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Settlements in the Multi-ethnic Areas (SiMAs) of the Gansu-Qinghai Plateau 
reflect the long-term coordinated adaptation of rugged terrain, diverse ethnic 
cultures, and sacred beliefs, but rapid urbanization and secularization are 
threatening their spatial integrity. Based on a framework of 10 morphological 
indicators, this study conducted Principal Component Analysis (PCA) 
and Agglomerative Hierarchical Clustering analysis on 51 locals SiMAs to 
reveal the underlying spatial patterns. The results show that (1) four key 
factors—morphological cognition, structural order, traffic layout, and boundary 
shaping—greatly help explain the shape of SiMAs, accounting for 78.549% 
of the total variation. (2) This study identified five typical settlement space 
paradigms and listed six typical examples to support them. Ethnic settlements 
under different geographical environments and sacred beliefs have formed 
adaptive layouts with significant morphological differences. (3) Comparing 
different cases shows that sacred space, as a fundamental organizing idea, 
goes beyond ethnic differences to influence how settlements are arranged, 
while secular space changes and adapts based on various factors. The “spatial 
organization paradigm” proposed in this study clarifies how nature, culture, 
and functional drivers interweave to shape plateau settlements and provides 
a transferable practical path for community participation in conservation and 
sustainable planning of multi-ethnic mountain heritage sites around the world.
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 1 Introduction

Typical highland rural settlements around the world—from pueblos in the 
Andes (Cordillera de los Andes) (Herrán Gómez et al., 2019) to gompas in the 
Himalayas (Choephel, 2019)—reflect the long-term coordinated adaptation of rugged
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terrain, multi-ethnic cultures, and belief systems. Since the mid-
20th century, under the wave of rapid global urbanization, rural 
settlements, often regarded as “backward transition zones,” have 
been concerned not only with physical space, but also with the 
continuation of ethnic culture, social structure, and ecological 
balance (Harun et al., 2021). In recent years, climate pressure, 
tourism impact, and rapid urbanization have continuously eroded 
the spatial resilience and community identity of rural settlements, 
making them a hot topic in the fields of architectural space and urban 
and rural planning. Around the world, problems such as the decline 
of community cohesion and cultural identity (Ghahramani et al., 
2020), illegal occupation of settlement space (Muñoz and Ramos, 
2024), imbalanced planning and management mechanisms 
(Zhong and Dong, 2024), lack of economic development, and 
population growth (Gizelis et al., 2021) have become increasingly 
prominent. These problems have posed great challenges to the 
sustainable development of highland settlements. Although studies 
have conducted large-scale mapping of mountain villages of a single 
ethnic group, little is known about the interaction between sacred 
and secular space in a multi-ethnic highland context.

As the world’s largest developing country, China provides 
a rich testing ground for this issue. China’s mountains, 
terraces, and hills account for 74.38% of its land area 
(Central People’s Government of China), and a large number 
of rural settlements are distributed in plateaus above 1,000 m 
above sea level. The Qinghai-Tibet Plateau and the Loess Plateau 
in the northwest are also major areas where multiple ethnic 
groups live together in China (Moser, 2019). Their settlement 
forms are also a true reflection of China’s urban-rural dual 
structure (Tu and Long, 2020). Although the Comprehensive 
Rural Revitalization Plan (2024–2027) issued in 2025 advocates 
“integration of protection and revitalization” (The State Council), it 
lacks quantitative evidence to support spatial design guidelines. At 
the same time, existing research mostly stays in the one-dimensional 
discussion of building types (Ruggiero et al., 2019; Philokyprou 
and Michael, 2021; Lin et al., 2024) or intangible cultural heritage 
(Huang et al., 2025a; Nie Z. et al., 2022), lacking an integrated 
perspective of the two.

In this context, the plateau mountains at the junction of 
Gansu and Qinghai are particularly prominent due to their 
ecological fragility and cultural overlap, especially the coexistence 
of Tibetans (藏族), Hui people (回族), Bonan people (保安族), 
Han Chinese (漢族), Salar people (撒拉族), and other ethnic 
groups. The formation of settlements in the region is a dynamic 
geopolitical historical process: ethnic migration, competition, 
conflict, adaptation, and integration are the basic patterns of the 
development of local ethnic relations (Park, 1925), which constantly 
shape the spatial pattern and social structure of settlements. 
Zhuangkuo settlements formed to adapt to the high-altitude 

Abbreviations: PCA, Principal Component Analysis; AHC, Agglomerative 
Hierarchical Clustering; DEM, Digital Elevation Model; EA, Elevation Analysis; 
SA, Slope Analysis; DFWS, Distance from Water System; BSI, Boundary 
Shape Index; PSFD, Public Space Fractal Dimension; AI-1, Axis Integration; 
AI-2, Axis Intelligibility; BD, Building Density; SSKD, Sacred Space Kernel 
Density; CS, Clustered settlements; B-CS, Cluster settlement with banded 
tendencies; BS, Band-shaped settlements; C-FS, Clump-prone finger-
shaped settlements; FS, Finger-shaped settlements without tendency; B-FS, 
Banded-prone finger-shaped settlements; ABM, Agent-Based Model.

climate, and ethnic relations have become strong evidence of the 
interaction between nomadic culture and agricultural civilization 
(Cui et al., 2012). Ethnic culture and religious beliefs permeate 
all aspects of regional social structure and settlement space 
organization. They play an important role in the inheritance of local 
culture, human-land relations, and the development of economic 
activities. These settlements are defined as Settlements in Multi-
Ethnic Areas (SiMAs) in this study because of their distinctive 
characteristics of ethnic diversity, cultural identity, and economic 
complementarity. In addition, sacred space refers to the spatial 
carrier of transcendental spiritual activities such as religious rituals, 
folk beliefs, or deity worship in the settlement. It is the spatial anchor 
of belief practice; secular space refers to the complex functional 
places that serve the daily production and life of residents. As a 
container of social relations, it carries local knowledge and reflects 
the practical rationality of human-land interaction. However, 
road construction, labor migration, and the commercialization of 
“heritage tourism” have blurred the boundaries between sacred and 
secular spaces (Hancock and Srinivas, 2008). We urgently need new 
understandings of spatial resilience and identity maintenance to 
counteract the cultural disconnect resulting from modernization.

In response to the above problems, this study constructed 
a typological-morphological framework with ten indicators in 
three dimensions: geographical environment, settlement space, 
and architectural layout. The study used Principal Component 
Analysis (PCA) and Agglomerative Hierarchical Clustering (AHC) 
on 51 settlements in the Gansu-Qinghai Plateau, along with GIS 
mapping and visits to gather local information for checking the 
results. The study focused on three major questions: (1) What 
morphological factors dominate the spatial variation of multi-ethnic 
plateau settlements? (2) What is the interactive influence mechanism 
between sacred space elements and secular living areas? (3) Can a 
transferable “space—organization paradigm” be extracted to provide 
a reference for conservation planning in other regions?

Most existing studies view settlement morphology as the result 
of a single dominant factor and overlook the dynamic role of sacred 
beliefs in the formation of ethnic settlement morphology. It is urgent 
to incorporate the multiple couplings of natural substrates and 
religious drivers in a unified analytical perspective to unravel the 
morphogenesis of SiMAs. This study provides a unique religious 
perspective for analyzing the relationship between people and land 
to examine the morphology of ethnic settlements; at the same 
time, it elevates the previous research on single-ethnic settlements 
in urban morphology to the level of multi-ethnic integration and 
symbiosis. Finally, the researchers present a clear visual operational 
pathway for analyzing the morphological patterns of SiMAs in 
Gansu-Qinghai Plateau by constructing a “paradigm” map. The work 
provides scientific guidance for the maintenance, renewal design, 
planning, and governance of the regional spatial characteristics of 
ethnic settlements. At the same time, this study has reference value 
for promoting harmonious and diverse multicultural symbiosis. 

2 Literature review

This chapter follows the progressive logic of “theoretical origins 
- method criticism - object focus - gap positioning,” nesting the 
academic evolution trajectory of morphological typology with 
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the practical needs of multi-ethnic plateau settlement research 
layer by layer. 

2.1 Localization of morphological typology

Typo-Morphology, as an important method for studying urban 
morphology, aims to analyze urban morphology in a graphical way 
by deconstructing the morphological characteristics and topological 
evolution of spatial layout elements and their organizational 
relationships (Moudon, 1989). In the 1990s, British scholar 
Kropf Karl integrated the core concepts of urban morphology 
and architectural typology, successfully promoting the integration 
of morphology and typology (Kropf, 2013), and bridging the 
theoretical gap between micro-architectural structure and macro-
urban morphology.

The study of Chinese morphological typology began in the 
early 21st century. Gu (2001) introduced the theory and methods 
of Conzen urban morphology (Gu, 2001) and conducted a 
collaborative study on the space of ancient Chinese cities with 
Whitehand and Gu (2007). The local development of this theory 
can be divided into three stages: initial theoretical localization 
construction, mid-term practical exploration and application, and 
recent expansion and deepening. In the early stage, Chen and 
Grzybowski (2010) and Tian et al. (2010) explored a new research 
framework adapted to China’s national conditions based on the 
theory of morphological typology, which was used for urban 
morphological research, urban design, and architectural heritage 
protection (Chen and Grzybowski, 2010; Tian et al., 2010). In the 
mid-term, this theory was widely used in the fields of historical 
block protection and renewal (Shen, 2011) and traditional village 
research (Zhao et al., 2013; Xu et al., 2018) and was deeply integrated 
with disciplines such as architecture and urban planning. In recent 
years, with the advancement of rural revitalization, cultural revival, 
and urban sustainable development strategies, the scope of research 
has been further expanded to include historical ancient cities and 
rural settlements of various types in vast areas. These studies 
use spatial morphology as a medium to link natural constraints, 
cultural genes, and modern functions and have made important 
contributions to the morphological changes of rural settlements 
(Huang et al., 2025b), spatial differentiation (Shi et al., 2022), 
adaptive construction (Wang and Wang, 2019), protection and 
renewal (Gao et al., 2024), and regional cultural mapping (Bu 
and Lai, 2024). In addition, the “space gene” theory proposed by 
Academician Jin et al. (2019) has become an important branch of the 
localization of morphological typology (Jin et al., 2019). It focuses 
on the morphological typological expression of the morphological 
structure of historical towns in a specific environment. In China, 
morphological typology has developed from a static classification 
tool to a core framework that drives the dynamic and sustainable 
development of rural areas. China’s localized practice provides a 
“Chinese paradigm” for global rural governance.

However, many current studies have only focused on the analysis 
of the morphological types and characteristic factors of rural 
settlement space, and the systematic organization and induction 
of settlement space organization prototypes is insufficient, and a 
comprehensive prototype genealogy study has not yet been formed. 
It lacks cross-regional, large-scale settlement morphology and 

organization prototype classification. In addition, the exploration 
of the multiple adaptation mechanism of the settlement system 
under the coupling of human-land relationship also needs further 
interpretation. 

2.2 Practical analysis of morphological 
typology in settlement spatial order

Based on tracing the origins and clarifying the evolution of 
morphological typology and its localized application in China, this 
section reflects on the methodological level and attempts to build a 
research framework based on theory. Morphological typology uses 
the analytical framework of urban morphology on the structure and 
characteristics of material forms and the evolutionary perspective 
of architectural typology to examine the social logic of urban form 
generation and evolution (Chen et al., 2017). It not only reveals 
the evolution process of material space form but also provides the 
possibility for the study of the derivation and generalization of 
space. The urban built environment is a process. The generation 
and evolution of the urban built environment’s form stem from 
the close relationship between architectural texture, the natural 
environment, and social humanities. The three constitute a dynamic 
equilibrium system of mutual dependence and mutual restraint. 
Specifically, the natural environment is the material basis and 
fundamental constraint of the system operation, which provides 
basic resources (water, plants, animals) and restrictive conditions 
(topography, climate). Social humanities (culture, economy, values, 
etc.) are the core driving force of the system evolution, which 
determines the cognition of the natural environment and the use 
and transformation of space. Architectural texture is the material 
presentation of the joint action of natural constraints and human 
needs. It is not only a spatial carrier for human adaptation and 
transformation of nature; its form and function, in turn, affect 
natural processes and human activities.

From the perspective of morphological typology, the evolution 
of the built environment is a combination of synchronous 
variations and diachronic variations, which are two characteristics 
of the evolution of the architectural archetype (leading type) 
(Rahbarianyazd, 2020). In addition, both the “Morphological 
Period” and the “Typological Process“ believe that urban form is 
a collection of morphological elements with similar composition 
methods. M.R.G. Conzen proposed the concept of “morphogenetic 
priority” (Slater, 2000). It points out that the influence of multi-
level morphological elements on urban spatial form has different 
genetic stability or vitality. This clearly indicates the preservation 
of the established spatial order during the evolution of settlement 
morphology and the adaptive renewal of the complex urban system 
resulting from interactions between humans and land. This is 
the self-organizing operation mode of settlement morphological 
development. Therefore, studying the spatial organization mode 
of the built environment of settlements based on morphological 
typology seems to be a feasible research path. It is no longer 
limited to the isolated study of spatial material forms but provides 
a local mechanism explanation for the morphological formation 
of settlements from the perspective of diachronic evolution and 
synchronic derivation (Figure 1).
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FIGURE 1
The explanatory model of typo-morphology for spatial heredity (image source: drawn by the authors).

Most current research on types of settlement shapes mainly 
looks at how these shapes change over time or what materials 
create them (Table 1). Among them, the former perspective focuses 
on exploring the social structural changes that occur behind 
morphological changes (the interaction between space and people) 
(Jiang et al., 2025; Thinh and Kamalipour, 2022; Xv et al., 2019; 
Ünlü and Baş, 2017). However, its emphasis on individual initiative 
largely ignores the underlying constraints that environmental factors 
impose on morphology, making it difficult for qualitative analysis 
to accurately identify the trends in morphological evolution. 
Additionally, the latter looks at the makeup of spatial morphology 
and how it interacts with the natural environment based on 
construction outcomes (how space fits with nature) (Huang et al., 
2025b; Shi et al., 2022; Kamalipour and Iranmanesh, 2021). 
However, it is a product of “geographical spatial determinism” and 
weakens the environmental adaptation and active shaping power of 
humanity. Both lack analysis of spatial organizational relationships 
in value orientation and technical application and regard space as a 
template organization of “form + function”. At the same time, their 
research further separates the relationship between “people-land-
settlement”. This viewpoint is not conducive to grasping the inherent 
spatial order and system generation mechanism of the complex 
development process in settlement space.

2.3 Settlement space of ethnic group

Based on the unclear mechanism of settlement morphology 
generation under the “people-land-settlement” framework pointed 
out above, this section reviews previous research on ethnic 
settlements and explains the necessity of research in the context of 
multi-ethnic cohabitation.

The term “ethnic group” is mainly used to describe the 
characteristics of a group of immigrants that are different from the 
mainstream society in terms of religion, language, etc. (Nianxing, 

2009). Early geographers believed that the formation of the spatial 
form of European settlements was related to the distribution and 
migration of ethnic groups (Meitzen, 1895). Dear (2001) regarded 
this multi-ethnic culture mixed in the city as part of the “socio-
cultural” driving force (Dear, 2001). The religious sacredness and 
cultural interaction of ethnic groups have had a long-term impact 
on the development of settlement space (Siwi et al., 2020).

Although the expansion of urban roads and the popularization 
of infrastructure such as communications and media have provided 
various conveniences for the life of ethnic settlements, the 
development of ethnic settlements and the continuation of their 
unique culture are facing the dual threats of urban modernization 
and religious secularization (Burchardt, 2021; Hua and Nakatani, 
2025). This situation is similar to the concept of “Disenchantment 
(Entzaubern)” proposed by German sociologist Weber et al. (1994). 
This concept is used to describe the process of eliminating all 
mysterious elements through rational thinking in the process of 
social modernization, turning the world towards secularization and 
rationalism (Weber et al., 1994). Some scholars have emphasized 
the importance of reshaping the social and cultural identity of the 
sacred space of settlements under the impact of modernization 
(Zhang, 2022; Zou and Bahauddin, 2024). In fact, the convergence 
of traditional village characteristics and the desacralization and 
secularization of religious space have continuously weakened the 
sacredness and spirituality of religious belief space and further 
weakened the community identity and cohesion on which ethnic 
settlements rely. Their work suggests two major problems facing 
ethnic settlements: one is how ethnic settlements can maintain the 
symbiosis and balance of the sacred and the secular in the context 
of modernization (Woods and Kong, 2022). The second is how to 
use objective morphological type methods to explore the spatial 
paradigms of the settlement forms of various ethnic groups in the 
region and the human-land coupling mechanisms they reflect.

The research methods of ethnic settlement space in the 
early days were relatively simple, and descriptions based on 
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TABLE 1  Two major perspectives of existing morphological typology research.

Research contents Author and year Research objects Key findings Limitations

Differences in spatial 
morphological evolution

Jiang et al. (2025) 173 Military Settlements in the 
Hexi Corridor, China

The spatial form and scale of 
settlements are significantly 
influenced by the political 

system and military defense of 
the Ming Dynasty, reflecting 

the characteristics of 
hierarchical differences.

The emphasis on individual 
initiative largely ignores the 

underlying constraints of 
environmental factors on 
morphology. Qualitative 

analysis also makes it difficult 
to accurately locate the 
evolutionary trend of 

morphology.

Thinh and Kamalipour (2022) three Villages-in-the-City in 
Hanoi city, Vietnam

Urban villages contain a 
mixture of different building 
ages and types; the pursuit of 
private interests leads to the 
density of urban form and 

limited access to public 
resources.

Xv et al. (2019) Suzhou City Suzhou’s urban form has 
evolved from a single center to 
a multi-center structure in the 
past 30 years, and economic 

and policy factors are the core 
driving force of its spatial 

evolution.

Ünlü et al. (2017). district of Çamlibel in the city 
of Mersin, Turkey

Individuals, governments, 
planning practices and 

legislation all have an impact 
on the development cycle of 
local cities and settlements.

Material factors of 
morphogenesis

Huang et al. (2025a) Ancient City of Hangzhou 
from the 6th to the 21st 

Century AD

The water system plays a key 
role in the transformation of 
the ancient city of Hangzhou 
from defensive closedness to 

modern openness and 
promotes the transformation 

of building functions.

It is a product of “geographical 
spatial determinism” and 

weakens the human ability to 
adapt to and shape the 

environment.

Shi et al. (2022) Tianshui City, Gansu Province, 
China

The terrain gradient 
profoundly shapes the scale, 

form, distribution and 
function of settlements by 
directly constraining land 
resources and indirectly 

affecting the natural 
socio-economic environment.

Kamalipour and Iranmanesh 
(2021)

Urban fringe in Nigeria The spatial form of informal 
settlements is expanded with 

multiple connection point 
types such as T, X, and Y, and 

produces various 
self-organizing relationships 

with incremental changes 
between buildings.

Source: Statistics by the author.

historical literature and field surveys (Wang et al., 2005) were the 
common methods. With the development of technology and the 
improvement of cognitive level, the research on ethnic settlement 
space has gradually turned to quantitative or the combination of 
qualitative and quantitative methods. This has promoted precision 
of theoretical research and spatial measurement. Commonly used 
mathematical methods can be roughly divided into three types: 

Euclidean geometry (Ma and Ma, 2007), fractal geometry (Batty and 
Longley, 1994; Lagarias and Prastacos, 2020; Shen and Fan, 2024), 
and topological geometry (Tutuko et al., 2021; Stevens and Thai, 
2024) (Table 2). These include the measurement of settlement scale 
and distribution characteristics, self-similarity of complex forms, 
spatial perception, and connectivity. In addition, GIS technology 
can efficiently visualize and manage geographic spatial elements 
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TABLE 2  Common geometric models in settlement space research.

Geometry model Author and year Specific indicators Key findings Limitations

Euclidean geometry Ma and Ma (2007) Area size, settlements and 
population density

The lifestyle and ecological 
concept of ethnic minority 
settlements in northwest 

China that conform to nature, 
live near water, and adapt to 

local conditions promotes the 
harmony of local human-land 

relations.

(1) Euclidean geometry is 
difficult to accurately describe 
the complexity and nonlinear 

characteristics of the 
settlement’s organic form.

(2) Euclidean geometry 
focuses more on metric 

attributes. It is difficult to 
integrate multi-scale 

morphological characteristics 
and multi-dimensional spatial 

cognition.

Fractal
Geometry

Shen and Fan (2024) Shape Index,
Fractal dimension

The study points out the 
influence of natural 

geographical environment and 
clan cultural cohesion on the 
boundary morphology and 

fragmentation of settlements 
and promotes the protection 

and development of Yao 
nationality settlements.

Although fractal geometry can 
objectively identify subtle 

differences in the spatial form 
of settlements, it does not 
involve the relationship 
variables between the 

settlement space and external 
environmental factors, 

weakening the driving role of 
environmental factors.

Lagarias and Prastacos (2020) Fractal dimension The study of the morphology 
of 14 large southern European 

cities shows that cities with 
higher urbanization levels and 
building densities have higher 

fractal dimensions.

Topological Geometry

Stevens and Fan (2024) Integration, Choice,
Connectivity

The study of four Chinese 
Enclaves (Chinatowns) shows 
that commercial Chinatowns 
have unique morphological 

characteristics and street 
layouts. They have good 

attractions and maintain a 
good connection with the city.

(1) The establishment of 
topological models depends on 

manual drawing. The data 
deviation caused by different 

drawing subjects in the spatial 
model is difficult to avoid.

(2) Topological models 
represented by Space Syntax 

focus on the impact of spatial 
form on subject activities, and 
it is difficult to gain insight into 

the impact of non-material 
factors such as humanities and 

society on the activities of 
behavioral subjects.

Tutuko et al. (2021) Depth and Connectivity The case study of the 
morphology of three 

Indonesian cities that were 
originally colonized by the 

Netherlands reveals the 
similarity of the morphological 
models of Indonesian colonial 

cities and Dutch cities.

Nahiduzzaman et al. (2020) Accessibility Model The syntactic study of three 
Southeast Asian settlements in 
Hobar in Saudi Arabia shows 
that these ethnic communities 

have strong cohesion and 
mutual connection. Their 

study found that their 
accessibility during peak hours 

is poor.

Source: Statistics by the author.

(Huang et al., 2024; Nahiduzzaman et al., 2020). By combining it 
with the above methods, it provides more innovative methods and 
perspectives for the study of settlement space patterns. However, the 
use of quantitative indicators in previous studies lacks systematicity, 
making it insufficient for conducting a comprehensive analysis of 

the multi-level morphological characteristics of settlement space of 
ethnic groups.

It can be seen that existing research is mainly carried out 
from the dual perspectives of human settlement construction and 
regional social composition, laying the foundation for analyzing the 
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relationship between religious beliefs and settlement space. In terms 
of content, spatial morphology research looks at how settlements 
are built and change over time on a medium scale, helping to 
protect and renew these areas (Xiao et al., 2023; Wu et al., 2024; 
Gunawan et al., 2023). Ecological sustainability research focuses 
on the ecological explanation of the geographical environment 
on settlement development (Xu et al., 2022; Zhang et al., 2023). 
Social development research reveals the isomorphism between 
spatial entities and social organizations and cultural heritage (Xu, 
2015). Its theoretical basis is mostly based on urban morphology, 
rural geography, and landscape ecology. The research objects 
are concentrated on ethnic minority settlements in the Yunnan, 
Guizhou, and Sichuan regions in southwest China (Xiao et al., 2023; 
Zheng et al., 2022); Southeast Fujian (Xu et al., 2022), the water-
country areas of Jiangsu and Zhejiang (Huang et al., 2025c) and 
Huguang regions (Li et al., 2023). The exploration of the “sacred-
secular” interaction mechanism of settlements in high-altitude 
multi-ethnic areas (such as the Qinghai-Tibet Plateau) needs to 
be deepened. 

2.4 Summary of related research progress

This section summarizes the above three clues 
into a triple gap and demonstrates the necessity of 
establishing a “progressive-hierarchical-structured” quantitative
framework.

Rich research methods and theoretical frameworks have 
facilitated the systematic understanding of ethnic settlements. 
However, current research on ethnic settlements still has limitations. 
First, morphological type research isolates the differences in the 
appearance of settlement morphology from the driving factors. This 
process leads to the “static” and “linear” nature of morphological 
type research. It only regards morphology as the result of static 
classification and the linear causal relationship between a single 
dominant factor. Secondly, when looking at different ethnic groups, 
religious beliefs are often seen as simple parts of the environment, 
without showing how they actually affect the shape of settlements 
beforehand; at the same time, we also need to look more closely 
at how religious organizations play a key role in shaping spaces, 
how different ethnic groups interact in these areas, and how 
faith and administrative boundaries change over time. Finally, 
the complex spatial practices of multi-ethnic mixed settlements 
in plateau mountains have been ignored, and the separation of 
the “people-land-settlement” relationship and research scale has 
caused cognitive biases in the local generation mechanism of 
settlements (especially sacred and secular spaces). These limitations 
not only blur the interaction between religious beliefs, as the 
core humanistic driving force, behind settlement morphology and 
spatial organization, but also hinder the in-depth understanding 
of the complex adaptation mechanism of multi-ethnic mixed
settlements.

Up to now, no studies have clearly shown how sacred and 
secular aspects are connected in multi-ethnic plateau settlements; 
the current research on creating mathematical indicators often 
does not fully examine the different shapes and overlooks 
religious understanding. Therefore, it is necessary to establish a 
systematic methodology to conduct a deeper discussion on the local 

characteristics of SiMAs. The use of step-by-step, organized, and 
detailed measurement methods aims to thoroughly investigate how 
natural factors and human activities influence the shape and design 
of local SiMAs. 

3 Materials and methods

3.1 Study area: Baizhuang Town and 
Daowei Tibetan Township

This study is located in Xunhua Salar Autonomous County 
(35°25′N–35°56′N, 102°E–102°49′E) (Figures 2a,b) in Haidong 
City, Qinghai Province, northwest China, which has a typical plateau 
continental climate. The focus is on Baizhuang Town (白莊鎮) 
and Daowei Tibetan Township (道帷藏族鄉) in its southeast 
(total area 846.49 km2, altitude 2024–4,640 m) (Figure 2cC). There 
are 51 ethnic villages in the territory. Among them, there are 
27 in Daowei Tibetan Township and 24 in Baizhuang Town. 
The area belongs to the transition zone from the Loess Plateau 
to the Qinghai-Tibet Plateau, with the mountainous and hilly 
landforms at the eastern end of Laji Mountain as the main 
feature, and the settlements are distributed along the Qingshui 
River (a tributary of the Yellow River). As a multi-ethnic 
intersection area in the highland cold region, Tibetans, Hui 
people, Han Chinese, and Salar people have formed a symbiotic 
pattern under the diverse belief systems of Tibetan Buddhism, 
Confucianism, Taoism, and Islam, and they have long been coping 
with the harsh climate and complex geopolitical environment. The 
region’s intersecting geomorphologies, intermingling ethnic groups, 
overlapping cultures, and diverse spatial organization make it a 
prime location for the study of settlements in multiethnic areas. It 
is not only a multicultural belt where multiple ethnic groups and 
faiths coexist but also a representative sample area for exploring 
the coupling mechanisms and research frameworks of “people-land-
settlement.”

3.2 Data source and preprocessing

This study includes the following data (Table 3): 

1. Geospatial data. This type of data includes satellite image data, 
DEM (digital elevation model) data, water system data, and 
administrative division data. In addition, this study combined 
the public information provided by the National Bureau of 
Statistics of China (https://www.stats.gov.cn/, accessed on 1 
May 2025) to determine all village-level administrative units 
in the study area.

2. Settlement spatial morphological data. This study selected all 
settlement samples in the region whose spatial morphological 
characteristics are typical and can be used as the sample 
basis for extracting the “spatial organization paradigm.” 
This type of data includes settlement boundary morphology, 
road network structure, building and public space texture. 
Based on field research and Google satellite images at 
levels 18 and 19, we used ArcGIS 10.8 to draw settlement 
patches for research. At the same time, we screened and 

Frontiers in Earth Science 07 frontiersin.org

https://doi.org/10.3389/feart.2025.1674493
https://www.stats.gov.cn/
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org


Jiang et al. 10.3389/feart.2025.1674493

FIGURE 2
The location of the study area and distribution of SiMAs: (a) The location of Qinghai Province, China; (b) The location of Xunhua Salar Autonomous 
County in Haidong; (c) The location of SiMAs in Baizhuang Town and Daowei Tibetan Township, Xunhua Salar Autonomous County (image source: 
drawn by the authors).

counted representative buildings (residential houses, religious 
buildings) in local SiMAs to confirm the location of
the patches.

3. Field research and mapping. The research team conducted a 
field survey of representative buildings (residential buildings, 
religious buildings) in local SiMAs to confirm and count their 

Frontiers in Earth Science 08 frontiersin.org

https://doi.org/10.3389/feart.2025.1674493
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org


Jiang et al. 10.3389/feart.2025.1674493

TABLE 3  Research data sources.

No. Data types Source

1 Satellite image data Google Earth high-resolution satellite imagery (https://google.cn/intl/zh-CN/earth/, accessed on 1 May 2025)

2 DEM data Copernicus DEM, COP-DEM with a resolution of 30 m (https://panda.copernicus.eu/panda, accessed on 1 May 2025)

3 Water System Geospatial Data Cloud (https://www.gscloud.cn/, accessed on 1 May 2025)

4 Administrative division National Basic Geographic Information Center (http://www.ngcc.cn/, accessed on 1 May 2025)

5 Settlement patch The author draws based on ArcGIS 10.8

Source: Statistics by the author.

patch locations. Through consultation with local residents, we 
mastered the spatial layout of some residential buildings, laying 
the foundation for analyzing the sacred-secular relationship of 
residential space.

4. SiMAs morphological information database. Based on the 
above data preprocessing, we used ArcGIS 10.8, AutoCAD 
(2018 Version), and Microsoft Excel (2023 version) to 
save the settlement morphological pattern and spatial data, 
thereby constructing a morphological information database of 
local SiMAs.

3.3 Research process and methods

3.3.1 Research process
In the face of the complex adaptive development of urban 

modernization, this study attempts to analyze the morphological 
derivative relationship of settlement space in multi-ethnic mixed 
areas based on morphological typology. We construct a structured 
“spatial organization paradigm” graphical language framework. It is 
used to identify and study how the layout and arrangement of SiMAs 
in the Gansu-Qinghai Plateau are affected by various factors and 
elements that change at the same time. Therefore, this study follows 
the research path of “quantitative indicator analysis-morphological 
type analysis-paradigm map construction” (Figure 3). First, in the 
selection of quantitative indicators, we construct a “macro-meso-
micro” multi-level and multi-scale analysis framework based on 
“geographical environment-settlement morphology-architectural 
layout”, and comprehensively consider three-dimensional terrain 
and two-dimensional morphological factors. On this basis, the study 
sets up 10 indicators to identify the morphological characteristics of 
51 SiMAs in study area. Then, using the numbers we gathered, we 
analyze the main components and group similar characteristics, and 
we explain how they came to be. The study creates a framework for 
understanding the layout of SiMAs in the Gansu-Qinghai Region, 
considering how people interact with the land and how religious 
beliefs shape both sacred and everyday spaces. Finally, guiding 
strategies are provided for the settlement heritage planning and 
spatial restoration of local SiMAs in the future.

3.3.2 Quantitative indicators of morphological 
feature

This study quantitatively analyzes both two-dimensional plane 
morphology and three-dimensional geographic space. We use three 

models of Euclidean geometry, fractal geometry, and topological 
geometry for analysis. The corresponding methods are GIS spatial 
data collection (ArcGIS 10.8), fractal measurement, and space 
syntax (DepthMap beta 1.0). The specific indicator definitions and 
method applications are as follows (Table 4):

In addition, based on the investigation and mapping of different 
residential buildings, the researchers analyzed their interior layouts 
and clarified the differences in spatial and functional organization 
of village dwellings of different ethnic groups to improve the 
spatial penetration of sacred imagery into secular life. This helps to 
reveal the multi-scale association mechanism between sacred and 
secular space. 

3.3.3 Clustering of settlement morphology
This study used Principal Component Analysis (PCA) and 

Agglomerative Hierarchical Clustering (AHC) to classify settlement 
morphology with the help of IBM SPSS Statistics Version 27. 
PCA extracts principal component factors with a contribution rate 
of ≥70% by reducing dimensionality and integrates quantitative 
indicators to reveal the core morphological generation mechanism 
(Bryant and Yarnold, 1995); AHC iteratively clusters based on 
the proximity relationship between morphological data to avoid 
subjective classification bias (Dubes, 1999). The combination 
of the two methods objectively quantifies the morphological 
characteristics of settlements and achieves scientific classification. 

4 Results

4.1 Descriptive statistics of 10 indicators

4.1.1 Geographical environment indices
The geographical environment is the carrier of rural settlements. 

The location, scale, form, and architectural style of settlements 
are all affected by the natural environment. In the long-term 
interaction between people and land, different ethnic groups 
have built adaptive human settlements based on the natural 
environment. Due to differences in altitude, climate, landform, 
vegetation type, and agricultural conditions, the local area can be 
roughly divided into the Alpine meadow area (3,200–4,640 m), the 
Plateau hill area (Naoshan) (2,800–3,200 m), the Shallow hill area 
(Qianshan) (2,200–2,800 m), and the Valley plain area (Chuanshui) 
(2,024–2,200 m) (Figure 4).
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FIGURE 3
The research framework of SiMAs morphological feature extraction (image source: drawn by the authors).

4.1.1.1 Elevation analysis (EA)
The study area has a large difference in altitude and 

complex terrain. The local multi-ethnic settlements are mainly 
distributed in the range of 2,053–3,099 m above sea level 
(Supplementary Table SA1 in Appendix A). The settlement types 
can be roughly divided into valley plain (Chuanshui) settlements, 
shallow hilly (Qianshan) settlements, and plateau hilly (Naoshan) 
settlements (Figure 4a). Among them, most settlements are 
distributed in low mountain and hilly areas (2,200–2,800 m). There 
are 34 of them, accounting for 66.7%. The Alpine Meadow area has 
no large-scale settlement environment due to its high altitude and 
unsuitability for agricultural production. 

4.1.1.2 Distance from water system (DFWS)
The water system is an important factor in the development 

of residents’ lives, agriculture, and animal husbandry. This study 
uses Euclidean distance to analyze the vertical distance from the 
settlement center to the water system (Supplementary Table SA1 in 
Appendix A) and uses buffer zone analysis to illustrate (Figure 4b). 
Among them, 64.7% of the settlements were built by the waterside, 
with a total of 34 settlements. They are all located within the 1 km 
buffer zone of the water system to facilitate water collection for 
production and life. There are 14 settlements within the 3 km water 
system buffer zone, accounting for 27.5%. Only four settlements 
have a straight-line distance of more than 3 km from the water 
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FIGURE 4
Distribution of local SiMAs under different geographical factors: (a) Distribution of Settlement Types under elevation factors; (b) Distribution of 
Settlement Types under water system factors; (c) Distribution of Settlement Types under slope factors (image source: drawn by the authors).

system, which are waterless settlements. As shown in Figure 4b, 
the distribution of SiMAs has a good fitting relationship with the 
direction of the water system. 

4.1.1.3 Slope analysis (SA)
Slope is an important indicator for analyzing settlement site 

selection and spatial layout. The study combined the settlement 
locations with the slope data to find out the slope values for 
each settlement (see Supplementary Table SA1 in Appendix A) and 
created a diagram showing how settlements are distributed based 
on slope (see Figure 4c). In the region, the highest slope value of the 
settlement is 31.29° and the lowest is 1.35°. Among them, the vast 
majority of settlements are in the range of gentle slopes (2°–6°) and 
slopes (6°–15°), with 20 and 23 settlements, accounting for 39.2% 
and 45.1%, respectively.

On the other hand, the settlements in the multi-ethnic groups’ 
region are restricted by the environment of less flat land and more 
mountainous hills, and the settlements are mostly distributed along 
the gentle slopes and slopes on both sides of the Qingshui River 
Valley. At the same time, the elevation selection of settlements 
is restricted by multiple factors, such as vegetation type and 
agricultural and animal husbandry production, and it is widely 
distributed in the valley plain area (Chuanshui), shallow hill area 
(Qianshan), and plateau hill area (Naoshan). 

4.1.2 Indices of settlement patterns
Settlement morphology includes settlement boundary shape 

index, public space fractal dimension, axis integration, and axis 
comprehensibility. Among them, the shape index reflects the 
fragmentation and complexity of the settlement boundary. The 
public space fractal dimension reflects the structural compactness 
and densification of the settlement space. The axis integration shows 

how easy it is to get around the settlement’s transportation network, 
while intelligibility indicates how recognizable the settlement space 
is. The above factors express the morphological characteristics 
within the village. 

4.1.2.1 Boundary shape index (BSI)
The aspect ratios λ of the settlements in the multi-ethnic groups 

in this region are 1.058–4.532, and the shape index is 1.113–5.476 
(see Supplementary Table SA1 in Appendix A). This information 
indicates that the morphological characteristics of the settlement 
samples vary greatly. Based on the quantitative results, this study 
summarized the 51 settlement samples into six categories (Table 5): 
clump-prone finger-like settlements and finger-like settlements 
without tendency are the most common, with 16 each. Banded-
prone finger-shaped settlements are the second most common. 
However, clustered settlements, cluster settlements with banded 
tendencies, and band-shaped settlements are relatively rare, with 
3, 1, and 4, respectively. This study shows that a high degree of 
boundary fragmentation and more complex morphology are the 
general trends of the local multi-ethnic settlements. Among them, 
the Salar and Hui settlements tend to be clump-prone finger-shaped 
settlements and finger-shaped settlements without tendency; the 
Tibetan settlements tend to be finger-shaped settlements without 
tendency compared with the Hui and Salar settlements; and the 
ethnically mixed settlements are finger-shaped settlements with 
cluster-shaped and band-shaped tendencies.

4.1.2.2 Public space fractal dimension (PSFD)
The PSFD of the settlement samples in the study area is 

1.381–1.532 (Supplementary Table SA1 in Appendix A). Among 
them, the PSFD of the Salar and Hui settlements is 1.406–1.532; 
the value of the Tibetan settlement is lower than the former, 
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TABLE 5  Summary of settlements of different boundary shape types.

Boundary shape type Morphological
Indicators

Settlements in multi-ethnic area

Clustered settlements (3)

S < 2

λ < 1.5 Tibetan (3): Lake (T-11); Xunwa (T-14); Yari (T-23).

Cluster settlement with banded tendencies (1) 1.5 ≤ λ < 2 Salar & Hui (1): Miyahai (SH-5).

Band-shaped
Settlements (4)

λ > 2 Salar & Hui (1): Laitang (SH-4); Shangkewa (SH-18);
Tibetan: Lamulongwa (T-13); Esha (T-27).

Clump-prone finger-shaped settlements (16)

S ≥ 2

λ < 1.5 Han (1): Qitaipu (H-1);
Salar & Hui (7): Tangluoga (SH-2); Baizhuang (SH-3); Xialabian 
(SH-8); Shanglabian (SH-9); Shangen (SH-10); Tuanjie (SH-13);
Suhusa (SH-19);
Tibetan (7): Hezhuang (T-3); Xichong (T-4); Kema (T-7); Wangjia 
(T-17); Danma (T-18); Muhong (T-20); Deman (T-28);
Ethnic mixed (1): Duowa (EM-1).

Finger-shaped settlements without tendency (16) 1.5 ≤ λ < 2 Salar & Hui (6): Xiazhangga (SH-6); Lizhuang (SH-7); Zhamu (SH-11); 
Zhuge (SH-15); Jiangburi (SH-16); Tiaojing (SH-17);
Tibetan (10): Bilong (T-2); Gulei (T-6); Dula (T-8); Wuman (T-9);
Duoshize (T-10); Sanmucang (T-16); Jiacang (T-21); Mari (T-22);
Geda (T-24); Wuke (T-25).

Banded-prone finger-shaped settlements (11) λ > 2 Salar & Hui (4): Lilun (SH-1); Changke (SH-12); Yirihai (SH-14);
Ejia (SH-20);
Tibetan (6): Zhangsha (T-1); Ningba (T-5); Wumandao (T-12);
Tiegaleng (T-15); Yamu (T-19); Qiangning (T-26);
Ethnic mixed (1): Helongputang (EM-2).

Source: Statistics by the author.

1.381–1.503; the value of the ethnic mixed settlements is 1.476 
and 1.499; and the value of the Han is 1.464. In terms of 
quantitative indicators, the Salar and Hui settlements have the 
highest organizational efficiency, and the buildings are more fully 
developed for filling and expansion within a specific plot. Compared 
with the former, the upper limit of the PSFD of the Tibetan 
settlement is second, and the lower limit is lower, indicating that the 
space of the low PSFD settlement is looser and the sense of space is 
weaker. The spatial structure of the high PSFD settlement is denser, 
and the street system is more mature and developed. The PSFD of 
the ethnic mixed settlements and the Han settlements is higher, and 
the degree of structuring is satisfactory. 

4.1.2.3 Axis integration (AI-1)
The average global integration value Rn of SiMAs in this region 

was 0.291–0.888 (Supplementary Table SA1 in Appendix A), and the 
accessibility of different settlement spaces varied greatly. The local 
integration value R3 of the SiMAs was 0.997–1.395, indicating that 
the accessibility of settlement spaces in the three topological units 
was generally high. As for different ethnic settlements, the global 
integration value Rn of Salar and Hui settlements was 0.404–0.888; 
the local integration value R3 was 0.997–1.395. The Rn and R3 of 
Tibetans were 0.291–0.743 and 1.072–1.263, respectively; the Rn of 
ethnic mixed settlements was 0.625 and 0.753, and the R3 was 1.294 
and 1.338; the Rn and R3 of Han settlements were 0.465 and 1.117, 
respectively.

The data show that the spatial accessibility of Rn in ethnically 
mixed settlements is relatively stable and good. The spatial 

accessibility of Salar, Hui, and Tibetan settlements fluctuates greatly, 
but the transportation network of Hui and Salar settlements has 
higher connectivity and convenience. The global accessibility of Han 
settlements is poor. In terms of local integration R3, Salar, and 
Hui settlements occupy the maximum and minimum values of the 
data; the local spatial accessibility of ethnically mixed settlements is 
higher, followed by Tibetans and Han. 

4.1.2.4 Axis intelligibility (AI-2)
The intelligence range of the axes of the 51 samples is 

0.037–0.774 (Supplementary Table SA1 in Appendix A). Among 
them, the intelligence R2 of the Salar and Hui settlements is 
0.093–0.377; the R2 value of the Tibetan settlements is 0.062–0.774; 
the R2 value of the ethnic mixed settlements is 0.095–0.164; and the 
R2 value of the Han settlements is 0.037. Among all the samples, the 
R2 values of the SiMAs are generally lower than 0.5, and only one 
Tibetan settlement has an R2 value higher than 0.5, which is 0.774. It 
is the settlement with the highest intelligence. This result shows that 
the spatial form of local SiMAs is generally not conducive to a clear 
understanding of the overall space from the local space. The street 
and lane space inside the settlement is intricate, and the roads are 
tortuous and irregular. This settlement form leads to low perception 
and synchronization from the local to the global space. 

4.1.3 Indices of buildings layout
This study uses the 30 m settlement boundary as the calculation 

range for building density and sacred space core density. 
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4.1.3.1 Buildings density (BD)
The data (Supplementary Table SA1 in Appendix A) indicates 

that the majority of settlements fall within the 0.210–0.401 building 
density range. Among them, the building density of Salar and Hui 
settlements is in the range of 0.249–0.401; the value of Tibetan 
settlements is 0.21–0.398; the values of ethnic mixed settlements 
are 0.306 and 0.324; and the value of Han settlements is 0.231. 
Compared with other ethnic settlements, most Salar and Hui 
settlements have higher building density. The building density of 
Tibetan settlements is uneven and fluctuates greatly. The building 
density of Han settlements is the sparsest. 

4.1.3.2 Sacred space kernel density (SSKD)
The highest value of building core density of local SiMAs 

ranges from 1,037.377 to 8,191.626, and the lowest value ranges 
from 0 to 2,556.299. For different ethnic groups, the highest 
building core density for the Salar and Hui groups is between 
1953.649 and 8,181.626; for Tibetan settlements, it ranges from 
1,037.377 to 4,902.227; and for mixed ethnic settlements and the 
Han group, the values are 2,776.054–3,744.856 and 2,171.402, 
respectively (Supplementary Table SA1 in Appendix A). This graph 
shows that the concentration of the building density area of 
the Salar and Hui settlements is the highest, far exceeding that 
of other settlements. The spatial utilization rate of the building 
agglomeration areas of the Tibetan and other settlements is different 
from that of the former. In general, the building distribution of 
settlements of different ethnic groups in the region is mostly point-
shaped agglomeration to form a ring-shaped agglomeration center. 
A few settlements show scattered and strip-shaped agglomeration 
characteristics. 

4.1.4 Statistical description of indicator data
The mean, standard deviation, and extreme value of 

morphological quantitative indicators are shown in Table 6. The 
study found that when the sample size is sufficient, the Salar and 
Hui settlements are significantly better than other ethnic settlements 
in terms of altitude, distance to water, land area, and building 
core density. They have the morphological characteristics of being 
located in low places, close to water systems, large groups, and high 
density. Tibetan settlements have the morphological characteristics 
of being in high places, choosing mountain systems, fragmented 
morphology, and being built on slopes. In general, the boundary 
morphology of the settlements is highly fragmented, and most of 
them tend to be strip-shaped.

4.2 Functional layout of dwellings

Courtyard compound architecture (莊廓建築) is widely used 
in the study area. It is a courtyard-style building surrounded by a 
thick rammed earth wall and a gate. Different ethnic groups have 
made unique modifications to the courtyard compound architecture 
based on this design (Figure 5). The main space of Tibetan dwellings 
consists of the main house, bedroom, and Buddhist Hall (Figure 5a). 
Among them, the Buddhist Hall is for family members to chant 
scriptures and worship daily. As the main public space in the 
courtyard, the glass greenhouse is not only a living space that 
integrates leisure and entertainment and other functions but also 

effectively improves the indoor thermal insulation performance. 
Near the gate are mostly livestock rooms and dry toilets. Salar and 
Hui dwellings are mainly composed of the main room, kitchen, 
bedroom, and ablution room (Figure 5b). The ablution room, as a 
sacred space, is mostly connected to the bedroom or main room. 
The garden enclosed by the building is filled with flowers and plants 
to decorate the courtyard space. The space of Han dwellings has a 
clear orientation and axis (Figure 5c). Most of them face north and 
south, with the main house at the end of the axis and the bedrooms 
arranged symmetrically on both sides. Near the gate is the grocery 
room. There are vegetable plots in the courtyard.

4.3 Principal-component extraction

This study used Principal Component Analysis (PCA) to extract 
the main influencing factors of SiMAs morphology (Table 7). 
We performed Min-Max Scaling on the morphological data. The 
eigenvalues of the first four principal components were greater 
than 1 (KMO Value = 0.632; p < 0.001). Its cumulative variance 
contribution reached 78.549%, which has certain explanatory and 
representativeness. In the main factor loading matrix after Kaiser 
Normalized Varimax rotation (Table 8), PCA1 has high loads 
on area, perimeter, shape index and comprehensibility (26.17%), 
reflecting the scale and spatial recognition of settlements, and 
is called the “morphological cognition factor.” PCA2 dominates 
elevation, public space structure, building density and kernel 
density (24.91%), characterizing structural order and density, and 
is called the “structural order factor.” PCA3 is related to slope 
and axis integration (14.11%), controlling terrain undulation and 
accessibility, and is called the “transportation layout factor.” PCA4 
has a significant load (13.36%) on hydrophilicity and aspect ratio, 
revealing the constraints of the water system on the boundary 
morphology, which is called the “boundary shaping factor.”

4.4 Agglomerative Hierarchical Clustering 
(AHC) and typologies

The hierarchical clustering heatmap of 51 SiMAs samples in 
study area obtained a cluster pedigree diagram (Figure 6). The 
pedigree diagram divides the samples into three categories and 
four subcategories. After multiple data adjustments, this study 
found that this classification result is the most ideal summary of 
the geographical distribution and morphological characteristics of 
the SiMAs, and the ethnic division is the clearest. The similarity 
of each sample in the same cluster is high, and the differences 
between samples in different clusters are significant. Type 1–3 are 
small-scale discrete settlements in hilly terraces, large-scale discrete 
Tibetan settlements in terrace river valleys, and dense hydrophilic 
settlements on gentle slopes in river valleys. Type 1 is divided 
into two subcategories, namely, Tibetan settlements on gentle slope 
terraces on the plateau and clustered Tibetan settlements on steep 
slopes in shallow hills. Type 3 is divided into two subcategories, 
namely, multi-scale ethnic symbiotic settlements on gentle slope 
plains and high-density clusters of Salar and Hui settlements on 
gentle slope terraces.
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TABLE 6  Statistical description of indicator data of SiMAs in study area.

Indicators Salar & Hui Tibetan Multi-ethnic Han

Average SD MAX MIN Average SD MAX MIN Average

EA 2,286.05 188.198 2,913 2053 2,711 209.469 3,099 2,391 2,689.5 2,972

DFWS 542.20 538.93 2,636.92 52.68 1,651.52 1,235.58 4,097.17 162.34 639.87 627.30

SA 7.021 5.193 19.170 1.350 10.200 7.386 31.290 2.100 4.990 11.860

P 4,012.36 2,225.60 11,036.73 1,618.09 3,867.17 2,839.03 12,792.46 118.22 6,508.43 4,508.46

A 188,454.04 142,262.33 673,366.11 31,805.81 117,727 97,679.42 488,889.09 437.51 282,353.43 88,887.17

λ 1.841 0.785 4.521 1.058 1.923 0.806 4.532 1.076 1.713 1.209

BSI 2.473 0.575 3.702 1.447 2.799 1.077 5.476 1.113 3.284 4.237

PSFD 1.486 0.031 1.532 1.406 1.444 0.031 1.503 1.381 1.488 1.464

AI-1 0.665 0.126 0.888 0.404 0.545 0.128 0.743 0.291 0.689 0.465

AI-1(R3) 1.245 0.096 1.395 0.997 1.171 0.056 1.263 1.072 1.316 1.117

AI-2 0.205 0.085 0.377 0.093 0.240 0.151 0.774 0.062 0.130 0.037

BD 0.330 0.038 0.401 0.249 0.296 0.047 0.398 0.210 0.315 0.231

SSKD 5,391.807 1,519.745 8,191.626 1953.649 2,338.393 1,007.990 4,902.227 1,037.377 3,260.455 2,171.402

Source: Statistics by the author, the number of samples is 51.

FIGURE 5
Functional layout of different ethnic dwellings (a) Tibetan dwellings; (b) Salar and Hui dwellings; (c) Han dwellings (image source: drawn by the authors).
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TABLE 7  Matrix eigenvalues and variance contribution rate of PCA.

Component 
ID

Initial eigenvalues Extracting the sum of squares 
of loadings

Rotating load sum of squares
Total

Total Percentage 
of 

variance

Cumulative 
(%)

Total Percentage 
of 

variance

Cumulative 
(%)

Total Percentage 
of 

variance

Cumulative 
(%)

1 4.225 32.503 32.503 4.225 32.503 32.503 3.402 26.171 26.171

2 3.462 26.632 59.135 3.462 26.632 59.135 3.239 24.914 51.085

3 1.510 11.615 70.750 1.510 11.615 70.750 1.834 14.106 65.191

4 1.014 7.799 78.549 1.014 7.799 78.549 1.737 13.358 78.549

5 0.776 5.972 84.521

6 0.526 4.048 88.569

7 0.502 3.860 92.430

8 0.400 3.077 95.507

9 0.197 1.512 97.019

10 0.165 1.267 98.286

11 0.146 1.122 99.408

12 0.065 0.501 99.908

13 0.012 0.092 100.000

Source: Statistics by the author.

Through qualitative analysis, the researchers tested the 
morphological correlation between the clustering results and the 
geographical environment and spatial structure of the settlement. 
We found that the classification of settlement types is not only related 
to the two-dimensional morphological structure but also highly 
correlated with the three-dimensional geographical environment. 
The relationship between mountains and water plays a key role in the 
classification of settlement morphological types. This morphological 
typology division is conducive to further insight into the spatial 
organization paradigm of different types of settlements. 

4.5 Different types of representative 
settlement spaces

The settlement types of three categories and five subcategories 
show the adaptability to the geographical environment and the 
national wisdom of settlement space practice. With the decrease 
of altitude and the relaxation of terrain, the overall organizational 
logic of SiMAs in the region is “steep slope dispersion-gentle 
slope elasticity-river valley aggregation,” and its road network 
structure shows the layout change of “topography dominance-
flexible expansion-religious centripetal.” The cultural characteristics 
of different ethnic groups have a significant impact on the 
recognition of settlement forms. 

4.5.1 Type 1: small-scale settlements on hilly 
terraces

Most of these settlements are located in the high-altitude shallow 
hill area (Qianshan) and plateau hill area (Naoshan). The distinctive 
features of these settlements include their location in the mountains 
and the presence of steep slopes. This feature means the settlements 
tend to follow the terrain, so they are less structured and dense. These 
settlements are often limited to narrow plots between mountains, 
forming a compact and flexible spatial combination pattern under 
limited natural resources (Figure 7). It reflects the adaptation of 
living space to the ecological pattern.

4.5.1.1 Subtype 1–1: Tibetan settlements scattered on the 
gently sloping terrace

Most of the settlements in this cluster are Tibetan, with only 
one Salar Hui settlement. Like Tibetan settlements, they share a 
mountainous surround and water separation. These settlements are 
located at a high altitude and in a remote area, mostly on gently 
sloping terraces near the mountainside or ridge. This terrain greatly 
increases the cost of living for residents and limits the scale and 
form of settlements. The settlement road network is a Z-shaped 
structure that rises along the contour lines and is differentiated into 
a tree-shaped structure, reflecting the layout adaptation to the hilly 
terrace environment. The terrain has less impact on the settlement’s 
architectural layout. The settlement’s distribution is free and flexible, 
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TABLE 8  Principal factor load matrix of local SiMAs quantitative indicators.

Indicators Before rotation After rotation

Factor 1 Factor 2 Factor 3 Factor 4 Factor 1 Factor 2 Factor 3 Factor 4

EA −0.861 0.159 −0.066 0.101 0.224 −0.734 −0.235 0.369

DFWS −0.647 −0.165 0.308 0.113 −0.063 −0.336 −0.385 0.537

SA −0.333 −0.314 0.427 −0.592 −0.148 0.029 −0.848 0.011

P 0.034 0.952 0.053 0.159 0.918 0.040 0.292 0.071

A 0.332 0.800 −0.043 0.220 0.719 0.218 0.483 −0.058

λ −0.350 −0.162 0.527 0.623 −0.113 0.000 0.004 0.896

BSI −0.254 0.843 0.074 −0.125 0.875 −0.159 −0.070 0.015

PSFD 0.681 0.459 0.509 −0.006 0.452 0.844 0.126 0.002

AI-1(Rn) 0.671 −0.476 −0.274 0.120 −0.587 0.369 0.420 −0.331

AI-1(R3) 0.773 0.020 −0.359 0.111 −0.124 0.395 0.597 −0.459

AI-2 0.051 −0.748 0.062 0.351 −0.766 0.065 0.097 0.299

BD 0.638 −0.122 0.648 −0.021 −0.090 0.900 −0.088 0.128

SSKD(MAX) 0.858 −0.125 0.233 −0.111 −0.165 0.832 0.150 −0.275

Source: Statistics by the author. Bold values mean that they have a significant contribution to the principal component factors.

FIGURE 6
Hierarchical clustering heatmap of 51 SiMAs samples (image source: drawn by the authors).

characterized by relative discreteness and a dotted pattern. This 
condition also leads to the fragmentation of settlement boundaries 
and the weakening of spatial structure. Yamu is a typical settlement 
of this type (Figure 7a). Its road network is developed along the 

mountain road, with branches formed in a tree-shaped structure and 
“Z”-shaped ramps connecting the upper and lower parts. Buildings 
are arranged in a strip-shaped pattern with single groups as the main 
feature, following the contour lines. 
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FIGURE 7
Characteristics of spatial composition patterns of small-scale settlements on hill terraces: (a) Subtype 1-1: Tibetan settlements scattered on the gently 
sloping terrace; (b) Subtype 1-2: Tibetan settlements clustered on steep slopes in shallow hill (image source: drawn by the authors).

4.5.1.2 Subtype 1–2: Tibetan settlements clustered on 
steep slopes in shallow hill

All these settlements are Tibetan, and most are situated in 
the shallow hill area known as Qianshan, which has a significant 
slope. The terrain of different settlements varies greatly. This type of 
settlement is characterized by leaning against the mountain, facing 
the water but not close to the water. This construction method can 
not only effectively avoid floods but also ensure the convenience 
of water collection. At the same time, it can effectively block the 
northern cold current in high-altitude areas. The construction land 
is tight under the terrain restrictions. The road network is mainly 
grid-shaped, supplemented by tree-shaped structure branches to 
connect the various building units. The tight land use has led 
to the formation of a layered group development pattern in the 
building layout, which has prompted the settlement to present a 
relatively flat strip boundary form. It relies on the advantageous 
relationship between mountains and water to form a large-scale 
spatial layout, showing the organic integration of ecology and life. 
The characteristics of being surrounded by mountains on many 
sides have led to the concentration of settlement buildings on small 
plots, and the spatial texture is relatively homogeneous. For example, 
Wumandao is located on a steep slope terrace sandwiched between 

mountain ridges (Figure 7b). It has only one main road leading to the 
village, and the traffic routes are spread out in a tree-shaped manner 
and connected in a series to form a network. The layout of the 
buildings follows the undulating terrain, showing the coexistence 
of large clusters and small groups. The white pagoda of Tibetan 
Buddhism is located at the outer boundary of the village. 

4.5.2 Type 2: large-scale dispersed Tibetan 
settlements on shallow hill terraces

Except for one Han settlement, all settlements in this subtype 
are Tibetan settlements. Altitude is an important basis for its 
classification. Most settlements are located at the intersection of 
the large, undulating plateau region (Naoshan) and the small, 
undulating shallow hill area (Qianshan). Most settlements are 
located on relatively gentle large-scale slopes and small-scale valleys 
at the foot of the mountain, with distances varying from water. Most 
settlements are attached to the main roads or ring roads around 
the mountain, forming a relatively obvious network structure 
supplemented by a tree-shaped structure. Its internal buildings 
form multiple groups, and the degree of densification is not high. 
However, the spatial structure is excellent. The scale of this subtype 
is relatively uniform, and the boundaries of the settlements show 
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FIGURE 8
Characteristics of spatial composition patterns of large scale dispersed Tibetan settlements on shallow hill terraces: (a) Tibetan settlement: Bilong; (b)
Han settlement: Qitaipu (image source: drawn by the authors).

complex finger-shaped development, with both cluster and banded 
tendencies. Overall, the settlements show a spatial pattern of 
interdependence between mountains and water.

Bilong, as a typical settlement of this type, shows a clear band-
shaped tendency (Figure 8a). The settlement is located on a gentle slope 
between two mountains. Highways and water systems pass through 
it and divide the settlement into two parts. The main part of the 
settlement relies on the main road to create a network structure, while 
the road network of the smaller, discrete group exhibits a clear tree-
shaped differentiation. The building units tend to be distributed in a 
finger-shaped manner in a continuous cluster, and the main part is 
relatively homogeneous in space. The pagoda is on the village’s edge, 
while the Mani house (or Mani Lhakang) is in the settlement center. 
Bilong Temple is built on high ground, separated from the village. 

Another typical case is the Han settlement Qitaipu, which was a 
military fortress in the Ming Dynasty (Figure 8b). At that time, it was 
mainly used to guard the border and prevent invasions by nomadic 
peoples such as the Qiang (the ancient name of the Tibetans). The 
settlement is on the terrace’s gentle slope, with a square layout of 
buildings and roads. The sacred space Guandi Temple was built 
next to the city wall, and the Wushan Temple was located at the 
commanding height in the southeast corner of the settlement. The 
limited land space in the fortress could not meet the growing 

population and housing needs, so the settlement space expanded 
from the inside of the broken fortress wall to the surrounding area. 

4.5.3 Type 3: dense waterside settlement in 
gentle slope of river valley

The settlement samples in this category account for more than 
half of all settlement samples. The settlements are located in the 
low-altitude shallow hill area (Qianshan) and the valley plain area 
(Chuanshui). The terrain is gradually gentle. The gentle terrain 
promotes the development of settlement scale and the improvement 
of spatial structure. The settlements are mainly composed of Salar 
and Hui people, with Tibetans and Han people as a minority. This 
category also shows the integration and symbiosis of settlement 
space units and ethnic cultures among various ethnic groups. 

4.5.3.1 Subtype 3–1: multi-scale ethnic coexistence 
settlements on gentle slopes and plains

This subtype of settlements shows the ethnic collision and 
integration adaptation of local SiMAs over a long period of time. 
This subtype is mostly composed of Salar and Hui settlements, as 
well as Tibetan settlements and ethnically mixed settlements. The 
scale of settlements varies. They are mainly distributed in the gentle 
slope plain area of the Shallow Hill area (Qianshan), close to the 
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river. The gentle terrain has little restriction on the scale of settlement 
form. The settlements can expand their land use scale in multiple 
directions, showing finger-shaped characteristics. The degree of 
spatial concentration is also constantly improving, forming a clear 
and definite texture structure. The settlement road network is mostly 
attached to one side of the main road, and the road network is free 
and flexible, forming an irregular network structure. The settlement 
space is highly accessible. The convenience of transportation and 
water collection and the gentle terrain have significantly improved 
the quality of life of this subtype of settlements, which is the 
internal driving mechanism for the expansion of settlement scale 
and structural integrity.

Helongputang, a mixed ethnic settlement, is representative
(Figure 9a). It is mainly inhabited by Tibetans, Hui people, and Salar 
people, supplemented by Han people. It is divided into two parts, 
north and south. Tibetans and Han people live in the southern 
part of the settlement on a gentle slope with higher terrain. Salar 
and Hui people live in the flat northern part of the settlement. The 
building density in the Tibetan and Han areas is relatively loose. 
In the Salar and Hui neighborhoods, the building layout is rather 
condensed. The main road organically integrates the settlement 
space and connects them together to facilitate the transportation 
and communication of multiple ethnic groups in the settlement. The 
village roads run parallel to the main roads, connecting in series 
to form a network. The sacred spaces of different ethnic groups 
(Buddhist temples and white pagodas, Islamic mosques) stand at the 
intersection of the north and south parts of the settlement.

4.5.3.2 Subtype 3–2: high-density clustered settlements 
on gentle slope terraces (Salar and Hui)

All the settlements of this type belong to the Salar and Hui ethnic 
groups. Their settlement style is distinct, and their appearance is 
uniform. The settlements in this cluster are generally located on the 
gentle slope terrace at the foot of the mountain and the flat area 
of the river valley. The settlement distribution transitions from the 
shallow hill area (Qianshan) to the valley plain area (Chuanshui). 
The outstanding features are strong hydrophilicity, moderate scale, 
and compact clustered form. The settlement road network layout is 
flexible and diverse with high accessibility, and it is in three styles: 
circular radial, tree-shaped bifurcated, and mesh. The settlement 
building density is high, and the structure is highly orderly. This 
is especially reflected in the degree of densification in the hotspot 
area. The sacred space is located between multiple building density 
areas in the core position of the settlement. Suhusa is one of 
the representative settlements (Figure 9b). The settlement is built 
against the mountain and is located on a gentle slope terrace. Its 
spatial layout takes the mosque as the origin, forms a scattered ring 
structure to the periphery, and expands in a finger-shaped manner 
according to the contour lines. The buildings present a compact and 
orderly centripetal layout. 

4.6 Diagram of SiMAs’ spatial genetic type

Combined with the summary of morphological types and 
analysis of typical cases in the above content, we created a detailed 
map showing the different types of local SiMAs in the Gansu-
Qinghai Plateau (Figure 10). This map shows the spatial characteristics 

of different SiMAs types, which help researchers and planners to 
intuitively distinguish their heterogeneous characteristics. In addition, 
the map also provides visual support for in-depth understanding of 
the multi-level spatial organization laws of SiMAs. 

The main population of SiMAs of type 1 and type 2 is Tibetan. 
In terms of spatial organization, building on the slope and choosing 
high places are their typical spatial patterns. Their spatial structure 
is relatively dispersed, with diverse layout forms, and the scale 
of settlements gradually increases as the terrain becomes gentler. 
Type 3 is divided into two subtypes, among which subtype 3-1 
is the type interval where Tibetans, Han, Hui, and Salar peoples 
merge and intersect. Tibetans adapt to the site selection patterns 
of Han, Hui, and Salar peoples, living at the foot of the mountain 
and building near the water. Han people spread their traditional 
production model of intensive farming to other ethnic groups, 
especially Tibetans. Hui and Salar people infiltrated the structuring 
and orderliness of their settlement space forms into settlements of 
other ethnic groups. This illustration shows the mutual adaptation 
and integration of different ethnic groups in ethnically mixed 
areas. Subtype 3-2 SiMAs are Hui and Salar gathering areas. The 
typical spatial pattern of their settlements features finger-shaped 
development, which is located near water and roads. The spatial 
layout of their settlements is compact and highly structured. This 
layout demonstrates the high community cohesion and cultural 
identity of the Hui and Salar ethnic groups. 

5 Discussion

This study conducts in-depth discussions around the three 
research questions raised in introduction and responds to and 
contributes to them in different chapters (Table 9). For Research 
Question 1, through mathematical and statistical analysis of 10 
quantitative indicators, four main component factors and five 
morphological types are obtained, providing example support 
for the subsequent analysis of the generation mechanism of 
the settlement system. In Research Question 2, the relationship 
between sacred and secular space and the morphological generation 
mechanism are deeply analyzed to reveal the dominance of 
morphological generation and the priority of morphological 
inheritance of sacred beliefs. This paper promotes the dialectical 
unity of multi-dimensional factors in morphological typology 
research and provides a systematic theoretical basis for subsequent 
research and planning suggestions. For Research Question 3, the 
“paradigm” extraction realizes the upgrade from morphological 
classification to “organizational relationship interpretation” and 
accurately summarizes the local generation law of SiAMs. It provides 
a replicable framework for morphological typology research in 
theory and a reference for local SiMAs planning in practice.

5.1 The relationship between the sacred 
and the secular in local SiMAs

5.1.1 Relationship between sacred and secular 
space: a priori association or layout

Based on the morphological analysis of secular space using 
quantitative indicators, the mechanism of the sacred-secular spatial 
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FIGURE 9
Characteristics of spatial composition patterns of dense waterside settlement in gentle slope of river valley: (a) Subtype 3–1: Multi-scale ethnic 
coexistence settlements on gentle slopes and plains; (b) Subtype 3–2: High-density clustered settlements on gentle slope terraces (Salar and Hui) 
(image source: drawn by the authors).

connection further reveals the spatial patterns (principles) driven by 
humanities. The quantitative results provide a more comprehensive 
morphological feature and objective premise for the analysis of the 
mechanism (the “nature-space” relationship). The arrangement of 
SiMAs in the Gansu-Qinghai Plateau shows how religious spaces are 
planned from above while everyday living spaces are created from 
the ground up (Figure 11). Its spatial organization mode is a physical 
mapping of the coupling of orderliness (religious planning) and 
randomness (self-organization of life). The settlements and religious 
buildings contain a priori spatial concepts at the beginning of their 
construction, and residents spontaneously build courtyard dwellings 
to meet their living needs.

Tibetan settlements present a dual relationship of coexistence 
and separation of the sacred and the secular. Their forms are usually 
characterized by high mountains and distant waters, small scale, low 
density and loose structure, and are deeply influenced by Tibetan 
Buddhism and Bon religion. At the macro level, “sacred mountain 
worship” constitutes the core belief. The sacred mountain and lake 
space protect the secular living space, and the settlements and 
religious building foundations are all facing the sacred mountain. At 
the meso level, Tibetan Buddhism has a significant transcendental 
characteristic. Buddhist temples are mostly located on high ground 

far away from the village, forming a typical pattern of “temples above 
and villages below,” and the connecting paths are also endowed 
with sacredness. Sacred symbols, such as white pagodas, mani piles, 
and prayer flags, scatter throughout the settlement space, acting as 
anchors and symbols of sacred activities. At the micro level, the 
village dwellings radiate outward with the courtyard building and 
the greenhouse as the center, and the main house or the door of 
the house often faces the sacred mountain; the scripture hall, as a 
necessary sacred space, is mostly adjacent to the main room and is 
independently separated. In general, the sacred space of the Tibetans 
is independent of secular life in most situations.

Han settlements embody the “unity of man and nature” and 
ritual order, with regular shapes, clear axes, and high spatial 
accessibility. In terms of settlement layout, the Feng Shui concept of 
“back to the mountain and face the water, with the yin behind and 
the yang in the embrace” is followed; historically, most of them were 
military settlements, and their religious buildings (often located 
in a corner of the city wall) mainly undertake the functions of 
comforting the soul, gathering thoughts, and worshipping, and are 
closely related to secular space. At the dwelling unit level, the spatial 
orientation is clearly defined, with houses facing north and south, 
emphasizing a central axis order; the main house is situated at the 
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FIGURE 10
Different SiMAs diagram of spatial derivative types (image source: drawn by the authors).

end of this axis, making it the most important ritual space. This 
layout deeply reflects the relationship between heaven and man and 
the order of human relations and is a spatial concrete expression of 
traditional rituals and patriarchal systems.

Influenced by both Han rituals and Islamic culture, Salar and 
Hui settlements are often located in lowlands near water, with 
high building density and strict spatial order. Islam prioritizes 
worldly practices and the unification of sacred faith and secular 
life. The mosque, serving as the focal point for periodic collective 
worship, typically locates itself in the settlement’s area with 
the highest traffic accessibility. It strongly radiates the spatial 
generation and morphological development of the settlement, 
forming a distinct “surrounding the temple and living” centripetal 
model. Both the houses and the mosques face eastward, towards 
the Islamic holy city of Mecca. The meditation rooms in the 
dwellings are often connected to the bedrooms or the main house, 

and the courtyard buildings are planted with flowers and trees, 
reflecting the characteristics of naturally integrating sacred rituals 
into daily life. The settlement is linked by blood ties and takes 
religion as its spiritual center, and the spatial organization is
significantly centripetal. 

5.1.2 Spatial narrative of the sacred and secular 
coupling

Principal component analysis (PCA) as a quantitative method 
disproves the dominance of sacred belief as a priori spatial concept 
in the formation of settlement spatial morphology and points 
out four major morphological generation factors that contribute 
to spatial differentiation under different construction concepts 
of multiple ethnic groups: morphological cognition, structural 
order, traffic layout, and boundary shaping. Its spatial narrative 
reflects the spatial translation of ethnic cultural genes, belief 
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TABLE 9  Summary of research questions, relevant answers, research contributions and conclusions.

Research question 1 Research question 2 Research question 3

Question Content Which morphological factors dominate 
the spatial variation of multi-ethnic 

plateau settlements?

What is the interactive mechanism 
between sacred space elements and 

secular living areas?

Can we extract a transferable “spatial 
organization paradigm” to provide 

reference for conservation planning in 
other regions?

Corresponding section Section 4.2 to Section 4.6 Section 5.1 and Section 5.2 Section 5.3 and Section 5.4

Brief Answer Four major factors, namely, cognition, 
structure, streamline and morphology, 

dominate the morphological 
differentiation of settlements; and five 

morphological types of SiMAs are 
further identified.

Sacred beliefs dominate the spatial form 
of settlements under the influence of 

human-land relationships with a priori
spatial concepts.

The “spatial organization paradigm” can 
identify the complex adaptive 

relationship and local generation law of 
“space-nature-humanity” in a specific 
area, and provide a basis for planning.

Objective Summary and results Mechanism Deductive

Research Contribution Multi-scale progressive systematic 
morphological factor extraction and 

spatial type identification

Analysis of morphological type 
inheritance and complex mechanisms 

from a relationship perspective

Reproducible research and planning 
framework

Categories of contribution Descriptive Theoretical Theoretical and practical

Research Limitation The sample size of the study is limited; 
the accuracy of multi-source data needs 

to be further improved.

The analysis of the organization of 
settlement morphology and spatial 
utilization by religious rituals and 

activities is not included.

The identification and dynamic 
adaptation of settlement forms under 
diachronic evolution are not involved.

Source: Statistics by the author.

systems, and social structures under the adaptation of geographical 
environment and continuously strengthens ethnic identity and 
cultural inheritance through the organizational logic of spatial 
morphology. Among them, morphological cognition factors and 
boundary-shaping factors dominate the macro-morphological scale 
and spatial recognition of settlements. The rigid constraints of 
the geographical environment limit the maximum spatial scale 
and fragmentation of settlements. For example, the site selection 
patterns of Tibetans choosing to live in the mountains, Han people 
facing the mountains and facing the water, and Salar and Hui 
people living by the water have strengthened their own unique 
geographical constraints, resulting in non-ideal settlement forms 
such as small scale, fragmentation, and high aspect ratio. Such 
behavior leads to a decrease in the clarity and readability of 
the spatial structure. As a result, it is difficult for the overall 
morphological image to form a unified cognition in a complex
mountain environment.

The structural order factor reflects the orderliness and density of 
the internal structure of the settlement. Different ethnic groups form 
different spatial layouts based on priori spatial concepts. Tibetans 
present temples above and villages below, Hans have a regular axis, 
and Salars and Huis have a centripetal layout. Religious beliefs 
have materialized in the concrete space of the settlement through 
social production practices, regulating the behavior of believers and 
cohesion of society, and shaping the settlement form with the sacred 
spiritual core as an abstract prototype.

The traffic layout factor reflects the spatial accessibility efficiency 
under terrain adaptation. The slope divides the settlement space into 
elevation units, and the adaptive adjustment of the road network 

is difficult to overcome the cross-unit traffic resistance, especially 
under steep terrain; it is difficult to form a networked system layout 
with few branch expansion roads. The tree-shaped and Z-shaped 
nonlinear structure also increases the complexity of connection. 
Tibetans place sacred spaces in low-accessibility locations due to 
religious needs, while Hui and Salars optimize the location of 
mosques and road networks to achieve high accessibility, reflecting 
the choice of different ethnic groups between “sacred faith” and 
“secular convenience.” 

5.2 The morphogenesis mechanism of 
SiMAs under the interaction of 
multi-factors

The above-mentioned “quantitative-qualitative” analysis has 
improved the “people-land-settlement” relationship framework and 
promoted this study. On the basis of recognizing and supporting the 
two previous viewpoints of geographical constraints (Ruggiero et al., 
2019; Zhang et al., 2023; Li et al., 2023) and humanistic spirit 
drive (Moudon, 1989; Gunawan et al., 2023), this study further 
explored the settlement morphology generation and sacred-secular 
relationship mechanism of SiMAs in the Gansu-Qinghai Plateau 
under the synchronous spatiotemporal cross-section, promoting 
the systematic cognition and development of ethnic settlement 
morphology. The spatial pattern of the SiMAs is the synchronous 
product of the nonlinear interaction of multiple subjects, the 
natural environment, and social culture. Multiple subjects (ethnic 
communities, government forces) endow settlements with dynamic 
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FIGURE 11
The relationship between sacred and secular space in SiMAs at multiple scales (image source: drawn by the authors).
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FIGURE 12
Morphological generation mechanism of SiMAs under multi factor coupling interaction (image source: drawn by the authors).

evolution capabilities through adaptive transformation. The natural 
environment (landform, water bodies, vegetation) as a rigid 
ecological substrate not only provides material carriers but also 
imposes spatial constraints. Social culture (religious rituals, folk 
norms) constructs cultural identity and social cohesion. The 
three form a complex adaptive system through collaborative self-
organization. In this mechanism, religious sacredness becomes the 
core link of spatial organization, driving the formation of a “spatial 
magnetic field” with religious buildings or sacred images as the 
spiritual core (Figure 12). The settlement develops in accordance 
with the inward order of “single/multiple sacred nodes controlling 
the surface form.” The sacred space anchors the settlement boundary, 
and religious rituals strengthen the geopolitical structure and 
domain awareness, significantly enhancing the sense of community 
belonging and security. At the same time, the settlement maintains 
the system balance through dual adaptive regulation: on the one 
hand, residents actively match geographical elements (such as 
mountain shape and water potential) with sacred symbols in 
ideology, condense the regional spirit of the trinity of “human-
god-nature,” and shape a unique view of nature and values. On 
the other hand, the settlement form is deeply isomorphic to 
the natural environment, which is manifested in the topological 
adaptation of the spatial pattern to topography, hydrology, and 
other elements. This regulation fosters a dynamic coupling between 
religious order, residents’ self-organization, and environmental 
isomorphism. Additionally, internal factors such as religious culture 
and social production, along with external factors like geopolitical 
relations and natural constraints, spontaneously generate an ordered 
structure through nonlinear interactions. Any change in a factor can 
disrupt the current equilibrium and initiate the system’s adaptive 
evolution. This evolution shows changes in how space is organized 
and how social and ecological relationships are rebuilt, which helps 
the SiMAs system create a new balance between cultural heritage 
and sustainable development.

5.3 Research innovation and universal 
application

This study innovatively proposed a “spatial organization 
paradigm” based on morphological typology, breaking through the 
dual limitations of previous studies: first, it transcends the traditional 
static description of material form itself or the analysis of the driving 
mechanism of a single factor (Shi et al., 2022; Masoumi et al., 2019).
Second, it abandons the simplified cognition of “geographic 
determinism” (Ji et al., 2022). This paradigm summarizes the 
morphological types and sacred images of SiMAs in study area 
based on four major morphological factors. The atlas paradigm 
constructed in this way objectively incorporates spatial cultural 
perception into the judgment framework of morphological types, 
clarifies the construction attributes of cultural significance, and 
reveals the complex adaptive relationship and local generation law 
of the “space-nature-humanity” system in a specific region of the 
Gansu-Qinghai Plateau. Its core contribution lies in analyzing 
the interactive order of multiple factors under synchronous 
morphological differentiation—the natural environment constitutes 
a rigid foundation, and social humanities (especially religious 
sacredness) as a subjective driving force drives spatial self-
organization, and the dynamic coupling of the two shapes the 
concrete morphology of the aggregation. The study found that 
although the settlements in southern China (Yuan and Jiang, 2024) 
and southwestern Indonesia (Muda et al., 2022) also show the 
characteristics of the interweaving of the sacred and the secular, their 
core driving force is clan blood rather than religious sacredness, 
highlighting the uniqueness of the spatial pattern dominated by 
religious beliefs in Gansu and Qinghai SiMAs. In addition, the 
morphogenetic priority proposed by the Conzenian school was 
visualized as a priori organization of the sacred space magnetic field 
in this study. This theory explains “how space is carried by history”, 
and the sacred space magnetic field reveals how the settlement space 
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is reshaped by meaning from the perspective of humanistic spirit. 
The integration of the two enables morphological typology research 
to truly touch the essence of settlement organisms.

At the methodological level, this study combines a multi-scale 
geometric model with qualitative research and uses mathematical 
statistics to objectively identify settlement morphological types. 
The complementary synergy of quantitative and qualitative 
non-substitutability helps to break the subjectivity of empirical 
description in qualitative research (Wang et al., 2005) and improve 
the comparability between different morphological types. This 
study breaks through the limitations of traditional quantitative 
research (Lagarias and Prastacos, 2020; Shen and Fan, 2024), 
which is one-sided and single-perspective, and introduces a multi-
scale and multi-geometric model to comprehensively analyze the 
material space of the settlement, providing an objective yardstick 
for the qualitative judgment of “sacred dominance” and “sacred 
and secular interweaving”, and enhancing the transferability of 
the conclusions. At the theoretical level, the paradigm focuses on 
“morphological inheritance and derivative mechanisms of multi-
factor associations in the construction process”, which promotes 
the shift of morphological typology from material space analysis to 
cultural space interpretation and provides empirical support for the 
dialectical relationship between “space-nature-humanity”. This has 
promoted the transformation of the perspective of morphological 
typology research from “built results” to “construction process 
and interactive relationship”. In addition, it also requires that 
morphological typological research must place local cultural logic at 
the core of analysis and deny the “decontextualized” universal type 
induction. This “nature-humanity-space” relationship framework 
has significant universal value: it can explain the logic of settlement 
morphology generation in regions with complex terrain and diverse 
cultures around the world (Figure 13), such as the mountain 
adaptation of Miao and Dong settlements in Guizhou, China 
(Zheng et al., 2022), the landscape synergy of the Medieval town 
in the Wachau Valley, Austria (Riedl et al., 2022), and the religious 
organization of the traditional vernacular settlements in Hadramaut 
Governorate, Yemen (Leiermann, 2021). This framework offers 
a universal tool for extracting the prototype of settlement space 
organization, which aids in achieving coordinated protection of 
both physical heritage and intangible civilization within the context 
of globalization. It particularly supports planning theory for regions 
affected by modernization, considering both cultural continuity and 
sustainable development.

5.4 Planning inspiration and suggestions

In order to promote the sustainable development of SiMAs 
in the Gansu-Qinghai Plateau, the paradigm map constructed 
in this study provides a planning path for the protection of 
settlement heritage, considering both the inheritance of sacredness 
and the adaptation to modernization. The map clarifies the 
core characteristics and sensitive elements of different settlement 
types, such as the Tibetan “upper temple and lower village,” 
the Salar and Hui “living around the temple,” and the Han 
“ritual system” core. Specific planning suggestions are as follows: 
First, implement the “core-buffer” double-circle land use control 
mechanism (Fan et al., 2025), delineate the protection boundary 

in space, and include religious buildings and traditional residential 
clusters into the core protection area to maintain their adaptability 
and functional integrity. The buffer coordination zone is set up on 
the periphery to maintain the integrity of sacred images, visual 
corridors, and historic environments through gradient control. 
For example, Tibetan settlements with separate sacred and secular 
locations, such as Bilong, should maintain the sacred spatial order 
and sacred-secular relationship of their religious buildings based 
on the original landscape pattern. The secular space of their 
settlements should focus on the coexistence of multiple functions 
and reasonably organize the folk space sequence. Second, promote 
the embedding of “sacred axis” into the statutory plan of village 
planning (Liu et al., 2022), and mark the Tibetan pilgrimage route, 
Hui worship direction line, Han ritual axis, etc., as mandatory 
spatial control elements. For example, optimize the connection of 
spatial nodes such as mosques, Buddhist temples, white pagodas, 
and squares as carriers of folk activities; constrain the distance 
between buildings; and maintain interface continuity and business 
development through special land use coding. Third, promote the 
adaptive renewal of courtyard compound architecture units, repair 
historical residential buildings to continue the courtyard layout 
and rural style, and innovate the use of building materials and 
rammed earth technology (Zhang et al., 2018). For example, under 
the premise of respecting the differentiation characteristics of sacred 
and secular spaces, improve the performance of insulation, lighting, 
ventilation, etc., according to the needs of modern life, and realize 
the sustainable regeneration of traditional spatial structures. Fourth, 
implement the bottom-up planning of multi-subject collaboration 
at the same time, guide villagers to participate in independent 
construction, call on the government to incorporate the control 
of sacred axes into the national land space planning, coordinate 
the interests and development of multiple parties, and enterprises 
need to coordinate economic interests with the protection of local 
cultural ecology. 

5.5 Limitations

The limitations of this study are mainly reflected in three 
aspects: (1) There are constraints on sample size and data accuracy. 
The insufficient number of settlement samples (especially the Han 
cases) may lead to the one-sidedness of the summary of SiMAs 
morphological characteristics; the limited accuracy of geographic 
data makes it difficult to analyze the morphological differences 
under the hidden micro-topography, and the spatial texture relies 
on manual mapping, which is both inefficient and inaccurate. In 
the future, the sample size needs to be expanded to refine the 
universal spatial paradigm, and the high-precision modeling of 
UAV LiDAR and the automatic extraction technology of machine 
learning should be integrated to improve data quality. (2) There is 
a lack of analysis of the behavioral dimension. The study focuses 
on the material spatial form and does not include the influence 
mechanism of sacred activities such as religious rituals on spatial 
organization. In the future, it can combine environmental behavior 
and anthropology methods to analyze how individual behavior in 
the sacred environment drives the evolution of macro space based 
on the Agent-Based Model (ABM). (3) The diachronic perspective 
is weak. The current synchronous cross-sectional analysis is difficult 
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FIGURE 13
Research subjects with similar geographical or cultural conditions (image source: drawn by the authors).

to reveal the logic of the dynamic evolution of morphology. In 
the future, we should combine Sentinel-2 images, old maps, and 
documents to create a historical spatial database that can help us 
understand how and why the shapes of these areas have changed over 
time. Nevertheless, this study still provides solid theoretical support 
for the spatial resilience and identity maintenance of mountain 
ethnic settlements. 

6 Conclusion

This study aims to clarify how sacred and secular spatial logics 
jointly construct the morphology of multiethnic plateau settlements. 
Based on the 10-indicator type-morphological framework, 51 
settlements on the Gansu-Qinghai Plateau were analyzed, and 
four main components, namely, morphological cognition, structural 
order, transportation layout, and boundary shaping, were extracted, 
and five settlement prototypes were summarized.

First, through PCA, four principal components were 
identified—Morphological Cognition, Structural Order, Traffic 
Layout, and Boundary Shaping—which collectively account for 
78.549% of the total variance. Among them, morphological 
cognition and structural order together reveal more than 50% 
of spatial variation, showing the important role of landscape 
sequence in the formation of settlement morphology. Secondly, 
AHC classified the settlements into five distinct spatial paradigms, 
supported by six representative cases. These paradigms reflect 
adaptive strategies under specific geographical constraints 
and sacred beliefs, demonstrating significant morphological 
differentiation. The layout forms, such as the separation and 
coupling of sacred and secular space, the sacred layout of single 
buildings, and the spatial anchoring of sacred elements, are 
manifested as a priori organizational principles. Its role transcends 

ethnic differences; secular space achieves adaptive development 
through multi-factor coupling. Finally, sacred space serves as a 
fundamental and enduring organizing element that cuts across 
ethnic identities, whereas secular space exhibits adaptability and 
variability influenced by “human-land” relationship. The “spatial 
organization paradigm” proposed in this study extracts the sacred 
a priori organizational prototype and the adaptive settlement 
morphological type. This effectively builds a bridge between 
morphological typology and religious research.

Theoretically, this study expands the perspective of settlement 
morphology from the monoethnic lowlands to the multiethnic 
plateau. This study resolves the lack of discussion on the spatial 
linkage mechanisms between sacred and secular in existing research 
and further identifies the self-organizing evolutionary logic of 
the “people-land-settlement” settlement system. This advances 
morphological typology toward a new research paradigm of “multi-
factor co-evolution.” In practice, the results offer an evidence-based 
foundation for implementing “core-buffer” land use control and 
integrating sacred axes into statutory village planning, which can be 
applied to protect and enhance the spatial resilience of multicultural 
cultural heritage sites in mountainous areas.
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