristics, based on the different PSMS. Moreover,
the creation of itineraries based on the accessibility of the
PSMS could foster a more profound public comprehen-
sion of the cultural heritage associated with these institu-
tions. This, in turn, has the potential to contribute to the
preservation and revitalisation of this cultural heritage.

Community participation of collaborative conservation

Adopting a conservation strategy founded on a PSMS
framework can facilitate the formation of a collective
sense of heritage identity. Adopting a conservation strat-
egy founded on a PSMS framework can facilitate the
formation of a collective sense of heritage identity. In
accordance with their sectarian lineage and living Bud-
dha system, the Tibetan populace holds veneration for
a variety of monasteries. The religious, cultural, admin-
istrative and spatial connections between principal and
subordinate monasteries result in the inextricable link-
ing of the communities in which they are located. Con-
sequently, adherents within the same Tibetan Buddhist
cultural area may exhibit a heightened degree of identity
and involvement, whereas those in disparate Tibetan
Buddhist cultural areas may espouse disparate beliefs,
despite being situated within the same administrative
region. Conventional conservation techniques may fail to
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take into account the specific cultural and religious con-
text of the community, leading to a lack of community
identification and engagement in conservation initiatives.
A comprehensive approach to the conservation of the
PSMS can more effectively reflect and support the reli-
gious and cultural practices of the local community, fos-
tering a stronger sense of identity and participation in the
heritage. Active community involvement is crucial for the
implementation of conservation measures and the long-
term sustainability of cultural heritage.

Conclusions

The PSMS in Tibetan Buddhism is a unique cultural phe-
nomenon that holds importantvalue in both historical
and spatial research. However, current research predomi-
nantly focuses on the spatial distribution of monasteries
based on different sects or specific Tibetan regions, and
mainly focuses on its history and religions, while over-
looking the external manifestation patterns revealed
through spatial distribution characteristics. Concur-
rently, the analytical framework of the PSMS guarantees
the intrinsic cultural connections and integrity of cul-
tural heritage, as well as the prioritisation of conservation
and the allocation of resources in accordance with scale
and impact, with the objective of preserving clusters
of heritage through the planning of tourist routes and
the promotion of community participation. This study,
using Hehuang region as a case study, developed a novel
research framework to analyze the spatial distribution
of PSMS,so as to comprehensively examine the overall
and system-specific spatial distribution characteristics of
Tibetan Buddhist monasteries and analyze the contribut-
ing factors behind their spatial patterns. Thus, the study
offers an analysis framework for diverse and multi-tiered
heritage clusters that are interconnected by religious and
cultural ties, providing a foundation for further research
and exploration. The following findings were obtained:

(1) From an overall perspective, Tibetan Buddhist
monasteries in the Hehuang region exhibit a pro-
nounced spatial clustering pattern, with uneven
characteristic across different areas and sects. In
addition to historical and geographical factors, the
study demonstrates a notable correlation between
the overall density of monastery distribution and
the location of principal monasteries.

(2) From the perspective of individual PSMS, each
system exhibits a spatial distribution pattern with
the principal monastery as the geographical center
and its subordinate monasteries clustered around
it. Within these systems, over 88% of subordinate
monasteries are located within 60,000 m of their
principal monastery. As the distance increases,
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the number of subordinate monasteries gradu-
ally decreases. Additionally, the clustering of these
systems often correlates geographically with the
county in which the principal monastery is located.
This distribution pattern enhances organizational
management and efficiency, optimizes resource
allocation and support, and promotes the transmis-
sion of teachings and the spread of religion.

(3) While each PSMS tends to form clusters, the scale
of these systems varies under the control of their
principal monasteries. This variation involves
parameters such as spatial hierarchy, quantity scale
and range variability, which exhibit a roughly posi-
tive correlation. The differences in scale are primar-
ily attributed to multiple historical factors, includ-
ing doctrinal characteristics of different sects,
control modalities, territorial sovereignty, as well
as the religious magnitude of principal monaster-
ies. The orientation of the PSMS is closely related
to the distribution of rivers, but its relationship with
mountain ranges is minimal and requires further
exploration.

Limitations

The research scope in the Hehuang region is relatively
narrow as it does not include the consideration of monas-
teries located in other areas within the PSMS. This omis-
sion may lead to some degree of error in the research
results. Therefore, future studies need to broaden the
scope of research to gather more comprehensive data.

The primary focus of this paper is to analyze the spa-
tial distribution characteristics of principal-subordinate
monastery systems, without delving into the temporal
and spatial backgrounds or site selection factors of mon-
astery establishment. It is hoped that future research will
conduct in-depth analysis in these areas.

Furthermore, due to space constraints, this paper only
focuses on the influence of principal monasteries on
monastery distribution, with brief mentions of other nat-
ural, historical, and geographical factors. Future research
can further enrich the content in these areas.
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