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Abstract

Traditional villages and intangible cultural heritage (ICH) are interrelated components of
rural heritage landscapes, linking material spatial carriers with living cultural practices.
Yet their spatial matching, mismatch-formation mechanisms, and translation into collab-
orative conservation zoning remain insufficiently understood. Taking Anhui Province,
China, a north—south transitional region, this study examines 836 traditional villages and
685 ICH items at or above the provincial level. We develop a stepwise spatial diagnostic
framework that connects clustering identification, positional and quantity—structure mis-
match diagnosis, corridor and multi-factor association interpretation, and strategy-ori-
ented conservation zoning. The results show that traditional villages form a strong south-
ern Anhui core (83.01%), whereas the officially attributed locations of listed ICH items are
more widely distributed across southern, central, and northern Anhui (43.21%, 26.42%,
and 30.36%). The provincial centroid mismatch distance reaches 160.15 km, and prefec-
ture-level cities are classified into ICH-advantaged, traditional-village-advantaged, and
relatively matched types. Huangshan further demonstrates that positional proximity does
not necessarily imply quantity-structure matching. Mechanism analysis suggests two
scale-dependent association patterns: an environmental preservation pattern for tradi-
tional villages and a social-transmission and institutional-attribution pattern for listed
ICH items. Based on this provincial-scale diagnosis, the study delineates key, secondary,
and general conservation zones as strategy-oriented diagnostic zones and proposes dif-
ferentiated collaborative conservation strategy orientations.

Keywords: traditional villages; intangible cultural heritage; spatial mismatch; collaborative
conservation zoning; optimal-parameters-based geographical detector

1. Introduction

Cultural heritage conservation has increasingly moved beyond the site-oriented pro-
tection of individual assets toward holistic and sustainable cultural landscape conserva-
tion [1-4]. In this context, the relationship between traditional villages and intangible cul-
tural heritage (ICH) has become an important issue in rural heritage studies. Traditional
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villages preserve historical settlement forms, architectural styles, local landscape patterns,
production and living practices, and community memory. ICH, by contrast, refers to liv-
ing cultural expressions transmitted and recreated through the practices of communities,
groups, and individuals [4]. From the perspective of rural landscape heritage conservation,
rural landscapes are shaped by long-term interactions among natural environments,
modes of production, social structures, and cultural values [2]. Cultural landscapes are
therefore not isolated heritage sites, but integrated expressions of relationships among
people, places, social organizations, and ecosystems [3]. Traditional villages and ICH
should thus be understood as interrelated material spatial carriers and living cultural
practices within rural heritage landscapes. Their spatial coupling or mismatch reflects not
only the distribution of heritage resources, but also the preservation conditions, transmis-
sion basis, and collaborative conservation potential of regional cultural resources.

In the Chinese heritage-management context, traditional villages are not simply old
rural settlements [5,6]. They refer to rural settlements formed relatively early, possessing
rich traditional resources and important historical, cultural, scientific, artistic, social, or
economic value, and therefore requiring protection. Official and academic definitions em-
phasize that traditional villages usually retain relatively complete settlement layouts, ver-
nacular architectural forms, traditional site-selection and spatial organization, local land-
scape features, tangible and intangible cultural heritage resources, and continuing com-
munity life. In this study, “traditional villages” refers specifically to listed traditional vil-
lages at or above the provincial level in Anhui Province. The term “traditional” therefore
denotes the integrated continuity of historical settlement form, vernacular architecture,
rural landscape, production and living practices, and community memory, rather than
merely the administrative age or physical size of a village.

This issue also echoes major debates in international heritage theory. UNESCO’s 2003
Convention emphasizes that ICH is not a static cultural object, but a process continuously
practiced, expressed, transmitted, and recreated by communities, groups, and individuals
[4]. Related studies further argue that ICH safeguarding requires attention to processes,
communities, bearers, and transmission conditions rather than only to material objects [7—
10]. At the same time, critiques of the authorized heritage discourse (AHD) warn that her-
itage conservation may marginalize everyday local practices and the production of cul-
tural meanings when it overemphasizes visible and institutionalized material objects [11].
This perspective is directly relevant to the traditional village-ICH mismatch examined in
this study. Traditional villages are more readily identified as bounded heritage spaces
with tangible forms, while ICH is mobile, practice-based, and bearer-dependent. Examin-
ing their spatial relationship can therefore reveal potential disconnections between mate-
rial heritage carriers and living cultural practices.

International heritage theory and practice also suggest that rural heritage conserva-
tion should move beyond visible material spaces or individual cultural resources. It
should consider the relationships among material carriers, cultural practices, community
participation, local knowledge, and regional governance networks [2,7-10]. In China, ru-
ral revitalization, the construction of a culturally strong country, and culture-tourism in-
tegration have further increased the need for integrated conservation. Traditional village
conservation and ICH safeguarding, however, are often managed through separate insti-
tutional systems. This separation may create a gap between material spaces and cultural
practices. Some traditional villages lack sustained cultural activities, while some ICH
items lack stable local spatial carriers. A spatial coordination perspective can help identify
where traditional cultural resources cluster, where mismatch occurs, and where conser-
vation support remains weak. It also supports a shift from single-site protection to inte-
grated conservation, and from static preservation to living transmission.
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A substantial body of research has examined the spatial distribution and influencing
factors of traditional villages. GIS-based spatial analysis, kernel density estimation, acces-
sibility analysis, geographical detectors, and geographically weighted regression have
been used to identify clustering patterns, regional differences, and associated factors.
These studies show that traditional villages often exhibit spatial clustering and regional
differentiation, shaped jointly by natural geographical environments, historical-cultural
foundations, transport accessibility, river-basin patterns, and socio-economic conditions
[12-16]. They provide an important basis for understanding traditional villages as mate-
rial carriers of rural heritage. However, most of this work examines traditional villages as
a single heritage category. The question of whether they are spatially matched with living
cultural practices such as ICH remains underexplored.

Studies on the spatial distribution of ICH have also expanded in recent years. Schol-
ars have examined its clustering patterns, type structure, influencing factors, and cultural-
tourism use. This literature emphasizes that ICH has historical and cultural attributes,
while also being closely connected with population activity, transport links, public cul-
tural services, and tourism development. ICH resources often show spatial imbalance and
clustering, and their distribution is associated with natural environments, historical-cul-
tural foundations, socio-economic development, population activity, and public cultural
services [17-22]. However, most studies relate ICH to cities, tourism, cultural facilities, or
regional economic development. Few compare it directly with traditional villages as ma-
terial spatial carriers of rural heritage.

The rise of collaborative conservation of tangible and intangible heritage has encour-
aged a heritage-system perspective on traditional villages, cultural landscapes, and ICH.
Recent studies have examined spatial association, coupling characteristics, mismatch re-
lationships, and formation mechanisms between traditional villages and ICH at national,
river-basin, and provincial scales [23-27]. The geographical detector and its optimal-pa-
rameters extension also provide methodological support for identifying spatial stratified
heterogeneity and optimizing factor discretization in spatial differentiation analysis
[28,29]. However, three limitations remain. First, many studies focus on spatial association
or coupling, but pay less attention to the distinction between spatial positional mismatch
and quantity-structure mismatch. Second, mismatch identification often remains a general
relationship diagnosis. The roles of water systems, roads, cultural facilities, tourism nodes,
and population activity in mismatch formation are still not fully examined. Third, existing
research rarely translates spatial distribution, mismatch types, and formation mechanisms
into collaborative conservation zoning and strategy pathways for specific city types. This
gap is especially evident in Anhui Province, a north-south transitional region where the
differences among southern, central, and northern Anhui have important implications for
conservation zoning.

Anhui Province provides a representative provincial case for analyzing traditional
village-ICH mismatch and collaborative conservation strategies. It connects China’s east-
ern coastal areas with the central and western regions and spans the north-south transi-
tional zone. Anhui can therefore be regarded as a macro-scale geographical-cultural tran-
sect shaped by natural differentiation, historical-cultural variation, and socio-economic
transformation. Southern Anhui is associated with Huizhou culture, lineage systems, Hui-
style architecture, and mountainous settlement landscapes, and it contains a major tradi-
tional-village core. Central Anhui lies between the Yangtze and Huaihe rivers, with rela-
tively concentrated transport links, urban activities, and public cultural resources. North-
ern Anhui has a strong foundation of population agglomeration and folk culture. These
internal contrasts make Anhui suitable for examining whether material heritage carriers
and living cultural practices are spatially matched within the same provincial heritage
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system. They also provide a useful basis for exploring collaborative conservation zoning
and strategy pathways.

To address these gaps, this study constructs a traditional village-ICH spatial database
for Anhui Province, using heritage resources at or above the provincial level. The analysis
asks four questions.

(1) What spatial distribution patterns do traditional villages and ICH present in Anhui
Province?

(2) Do the two heritage types show mismatch in spatial centroids and quantity struc-
tures, and what are the direction and intensity of this mismatch?

(3) How are river systems, backbone road transport, natural environments, socio-eco-
nomic development, and cultural-tourism conditions spatially associated with their
differentiation and mismatch patterns?

(4) How can spatial distribution, mismatch types, and formation mechanisms be trans-
lated into collaborative conservation zoning and strategies for different city types?

Methodologically, this study does not treat kernel density estimation, centroid anal-
ysis, SMI, buffer-zone analysis, OPGD, and conservation zoning as isolated tools. Instead,
it organizes them into a stepwise diagnostic framework that links spatial pattern identifi-
cation, positional and quantity-structure mismatch diagnosis, mechanism interpretation,
and strategy-oriented zoning. In doing so, the study provides a provincial-scale analytical
pathway for the collaborative conservation of traditional villages and ICH.

2. Materials and Methods
2.1. Study Area

Anhui Province is located in eastern China, on the western side of the Yangtze River
Delta, and serves as an important transitional region connecting China’s eastern coastal
areas with the central and western regions (Figure 1a). It extends approximately from
114°54" E to 119°37' E and from 29°41’ N to 34°38' N, covering an area of about 140,100 km?
and containing 16 prefecture-level cities. Because Anhui spans China’s north—south tran-
sitional zone, it shows marked internal differences in natural environment, land use, his-
torical culture, and socio-economic development. These characteristics make it a repre-
sentative region for analyzing the spatial mismatch between traditional villages and in-
tangible cultural heritage.

In terms of regional structure, Anhui Province can be divided into three geograph-
ical-cultural regions: northern Anhui, central Anhui, and southern Anhui (Figure 1b).
Northern Anhui includes Huaibei, Bozhou, Suzhou, Bengbu, Fuyang, and Huainan. Lo-
cated north of the Huaihe River and in its adjacent areas, this region is dominated by
plains and agricultural production spaces. It is strongly influenced by Central Plains cul-
ture and Huaihe River culture and is characterized by population agglomeration and tra-
ditional folk activities. Central Anhui includes Hefei, Chuzhou, and Lu’an. Situated be-
tween the Yangtze and Huaihe rivers, it forms a transitional zone of north—south physical
geography and cultural exchange, with relatively concentrated transport links, urban ac-
tivities, and public cultural resources. Southern Anhui includes Wuhu, Ma’anshan,
Tongling, Anqging, Chizhou, Xuancheng, and Huangshan. This region is dominated by
mountains, hills, river valleys, basins, and riverine cultural landscapes, and it has favora-
ble conditions for the preservation of traditional settlements. It also contains rich cultural
resources, including Huizhou culture, lineage systems, Hui-style architecture, and tradi-
tional crafts. The Huaihe River segment of the Qinling-Huaihe geographical divide
crosses northern Anhui, further reinforcing the north—south differences in natural envi-
ronment and cultural landscape within the province.
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From the perspective of natural environment and land-use background, the Yangtze
River, Huaihe River, and Xin'an River systems jointly shape the hydrological pattern of
Anhui Province. Rivers, lakes, mountains, and hills have long influenced the siting of tra-
ditional settlements, agricultural production, and regional cultural exchange. The land
use/land cover pattern shows that Anhui is dominated by cropland and forest land.
Cropland is widely distributed in northern and central Anhui, whereas forest land ac-
counts for a higher proportion in the mountainous areas of southern Anhui (Figure 1c).
This geographical structure, consisting of plain agricultural spaces, the Jianghuai transi-
tional zone, and the mountainous cultural landscapes of southern Anhui, provides con-
trasting spatial conditions for material heritage carriers and living cultural practices.
Mountainous areas in southern Anhui provide favorable conditions for settlement preser-
vation, while plains, transitional corridors, and urban networks create broader spaces for
population-based cultural transmission.

Taken together, Anhui Province contains abundant traditional villages and ICH re-
sources and shows significant internal regional differentiation. Taking Anhui as a case
helps examine the spatial relationship between material rural heritage carriers and living
cultural practices within the same provincial heritage system. It also provides a geograph-
ical basis for subsequent spatial mismatch measurement, mismatch-mechanism identifi-
cation, and collaborative conservation strategy formulation.
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Figure 1. Location and geographical background of the study area (Map Approval No.
GS5(2019)1822). (a) Location of Anhui Province in China; (b) administrative divisions, major rivers
and lakes, the Qinling-Huaihe Line, and the three geographical regions of Anhui Province; (c) land
use/land cover pattern of Anhui Province and the proportional composition of major land-use types.

2.2. Data Sources and Preprocessing

This study focuses on traditional villages and intangible cultural heritage items at or
above the provincial level in Anhui Province. We first constructed a traditional village—
ICH spatial database. Traditional village data were collected from the national list of Chi-
nese traditional villages, the Anhui provincial list of traditional villages, and related tra-
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ditional village information platforms [30,31]. After integrating, de-duplicating, and geo-
locating the national and provincial lists, we obtained 836 traditional villages at or above
the provincial level in Anhui Province. ICH data were collected from the China Intangible
Cultural Heritage website, the Anhui provincial representative ICH list, and related offi-
cial materials [32,33]. After sorting, merging, and de-duplicating national and provincial
ICH records, we obtained 685 ICH items at or above the provincial level in Anhui Province.
The official category information of ICH items was retained and standardized during pre-
processing. However, comparable information on village size or morphological type is
not consistently available for all listed traditional villages in the official list data; therefore,
this study uses list status, administrative location, and prefecture-level aggregation as the
main metadata basis for provincial-scale comparison.

Traditional villages have clear spatial-entity attributes and can usually be located rel-
atively accurately using village names and administrative-division information. ICH, by
contrast, is characterized by living transmission, mobility, multiple bearers, and multiple
practice settings, and its spatial extent is often not equivalent to a single fixed location. To
support provincial-scale spatial analysis, this study converted ICH items into point data
according to their declared locations, protection units, places of origin, or main places of
transmission. These points represent the official spatial attribution of listed ICH items ra-
ther than the full spatial extent of everyday ICH practices. For some items, the analytical
coordinates may correspond to reporting institutions, cultural centers, museums, schools,
associations, or county-level administrative locations, while actual transmission activities
may take place in surrounding villages, family workshops, markets, ritual spaces, festivals,
or cross-village community networks. Therefore, the mismatch identified in this study
should be understood as a list-based spatial-attribution mismatch between listed tradi-
tional-village carriers and officially attributed ICH items, not as evidence that ICH prac-
tices are absent from rural communities.

Administrative boundaries, river systems, elevation, climate, socio-economic, cul-
tural, and tourism data were obtained from standard map services, fundamental geo-
graphic information platforms, DEM products, meteorological data products, statistical
yearbooks, statistical bulletins, and government open data [34-38]. Road data were de-
rived from the OpenStreetMap road network [39]. Because OpenStreetMap coverage may
be incomplete for minor roads in rural or remote areas, the OSM-based road data were
interpreted cautiously in this study. We calculated road network density using the full
road vector dataset at the prefecture-level scale and selected road features tagged as high-
way = motorway and highway = trunk to represent backbone transport corridors in the
buffer analysis. Therefore, the road-related results should be understood as indicators of
prefecture-level road-network intensity and regional corridor proximity, rather than as a
complete assessment of village-level rural accessibility. We processed all spatial datasets
in ArcGIS Desktop 10.8.1 and projected them to the CGCS2000 3-degree Gauss-Kriiger
Zone 40 coordinate system. Elevation-related data were referenced to the 1985 National
Height Datum. Projection transformation, spatial correction, topology checking, and at-
tribute joining were then completed [40—42]. Finally, using the 16 prefecture-level cities of
Anhui Province as the basic statistical units, we established a spatial database for kernel
density estimation, center-of-gravity calculation, mismatch index measurement, buffer-
zone analysis, and geographical detector analysis. The data sources, temporal coverage,
and preprocessing procedures are summarized in Table 1.
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Table 1. Data sources, temporal coverage, and preprocessing information used in this study.

Data Type/Variable Data Source and Temporal Coverage Spatial Unit/Preprocessing
Point data; duplicate records removed;

National and Anhui traditional village lists [30,31];
Traditional villages national lists, batches 1-6; latest available Anhui
provincial lists; accessed in 2026

names and administrative units standard-
ized; geocoded and manually checked; ag-
gregated to prefecture-level cities
Point data based on declared location, pro-
tection unit, place of origin, or main place of
transmission; representing the official spa-
tial attribution of listed ICH items rather

than the full spatial extent of everyday ICH

China ICH website and Anhui provincial ICH lists
[32,33]; national lists, batches 1-5; Anhui provincial
lists up to the latest included batch; accessed in 2026

Intangible cultural
heritage (ICH) items
practices; duplicate records removed; cate-

gories and administrative units standard-
ized; aggregated to prefecture-level cities.
Standard map service and national fundamental ge- Prefecture-level polygon data; used for spa-

ographic information data [34,35]; latest available  tial aggregation, centroid calculation, and
version before analysis map production
Raster data; slope derived from DEM; mean

Prefecture-level
boundaries

DEM data [36]; product version and download date

Elevation and slope recorded during data processing

elevation and mean slope calculated for
each prefecture-level city

Provincial WGS84 river-system dataset and national

Key river systems fundamental geographic information data [35]; Vector line/polygon data; projected before

. Anhui river-system data were selected; river fea-  buffer construction; used to calculate river
and river network

densit tures with kind codes 0-3 were used to represent network density and conduct key-river-sys-
Y key river systems for provincial-scale corridor analy- tem buffer analysis

S1S

Meteorological data products or statistical data [37]; Raster, station-based, or prefecture-level
annual or multi-year mean values according to data data; extracted or aggregated to prefecture-
availability level cities

Temperature and
precipitation

GDP, urbanization,
population density,
and tourism reve-

Statistical yearbooks, municipal yearbooks, statisti-
cal bulletins, and government open data [38]; 2023
statistical data, unless otherwise specified

Prefecture-level statistical data; used as so-
cio-economic explanatory variables
nue

Museums, libraries,
cultural centers, and
A-level tourist at-

Statistical yearbooks, bulletins, and government cul- Prefecture-level counts or point data; used
tural and tourism data [38]; same statistical year or  to represent public cultural service and

. latest available list before analysis tourism-resource conditions
tractions

Road network, ex-  OpenStreetMap road network data [39]; full road . .
. Vector line data; projected before buffer

pressways and network used for road network density, and road .
. . construction; used to calculate road network

trunk roads, and  features tagged as highway = motorway and high-

road network den- way = trunk selected to represent backbone
sity transport corridors in the buffer analysis

density and conduct expressway/trunk-road
buffer analysis

2.3. Analytical Framework

This study follows an analytical framework that moves from spatial pattern identifi-
cation and spatial mismatch measurement to mismatch-formation mechanism analysis
and collaborative conservation strategy formulation (Figure 2). The framework treats col-
laborative conservation zoning as an intermediate spatial diagnostic tool that supports
strategy formulation, rather than as an independent step parallel to it.

First, we used kernel density estimation to identify the spatial clustering patterns of
traditional villages and ICH items. This step addresses where the two types of heritage
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cluster in Anhui Province and whether their hotspot areas overlap. Because kernel density
estimation describes clustering patterns but cannot directly evaluate spatial matching, we
then combined the center-of-gravity model, spatial mismatch distance, and spatial mis-
match index (SMI) to diagnose mismatch. The center-of-gravity model and mismatch dis-
tance identify the direction and magnitude of overall spatial displacement between tradi-
tional villages and ICH, whereas the SMI compares prefecture-level city shares to distin-
guish ICH-advantaged, traditional-village-advantaged, and relatively matched areas. To-
gether, these indicators reveal the dual mismatch between traditional villages and ICH in
spatial position and quantity structure.

After diagnosing the mismatch pattern, we further examined its formation mecha-
nisms. We used buffer-zone analysis to compare the proximity of traditional villages and
ICH items to key river systems, expressways, and trunk roads, thereby assessing whether
the two heritage types respond differently to water-system corridors, transport corridors,
and cultural transmission channels. We then used the optimal-parameters-based geo-
graphical detector to compare the spatial consistency and interactions between the natural
environment, socio-economic development, cultural-tourism conditions, and the spatial
differentiation of traditional villages and ICH. We do not interpret geographical detector
results as strict causal effects. Instead, we use this method to compare the relative explan-
atory power of different factors and to understand the differentiated spatial association
logics of the two heritage types.

Finally, we translated the results of spatial pattern identification, mismatch diagnosis,
and mechanism analysis into collaborative conservation strategy formulation. Tradi-
tional-village density and ICH density identify the resource agglomeration basis. Spatial
mismatch distance and SMI type help determine the degree and direction of mismatch.
Buffer-zone analysis and geographical detector results further indicate whether different
cities should prioritize environmental preservation, carrier expansion, network linkage,
or basic protection. On this basis, we delineated collaborative conservation zones for the
16 prefecture-level cities of Anhui Province. In this framework, conservation zoning func-
tions as a spatial diagnostic basis for strategy formulation: it identifies conservation pri-
orities, resource shortcomings, and strategic directions for different cities, and then sup-
ports the proposal of differentiated collaborative conservation strategies.

Data foundation

Traditional village points

ANALYSIS

ICH item points | Administrative boundaries

MEASUREMENT

INTERPRETATION

Natural environment, socio-economic, cultural and tourism data

" APPLICATION 4

Spatial pattern Spatial mismatch Mechanism Strategy
identification measurement analysis formulation
Where do the two heritage How large and what type What factors explain mismatch How can the diagnosis
types cluster? of mismatch exists? formation? guide conservation?
Methods Methods Methods Diagnostic tool
KDE; point distribution; Center-of-gravity model; Buffer-zone analysis; Conservation zoning
hotspot comparison mismatch distance; SMI OPGD (diagnostic basis;
key | secondary | general)
Output Output Output ; cE
Clustering patterns; Positional mismatch; Differentiated spatial Output
hotspot consistency quantity—structure association logics Differentiated strategies
mismatch
Conservation zoning translates the evidence from pattern identification, mismatch measurement, and mechanism analysis into strategy
priorities; it is a diagnostic basis rather than a step parallel to strategy formulation.

Figure 2. Analytical framework of this study. The analysis proceeds from spatial pattern identifica-

tion and spatial mismatch measurement to mismatch-formation mechanism analysis and collabora-
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Traditional
villages
(n =836)

ICH items
(n=685)

tive conservation strategy formulation. Collaborative conservation zoning serves as a spatial diag-
nostic tool that translates evidence from the first three analytical stages into differentiated conser-

vation strategies.

2.4. Spatial Pattern and Mismatch Measurement
2.4.1. Kernel Density Estimation

We used kernel density estimation (KDE) to transform discrete heritage points into con-
tinuous density surfaces and to identify the spatial clustering centers and diffusion trends of
traditional villages and ICH items [43—45]. To ensure comparability between the KDE results
of the two heritage types, we applied the same search radius to both datasets. Because KDE
results are sensitive to bandwidth selection, we conducted a bandwidth sensitivity analysis
by comparing six search radii: 30, 60, 90, 120, 150, and 180 km. For both traditional villages
and ICH items, smaller bandwidths, especially 30 and 60 km, emphasized scattered local
peaks and produced relatively fragmented hotspot patterns. Larger bandwidths, especially
120-180 km, progressively merged adjacent hotspots and over-smoothed regional differences.
By comparison, the 90 km bandwidth retained the main provincial-scale hotspot structure
while avoiding excessive fragmentation and over-smoothing (Appendix A Figures Al and
A2). Therefore, we used 90 km as the KDE search radius for Figure 3.

(a) Traditional villages: point distribution (b) ICH items: point distribution

- 1.0

- 0.8

- 0.6

- 0.4

Relative kernel density

0 100 km 0 100 km - 0.0

® Traditional villages ® [CHitems

(e) Regional proportions of traditional villages and ICH items

15 (1.79%)
127 (15.19%) 694 (83.01%)

20 40 60 80 100
Regional proportion (%)

Northern Anhui Central Anhui ~ ®8  Southern Anhui

Figure 3. Spatial distribution and kernel density patterns of traditional villages and intangible cul-

tural heritage (ICH) in Anhui Province. (a) Point distribution of traditional villages; (b) point distri-
https://doi.org/10.3390/land 15071232
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bution of ICH items; (c) kernel density pattern of traditional villages; (d) kernel density pattern of
ICH items; (e) regional proportions of traditional villages and ICH items in northern, central, and
southern Anhui. Kernel density values were normalized to 0-1 for comparison. Percentages may
not sum to 100% because of rounding.

It should be noted that the KDE results were used mainly as a descriptive tool for
comparing macro-scale spatial clustering patterns across Anhui Province, rather than for
defining micro-scale hotspot boundaries. The subsequent center-of-gravity analysis, spa-
tial mismatch distance, SMI calculation, buffer-zone analysis, and geographical detector
analysis were based on heritage point locations or prefecture-level statistical units, rather
than on KDE density values. Thus, bandwidth selection affects the visual interpretation
of hotspot patterns, but it does not directly determine the mismatch indices or mechanism-
analysis results. The kernel density estimation formula is as follows:

foo =3,k (52) (1)

where f(x) represents the kernel density estimate at location x; n represents the num-
ber of traditional villages or ICH items; h represents the search radius; K represents the
kernel function; and x — x; represents the distance between the estimation location and
the i-th point.

2.4.2. Center-of-Gravity Model and Spatial Mismatch Distance

The center-of-gravity model was used to characterize the overall distribution center
of geographical elements within a region. Measures of centrality, dispersion, and direc-
tionality are important methods for describing the overall spatial distribution of geo-
graphical elements and can be used to compare the overall spatial displacement and clus-
tering differences among different sets of heritage elements [46-48]. This study adopted a
quantity-weighted center-of-gravity model to calculate the spatial centroids of traditional
villages and ICH items at the provincial scale, prefecture-level city scale, and the scale of
the three geographical regions of northern, central, and southern Anhui. By comparing
the centroid locations of the two heritage types, the overall displacement direction be-
tween traditional villages and ICH was revealed. The formula is as follows:

_ Xiz1 SiXi _ i Siyi

, ()
=1 Si =1 Si

X

where X and Y represent the spatial centroid coordinates of traditional villages or ICH
items; x; and y; represent the coordinates of the geometric center of the i-th statistical
unit; S; represents the number of traditional villages or ICH items in the i-th statistical
unit; and nrepresents the number of statistical units included in the calculation. The sta-
tistical units differ according to the analysis scale. At the provincial scale and the scale of
the three geographical regions of northern, central, and southern Anhui, the statistical
units are prefecture-level cities. At the prefecture-level city scale, the statistical units are
lower-level administrative units within each prefecture-level city that are used to aggre-
gate the number of traditional villages and ICH items. The resulting centroids mainly re-
flect the macro-scale spatial distribution trends of traditional villages and ICH items at
different scales, rather than the micro-scale activity ranges of individual heritage points.
To further quantify the degree of spatial displacement between the centroid of tradi-
tional villages and that of ICH, this study introduces spatial mismatch distance. This in-
dicator calculates the distance between the spatial centroids of the two heritage types and
reflects their degree of displacement in the macro-scale spatial pattern [25,46]. A smaller
mismatch distance indicates that the centroids of traditional villages and ICH are closer
and that their spatial matching degree is higher. A larger mismatch distance indicates a
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more obvious spatial displacement and a higher degree of spatial mismatch. The formula
is as follows:

D= R\/(XICH_XTV)Z + (YICH_YTV)Z 3)

where D represents the spatial mismatch distance between traditional villages and ICH
items; Xjcy and Yjcy represent the centroid coordinates of ICH items; Xy and Yry
represent the centroid coordinates of traditional villages; and R is the coefficient used to
convert longitude-latitude coordinates into planar distance. If D = 0, the two centroids
completely overlap; if D > 0, the two heritage types show different degrees of spatial mis-
match. This study calculated the spatial mismatch distance between traditional villages
and ICH at the provincial scale, prefecture-level city scale, and the scale of the three geo-
graphical regions of northern, central, and southern Anhui, in order to reveal differences
in spatial displacement across scales.

2.4.3. Spatial Mismatch Index

Spatial mismatch distance can reflect the displacement between the centroids of tra-
ditional villages and ICH, but it cannot directly reveal whether the quantity structures of
the two heritage types are matched across prefecture-level cities. Therefore, this study
further introduced the spatial mismatch index (SMI) to measure the direction and inten-
sity of mismatch between traditional villages and ICH in each prefecture-level city from
the perspective of differences in their relative shares. It should be noted that this study
does not directly transfer the behavioral choice mechanisms of jobs-housing mismatch
into heritage research. Instead, it draws on the measurement idea of “differences in the
relative shares of different elements within spatial units” from studies of spatial mismatch
and spatial separation [49-51]. For traditional villages and ICH, the SMI is mainly used to
compare the relative share of the same prefecture-level city in the traditional village sys-
tem and the ICH system, thereby identifying structurally mismatched areas where the
relative share of officially attributed listed ICH items is higher than the relative share of
listed traditional villages, or where listed traditional villages are concentrated but offi-
cially attributed ICH items are relatively fewer. Similar relative mismatch or spatial rela-
tionship measurements have been used in studies of the spatial relationship between tra-
ditional villages and ICH. Therefore, this study uses the SMI as a diagnostic tool for pro-
vincial-scale collaborative conservation, rather than as a causal mechanism model
[24,25,27]. The formula is as follows:

M; Vv
ML =|———| X1 4
SMI; (M V) 00 @)

where SMI; represents the spatial mismatch index of the i-th prefecture-level city; M;
represents the number of ICH items in the i-th prefecture-level city; M represents the
total number of ICH items in Anhui Province; V; represents the number of traditional
villages in the i-th prefecture-level city; and V represents the total number of traditional
villages in Anhui Province.

According to the sign and absolute value of the SMI, we classified prefecture-level
cities into three types: ICH-advantaged, traditional-village-advantaged, and relatively
matched. A positive SMI indicates that the share of ICH items in a prefecture-level city is
higher than its share of traditional villages, and the city can therefore be regarded as ICH-
advantaged. A negative SMI indicates that the share of traditional villages is higher than
the share of ICH items, and the city can therefore be regarded as traditional-village-ad-
vantaged.

Following a previous study on the spatial mismatch between traditional villages and
ICH, we used |SMI;| =1 as the threshold for distinguishing obvious from non-obvious
quantity—structure mismatch [25]. Because the SMI is calculated as the difference between
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the relative share of ICH items and the relative share of traditional villages multiplied by
100, one SMI unit corresponds to a one-percentage-point difference between the two pro-
vincial shares. Therefore, cities with |SMI; | <1 were regarded as relatively matched areas,
indicating that the quantity-structure difference between traditional villages and ICH was
not obvious. When |SMI;| > 1, the city was classified as either ICH-advantaged or tradi-
tional-village-advantaged according to the sign of the SMI. The absolute value of the SMI
was used to assist in judging mismatch intensity: a larger absolute value indicates a more
obvious quantity-structure mismatch between traditional villages and ICH in the prefec-
ture-level city. This classification was used as a diagnostic tool for provincial-scale collab-
orative conservation, rather than as a statistical significance test or a causal classification.

2.5. Mismatch Mechanism Analysis
2.5.1. Buffer Analysis

The river-system data were derived from the Anhui river-system dataset selected
from the national fundamental geographic information data [35]. Because this study fo-
cuses on provincial-scale corridor relationships rather than micro-scale hydrological en-
vironments, we selected river features with kind codes 0-3 to represent key river systems.
This selection retains the main rivers and higher-order river corridors that structure An-
hui’s regional hydrological and cultural landscape, while reducing the influence of small
streams, irrigation ditches, and local water bodies that may reflect micro-scale settlement
environments rather than province-wide cultural transmission corridors.

Road data were obtained from OpenStreetMap [39]. OpenStreetMap is a volunteered
geographic information dataset, and its completeness for minor rural roads may vary
across rural and remote areas. To reduce the influence of this uncertainty, this study did
not use the full OpenStreetMap road network to measure local road accessibility in the
buffer analysis. Instead, road features tagged as highway = motorway and highway =
trunk were selected to represent expressways and major trunk-road corridors. In Open-
StreetMap, the highway tag distinguishes roads mainly by function and importance; high-
way = motorway represents the highest-performance road corridors, whereas highway =
trunk represents high-performance or high-importance roads below the motorway level.
Therefore, the road-buffer results should be interpreted as proximity to regional backbone
transport corridors, not as a complete evaluation of village-level rural road accessibility.

After coordinate harmonization and projection transformation, we constructed four
mutually exclusive distance bands from each heritage point to the nearest key river-sys-
tem or expressway/trunk-road element: 0-2 km, 2-5 km, 5-8 km, and greater than 8 km.
These distance bands were set according to the provincial analytical scale, the spatial den-
sity of heritage points, and the need to distinguish immediate, near, extended, and out-
side-corridor relationships while maintaining sufficient sample sizes in each band. These
thresholds were used as diagnostic proximity classes for provincial-scale comparison ra-
ther than as regulatory buffer standards. The 0-2 km band represents immediate corridor
adjacency, the 2-5 km band represents near-corridor proximity, the 5-8 km band repre-
sents an extended corridor-proximity zone, and the greater-than-8 km band represents
areas outside the main corridor-proximity range. Each heritage point was assigned only
to the distance band corresponding to its nearest river-system or road element, thereby
avoiding repeated counting. The resulting proportions were used for descriptive compar-
ison of proximity patterns and were not interpreted as strict causal effects.
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2.5.2. Optimal-Parameter-Based Geographical Detector

The geographical detector was used to identify the main explanatory factors associ-
ated with the spatial differentiation of traditional villages and ICH, and to measure the
relative explanatory power of different factors for spatial distribution differences. Based
on the principle of spatial stratified heterogeneity, this method can compare the con-
sistency between the stratification of explanatory variables and the spatial differentiation
of dependent variables, and can identify multi-factor interactions [28,52]. In this study,
the numbers of traditional villages and ICH items were used as dependent variables, re-
spectively. Twelve explanatory variables were selected from three dimensions: natural
environment, socio-economic development, and cultural-tourism conditions. The variable
system is shown in Table 2.

Table 2. Variables used in the optimal-parameters-based geographical detector analysis.

Code Category Variable Name
Y1 Dependent variable Number of traditional villages
Y2 Dependent variable Number of ICH items
X1 Natural environment Mean elevation
X2 Natural environment Mean slope
X3 Natural environment River network density
X4 Natural environment Mean temperature
X5 Natural environment Precipitation
X6 Socio-economic development Per capita GDP
X7 Socio-economic development Urbanization rate
X8 Socio-economic development Population density
X9 Socio-economic development Road network density
X10 Cultural and tourism conditions Public cultural venues
X11 Cultural and tourism conditions Tourism revenue
X12 Cultural and tourism conditions A-level tourist attractions

Because some explanatory variables are continuous, their discretization methods and
numbers of strata can influence the g-value results of the geographical detector. To reduce
the subjectivity caused by manual classification, this study adopted the optimal-parame-
ters-based geographical detector (OPGD). This method optimizes the discretization pro-
cess of continuous variables by comparing different combinations of discretization meth-
ods and numbers of strata, thereby improving the stability and interpretability of geo-
graphical detector results [29]. Specifically, three discretization methods were used: equal
interval, natural breaks, and quantile classification.

Considering that this study used only 16 prefecture-level cities as statistical units, the
candidate number of strata was limited to 2—4. This setting was adopted to avoid excessive
fragmentation of the sample units and unstable g-values caused by over-discretization.
Two strata can capture a basic high-low differentiation, three strata can represent a low-
medium-high structure, and four strata allow a more refined classification while still
maintaining acceptable sample sizes and spatial interpretability. For each explanatory
variable, g-values were calculated under different combinations of discretization methods
and numbers of strata. Under the premise that each stratum had valid samples and rea-
sonable spatial interpretability, the combination with the highest g-value was selected as
the optimal discretization parameter for that variable. The core indicator of the geograph-
ical detector is the g-value, which is calculated as follows:

L_ N 0.2
_Zh—l h%h (5)

=1
q No?2
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where q represents the spatial consistency and relative explanatory power between an
explanatory factor and the spatial differentiation of traditional villages or ICH, with a
value range of 0-1; Lrepresents the number of strata of the explanatory factor; N, and
a,f represent the sample size and variance of stratum h, respectively; and N and o?
represent the total sample size and overall variance of the study area, respectively. A
larger g-value indicates stronger relative explanatory power of the factor for the spatial
differentiation of traditional villages or ICH.

It should be noted that this study uses the 16 prefecture-level cities of Anhui Province
as statistical units, and the number of sample units is relatively limited. When continuous
variables are divided into more classes, especially four classes, some strata may contain
relatively few samples, which may lead to inflated g-values. Therefore, this study does not
interpret g-values as strict causal effects. Instead, g-values are used as indicators of the
consistency between the stratification of explanatory variables and the spatial differentia-
tion of traditional villages or ICH.

Based on single-factor detection, this study further used interaction detection to an-
alyze changes in explanatory power under the joint effects of different factors. Interaction
detection compares the g-value after the overlay of two factors with the g-values of each
single factor, in order to determine whether the interaction between factors produces en-
hancement, weakening, or nonlinear enhancement. The purpose of using the OPGD in
this study is to compare the relative explanatory power of different factors and their in-
teractions, identify the spatial consistency between natural environment, socio-economic
development, cultural-tourism conditions, and the spatial differentiation of traditional
villages and ICH, and provide a basis for explaining the formation mechanisms of the
spatial mismatch pattern between the two heritage types.

2.6. Conservation Zoning for Strategy Formulation

To translate the spatial distribution, mismatch types, and formation mechanisms of
traditional villages and ICH into a strategy-oriented spatial diagnostic framework, this
study constructed a multi-indicator overlay method for collaborative conservation zoning.
The purpose of this zoning is to identify provincial-scale conservation priorities, resource
shortcomings, and possible strategy orientations, rather than to produce statutory conser-
vation plans or directly implementable project schemes. First, using prefecture-level cities
as statistical units, traditional-village density and ICH density were derived from the city-
level counts of traditional villages and ICH items, respectively, to represent the spatial
agglomeration degree of the two types of heritage resources. In this section, “density”
refers to the city-level concentration of listed heritage resources, operationalized as the
number of traditional villages or ICH items in each prefecture-level city and classified
using the natural breaks method, rather than as an area-normalized density per square
kilometre. Second, based on the center-of-gravity model, the mismatch distance between
the centroids of traditional villages and ICH in each prefecture-level city was calculated
to represent the spatial positional displacement between the two heritage types. Third,
SMI types were used to identify whether each prefecture-level city was ICH-advantaged,
traditional-village-advantaged, or relatively matched, thereby representing the quantity—
structure relationship between the two heritage types.

During the zoning process, traditional-village density, ICH density, and spatial mis-
match distance were each classified into high, medium, and low levels using the natural
breaks method, and assigned scores of 3, 2, and 1, respectively. For SMI types, ICH-ad-
vantaged and traditional-village-advantaged cities indicate quantity—structure imbalance
and were assigned a score of 3, whereas relatively matched cities indicate small differ-
ences in quantity structure and were assigned a score of 0. It should be noted that the SMI-
type score was mainly used to identify whether an obvious quantity-structure imbalance
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existed, rather than to further distinguish the intensity of mismatch. The four scores were
summed to form the collaborative conservation priority score, calculated as follows:

P; = Sty + Sicu,i + Sp,i + Ssmi (6)

where P; represents the collaborative conservation priority score of the i-th prefecture-
level city; Stvi, Sicuir Spi and Ssyy; represent the scores of traditional-village density,
ICH density, spatial mismatch distance, and SMI type, respectively. The comprehensive
scores were then classified into key conservation zones, secondary conservation zones,
and general conservation zones using the natural breaks method.

The zoning results do not replace administrative management units, nor do they rep-
resent a ranking of heritage value. They should be understood as a provincial-scale spatial
diagnostic and prioritization tool. The scoring system uses comparable spatial indicators,
including traditional-village density, ICH density, spatial mismatch distance, and SMI
type. Implementation-related factors, such as local fiscal capacity, administrative support,
existing safeguarding programs, the endangerment status of specific ICH items, the num-
ber and age structure of representative bearers, community willingness, land-use con-
straints, and county- or township-level planning conditions, were not included in the
quantitative scoring because they are project-specific and are not consistently available for
all cities. These factors should be used as feasibility filters when the zoning results are
translated into local conservation actions.

In addition to the above quantitative indicators, this study further used the three ge-
ographical-cultural regions of northern, central, and southern Anhui as regional back-
ground factors for conservation zoning. These geographical-cultural regions were not di-
rectly included in the quantitative scoring of conservation levels, but were used to inter-
pret and verify the zoning results and to provide a regional basis for subsequent differen-
tiated strategy formulation.

3. Results

For clarity, numerical results in this section follow this rounding convention: counts
are reported as integers, percentages and mismatch distances are rounded to two decimal
places, SMI values are reported to four decimal places where needed, and OPGD g-values
are displayed to two decimal places.

3.1. Spatial Distribution Patterns

Traditional villages and ICH items in Anhui Province both show pronounced clus-
tered distributions, but their clustering centers, diffusion ranges, and regional structures
differ substantially (Figure 3). Traditional village points show a high degree of concentra-
tion and are mainly clustered in the mountainous and hilly areas of southern Anhui, es-
pecially in Huangshan and its surrounding areas, with extensions toward Xuancheng,
Chizhou, and Anqing. By contrast, traditional village points are much sparser in northern
and central Anhui, with only scattered distributions in Lu’an, northern Anging, and the
hilly areas of the Jianghuai region.

In terms of regional proportions, the concentration of traditional villages in southern
Anbhui is particularly prominent. Among the 836 traditional villages at or above the pro-
vincial level in Anhui Province, 694 are located in southern Anhui, accounting for 83.01%;
127 are located in central Anhui, accounting for 15.19%; and only 15 are located in north-
ern Anhui, accounting for 1.79%. This indicates that the spatial pattern of traditional vil-
lages in Anhui Province is strongly concentrated in southern Anhui, which is closely re-
lated to the mountainous and hilly environment, Huizhou cultural traditions, historical
settlement preservation conditions, and relatively intact rural landscape patterns of the
region.
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The officially attributed locations of listed ICH items are more dispersed. Among the
685 ICH items at or above the provincial level in Anhui Province, 296 are officially at-
tributed to southern Anhui, accounting for 43.21%; 181 are officially attributed to central
Anhui, accounting for 26.42%; and 208 are officially attributed to northern Anhui, account-
ing for 30.36%. Compared with listed traditional villages, the officially attributed locations
of listed ICH items still show a certain degree of clustering in southern Anhui, especially
in Huangshan, Xuancheng, Chizhou, and Wuhu, but they are also widely distributed in
central and northern Anhui. Cities such as Hefei, Fuyang, Bozhou, Suzhou, Huaibei, and
Huainan also show relatively high numbers of officially attributed ICH points. This sug-
gests that the spatial pattern of ICH is not simply anchored in material heritage spaces
such as traditional villages. Rather, it may reflect the combined influence of population
agglomeration, public cultural services, transport connections, festival and folk activities,
local cultural transmission networks, and institutional safeguarding or reporting condi-
tions.

The kernel density results further reinforce these differences. The high-density areas
of traditional villages are highly concentrated in southern Anhui, forming a single-center
or strong-core clustering pattern centered on Huangshan. In contrast, the kernel density
pattern of ICH shows broader multi-regional diffusion, including high-density areas in
southern Anhui as well as extensions toward central and northern Anhui. Overall, tradi-
tional villages and ICH do not form completely overlapping spatial patterns. Areas with
dense listed traditional villages do not necessarily correspond to officially attributed ICH
clusters of the same intensity, and areas with higher numbers of officially listed ICH items
do not necessarily have corresponding numbers of listed traditional-village carriers. This
result should be interpreted as a mismatch between two list-based heritage systems, ra-
ther than as a complete representation of all everyday ICH practice spaces. This provides
the basis for the subsequent measurement of spatial mismatch.

3.2. Centroid Shift and Mismatch Distance

The spatial centroid results show that traditional villages and ICH items in Anhui
Province exhibit a clear spatial displacement at the provincial scale (Figure 4). The cen-
troid of traditional villages is strongly biased toward southern Anhui, whereas the cen-
troid of ICH is relatively biased toward central and northern Anhui. The provincial cen-
troid mismatch distance between the two heritage types is 160.15 km, indicating that tra-
ditional villages and ICH are not simply superimposed within Anhui Province, but in-
stead show significant macro-scale spatial differentiation.

Among the three geographical regions, central Anhui has the largest centroid mis-
match distance between traditional villages and ICH, reaching 70.22 km. Southern Anhui
follows, with a mismatch distance of 50.94 km, while northern Anhui has the smallest
distance, at 20.63 km. The large mismatch distance in central Anhui indicates that, as a
transitional zone between the Yangtze and Huaihe rivers, the region has more pro-
nounced internal differences in the spatial anchoring conditions of traditional villages and
ICH items. In southern Anhui, although both traditional villages and ICH items are rela-
tively abundant, traditional villages are more concentrated in Huangshan and surround-
ing mountainous villages, whereas ICH items are relatively dispersed across multiple cit-
ies and cultural nodes. Therefore, an obvious centroid shift remains. In northern Anhui,
the number of traditional villages is small and ICH items are more widely distributed, but
the centroid distance between the two is relatively small. This suggests that the two types
of resources are relatively close in macro-scale spatial location within this region, although
their quantity structures are not necessarily matched.

Mismatch distances at the prefecture-level city scale further reveal intra-city differ-
ences. Huainan has the largest mismatch distance, at 57.65 km, followed by Lu’an at 50.74
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(a) Provincial-level centroid shift
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km and Ma’anshan at 38.28 km, all showing strong intra-city centroid shifts. Bengbu, Chu-
zhou, Chizhou, Fuyang, Bozhou, and Huaibei show medium-level mismatch distances of
29.81 km, 29.65 km, 29.57 km, 29.00 km, 26.27 km, and 26.02 km, respectively. By contrast,
Hefei, Xuancheng, Anging, Wuhu, and Suzhou have relatively small mismatch distances
of 20.67 km, 20.61 km, 20.12 km, 19.77 km, and 18.14 km, respectively. Huangshan and
Tongling have the smallest mismatch distances, at 7.84 km and 6.01 km, respectively, in-
dicating that the centroids of traditional villages and ICH within these two cities are rela-
tively close.

Overall, the centroid results indicate a macro-scale positional mismatch between the
two list-based heritage systems. The 160.15 km provincial mismatch distance is mainly
shaped by the strong southward pull of the Huangshan—southern Anhui traditional-vil-
lage core, whereas the officially attributed locations of listed ICH items are relatively more
dispersed across central and northern Anhui. City-level mismatch distances further show
that positional proximity varies across cities and should be interpreted together with the
SMI-based quantity-structure mismatch results.

(b) Three geographical regions (c) Prefecture-level city scale
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Figure 4. Spatial centroid shift and mismatch distance between traditional villages and ICH items
in Anhui Province. (a) Provincial-level centroid shift; (b) mismatch distance among the three geo-
graphical regions; (c) mismatch distance at the prefecture-level city scale. Blue circles indicate tradi-
tional-village centroids, orange triangles indicate ICH centroids, and dashed lines indicate centroid

mismatch distances. In panels (b,c), darker shading indicates larger mismatch distances.

3.3. SMI-Based Mismatch Types

Spatial centroids and mismatch distances can reveal the positional displacement be-
tween traditional villages and ICH, but they cannot directly indicate whether the quanti-
tative shares of each prefecture-level city within the two heritage systems are matched.
Therefore, this study further uses the SMI to identify quantity—structure mismatch types
between traditional villages and ICH across prefecture-level cities (Figure 5).

In terms of SMI ranking, Hefei, Bozhou, Fuyang, and Suzhou show the most obvious
ICH-advantaged mismatch, with SMI values of 7.9199, 7.4047, 6.2105, and 5.0953, respec-
tively. This indicates that the relative shares of these cities in the provincial ICH system
are higher than their relative shares in the traditional village system. They are therefore
characterized by higher shares of officially attributed listed ICH items, but lower shares
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of listed traditional-village carriers. Huainan, Ma’anshan, Chuzhou, Wuhu, Bengbu, and
Huaibei also show varying degrees of ICH-advantaged mismatch, with SMI values of
3.9680, 3.8220, 3.6619, 3.5545, 3.3840, and 2.5081, respectively. It should be noted that an
ICH-advantaged SMI type does not mean that rural communities or traditional villages
in these cities lack living ICH practices. The SMI measures the difference between a city’s
share of officially listed ICH items and its share of listed traditional villages. Therefore, a
positive SMI may reflect both the relative abundance of listed ICH items and the institu-
tional attribution of ICH coordinates to county seats, cultural centers, museums, schools,
associations, or other safeguarding units. This is particularly relevant for some northern
and central Anhui cities, where officially attributed ICH points may be located in urban
or county-level institutions, while actual practices may extend into surrounding villages,
markets, festivals, family workshops, and community networks.

By contrast, Huangshan shows an exceptionally strong traditional-village-advan-
taged mismatch, with an SMI value of —42.8988, far lower than that of other cities. This
result is consistent with the high concentration of traditional villages in Huangshan, indi-
cating that Huangshan occupies a very large share of the provincial traditional village
system, while its share of ICH items does not reach the same level. Xuancheng and Chi-
zhou also show traditional-village-advantaged mismatch, with SMI values of -3.1801 and
—2.0270, respectively. This suggests that some cities in southern Anhui have abundant tra-
ditional village resources, but the relative share of ICH items is not sufficient to fully
match their traditional village advantage. This extreme SMI value is particularly im-
portant because Huangshan has one of the smallest intra-city mismatch distances. In other
words, traditional villages and ICH are spatially close within Huangshan, but their rela-
tive shares in the two provincial heritage systems are highly unbalanced. Huangshan
therefore represents a typical case in which positional proximity and quantity—structure
matching diverge from each other.

In addition, Anqing and Lu’an have SMI values very close to zero, at 0.0817 and
-0.4315, respectively, indicating that their relative shares in the traditional-village system
and the ICH system differ only slightly. Tongling also falls within the relatively matched
threshold, with an SMI value of 0.9267, but it is close to the |SMIil =1 boundary. Therefore,
this study interprets Tongling as a borderline relatively matched city, rather than as a
strongly matched case. These relatively matched cities do not necessarily have equal num-
bers of traditional villages and ICH items; rather, their relative shares in the two provincial
heritage systems are relatively close.

Overall, the SMI results complement the centroid analysis by revealing quantity—
structure mismatch. Northern and central Anhui cities are mainly ICH-advantaged,
Huangshan, Chizhou, and Xuancheng are traditional-village-advantaged, and Anging,
Lu’an, and Tongling are relatively matched. These results confirm that positional proxim-
ity and quantity—structure matching are two separate dimensions of the traditional vil-
lage-ICH mismatch.
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Figure 5. Spatial mismatch index and mismatch types between traditional villages and intangible

cultural heritage (ICH) across prefecture-level cities in Anhui Province.

3.4. Mismatch-Formation Mechanisms

After identifying the spatial distribution patterns, centroid mismatch, and quantity—
structure mismatch between traditional villages and ICH, this study further analyzes the
formation mechanisms of their spatial mismatch from two perspectives: corridor proxim-
ity and multi-factor spatial explanation. The first perspective uses buffer-zone analysis of
key river systems and expressways/trunk roads to compare the basic spatial proximity
between the two heritage types and linear corridors. The second perspective applies the
optimal-parameters-based geographical detector (OPGD) to identify explanatory factors
and interactions related to natural environment, socio-economic development, and cul-
tural-tourism conditions, thereby further explaining the multi-factor spatial background
of mismatch formation.

3.4.1. Buffer-Zone Analysis

The buffer-zone results show clear differences in the proximity of traditional villages
and ICH items to key river systems and expressways/trunk roads (Figure 6). For key river-
system buffers, 237 traditional villages are located within the 0-2 km zone, accounting for
28.35%; 78 are located within the 2-5 km zone, accounting for 9.33%; 75 are located within
the 5-8 km zone, accounting for 8.97%; and 446 are located beyond 8 km, accounting for
53.35%. Overall, 390 traditional villages are distributed within 8 km of key river systems,
accounting for 46.65%. This result indicates that traditional villages have a certain spatial
proximity relationship with key river systems. However, more than half of the traditional
villages are still located more than 8 km away from key river systems, suggesting that the
distribution of traditional villages does not simply follow a river-proximity clustering pat-
tern.

By contrast, ICH items show a stronger near-river distribution pattern. Among ICH
items, 321 are located within the 0-2 km zone, accounting for 46.86%; 82 are located within
the 2-5 km zone, accounting for 11.97%; 37 are located within the 5-8 km zone, accounting
for 5.40%; and 245 are located beyond 8 km, accounting for 35.77%. A total of 440 ICH
items are located within 8 km of key river systems, accounting for 64.23%. Compared with
traditional villages, ICH items have a much higher proportion in the 0-2 km near-distance
buffer zone, indicating a stronger spatial proximity relationship with key river systems.
This result suggests that, in Anhui Province, rivers may function as natural hydrological

https://doi.org/10.3390/land 15071232



Land 2026, 15, 1232

20 of 34

elements as well as corridors of historical transport, commercial exchange, folk activities,
festival spaces, and regional cultural transmission.

For expressway and trunk-road buffers, 283 traditional villages are located within
the 0-2 km zone, accounting for 33.85%; 198 are located within the 2-5 km zone, account-
ing for 23.68%; 140 are located within the 5-8 km zone, accounting for 16.75%; and 215 are
located beyond 8 km, accounting for 25.72%. Overall, 621 traditional villages are located
within 8 km of expressways and trunk roads, accounting for 74.28%. This result indicates
a relatively strong spatial proximity relationship between traditional villages and back-
bone transport corridors. However, approximately one-quarter of traditional villages re-
main more than 8 km away from backbone roads, reflecting the continued influence of
mountainous and hilly environments, historical settlement patterns, and regional devel-
opment processes on traditional village preservation.
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Figure 6. Buffer-zone analysis of heritage points in relation to key river systems and backbone roads
in Anhui Province. (a) Buffer zones of key river systems and the distribution of traditional villages
and ICH items; (b) buffer zones of expressways and trunk roads and the distribution of traditional
villages and ICH items; (c) proportions of traditional villages and ICH items in different river buffer

zones; (d) proportions of traditional villages and ICH items in different road buffer zones.

The proximity of ICH items to expressways and trunk roads is even more pro-
nounced. Among ICH items, 344 are located within the 0-2 km zone, accounting for
50.22%; 175 are located within the 2-5 km zone, accounting for 25.55%; 83 are located
within the 5-8 km zone, accounting for 12.12%; and 83 are located beyond 8 km, account-
ing for 12.12%. Overall, 602 ICH items are located within 8 km of expressways and trunk
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roads, accounting for 87.88%. Compared with traditional villages, ICH items have a
higher proportion in the 0-2 km near-distance buffer zone and a lower proportion beyond
8 km. This indicates that ICH items have stronger spatial proximity to backbone transport
corridors and may reflect their relationship with transport-based transmission networks.

3.4.2. OPGD Results

Building on the buffer-zone analysis, the OPGD was further used to examine the spa-
tial consistency between natural environmental, socioeconomic, and cultural-tourism con-
ditions and the spatial differentiation of the two heritage types. Traditional villages and
ICH items exhibit different g-value profiles (Figure 7).

(a) Traditional villages (b) ICH items
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Figure 7. g-values of explanatory factors calculated using the optimal-parameters-based geograph-
ical detector for traditional villages and intangible cultural heritage (ICH) in Anhui Province. (a) g¢-
values for traditional villages; (b) g-values for ICH items. The g-values are rounded to two decimal
places for visualization. They indicate the spatial stratified consistency between explanatory factors
and the distribution of heritage items under the current analytical scale and discretization scheme,

and should not be interpreted as causal effects.

For traditional villages, mean slope, mean elevation, and road network density form
the top-ranked group, with all g-values exceeding 0.97. These near-unity values should be
interpreted cautiously. Given the small sample of 16 prefecture-level cities and the opti-
mized discretization procedure, they may partly reflect artifacts associated with small
stratum sizes and very low within-stratum variance. They therefore do not indicate that
these factors almost completely determine the distribution of traditional villages, nor
should the small numerical differences among them be interpreted as a precise or gener-
ally applicable ranking. Rather, they indicate a very high degree of spatial consistency
under the current prefecture-level analytical scale and the selected discretization schemes.

The high spatial consistency of this group may also be related to the marked concen-
tration of traditional villages in Huangshan and other southern Anhui cities, where moun-
tainous terrain, Huizhou cultural landscapes, and favorable conditions for historical-set-
tlement preservation overlap spatially. Population density, the number of A-level tourist
attractions, mean temperature, and the number of public cultural venues form a second
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group, with g-values ranging from approximately 0.43 to 0.50. River network density, per
capita GDP, urbanization rate, tourism revenue, and precipitation rank lower, indicating
comparatively weaker single-factor spatial consistency with the prefecture-level distribu-
tion of traditional villages.

Road network density represents city-wide road-network intensity at the prefecture-
level scale, whereas the expressway/trunk-road buffer analysis measures the nearest-dis-
tance relationship between individual heritage points and backbone transport corridors.
The two indicators therefore capture different dimensions of transport conditions. Conse-
quently, the high relative ranking of road network density for traditional villages is not
inconsistent with the higher proportion of ICH items located within the near-distance
buffers of backbone roads.

For ICH items, the number of A-level tourist attractions ranks first, with a g-value
above 0.70. Mean elevation, the number of public cultural venues, mean slope, and road
network density form a second high-ranking group, with g-values concentrated between
approximately 0.56 and 0.58. Population density occupies an intermediate position,
whereas tourism revenue, river network density, and urbanization rate have g-values of
approximately 0.28-0.29. Per capita GDP, precipitation, and mean temperature show com-
paratively weak single-factor spatial consistency.

Relative to the traditional-village factor profile, ICH items show stronger spatial con-
sistency with A-level tourist attractions and public cultural venues. Together with the
buffer-zone results, which reveal stronger proximity of ICH items to key river systems
and backbone transport corridors, this pattern is consistent with the interpretation that
ICH, as a set of living cultural practices, is closely connected with tourism nodes, public
cultural spaces, and wider cultural transmission networks.

The interaction detector results further show that the joint stratification of factor pairs
generally corresponds more closely with the spatial differentiation of both heritage types
than the stratification of individual factors, mainly in the forms of bivariate enhancement
and nonlinear enhancement (Figure 8). For traditional villages, high-q interaction combi-
nations mostly involve geomorphological conditions, transport conditions, and cultural-
tourism resources. These combinations are consistent with the spatial co-occurrence of
mountainous environments, historical-settlement preservation, transport connections,
and tourism-resource conditions. For ICH items, high-q interaction combinations more
frequently involve public cultural venues, tourism nodes, population activity, and
transport networks. These patterns are consistent with the combined roles of historical-
cultural foundations, modern public cultural services, and social transmission networks.
Because interaction detection identifies enhancement in statistical spatial consistency ra-
ther than causal interaction effects, these results should also be interpreted within the pre-
fecture-level analytical scale and the adopted discretization schemes.
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Figure 8. Interaction detector results based on optimal discretization parameters for traditional vil-
lages and intangible cultural heritage (ICH) in Anhui Province. (a) Interaction detector results for
traditional villages. (b) Interaction detector results for ICH items. The g-statistic values in the cells
are rounded to two decimal places. B indicates bivariate enhancement and N indicates nonlinear
enhancement; the interaction types indicate enhancement in spatial stratified consistency after fac-
tor overlay, rather than causal interaction effects.

Opverall, the combined buffer-zone and OPGD results support two differentiated and
scale-dependent spatial association patterns at the prefecture-level city scale. Traditional
villages show stronger spatial consistency with geomorphological conditions and the re-
gional cultural-landscape structure of the Huangshan—southern Anhui traditional-village
core, corresponding to an environmental preservation pattern. The officially attributed lo-
cations of listed ICH items, by contrast, show stronger proximity or spatial consistency
with river corridors, backbone transport connections, tourism nodes, public cultural ven-
ues, and cultural transmission networks, corresponding to a social-transmission and in-
stitutional-attribution pattern at the prefecture-level scale. These patterns summarize the
observed spatial associations under the current data, analytical scale, and discretization
settings and should not be interpreted as strict causal mechanisms or city-independent
general laws. Nevertheless, they provide an interpretive basis for understanding the spa-
tial mismatch between traditional villages and ICH and for identifying subsequent collab-
orative conservation zones and differentiated strategy orientations.

3.5. Conservation Zoning and Strategy Orientation

To transform spatial patterns, mismatch types, and formation mechanisms into strat-
egy-oriented diagnostic zones, this study identified collaborative conservation zones for
the 16 prefecture-level cities of Anhui Province based on traditional-village density, ICH
density, spatial mismatch distance, and SMI type (Figure 9). These four indicators served
as the direct scoring variables: traditional-village density and ICH density represent the
resource agglomeration basis of material heritage carriers and living cultural practices,
respectively; spatial mismatch distance reflects centroid displacement; and SMI type iden-
tifies the quantity—structure relationship between the two heritage systems. The mecha-
nism-analysis results in Section 3.4 were not assigned independent scores, in order to
avoid double counting, but were used to interpret the zoning results and refine strategy
orientations. Specifically, the environmental preservation logic of traditional villages and
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the social transmission logic of ICH support four strategy directions: environmental
preservation and embedded transmission, carrier expansion, network linkage and func-
tional supplementation, and basic protection and dynamic monitoring. After overlaying
the three geographical-cultural regions of northern, central, and southern Anhui, the zon-
ing results capture differences in resource density and mismatch intensity, together with
the north—south natural-cultural gradient and regional governance needs within Anhui
Province.

It should be emphasized that the zoning results are not final implementation plans
for individual cities. Rather, they provide a provincial-scale spatial diagnosis of where
collaborative conservation pressure, resource imbalance, and strategic priority may be
more prominent. In practice, the proposed strategy orientations need to be further ad-
justed through local fiscal assessment, administrative coordination, ICH endangerment
evaluation, bearer-network investigation, community consultation, county-level planning,
and site-specific feasibility assessment.
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Figure 9. Collaborative conservation zoning based on traditional-village density, ICH density, mis-
match distance, and SMI type. (a) Traditional-village density; (b) ICH density; (c) mismatch distance;
(d) SMI mismatch type; (e) collaborative conservation zoning; (f) classification table of conservation

zones.

In terms of traditional-village density, Huangshan is classified as a high-density area,
while Tongling, Anqing, Chizhou, and Xuancheng are classified as medium-density areas.
The remaining cities have relatively low traditional-village density. This indicates that the
spatial carriers of traditional villages in Anhui Province are mainly concentrated in south-
ern Anhui and some cities along the Yangtze River. In terms of ICH density, Huangshan
is also classified as a high-density area, while Hefei, Wuhu, Huainan, Ma’anshan, Huaibei,
Tongling, Bozhou, and Xuancheng are classified as medium-density areas. This indicates
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that ICH resources are not completely attached to high-density traditional village areas,
but are distributed to varying degrees across northern, central, and southern Anhui. In
terms of spatial mismatch distance, Huainan and Lu’an are classified as high-mismatch-
distance cities; Bengbu, Ma’anshan, Huaibei, Chuzhou, Fuyang, Bozhou, and Chizhou are
classified as medium-mismatch-distance cities; and Hefei, Wuhu, Tongling, Anging,
Huangshan, Suzhou, and Xuancheng have relatively low mismatch distances. In combi-
nation with SMI types, Hefei, Wuhu, Bengbu, Huainan, Ma’anshan, Huaibei, Chuzhou,
Fuyang, Suzhou, and Bozhou are classified as ICH-advantaged; Huangshan, Chizhou,
and Xuancheng are classified as traditional-village-advantaged; and Tongling, Anqing,
and Lu’an are classified as relatively matched.

Based on these indicators, this study divides the collaborative conservation of tradi-
tional villages and ICH in Anhui Province into key conservation zones, secondary conser-
vation zones, and general conservation zones. It should be emphasized that these three
types of zones do not represent a hierarchy of heritage value. Instead, they reflect conser-
vation priorities formed according to differences in resource density, mismatch degree,
and governance needs. Key conservation zones emphasize resource integration and tar-
geted intervention; secondary conservation zones emphasize network linkage and func-
tional supplementation; and general conservation zones emphasize basic protection and
dynamic monitoring.

First, at the strategy-orientation level, key conservation zones may prioritize “tar-
geted intervention and key integration”. Huangshan and Huainan represent two different
key-zone pathways. Huangshan combines high traditional-village and ICH density with
low positional mismatch, but its strongly negative SMI indicates that listed traditional
villages still dominate the provincial quantity structure. Its strategy orientation is there-
fore embedded transmission: Huizhou craftsmanship, opera, rituals, food culture, and
festival activities can be integrated into ancestral halls, ancient dwellings, streets, and vil-
lage public spaces. Huainan, by contrast, has low traditional-village density, medium ICH
density, high mismatch distance, and an ICH-advantaged type. Its strategy orientation is
carrier expansion and spatial reconnection: the Huaihe cultural corridor, cultural centers,
museums, township cultural stations, community spaces, ordinary villages, historical dis-
tricts, and traditional markets can serve as supplementary carriers for ICH display, edu-
cation, and transmission.

Second, secondary conservation zones may emphasize “network linkage and func-
tional supplementation”. These zones include Hefei, Wuhu, Bengbu, Ma’anshan, Huaibei,
Chuzhou, Fuyang, Bozhou, Chizhou, and Xuancheng. These cities are not the areas with
the highest concentration of heritage resources or the most prominent mismatch, but they
have strong coordination value in terms of resource foundation, mismatch distance, SMI
type, and regional linkage potential. Therefore, secondary conservation zones should not
adopt strong single-site intervention. Instead, they should enhance the spatial connections
between traditional villages and ICH through functional supplementation and network
linkage.

Third, general conservation zones may emphasize “basic protection and dynamic
monitoring”. These zones include Tongling, Anqing, Suzhou, and Lu’an. Their priority is
not large-scale intervention, but resource inventory, transmission recording, community
participation, and continuous monitoring. Tongling and Anging may maintain existing
relatively matched resource patterns and moderately embed ICH activities into traditional
village spaces. Suzhou may strengthen grassroots ICH surveys and township-level trans-
mission spaces. Lu’an, despite being relatively matched in quantity structure, should pay
attention to intra-city spatial connection because of its high mismatch distance, especially
through Dabie Mountain culture, educational tourism, and community development.
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Overall, the three zoning types should be understood as differentiated diagnostic
priorities rather than implementation plans. Key zones emphasize targeted integration,
secondary zones emphasize network linkage, and general zones emphasize baseline pro-
tection and monitoring. The zoning translates mismatch diagnosis into strategy orienta-
tions, but local application still requires feasibility assessment and adaptive adjustment.

4. Discussion
4.1. Theoretical Implications

In recent years, research on the relationship between traditional villages and ICH has
gradually shifted from the parallel protection of separate resources to the analysis of spa-
tial relationships and collaborative conservation. Existing studies at national, river-basin,
and provincial scales have shown that traditional villages and ICH are not simply super-
imposed, but instead present varying degrees of spatial association, spatial differentiation,
and mismatch [24-27,53]. Building on these studies, this study contributes by distinguish-
ing positional mismatch from quantity—structure mismatch. This distinction shows that
spatial proximity does not necessarily mean structural matching, and that collaborative
conservation should examine the relationships among listed spatial carriers, living cul-
tural practices, and governance mechanisms rather than only the coexistence of two her-
itage categories.

Taken together, the spatial distribution, centroid shift, SMI results, buffer-zone anal-
ysis, and OPGD results suggest that the spatial mismatch between traditional villages and
ICH can be interpreted through two differentiated spatial association patterns. Traditional
villages tend to align with an environmental preservation pattern. Their distribution is
highly associated with terrain, geomorphology, historical settlement patterns, and spatial
preservation conditions, especially in the mountainous and hilly areas of southern Anhui
and the Huizhou cultural region. Complex terrain, relatively stable settlement patterns,
and deep historical-cultural accumulation provide an important spatial basis for tradi-
tional village preservation. ICH, by contrast, shows a transmission-oriented pattern. Its
distribution is associated with historical-cultural foundations, population activity,
transport connections, cultural venues, tourism nodes, and public cultural service net-
works. Buffer-zone results show that ICH items have higher proportions near key river
systems and expressways/trunk roads than traditional villages. The geographical detector
results also indicate stronger spatial consistency between ICH and cultural venues, tour-
ism nodes, and population activity. These findings suggest that the continuity of ICH re-
quires community interaction, festival activities, public spaces, display platforms, and
transmission networks.

This comparison should be interpreted within a clear analytical boundary. The “en-
vironmental preservation logic” and “social transmission logic” proposed here are not
intended to be strict causal laws derived from the OPGD results alone. They are scale-
dependent interpretive patterns supported jointly by the spatial distribution, centroid
shift, SMI types, buffer-zone results, and OPGD results. In particular, the very high g-
values for traditional villages are partly associated with the use of prefecture-level city
counts as dependent variables and with the strong concentration of traditional villages in
Huangshan and the broader southern Anhui region. Huangshan therefore plays a struc-
turally influential role in the provincial mismatch pattern: it pulls the traditional-village
centroid southward, produces an extremely negative SMI value, and magnifies the spatial
consistency between traditional villages and mountainous Huizhou cultural landscapes.
Rather than treating Huangshan simply as a statistical outlier, this study interprets it as a
key case that reveals how a highly concentrated material heritage core can reshape prov-
ince-wide mismatch patterns.
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The interaction detector results further indicate that multi-factor coupling is an im-
portant spatial explanatory mechanism for the formation of traditional village-ICH mis-
match. For both traditional villages and ICH, the g-values of two-factor interactions are
higher than those of the corresponding single factors, mainly showing bivariate enhance-
ment and nonlinear enhancement. For traditional villages, high-explanatory-power com-
binations mostly involve terrain, climate, transport, and cultural-tourism resources, indi-
cating that their spatial pattern is grounded in natural environment and historical preser-
vation conditions, but is not completely determined by natural factors alone. For ICH,
high-explanatory-power combinations more often involve population density, cultural
venues, tourist attractions, and transport networks, suggesting that its spatial pattern is
more closely associated with social activity and cultural transmission networks. Com-
pared with studies that only identify a single dominant factor, this study places greater
emphasis on the explanatory role of multi-factor interactions in the spatial mismatch be-
tween traditional villages and ICH.

From the perspective of international heritage theory, the “environmental preserva-
tion logic—social transmission logic” proposed in this study can also be placed in dialogue
with UNESCQO'’s 2003 Convention for the Safeguarding of the Intangible Cultural Heritage
and the ICOMOS-IFLA Principles Concerning Rural Landscapes as Heritage. The
UNESCO 2003 Convention emphasizes that ICH is not an isolated cultural item, but a
living cultural expression transmitted and recreated through the continuous practices of
communities, groups, and individuals [4]. The ICOMOS-IFLA rural landscape principles
emphasize that rural landscapes are the result of long-term interactions among natural
environments, land use, social structures, modes of production, and cultural meanings [2].
Therefore, although the Anhui case has the specificity of a Chinese provincial context and
the Huizhou-Jianghuai-Huaihe cultural gradient, the mismatch it reveals between “ma-
terial heritage spaces” and “living cultural practice spaces” can also provide a compara-
tive perspective for other regions with clear geographical-cultural gradients and diverse
heritage resources. Furthermore, studies on community participation, value negotiation,
and creative transmission in ICH safeguarding also show that the core of ICH safeguard-
ing is not the preservation of fixed objects, but the continuous production of bearers, social
relations, and practice settings [54,55].

The findings of this study can also be further explained through the lens of author-
ized heritage discourse (AHD) [9]. Traditional villages have relatively clear spatial bound-
aries, material forms, and visible landscapes, making them easier to incorporate into in-
stitutionalized conservation systems such as list-based designation, spatial control, archi-
tectural restoration, and tourism display. ICH, however, is characterized by mobility,
practice-based transmission, and multiple bearers. Its actual transmission spaces are often
embedded in festivals, market exchange, family workshops, community rituals, and eve-
ryday life, and are therefore difficult to fully capture through a single location or admin-
istrative boundary. Accordingly, the spatial mismatch between traditional villages and
ICH arises from the combined effects of natural environmental and socio-economic factors,
as well as from differences between material heritage spaces and living cultural practices
in identification methods, conservation objects, and governance tools. If heritage govern-
ance relies excessively on visible material boundaries and list-based heritage objects, it
may reinforce the protection of traditional villages as “heritage spaces to be viewed”,
while relatively weakening the community-based and everyday nature of ICH as “cul-
tural practices to be participated in”.

This theoretical understanding also provides a basis for the collaborative conserva-
tion zoning identified later in this study, which is based on traditional-village density,
ICH density, spatial mismatch distance, and SMI type. It also supports the proposal of
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differentiated strategies, including embedded transmission, carrier expansion, network
linkage, basic protection, and dynamic monitoring.

4.2. Practical Implications and Strategy Dialogue

The collaborative conservation zoning and strategy pathways proposed in this study
need to be understood in relation to existing research on traditional village conservation,
ICH safeguarding, and rural landscape heritage management. Existing national-scale re-
search on the relationship between traditional villages and ICH has pointed out that sys-
tematic spatial mismatch exists between the two, and that conservation strategies should
shift from single-resource management toward cultural-space reconstruction, dynamic
protection networks, and regionally differentiated governance [24]. Related studies at
river-basin and provincial scales have also emphasized that the collaborative conservation
of traditional villages and ICH should formulate differentiated pathways by integrating
natural environments, transport networks, cultural venues, population activity, and re-
gional cultural foundations [25-27,53]. Compared with these studies, this study goes be-
yond macro-level governance suggestions at national or river-basin scales. It overlays tra-
ditional-village density, ICH density, centroid mismatch distance, and SMI type at the
scale of 16 prefecture-level cities to form key conservation zones, secondary conservation
zones, and general conservation zones. This enhances the spatial specificity and opera-
tional applicability of the proposed strategies.

From the perspective of domestic research on the spatial distribution of ICH, existing
studies have often proposed conservation and utilization recommendations based on the
clustering patterns, socio-economic conditions, historical-cultural foundations, and cul-
ture—tourism integration potential of ICH resources. For example, Zhang et al. [56] ana-
lyzed the spatial distribution and influencing factors of ICH resources at the national scale,
emphasizing that ICH distribution is closely related to economic development, historical-
cultural resources, and social factors, and arguing that such findings should support ICH
safeguarding, culture-tourism integration, and regional sustainable development. Xu et
al. [57], taking Anhui Province as a case, constructed a tourism potential matrix based on
the matching relationship between ICH tourism resources and historical-cultural city re-
sources, in order to identify the cultural-tourism transformation capacity of different cities.
Compared with these studies, the strategies proposed in this study do not take tourism
potential or ICH resource abundance as the only basis. Instead, they further incorporate
traditional villages as material spatial carriers of rural heritage, focusing on whether ICH
resources have spatial carriers, whether traditional village spaces contain living cultural
content, and whether the two are mismatched within cities. Therefore, the conservation
zoning proposed in this study places greater emphasis on the collaborative relationship
between traditional villages and ICH, rather than on the development potential of a single
type of cultural resource.

International cases further support this logic. Bali’s Subak system shows that living
heritage depends on the linkage among material landscapes, irrigation networks, commu-
nity cooperation, and ritual practices [58]. Noto’s Satoyama and Satoumi demonstrates
the importance of integrating agriculture, local knowledge, festivals, and community co-
management [59]. Cinque Terre shows that traditional settlement conservation may
weaken when landscape maintenance and community participation are separated from
everyday practices [60]. These cases collectively support the strategies of network linkage,
basic monitoring, and embedded transmission proposed in this study.

Therefore, the strategies proposed in this study both correspond to and supplement
existing domestic and international research. On the one hand, this study continues the
basic ideas of traditional village revitalization, ICH transmission, community participa-
tion, culture-tourism integration, and regionally differentiated conservation. On the other
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hand, its contribution lies in placing the two types of heritage within a unified spatial
diagnostic framework. By jointly using traditional-village density, ICH density, centroid
mismatch distance, and SMI type as zoning indicators, and by using mismatch-formation
mechanisms as interpretive evidence for strategy orientation, this study identifies conser-
vation priority areas and translates strategies into specific city types. Compared with
macro-level policy recommendations or single-site heritage experiences, this approach is
more helpful for identifying differentiated issues, such as “listed traditional-village con-
centration but insufficient ICH embedding”, “higher shares of officially attributed listed
ICH items but insufficient listed traditional-village carriers”, and “medium-level resource
foundations but strong potential for network linkage”. Nevertheless, the zoning and strat-
egy orientations proposed in this study remain based on provincial-scale spatial diagnosis.
Their practical implementation requires further refinement through county-level plan-
ning, local fiscal capacity assessment, administrative resource evaluation, interdepart-
mental coordination, existing safeguarding programs, the endangerment status of specific
ICH items, the number and age structure of representative bearers, community willing-
ness and participation, land-use constraints, and site-specific feasibility assessment.
Therefore, the zoning results should be used as a decision-support reference for collabo-
rative conservation, rather than as directly executable conservation plans.

4.3. Limitations and Future Research

This study still has several limitations. First, converting ICH into point data is a nec-
essary prerequisite for provincial-scale spatial analysis, but it may also introduce spatial-
attribution bias. Unlike traditional villages, which have relatively fixed locations and
clearer spatial entity attributes, ICH practices are often transmitted through mobile, multi-
sited, and bearer-based networks. In official list data, however, some ICH items are spa-
tially attributed to declared locations, protection units, cultural centers, museums, associ-
ations, schools, or county-level administrative locations. As a result, some ICH points may
represent institutional safeguarding locations rather than all actual practice sites. This
may overestimate the concentration of ICH in cities or county seats with stronger report-
ing and cultural-service capacity, while underestimating dispersed rural practices, family
workshops, market networks, festival routes, and cross-village transmission spaces.
Therefore, the ICH-advantaged, traditional-village-advantaged, and relatively matched
types identified in this study should be interpreted as relationships between listed tradi-
tional-village carriers and officially attributed listed ICH items, rather than as a complete
representation of the relationship between all rural settlements and all living ICH prac-
tices. Future research could further distinguish place-anchored and mobile ICH types by
combining official list data with project descriptions, protection-unit information, bearer
interviews, community mapping, and field surveys.

Second, this study uses prefecture-level cities as the basic statistical units for the ge-
ographical detector, resulting in a limited number of samples. Although the OPGD can
reduce the influence of subjective classification, a small sample size and optimal stratifi-
cation may lead to relatively high g-values for some variables. Future research could re-
construct sample units at county, township, or village scales to examine whether the rank-
ing of dominant factors and interaction relationships remains stable. It could also limit the
number of discretization classes for continuous variables and compare the results with
those of the OPGD to improve the robustness of mechanism interpretation.

Third, the collaborative conservation zoning proposed in this study is based mainly
on provincial-scale spatial indicators, including traditional-village density, ICH density,
spatial mismatch distance, and SMI type. It does not incorporate all implementation con-
straints, such as local fiscal capacity, administrative staffing, existing project funding, ICH
endangerment levels, the number and age structure of bearers, community participation,
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land-use control, and county- or township-level planning arrangements. Therefore, the
key, secondary, and general conservation zones should be interpreted as spatial diagnos-
tic priorities rather than directly implementable planning schemes. Future research could
integrate spatial diagnosis with project-level heritage assessment, bearer surveys, com-
munity consultation, and local fiscal and governance data to improve the feasibility of
collaborative conservation planning.

Fourth, this study mainly identifies the spatial mismatch between traditional villages
and ICH at the provincial scale, but it does not deeply examine bearers, activity processes,
and local cultural practices within specific communities. Future research could combine
field surveys, oral interviews, activity trajectory data, and multi-period list data to further
reveal the dynamic relationship between traditional village spaces and ICH practices.

5. Conclusions

Taking 836 traditional villages and 685 ICH items at or above the provincial level in
Anhui Province as research objects, this study constructs a stepwise spatial diagnostic
framework to analyze the spatial distribution, mismatch characteristics, and spatial ex-
planatory factors of traditional villages and ICH. The results show that both heritage types
present clustered distributions, but their clustering centers and regional structures differ
markedly. Traditional villages form a pronounced southern Anhui core, whereas the offi-
cially attributed locations of listed ICH items are more widely distributed across southern,
central, and northern Anhui.

The mismatch between the two systems is reflected in both centroid displacement
and quantity—structure difference. The 160.15 km provincial mismatch distance indicates
macro-scale positional separation, while SMI types reveal ICH-advantaged, traditional-
village-advantaged, and relatively matched cities. Huangshan shows that positional prox-
imity does not necessarily imply quantity-structure matching.

Mechanistic analysis suggests differentiated association patterns. Traditional villages
are more closely related to terrain, settlement preservation, and regional cultural land-
scape conditions, whereas the officially attributed locations of listed ICH items are more
closely associated with cultural venues, tourism nodes, population activity, transport con-
nections, transmission networks, and institutional attribution conditions. These patterns
are scale-dependent associations rather than causal laws.

Based on traditional-village density, ICH density, mismatch distance, and SMI type,
the study delineates key, secondary, and general conservation zones as provincial-scale
diagnostic references. The corresponding strategy orientations —targeted integration, net-
work linkage, and basic monitoring —should be further adjusted according to local fiscal
capacity, administrative resources, ICH endangerment status, bearer networks, commu-
nity participation, and implementation feasibility.
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Appendix A

Traditional villages
(2) h=30 km (b) h =60 km (c) h =90 km
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Figure Al. Bandwidth sensitivity analysis of KDE for traditional villages. Panels (a—f) show KDE
results using search radii of 30, 60, 90, 120, 150, and 180 km, respectively. Bandwidths below 90 km
emphasize scattered local clusters, whereas bandwidths above 90 km progressively merge the
southern hotspot into a broad smoothed surface. The red frame marks the selected bandwidth used
in Figure 3 (h =90 km). Kernel density values were normalized to 0-1 for comparison. Dots indicate
traditional-village point locations used for KDE.
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ICH items
(a) h=30 km (b) h=60 km (¢) h=90 km

- 1.0

- 0.8

N

=
Relative kernel density

= 0.0

Figure A2. Bandwidth sensitivity analysis of KDE for ICH items. Panels (a—f) show KDE results
using search radii of 30, 60, 90, 120, 150, and 180 km, respectively. Bandwidths below 90 km produce
fragmented local peaks, whereas bandwidths above 90 km over-smooth the multi-center distribu-
tion of ICH items. The red frame marks the selected bandwidth used in Figure 3 (h =90 km). Kernel

density values were normalized to 0-1 for comparison. Dots indicate ICH item point locations used

for KDE.
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