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Abstract

Integrated conservation has become a mainstream principle for protecting traditional vil-
lage heritage. However, regional-scale conservation research still has notable deficiencies:
the heterogeneous quality of traditional villages’ heritage is often overlooked, and sys-
tematic exploration of the spatial associations of heritage remains insufficient. Taking Hui-
zhou traditional villages as the research object, this study first identified the spatial ag-
glomeration characteristics of village heritage resources, quantitatively analysed the in-
tensity of heritage spatial association, and revealed the core driving factors of inter-village
heritage correlation. The results indicated significant spatial heterogeneity in the heritage
value of Huizhou traditional villages. Their heritage distribution exhibited three typical
spatial association types—high-high (H-H) clustering, low-high (L-H) clustering, and
high-low (H-L) clustering — presenting marked network-based spatial correlation charac-
teristics. This study further clarified the distinct influences of natural, social, and economic
factors on heritage spatial association. Among these, social conditions— particularly those
reflecting linguistic attributes and accessibility, as measured by the distance to the central
city—played a pivotal role in shaping the spatial association of Huizhou’s traditional vil-
lage heritage. Economic factors contributed only to a limited extent. The research findings
provide a scientific basis for formulating targeted policies for the concentrated and con-
tiguous conservation of traditional villages. Additionally, the results can support the col-
laborative and efficient utilisation of regional heritage resources and facilitate the sustain-
able inheritance and innovative development of traditional village cultural heritage.

Keywords: heritage value; spatial autocorrelation; spatial agglomeration; QAP

1. Introduction

Traditional villages are living fossils of agricultural civilisation, shaped by the long-
term interaction between humans and nature, and are also important carriers of regional
culture [1]. They possess extremely high historical, artistic, cultural, and economic value.
The protection and utilisation of traditional village cultural heritage have long been inter-
national priorities [2,3]. However, amid rapid urbanisation, traditional villages in China
are facing a crisis of rapid disappearance [4,5]. From 1990 to 2021, China’s urbanisation
rate nearly doubled, while the number of villages dropped sharply from 3.773 million to
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2.633 million: an average of 101 villages disappeared every day [6]. To address this trend,
from 2012 to 2022, the Ministry of Housing and Urban-Rural Development, the Ministry
of Culture and Tourism, and the Ministry of Finance jointly released six batches of the List
of Traditional Chinese Villages, identifying 8171 traditional villages for rescue protection,
and issued a series of supporting policies to protect the precious cultural heritage of tra-
ditional villages. However, in practice, this ‘point-based” protection model has obvious
limitations. Isolated point-based protection tends to turn traditional villages into “minia-
ture bonsais’, disconnected from their broader environment, making it difficult to main-
tain their living heritage and ecological integrity [7]. It also leads to resource waste and
insufficient protection efficiency [8]. In contrast, cluster-based protection and utilisation
are crucial to the sound development of traditional villages [9], as they avoid fragmented
and isolated protection. Therefore, in 2020, China began implementing a demonstration
program for the concentrated and contiguous protection and utilisation of traditional vil-
lages, marking the launch of holistic protection for traditional villages at the practical level.
The No. 1 Central Documents of 2022, 2023, and 2024 clearly proposed implementing
demonstrations to achieve the concentrated and contiguous protection of traditional vil-
lages.

In recent years, traditional villages have attracted considerable research attention,
and several multidimensional studies have been conducted. These research perspectives
covered the single-village level, including ancient dwellings [10], values [11], public
spaces [12], spatial morphology [13], spatial layout [14,15], spatial genes [16], tourism-
driven revitalisation of traditional villages [17], and landscapes [18,19]. Studies have also
been conducted on the regional level, with proponents arguing for a shift from a “point’
perspective, focusing on settlements, to a regional ‘area’ perspective. Studies have ex-
plored the distribution characteristics, influencing factors and driving mechanisms of tra-
ditional villages [20-23], and types of traditional villages [24], as well as heritage value
evaluation [1,25], development level evaluation [26], suitability evaluation [27], and the
sustainable development of traditional villages [28]. However, these studies treated tradi-
tional villages as isolated points, considering geographical adjacency and focusing on dis-
tribution patterns while ignoring the heritage value characteristics and interconnections
among traditional village heritage sites.

Traditional villages in China are densely distributed. They form agglomerations due
to similar geographic environments, customs, languages, or reliance on regional transport
corridors such as ancient roads and canals [29]. Recent studies on traditional village clus-
ters, although the body of literature remains limited, have focused primarily on protection
methods [30], protection models [31], settlement unit division [32], and protection strate-
gies [33]. These studies overlooked differences in the quality of heritage value among tra-
ditional villages, the inter-supporting, interlinking, and interactive heritage relationships
among traditional villages, and the factors that would promote the connection of heritage
among traditional villages. Internationally, researchers have adopted a cluster perspective
to examine cultural heritage, including fortresses and churches [34-38]. International
scholars generally agree that spatial connectivity is critical to the sustainable development
of heritage sites [39,40]. Neglecting the spatial connectivity of traditional villages has
largely impeded a systematic understanding of their heritage and undermined the inte-
grated protection and utilisation of traditional village heritage, as well as the inheritance
and continuity of traditional culture.

As a renowned international tourist destination in China, Huangshan City boasts
unique natural landscapes and a profound cultural heritage. It is home to Huangshan
Mountain, a world natural and cultural heritage site, as well as the Hongcun and Xidi
Ancient Villages, both world cultural heritage sites. Huangshan City is also the cradle and
core area of Hui Culture, one of China’s three major regional cultures. Huizhou Studies,
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together with Tibetology and Dunhuangology, is one of the three most prominent local
schools of advanced cultural studies in China. In ancient times, Huangshan City was
called Huizhou. At present, it boasts 310 national-level Huizhou traditional villages, ac-
counting for 3.79% of the national total of 8171 traditional villages and 66.10% of Anhui
Province’s total of 469, ranking second among all prefecture-level cities in China. Huizhou
traditional villages are rural settlements formed in Huizhou that embody rich and distinc-
tive Hui culture. They contain Hui-style buildings characterised by white walls, black tiles,
horsehair walls, exquisite carvings and dense, orderly arrangements. Furthermore, the
village site selection, spatial layout, alley configuration, and individual architectural de-
sign all reflect unique design concepts, distinctive styles, and exceptional ecological adap-
tation models. Therefore, Huizhou traditional villages possess strong architectural and
cultural connotations as well as extremely high heritage value.

Huangshan City is a typical agglomeration area of traditional villages in China,
providing representative and practically valuable cases for research on traditional villages.
To address research gaps regarding neglected differences in the heritage quality of tradi-
tional villages and insufficient studies on their spatial association, this study analysed dis-
parities in heritage value quality, spatial agglomeration characteristics, and the intensity
and distribution patterns of heritage spatial association among traditional villages. Given
the lack of research on factors influencing the connection and transmission of traditional
village heritage, this study further employed the quadratic assighment procedure (QAP)
to examine how natural, social, and economic factors affect the spatial association of tra-
ditional village heritage. By quantifying the influence of each factor, this study identified
the key drivers of the spatial correlation of traditional village heritage. These research
findings provide a scientific basis for formulating policies to ensure the contiguous pro-
tection and development of traditional villages, improve the efficiency of collaborative
protection and utilisation of traditional village heritage resources, and facilitate the cul-
tural inheritance and sustainable development of traditional village heritage.

2. Research Objects and Research Methods
2.1. Research Objects

Huangshan City is in southern Anhui Province, China. It administers three districts
(Tunxi District, Huizhou District, and Huangshan District) and four counties (She County,
Yi County, Xiuning County, and Qimen County). The city features complex terrain with
striking geomorphological variations; its highest elevation is 1826 m, creating a prominent
elevation difference. Mountains and hills dominate Huangshan. Within its territory lie
Huangshan Mountain, a world cultural and natural heritage site, and Tianmu Mountain,
Qiyun Mountain, Baiji Mountain, Wulong Mountain, and other mountain ranges. Numer-
ous mountain basins and valleys are scattered among the high mountains and steep ridges.
Encircled by mountains on all sides, the area boasts an intricate, interconnected water sys-
tem, both internal and external, and abundant water resources.

Unique geographical conditions, together with profound Hui culture, have resulted
in a dense scattering of traditional villages across the mountainous terrain. These tradi-
tional settlements embody an ancient, elegant style with profound landscape aesthetics,
adhering to the ancestral site-selection philosophy of settling in mountain-surrounded ar-
eas beside water bodies [1] (Figure 1). Currently, there are 310 national-level traditional
villages in Huangshan City. The previous five batches of the List of Traditional Chinese
Villages were compiled by expert teams from design institutes in accordance with unified
specifications and criteria, based on the Evaluation and Identification Index System for
Traditional Villages (Trial) issued by the Ministry of Housing and Urban—Rural Develop-
ment. The sixth batch, consisting of 39 national traditional villages, was officially desig-
nated in March 2023. However, the conservation planning documents for these 39 villages

https://doi.org/10.3390/land 15081382



Land 2026, 15, 1382 4 of 26

have not yet been completed under the Ministry, and their heritage quality is markedly
inferior to that of the first five batches. Moreover, an examination of their spatial distribu-
tion reveals that the sixth-batch villages are relatively evenly dispersed throughout the
region (Figure 2). Separate kernel density analyses conducted for the previous five batches
and for all six batches indicate that the overall spatial pattern has not undergone any sub-
stantial change (Figure 3a,b). Consequently, this study selected the 271 traditional villages
from the first five batches as research subjects (Figure 2), as these adequately reflect the
overall status of Huizhou traditional village heritage in Huangshan City.
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Figure 2. Distribution map of Huizhou traditional villages in Huangshan City.

(a) All six batches of traditional villages (b) The first five batches of traditional villages

Figure 3. Kernel density map of traditional villages.
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2.2. Methods
2.2.1. Heritage Quality Analysis

A theoretical framework for the heritage value of traditional Huizhou villages was
established from a cultural ecology perspective (Figure 4), and a three-level evaluation
index system was developed based on three dimensions: integrity, diversity, and conti-
nuity (Table 1). Based on this index system, the comprehensive evaluation method was
employed to calculate the heritage quality of traditional villages.

Table 1. Indicator system of Huizhou traditional village heritage value [1].

Criteria

Sub-Criteria Index Layer Evaluation Criteria Wi
Layer
Traditional building (C1)  Number of traditional building types 0.0941
Functional Historical environmental el- Number of historical environmental element types 0.0272
. ement (C2)
richness Intangible cultural heritage
Diversity (B1) (3) & 8¢ Number of intangible cultural heritage types 0.0505
Value (Al
alue (A1) Landscape (C4) Number of landscape types 0.0505
Chronological Traditional building (C5) Number of traditional building chronological types 0.0833
i
. ] Historical environmental el- Number of historical environmental element chronolog-
richness (B2) . 0.0278
ements (C6) ical types
Degree of preservation of ~ Complete (9 points); More complete (7 points); Fair (5
traditional village patterns points); Less complete (3 points); Very incomplete (1 ~ 0.0947
(C7) point).
Preservation of details of =~ Complete (9 points); More complete (7 points); Fair (5
traditional buildings points); Less complete (3 points); Very incomplete (1 ~ 0.0350
Heritage on- (groups) (C8) point).
tology (B3)  The scale of traditional Number of traditional buildings/total number of build- 0.0947
buildings (C9) ings '
Scale of historical environ- Number of historical environmental elements/popula- 0.0129
mental elements (C10) tion '
(S(C;ille) of intangible heritage Number of intangible heritage/population 0.0129
. Maintained well ints); Maintained relativel 11
Integrity Village site selection and amraihed we ( points); Main amedrelaively we
. (7 points); Somewhat altered (5 points); Suffered rela-
Value (A2) surrounding natural land- . . 0.0357
. tively severe damage (3 points); Suffered severe dam-
scape environment (C12) .
age (1 point).
Relationship Village and surrounding . oo . o
between the natural landscape environ- ?;er};;?sl;ieeig };‘olzr;’;s);r(r;orf);r:)l que (6 points); average 0.0357
heritage on- ment (C13) P s Very geLtp
tology and Intangible heritage is closely related to the specific
the surround- physical environment of the village and cannot be sepa-
ing environ- rated (9 points); It is somewhat dependent on the vil-
ment (B4) Intangible heritage and vil- lage space, and its organisation activities is closely
. . . , . . . 0.0119
lage environment (C14) linked to the village’s (7 points); It is relatively close to
the village (5 points); It is generally linked to the craft
heritage and the village (3 points); Intangible heritage
can maintain independent inheritance (1 point).
Traditional materials, tools, and techniques are widely
Continuity Continuing  Traditional construction used in daily life architecture construction, which is in 0.0536
Value (A3) quality (B5) techniques (C15) harmony with traditional style (9 points); More applica-

tion, in harmony with the traditional landscape (7
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points); Average application, in harmony with the tra-
ditional landscape to some extent (5 points); Rarely
used, less coordinated with the traditional style (3
points); No application, inconsistent with the tradi-
tional style (1 point);

Very good (9 points); Better (7 points); Average (5

Clan system (C16) points); Poor (3 points); Very poor (1 point) 0.0078
Agricultural landscape scen-Very good (9 points); Better (7 points); Average (5

. . . 0.0475
ery (C17) points); Poor (3 points); Very poor (1 point)
Production methods and  Very good (9 points); Better (7 points); Average (5 0.0489

production techniques (C18) points); Poor (3 points); Very poor (1 point)

Traditional building levelxquantity; National level (9

points); Provincial level (6 points); Municipal level (3  0.0475
points); County level (1 point); No Level (0 points)

Intangible cultural heritage levelxquantity; National

Traditional architecture
(C19)

Intangible cultural heritage level (9 points); Provincial level (6 points); Municipal

.0247
(C20) level (3 points); County level (1 point); No Level (0 0.0
points)
Inheritor levelxquantity; National level (9 points); Pro-
Inheritor (C21) vincial level (7 points); Municipal level (5 points); 0.0057

County level (3 points); No level with inheritors (1

point); No inheritors (0 points)

National scope (9 points); Provincial scope (7 points);
Municipal scope (5 points); County scope (3 points); ~ 0.0143
Rural scope (1 point)

Historical events and celeb-
rities of the village (C22)

Tang Dynasty and before (9 points); Song Dynasty (7
Village site (C23) points); Yuan Dynasty (5 points); Ming Dynasty (3 0.0082
points); Qing Dynasty (1 point)
Yuan Dynasty and before (9 points); Ming Dynasty (7
points); Qing Dynasty (5 points); Republic of China (3 0.0304
points); 1949 to 1980 (1 point)
Yuan Dynasty and before (9 points); Ming Dynasty (7
points); Qing Dynasty (5 points); Republic of China (3 0.0447
points); 1949 t01980 (1 point)

Longevity The earliest traditional
(B6) buildings (C24)

The earliest historical envi-
ronmental elements (C25)
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Figure 4. Constructing a conceptual model by theoretical deduction [1].

The diversity values (Al), reflecting the resource endowment and development con-
ditions of traditional village heritage, included the functional richness (B1) and chrono-
logical richness (B2) of heritage elements. These specifically comprised the types of tradi-
tional building functions (C1), types of historical environmental elements (C2), types of
intangible cultural heritage (C3), landscape types (C4), chronological types of traditional
building (C5), and chronological types of historical environmental elements (C6). The in-
tegrity value (A2), as a core connotation of traditional village heritage, primarily reflected
the heritage ontology (B3) and the relationship between the heritage ontology and the
surrounding environment (B4), including the degree of preservation of traditional village
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patterns (C7), preservation of details of traditional buildings/groups (C8), scale of tradi-
tional buildings (C9), scale of historical environmental elements (C10), scale of intangible
heritage (C11), village site selection and surrounding natural landscape environment
(C12), village and surrounding natural landscape environment (C13), and intangible her-
itage and village environment (14). The continuity value (A3), which served as a vital in-
dicator of village vitality, reflected the continuity quality of tangible and intangible cul-
tural heritage (B5) and their longevity (B6), encompassing the continuity of traditional
construction techniques (C15), continuity of clan systems (C16), continuity of agricultural
landscape scenery (C17), continuity of traditional production methods and production
techniques (C18), continuity of traditional architecture (C19), continuity of intangible cul-
tural heritage (C20), continuity of inheritors (C21), influence of historical events and ce-
lebrities of the village (C22), antiquity of the village site (C23), construction date of the
earliest existing traditional building (C24), and antiquity of the earliest existing historical
environmental element (C25).

This index system covered the types, quantities, scales, functions, and relationships
with the surrounding environment of both tangible and intangible cultural heritage in
traditional villages, thereby providing a comprehensive reflection of their level of heritage
quality. The weights of the indicators were determined by inviting 18 experts in the field
of traditional Huizhou village conservation —comprising three government administra-
tors, five senior engineers from design institutes, and ten university professors—to eval-
uate the importance of each indicator, followed by the analytic hierarchy process (AHP).
This methodological component has been previously published; details are available in
the cited literature [1].

2.2.2. Analysis of Spatial Distribution of Heritage Quality

Spatial autocorrelation analysis centres on measuring spatial correlation. It explores
the spatial agglomeration and spatial outliers of geographical phenomena and reveals the
interactive relationships among geographic elements across spatial contexts [41]. In the
present study, Global Moran’s I and Local Moran’s I (LISA) were adopted to examine
overall and local spatial patterns, including similarity, dissimilarity, and spatial independ-
ence [42—44]. The global autocorrelation model was used to characterise the overall distri-
bution of the heritage values of Huizhou traditional villages and to identify whether sig-
nificant agglomeration characteristics existed within the study area. Local autocorrelation
further assessed whether high- or low-value observations clustered in specific regions.

2.2.3. Analysis of Heritage Spatial Association Strength

On the premise of mutual attraction and agglomeration among traditional village
heritage resources, spatial associations were used to characterise the relational connec-
tions among traditional villages, forming a spatial association network based on heritage
quality. The modified gravity model, which has been widely applied in research on spatial
interaction effects [45,46], incorporates two core influencing factors: quality and distance.
In this study, individual Huizhou traditional villages were regarded as nodes, and net-
work edges represented the intensity of heritage influence between villages. Specifically,
the strength of spatial relationships, co-determined by ‘quality” and ‘distance’, constituted
the edge connections of the network, with ‘quality” referring to the heritage value of tra-
ditional villages. The classic gravity model, which relies solely on a single measure of mass,
is insufficient to capture the multifaceted heritage values of traditional villages. To ad-
dress this limitation, this study developed a multidimensional composite index of tradi-
tional village heritage quality based on the evaluation system for Huizhou traditional vil-

https://doi.org/10.3390/land 15081382



Land 2026, 15, 1382

9 of 26

lages from the perspective of cultural ecology. An improved gravity model was then for-

mulated to compute and construct a spatial network of heritage value associations among

traditional village clusters, enabling the identification of heritage value, as shown below:
ij

Here, Fj; denotes the heritage association intensity between traditional village i and
village j, and Qi and Qj represent the heritage quality of traditional village i and j, respec-
tively. The heritage interactions among traditional villages were assumed to be bidirec-
tional and reciprocally synergistic, rather than merely unidirectional radiation effects; ac-
cordingly, parameter *K* was set to 1 [45].

Additionally, as the study area is mountainous with significant topographic relief,
using only road mileage would overstate the spatial fragmentation between adjacent units
and neglect the influence of historical mountain paths and foot trails. In contrast, straight-
line spatial distances would fail to account for the frictional effects of terrain and road
networks. These two types of distance metrics characterise two completely independent
dimensions of spatial impedance, which are not mutually substitutable; therefore, it was
necessary to construct a composite distance indicator by integrating them [47,48]. Follow-
ing the approach of Miao and Zhao [49], this study adopted the arithmetic mean of
straight-line distance and road distance as the composite distance metric in the gravity
model. This composite distance accounted for both the objective geographical proximity
and the accessibility of the transport network. Notably, a state-level study in Mexico com-
pared the performance of various distance definitions in gravity models and found that
at that geographical scale, the choice of distance definition had no significant effect on the
model’s explanatory power [50]. This finding implies that when different distance
measures do not produce substantial differences in model results, employing a computa-
tionally convenient geometric mean as the composite distance metric is a reasonable ap-
proach.

This paper defines Djas the geometric mean value of the shortest highway mileage
and the straight-line spatial distance between two village nodes. Since internal traffic in
traditional villages in the study area relies predominantly on highway networks, highway
mileage was adopted to characterise the shortest traffic distance between villages. The
shortest highway distances were measured on the Amap platform, and straight-line dis-
tances were extracted via ArcGIS 10.5.

2.2.4. QAP Analysis Method

QAP is specifically designed for the analysis of relational data. Based on permuta-
tions of matrix data, it calculates and compares the lattice values of relational networks
between two matrices, derives correlation coefficients between the matrices, and conducts
non-parametric tests on them; this effectively resolves the problem of multicollinearity
[12,51]. By addressing the endogeneity of relational data, QAP yields more robust results
than parametric methods [12,51]. The QAP method has been proven to exhibit highly rea-
sonable statistical bias and efficiency properties [52]. Traditional Huizhou villages exhib-
ited mutual attraction and agglomeration, forming a stable spatial heritage network. This
study employed the QAP method to investigate the factors influencing the spatial associ-
ation of heritage among traditional Huizhou villages.

Identification of Influencing Factors

Traditional villages are an extremely important and precious part of China’s cultural
heritage. According to the theory of cultural ecosystems, developmental factors such as
nature, society and the economy underpin the survival and development of traditional
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village heritage, forming an indispensable cultural-ecological environment. Under the
combined influence of multiple regional factors, including natural, social, and economic
conditions, Huizhou traditional villages, characterised by clustered clan settlements and
white-washed walls with black tiled roofs, have formed a traditional settlement system
with unique spatial forms and patterns [53]. Changes in any single element will affect the
inheritance of this heritage. Because nature, society, and the economy jointly construct the
cultural ecosystem of traditional village heritage, this study explored the factors influenc-
ing the spatial association of traditional village heritage from these three perspectives.

(1) Natural dimension

The natural dimension encompasses topographic conditions such as terrain, geology,
climate and natural disasters, as well as the ecological environment formed by natural
resources, including mountains, rivers, forests, farmland, and lakes. Elevation is an im-
portant factor affecting the distribution of traditional villages [54]. However, the relation-
ship between elevation and the spatial association of traditional village heritage is unclear.
Thus, elevation was selected as a measurement indicator to construct a difference matrix.
The location of traditional villages is closely associated with river systems, exhibiting a
settlement distribution along watercourses or a directional orientation toward rivers
[20,55]. Accordingly, river systems were selected as a measurement indicator to construct
a difference matrix (Table 2).

Table 2. Influencing factors of the heritage spatial association of Huizhou traditional villages.

Specific Varia- Indicator Explanation or Calculation For-
ble mula

Elevation Elevation

Traditional villages located within 500 m,
500-1000 m, 1000-2000 m, 2000-3000 m, and
beyond 3000 m of river buffers are assigned
scores of 5, 4, 3, 2, and 1 respectively.

Level 1 Level 2

Natural Con-
ditions River System

A higher value indicates more diverse land

use and a higher degree of landscape frag-

mentation. SHDI= — Y, P;InP; where m is

the number of landscape patch types

Natural Di- [56,57].

mension This represents the degree of aggregation or
extension of different patch types in the

Shannon’s Diver-
sity Index

Ecological

landscape. A higher contagion index indi-
Environment

cates that certain dominant patches have
formed good connectivity, while a lower

Contagion Index yalye indicates weak connectivity between

Pi'l Py
patches. CONTAGI+XZ, ¥ 2]1:((m)])

where m is the number of landscape patch
types, and Pij represents the perimeter of
patches [58-60].

Population Den-

sity

Language Cus- Assigned a value of 1 for consistency, 0 for

toms inconsistency.

 Distance to Cen- The straight-line sp'a'tial dis.tance spatial dis-

Accessibility tral City tance between traditional villages and cen-
tral cities.

Population Density

Population
Social Di-
mension
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Total f culti 1
Agriculture  Agriculture otal area of cultivated land and garden

Economic plots within the buffer zone.

Dimension Non-Agricul- . Number of industrial and service POls
Non-Agriculture

ture within the buffer zone.

Regarding the ecological environment, existing studies have reported both dense dis-
tributions of traditional villages in areas with superior ecological conditions and sparse
distributions in ecologically favourable regions [29]. Huizhou traditional villages are sit-
uated according to the ideal settlement pattern of backing onto mountains, facing water,
and enclosed by screening hills, indicating a close relationship between villages and the
ecological environment. Hence, this study examined the spatial association between the
ecological environment and heritage clusters of traditional villages. In combination with
the actual conditions of Huizhou traditional villages and the relevant literature [56-60],
two representative landscape pattern indices—diversity and sprawl—were adopted as
measurement indicators (Table 2).

(2) Social dimension

Sharing a common language enables closer communication and connections among
villagers, making it easier for them to form a shared behavioural culture, including cus-
toms and traditions. The degree of linguistic similarity indicates the closeness of interac-
tions between regions, providing an important indicator for researching the architectural
styles and lineages of different regions [61]. Additionally, linguistic differences contribute
to divergence in the heritage values of traditional villages [62]. Therefore, linguistic dif-
ferences among traditional villages were selected as a measurement indicator.

Central cities exert a strong radiating influence on traditional villages in their regions,
with a close correlation between the two [63]. Accordingly, the distance from traditional
villages to the central city was selected as a metric to construct a dissimilarity matrix. In
this study, central cities were the seats of government of each county-level administrative
division, specifically: Huicheng Town (in Shexian County), Haiyang Town (in Xiuning
County), Qishan Town (in Qimen County), Biyang Town (in Yixian County), Yanghu
Town (in Tunxi District), YanSi Town (in Huizhou District), and Gantang Town (in
Huangshan District). Additionally, population serves as the foundation for the emergence
of settlements and the development of villages, and larger population sizes promote vil-
lage development [54,64]. Thus, a difference matrix was constructed using population
data (Table 2).

(3) Economic dimension

Studies have shown that economically developed regions place greater emphasis on
disseminating and protecting cultural heritage concepts, and that most traditional villages
in China are concentrated in such regions [21]. However, existing research on the relation-
ship between the spatial distribution of traditional villages and economic development
has neglected the heritage-value attributes of traditional villages and the correlation be-
tween economic development and heritage quality. Therefore, this study explored the im-
pact of economic development on the spatial heritage associations of traditional villages.
The economic development of traditional villages is characterised by agriculture, industry,
and service industries. In this study, the agricultural economy of traditional villages was
represented by the total area of cultivated land and garden plots, while the development
of industry and service industries in traditional villages was indicated by the number of
industrial and service POIs (Table 2).
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QAP Analysis

This study employed QAP correlation and regression analyses to determine the fac-
tors influencing the spatial association of Huizhou traditional village heritage. The eleva-
tion (EL), river systems (RS), Shannon’s diversity index (SHDI), contagion index (CON-
TAG), population density (POP), language customs (LANG), distance to central city (CC-
DIS), agriculture (AG), and non-agriculture (NAG) were calculated as differences between
traditional villages, processed by range standardisation and transformed into relational
matrices for each variable to construct their respective difference matrices. The dependent
variable was the heritage spatial association matrix of Huizhou traditional villages.

2.3. Data Sources

Two hundred and seventy-one state-level traditional villages from five batches in
Huangshan City were obtained from the official website of China’s Traditional Villages.
Spatial coordinates were extracted by integrating Google Earth imagery and Baidu Maps,
with the spatial location of each state-level Huizhou traditional village georeferenced at
its geometric centre to establish a spatial distribution database and generate a spatial dis-
tribution map (Figure 2).

The data on the heritage quality of traditional villages were derived from 271 ‘One-
Village-One-File’ dossiers and 271 ‘Conservation and Development Plans’ for traditional
villages. These documents were prepared by design institutes under the oversight of the
Huangshan Municipal Bureau of Housing and Urban—Rural Development, following the
unified standards and protocols established by the Ministry of Housing and Urban—Rural
Development, and had all passed expert review. Quantitative data for indicators C1, C2,
C3, C4, C5, C6, €9, C10, C11, C19, C20, C21, C22, C23, C24, and C25 were obtained directly
from the 271 dossiers and plans. The remaining indicators were scored based on textual
analysis, current condition photographs, satellite imagery, village site selection analysis
maps, natural environment analysis maps, conservation element analysis maps and sur-
vey drawings, as well as floor plans, elevations, sections, detailed architectural construc-
tion photographs, and multiple current condition photographs of each historic building
in the aforementioned documents. This methodological component has been published
previously, with details available in the cited literature [1].

The data sources for factors influencing the heritage spatial association network of
Huizhou traditional villages were as follows. Elevation (EL) was sourced from DEM data
on the Geospatial Data Cloud (http://www.gscloud.cn/) with a spatial resolution of 30 m.
River systems (RS) were derived from Third National Land Survey data and calculated
using ArcGIS 10.5. Population data were obtained from the Seventh National Population
Census. Language customs (LANG) were sourced from the Language Atlas of China. Dis-
tance to central city (CC-DIS) was calculated using ArcGIS 10.5. Agriculture (AG) was
derived from Third National Land Survey data and calculated using ArcGIS 10.5. Non-
agriculture (NAG) was sourced from Amap POI data.

The ecological indicators—Shannon’s diversity index (SHDI) and contagion index
(CONTAG)—are landscape pattern metrics. From a landscape ecology perspective, land
use was classified into seven categories: cultivated land, garden land, forest land, grass-
land, water area, construction land, and other land (Table 3). Based on data from the third
National Land Survey, the landscape patterns of 271 state-level traditional villages in Hui-
zhou were analysed. The selection of buffer zones was based on the following criteria:
they should reflect the interdependence between traditional villages and the natural en-
vironment, capture the diversity and integrity of the landscape elements surrounding the
villages, and maintain the spatial independence of each village sample unit. Based on the
3 km buffer zone adopted in previous studies [65], landscape pattern indices were calcu-
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lated at circular buffer radii of 2, 3, 4, and 5 km. Among these, the 3 km buffer zone exhib-
ited the best performance in characterising landscape heterogeneity and spatial represen-
tation. SHDI and CONTAG were calculated using geographic information systems and
Fragstats 4.2.

Table 3. Land use classification.

Land Type Specific Content
Cultivated Land Paddy fields, irrigated land, dry land
Orchards, tea plantations, other garden plots (for mulberry trees,
medicinal herbs, and other perennial crops)
Arbor woodland, bamboo woodland, shrub woodland, other wood-
Woodland land (including sparse woodland with canopy closure >0.1 and <0.2,
young afforested land, burned-over land, nurseries, etc.)
Grassland with canopy closure < 0.1, having a soil surface and not
used for grazing
River surface, reservoir surface, pond and pit surface, inland tidal

Garden Plot

Grassland

Water Area . .
flats, ditches, water conservancy construction land

Commercial and service land, industrial, mining, commercial and
Construction Land storage land, residential land, public administration and public ser-
vice land, transportation land
Idle land, facility agricultural land, bare land, bare rock and gravel
land, special land

Other Land

3. Results

This study constructed a progressive analytical framework comprising ‘spatial dif-
ferentiation of heritage quality, measurement of heritage association relationships, and
identification of multi-dimensional driving factors’, with these three aspects being hierar-
chically supportive and inseparable. Sections 3.1 and 3.2 of this paper present the heritage
spatial distribution and spatial differentiation analysis of traditional villages, respectively.
These sections examined spatial agglomeration and differentiation patterns to determine
whether associations existed, since heritage association is the key to sustaining the ag-
glomeration of traditional villages. Based on the identified heritage spatial agglomeration
and differentiation, Section 3.3 describes the heritage association strength of Huizhou tra-
ditional villages, presenting the heritage spatial association strength and network visual-
isation. These measurements also served as the dependent variable in the subsequent
QAP analysis. Section 3.4 then describes the introduction of nine natural and human fac-
tors as explanatory variables, and the use of QAP analysis to reveal the influencing factors
of heritage spatial association

3.1. Spatial Distribution Analysis of Heritage Quality Levels of Huizhou Traditional Villages

There were substantial differences in the heritage quality of Huizhou traditional vil-
lages in Huangshan City, as evidenced by a relatively high standard deviation and coeffi-
cient of variation. As a World Heritage site, Hongcun Village had the highest heritage
value of 0.8224, while the lowest was 0.1546 (Table 4). Among the diversity, integrity, and
continuity values, the integrity value (A2) exhibited the largest standard deviation and
coefficient of variation, indicating considerable disparity in the integrity values of Hui-
zhou traditional villages. Among the six dimensions, the integrity of the heritage ontology
(B3) had the largest standard deviation and coefficient of variation, followed by the rela-
tionship between the heritage ontology and the surrounding environment (B4). Moreover,
the mean value of the latter was the lowest among the six dimensions. The natural breaks
method was used to classify the heritage values of Huizhou traditional villages into five
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levels: high-value, relatively high-value, medium-value, relatively low-value, and low-
value. The heritage value quality of traditional villages was found to exhibit spatial ag-
glomeration. Villages with relatively high values and above were mainly concentrated in
Yi County, She County, and Huizhou District. In contrast, villages with relatively low
values and below were primarily distributed on the periphery of the region or around
high-value traditional villages (Figure 5).

Table 4. Statistics on the evaluation results of the heritage value of Huizhou traditional villages.

Proportion of Traditional

.. . A De- ffici .
Minimum Maximum verage . dian Stan.da.rd e- Coe 1.c1¢?nt o Villages Below the Aver-
Value Value Value viation Variation o
age Value (%)
Al 0.0395 0.2440 0.1176 0.1143 0.0398 0.3384 52.40
A2 0.0239 0.3137 0.1148 0.1080 0.0517 0.4503 54.61
A3 0.0448 0.2648 0.1205 0.1176 0.0304 0.2523 53.51
B1 0.0030 0.1676 0.0654 0.0621 0.0315 0.4817 52.77
B2 0.0070 0.0972 0.0523 0.0486 0.0144 0.2753 61.25
B3 0.0021 0.2438 0.0833 0.0813 0.0426 0.5114 54.98
B4 0.0040 0.0744 0.0316 0.0271 0.0153 0.4842 57.20
B5 0.0276 0.2135 0.0795 0.0778 0.0210 0.2642 56.83
B6 0.0001 0.0833 0.0410 0.0437 0.0187 0.4561 48.71
Total 0.1546 0.8224 0.3530 0.3411 0.0976 0.2765 53.87
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Figure 5. Spatial distribution map of heritage quality in Huizhou traditional villages.

3.2. Spatial Differentiation Analysis of Heritage Quality Levels of Huizhou Traditional Villages

To further investigate the spatial distribution of heritage quality in traditional vil-
lages, a grid-based analysis was employed. Based on the grid size selection in previous
studies [29], it was found that using a 1-2 km grid resulted in the number of traditional
villages being too sparse, with many grids containing no heritage samples, while a 4-5
km grid obscured the spatial differentiation pattern of high versus low heritage values.
Through experimentation, a 3 km x 3 km grid was ultimately adopted to examine the
spatial distribution and spatial differentiation of the heritage value of Huizhou traditional
villages. The global Moran’s I results indicated that both Moran’s I and the Z-score were
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positive, with all p-values less than 0.05 (Table 5). This demonstrated a significant positive
spatial correlation in the spatial distribution, as well as pronounced spatial agglomeration
and unbalanced spatial distribution. In other words, traditional village heritage interacts
and interconnects, exhibiting close spatial correlation characteristics.

Table 5. Results of Moran’s 1.

Moran’s 1 p-Value Z-Score

Total Value 0.2664 0.0000 14.6088
Diversity 0.2593 0.0000 14.1987
Integrity 0.2560 0.0000 14.1094
Continuity 0.2627 0.0000 14.3850

Local indicators of spatial association (LISA) clustering and outlier analysis were ap-
plied to further explore the spatial clustering pattern. With significance tested at the 0.05
level, the heritage spatial distribution of traditional villages presented three types of spa-
tial association patterns: high-high (H-H) clustering, low-high (L-H) clustering, and high-
low (H-L) clustering (Figure 6).

B il
3 o
(@ L t
N T A
o4 Sl
< 5
5; : ° > Ki;
048 16 24 32 .
e K 1 3 i
v :
,, 3 i
EMEE g ;
9 S " w L B
CUB . e & =
f o { =
: i !

1:Tunxi District
2:Huizhou District

3:Huangshvan District 6:Qimen County 7:Yi County ‘)\_MJ’\“«J

v~—\//g-\ o 1 ol » Traditional village

(e

e 5 ‘" = y
“\( in CREE_ SRESEEE ok .~ LEGEND
n : 8

WS e NI 55 )’r- Not significant
o 4
4:She County N i,\,‘\ff_’\;-‘—v Il High-High clustering
5:Xiuning County 4

High-Low (H-L) clustering
Il Low-High (L-H) clustering

Figure 6. Spatial clustering pattern of heritage quality of Huizhou traditional villages.

High-high cluster zones (H-H) were areas where both the traditional village heritage
within the zone and that in its surrounding areas were of high value. These H-H clusters
were mainly concentrated in She County, which boasts profound Hui cultural deposits,
and Yi County, the coordinated development zone for urban construction around World
Cultural Heritage sites. In She County, H-H clusters were primarily distributed in Shendu
Town, Bei’an Town, and Qizili Town. This region features dense water networks and
abundant forest resources, with some traditional villages nestled among high mountains
and steep ridges. It contains distinctive traditional villages with Huizhou architectural
complexes of outstanding scientific and artistic value, such as Xucun, the unique
Yangchang Tulou buildings, a marvel of Huizhou-style architecture, and Wan'er Village,
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which is acclaimed as the Potala Palace of Huizhou. Yi County is home to high-value tra-
ditional villages, including the World Cultural Heritage sites of Xidi and Hongcun, as well
as Nanping and Pingshan. Another H-H cluster was located in Huizhou District, repre-
sented by Tangmo, Shuyuan, and Lingshan, among other villages. Notably, Huizhou Dis-
trict was part of She County before 1987 (Figure 6).

High-low cluster zones (H-L) were areas where the heritage value scores of tradi-
tional villages were relatively high, while the scores of the surrounding traditional vil-
lages were extremely low. Spatially, H-L clusters exhibited a scattered distribution,
mainly located on the periphery of Huangshan City (Figure 6).

Low-high cluster zones (L-H) denoted areas where the heritage value score of tradi-
tional villages was significantly lower than that of the surrounding regions. Such zones
were primarily distributed around H-H clusters, with a small number scattered on the

edge of Huangshan City (Figure 6).

3.3. Analysis of Heritage Spatial Association Intensity of Huizhou Traditional Villages

Huizhou traditional villages exhibited significant spatial agglomeration and strong
spatial association. This study adopted a modified gravity model to quantify the intensity
of heritage spatial association among Huizhou traditional villages in Huangshan City. A
total of 271 nodes were included in the heritage spatial network, forming 36,585 associa-
tion relationships. The heritage gravity values varied substantially, ranging from a maxi-
mum of 9895.8097 to a minimum of 0.0135, with prominent numerical disparities. Taking
the average gravity value of 4.2586 as the screening threshold [66,67], 2738 valid spatial
association links were retained across all 271 nodes. Additionally, the natural breakpoint
method was applied to categorise the pairwise spatial correlation intensity of heritage
sites into five levels: high, relatively high, moderate, relatively low, and low (Figure 7).

LEGEND

Low

Moderately low
1:Tunxi District 4:She County Moderate
2:Huizhou District 5:Xiuning County —— Moderately high
3:Huangshvan District ~ 6:Qimen County  7:yi County —— High

Figure 7. Heritage spatial association intensity of Huizhou traditional villages.

The heritage spatial association of Huizhou traditional villages in Huangshan City
exhibited pronounced networked characteristics. However, no distinct growth pole or
core node of heritage spatial association existed in the overall network, and the propor-
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tions of high- and relatively high-level spatial association were relatively low. The herit-
age connections between traditional villages in She County and Huizhou District had
transcended administrative boundaries, forming a densely interconnected agglomeration.
As Huizhou District was under the jurisdiction of She County before 1987, the two regions
have high levels of homogeneity in customs, village styles and features, which has been
the foundation for their strong heritage association. Another area with close heritage con-
nections was in Yi County. Traditional villages in these two regions share strong similar-
ities in heritage value and village characteristics, which is conducive to the implementa-
tion of contiguous protection. In contrast, Qimen County, Xiuning County, and Huang-
shan District are far from the core area of Hui Culture (She County), and Yi County, where
world heritage sites are located, so their traditional village heritage was weakly influenced
by the core area. No significant heritage association existed among Qimen, Xiuning, and
Huangshan Districts. Traditional villages within each region mainly exhibited relatively
low- or low-level heritage spatial connections, with weak overall connections, and most
were on the periphery of the city. Additionally, eight traditional villages were located on
the periphery of the area. They had no connections with other traditional villages and thus
formed isolated traditional villages (Figure 7).

The upper decile of heritage gravity (2.992) was adopted as the threshold, yielding
3659 heritage spatial associations. The results showed that the heritage spatial associations
of Huizhou traditional villages included numerous weak connections and exhibited ex-
tremely high levels of heritage gravity. When different thresholds were applied, the spa-
tial agglomeration pattern of heritage associations among traditional villages within
Huangshan City did not change substantially (Figure 8).
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3:Huangshvan District ~ 6:Qimen County  7:yj County — High

Figure 8. Heritage spatial association intensity of Huizhou traditional villages (the upper decile of

heritage gravity).

3.4. Analysis of Factors Influencing Heritage Spatial Association of Huizhou Traditional Villages
3.4.1. Results of QAP Correlation Analysis

Using Ucinet 6.0 software, 5000 random permutations were performed for the QAP
correlation analysis. The results indicated that elevation (EL), Shannon diversity index
(SHDI), river system (RS), contagion index (CONTAG), population density (POP), linguis-
tic habit (LANG), distance to the central city (CC-DIS), agriculture (AG) and non-agricul-
ture (NAG) are all correlated with the heritage spatial association of Huizhou traditional
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villages. Specifically, smaller differences in elevation, distances to the river system, conta-
gion indices, and distances to the central city, and greater similarity in linguistic habit,
favoured the diffusion and connectivity of traditional village heritage, and promoted
tighter linkages in heritage values. In contrast, larger differences in landscape diversity,
population density, and agricultural and non-agricultural economies tended to enhance
the connections among traditional village heritage (Table 6).

Table 6. Results of the QAP correlation analysis.

Variable Name  Correlation Coefficient Significance Level Standard Deviation

EL (i, j) ~0.150 *** 0.000 0.026

RS (i, j) -0.067 ** 0.012 0.033
SHDI (i, j) 0.315 0.000 0.016
CONTAG (i, j) ~0.296 *** 0.000 0.017
POP (i, j) 0.103 *** 0.000 0.029
LANG (i, j) ~0.627 *** 0.000 0.015
CC-DIS (i, j) —0.372 *** 0.000 0.012
AG (i, j) 0.252 *** 0.000 0.017
NAG (i, j) 0.082 *** 0.003 0.025

Note: “**” and “***” indicate that the coefficients are significant at the 0.05, and 0.01 levels respec-

tively.

3.4.2. Results of QAP Regression Analysis

Based on the results of the QAP correlation analysis, the QAP regression analysis was
conducted. The QAP regression results showed an adjusted R?value of 0.5123, indicating
that the model explained 51.23% of the heritage spatial association network of traditional
villages. The river system variable did not pass the significance test.

The results identified that the heritage spatial association of Huizhou traditional vil-
lages is a complex process shaped by multiple factors. Elevation differences, sprawl dif-
ferences, linguistic habit differences, and distance to the central city all had significant
negative effects on heritage spatial association. In contrast, differences in diversity, popu-
lation, agricultural development, and non-agricultural development showed significant
positive effects. Among these, the standardised coefficient of language was the highest,
followed by distance to the central city (reflecting accessibility) and population density.
This suggests that social conditions play a decisive role in shaping the heritage association
of Huizhou traditional villages. The standardised coefficient of elevation ranked fourth
among natural conditions, indicating that elevation imposes certain constraints on the
spatial association of traditional village heritage. Although the variables representing eco-
nomic forces—agricultural and non-agricultural development—showed significant posi-
tive effects, their coefficients were extremely small. They thus did not dominate the herit-
age spatial association of Huizhou traditional villages (Table 7).

Table 7. Results of the QAP regression analysis.

Variable Name Unstandardised Regression Standardised Regression Significance

Coefficient Coefficient Level

Intercept 4.795 0.000 —
EL 4, j) —0.001 —0.0936 *** 0.000
RS (4, j) 0.000 -0.039 1.000
SHDI (i, j) 0.231 0.0716 *** 0.000
CONTAG (i, j) —0.287 —0.0916 *** 0.000
POP (i, j) 0.001 0.0956 *** 0.000
LANG (i, j) —1.669 —0.5366 *** 0.000
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CC-DIS (i, j) —0.759 -0.2476 *** 0.000
AG(,j) 0.176 0.0566 *** 0.000
NAG (i, j) 0.002 0.0646 *** 0.000

Note: “**” indicate that the coefficients are significant at the 0.01 levels respectively.

To test the robustness of the findings, the gravitational values of traditional village
heritage association were recalculated using both the shortest road distance and the
straight-line distance between traditional villages. The QAP regression analysis was then
repeated. The QAP regression results demonstrated that given the relatively large-scale
spatial association network, different spatial distance measures exhibited robustness. So-
cial conditions, particularly language and the distance to the central city (reflecting acces-
sibility), play a critical role in the heritage spatial association of Huizhou traditional vil-
lages, while economic conditions play only a limited role, and natural conditions exert a
certain constraining effect (Tables 8 and 9).

Table 8. Results of the QAP regression analysis(the shortest road distance).

Variable Name Unstandardised Regression Standardised Regression Significance

Coefficient Coefficient Level

Intercept 3.499 0 -
EL (i, j) —0.331 —0.125 *** 0.000
RS (4, ) 0.000 —0.040 1.000
SHDI (i, j) 0.251 0.080 *** 0.000
CONTAG (i, j) —0.228 —0.075 *** 0.000
POP (i, j) 0.001 0.114 *** 0.000
LANG (, j) —1.480 —0.493 *** 0.000
CC-DIS (i, j) —0.641 —0.216 *** 0.000
AG (i, j) 0.122 0.040 *** 0.001
NAG (i, j) 0.002 0.075 *** 0.000

Note: “***” indicate that the coefficients are significant at the 0.01 levels respectively.

Table 9. Results of the QAP regression analysis(the straight-line distance ).

Variable Name Unstandardised Regression Standardised Regression Significance

Coefficient Coefficient Level

Intercept 6.570 0 -
EL (i, j) —0.249 —0.084 *** 0.000
RS (i, j) 0.000 0.036 1.000
SHDI (i, j) 0.214 0.061 *** 0.000
CONTAG (i, j) —0.356 —0.104 *** 0.000
POP (i, j) 0.001 0.070 *** 0.000
LANG (i, j) —1.849 —0.549 *** 0.000
CC-DIS (i, j) —0.877 —0.263 *** 0.000
AG (i, j) 0.220 0.064 *** 0.000
NAG (i, j) 0.002 0.053 *** 0.000

Note: “***” indicate that the coefficients are significant at the 0.01 levels respectively.

4. Discussion

4.1. Analysis of the Mechanism Influencing the Heritage Spatial Association of Huizhou Tradi-
tional Villages

Although most Huizhou traditional villages are situated near mountains and rivers,
the river system did not pass the significance test, a finding that was markedly at odds
with conventional perceptions. This finding was attributed to the following reasons. The
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streams and small rivers within the Huangshan City area are predominantly mountain-
torrent channels, and the terrain is highly fragmented. Even when villages share the same
water system, the intervening mountains and gorges form natural geographic barriers
that impede daily interactions among riverside settlements. Consequently, the water sys-
tem cannot overcome the mountainous fragmentation to establish a region-wide cultural
bond; instead, it exerts cultural connective effects only within localised small-scale valley
units, and thus fails to drive the heritage spatial associations of Huizhou traditional vil-
lages at the regional scale.

Language is a vital marker of ethnic and sub-ethnic cultures [68]. The smaller the
differences in linguistic habits among traditional villages, the easier it is for villagers to
communicate, leading to smoother and closer inter-village connections and a greater ten-
dency to live together in clans. The degree of linguistic similarity reflects the closeness of
origins and interactions among different regions [69], and strongly favours the dissemi-
nation and integration of traditional customs, traditional crafts, production techniques
and methods, and village landscapes. Huizhou traditional villages, which evolved and
branched out from kinship-based clan organisations, are linguistically rich and have
formed a distinctive Hui dialect. This dialect not only differs greatly from Mandarin in
pronunciation and vocabulary, but also varies across sub-regions. Traditional villages
with more similar linguistic habits and smaller differences are better able to communicate,
foster similar customs and cultures, and facilitate the spread and integration of heritage.
Thus, linguistic habit is a key factor shaping the spatial association of Huizhou traditional
village heritage.

A shorter distance to the central city enhances the latter’s attractiveness and influence
on traditional villages, owing to its advantages in terms of economy and population,
thereby promoting heritage connectivity and diffusion among traditional villages. Popu-
lation is the foundation for the emergence and development of traditional villages. A
higher population density in a traditional village implies a deeper clan foundation, a
longer developmental history, and more complete cultural and folk customs, all of which
are conducive to the dissemination and interconnection of traditional village heritage.

Elevation was closely linked to the heritage spatial association of Huizhou traditional
villages. The terrain of Huangshan City is complex, encompassing Mount Huangshan (a
mixed World Cultural and Natural Heritage site) as well as the Baiji, Qiyun, and Tianmu
mountain ranges, which traverse the entire region. Numerous intermountain basins and
valleys are scattered among the high mountains and ridges, providing natural barriers for
Huizhou traditional villages. Elevation determines the agricultural production patterns of
villages; similar elevations favour the formation of similar agricultural practices, which in
turn influence village size, architectural styles, and traditional customs. A smaller differ-
ence in the contagion index indicates that dominant patches among Huizhou traditional
villages maintain good connectivity, reducing landscape fragmentation. Lower fragmen-
tation means fewer obstacles to heritage association and dissemination, further facilitating
the spread and connection of cultural heritage. The diversity of land use and landscapes
in Huizhou traditional villages can enhance their vitality and influence. Traditional vil-
lages with rich diversity exert strong attraction and radiation effects on those with low
diversity indices, and greater diversity gaps more effectively promote heritage connec-
tions among traditional villages.
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4.2. Policy Implications

4.2.1. Weakening Administrative Boundaries and Implementing Cluster-Oriented
Protection and Utilisation

The heritage quality of Huizhou traditional villages exhibited significant spatial ag-
glomeration, indicating a close association in heritage among them. The constant interac-
tion and connection between different heritages led to the spatial clustering of traditional
villages with similar landscapes and patterns, forming traditional village clusters. These
clusters presented three spatial correlation patterns: high-high clustering (H-H), low-high
clustering (L-H), and high-low clustering (H-L).

An analysis of the heritage association intensity of Huizhou traditional villages re-
vealed that their spatial association has already transcended administrative boundaries.
Therefore, it is necessary to systematically comprehend traditional village heritage at the
regional level and conduct integrated protection from a cluster perspective. Based on her-
itage spatial correlation relationships, a conceptual diagram for the conservation and uti-
lisation of Huizhou traditional villages is proposed, in which traditional village clusters
are divided into a multi-level spatial structure comprising villages, village groups and
cluster domains (Figure 9). This approach transcends administrative boundaries and im-
plements cluster-based conservation and utilisation of traditional village heritage.”

Primary scenic
byway

cluster domain

village group

Secondary
scenic byway

village

Heritage
Spatial
Association

. core traditional village © sub-core traditional villages

@  general traditional villages e isolated traditional villages

Figure 9. Clustered conservation and utilisation model of Huizhou.

Traditional villages within the same village group shared high similarity and close
ties, while different village groups had different, distinct characteristics. Taking village
groups as units, efforts should be made to excavate tangible and intangible cultural herit-
age, exploit the derivative value of heritage, emphasise the characteristic differences
among village groups, and create distinctive cultural IPs. Additionally, policies for the
zoned, graded and classified protection and utilisation of traditional village heritage
should be implemented to improve the efficiency of collaborative protection and utilisa-
tion of heritage resources and promote the cultural heritage inheritance and development
of traditional villages.

4.2.2. Constructing Heritage Scenic Byways for Traditional Villages to Achieve Regional
Collaborative Protection and Utilisation Systems and Practical Heritage Conservation

The QAP analysis indicated that a shorter road distance to the central city signifi-
cantly promotes the connectivity among traditional village heritage. Relevant literature
also suggests that road traffic accessibility can facilitate the holistic conservation and uti-
lisation of traditional villages [70-72]. To enhance the dissemination of traditional village
heritage, a scenic byway policy for Huizhou traditional village heritage is proposed, using
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scenic byways to strengthen the communication and linkages among village clusters, be-
tween individual villages and between villages and the central city (Figure 9). Scenic by-
ways integrate multiple values, including scenery, transportation, recreation, ecology,
and culture, thereby promoting the preservation of the heritage and cultural ecology of a
specific region [73]. These approaches would enable the coordination of historical and
cultural preservation, natural ecosystem balance, and socio-economic development at the
regional level [74,75]. Based on the results of heritage quality assessment and QAP regres-
sion analysis, criteria for determining the alignment of primary and secondary scenic cor-
ridors were proposed. Specifically, these criteria were established based on the existing
road network, taking into account contiguous areas of traditional villages with high her-
itage values, as well as contiguous areas characterised by high linguistic similarity and
strong accessibility to the central city. In conjunction with the region’s terrain, segmented
and differentiated spatial control measures were further proposed for primary and sec-
ondary corridors, dividing them into three sections: the core heritage node section, the
valley transitional connection section, and the mountain buffer conservation section. In
the core heritage node section, high-value traditional villages would serve as the focal
points, with strict control over the architectural style of new constructions and the provi-
sion of supporting facilities for heritage interpretation and folk custom experiences. In the
valley connection section, gentle ancient trails would be utilised to link small and me-
dium-sized villages, preserving the pristine rural landscapes and water-mouth groves
while developing slow-traffic pedestrian branch routes. In the mountain buffer conserva-
tion section, ecological conservation would be prioritised, with restrictions on large-scale
cultural tourism development and the retention of minimal sightseeing trails to minimise
human disturbance. Additionally, taking the primary and secondary scenic corridors as
axes would establish a multi-tiered, outward-radiating heritage protection system com-
prising core areas, intermediate areas, and peripheral areas.

Scenic byways break the traditional isolated ‘point-based” protection and utilisation
pattern of traditional villages and alleviate the weak connections among village groups.
They enable an integrated protection and utilisation model that progresses from ‘nodes’
(individual traditional villages) to ‘routes’ (scenic byways) and then to ‘areas’ (village
groups). This model strengthens both the connections and information flows among tra-
ditional villages and village clusters, establishes a protection and utilisation framework
featuring resource integration and spatial synergy, avoids disorderly competition among
traditional village heritage sites, and preserves the integrity and continuity of heritage.
Simultaneously, exhibitions, exchanges, and immersive activities are used to promote the
deep integration of culture and tourism, providing a concrete pathway for the clustered
and integrated protection and utilisation of traditional village heritage.

5. Conclusions

This study employed systematic analysis and empirical research methods to con-
struct a three-tier progressive analytical framework encompassing ‘spatial differentiation
of heritage quality (attribute layer), construction of the association network (relational
layer), and attribution of influencing factors (mechanism layer)’. This framework was de-
signed to address two salient research gaps: the spatial association characteristics of the
heritage of Huizhou traditional village systems, and the drivers and influences underpin-
ning spatial heritage connections. The following core conclusions were drawn.

(1) The heritage values of Huizhou traditional villages vary considerably. Their spatial
distribution exhibits significant agglomeration as well as three types of correlation
patterns: high-high clustering (H-H), low-high clustering (L-H), and high-low clus-
tering (H-L).
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(2) The spatial association between the heritage of Huizhou traditional villages has bro-
ken through the constraints of administrative boundaries, with a prominent net-
worked characteristic and the formation of clustered development.

(3) The heritage spatial association of Huizhou traditional villages is a complex process
shaped by multiple interacting factors. Social conditions —particularly language and
the distance to the central city, which reflects accessibility —play a critical role in this
spatial association. Natural conditions, including elevation, contagion, and diversity,
exert certain constraining effects, whereas economic conditions contribute only to a
limited extent.

This study revealed the spatial association patterns and networked characteristics of
heritage for Huizhou traditional villages, identified the intensity of various influencing
factors on their heritage associations, and clarified the key drivers for the formation and
development of these spatial associations of heritage. It provides scientific, reliable theo-
retical support, and a practical basis for formulating policies for the coordinated protec-
tion and development of traditional villages, thereby improving the coordinated protec-
tion and efficient utilisation of traditional village heritage resources and promoting the
living inheritance and sustainable development of traditional village heritage culture.

However, this study had some limitations. The heritage spatial association of Hui-
zhou traditional villages is complex and has multiple drivers. This study quantitatively
examined 10 factors selected from three dimensions—natural, social, and economic—that
affect the heritage spatial association of Huizhou traditional villages; other factors were
not considered. Additionally, this paper quantitatively analysed the impacts of natural,
social, and economic factors on the heritage spatial association without considering their
interactive effects; this requires investigation in future research. Heritage corridors can
effectively promote the integrated conservation and cultural transmission of traditional
village heritage. Therefore, the next sstep will be to investigate the scientific construction
of heritage scenic corridors to strengthen the holistic protection and utilisation of Huizhou
traditional villages. To ensure data consistency and maintain the rigour of the study, fu-
ture research will continue to track updates and incorporate the sixth batch of nationally
recognised traditional villages into the research scope, thereby enabling further investiga-
tion into this topic.
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