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Abstract

As a multi-ethnic border region of China, Xinjiang hosts revolutionary cultural tourism
resources (RCTRs) that embody historical memory and the spirit of frontier reclamation,
while also playing a strategic role in strengthening national identity and maintaining
regional stability. Yet, their spatial distribution is highly uneven due to geographical,
historical, and socio-economic constraints. This study analyzes 135 representative sites
using a dual framework of spatial pattern analysis and driving mechanism quantification.
Nearest neighbor index, imbalance index, Lorenz curve, geographic concentration index,
kernel density estimation, and hotspot analysis results reveal a clustered “multi-core—
peripheral attenuation” pattern with pronounced regional disparities. GIS-based overlay
analysis identifies natural thresholds of moderate elevation (834-2865 m) and gentle slopes
(0-8.65°), while socio-economic factors such as transportation corridors and population
density amplify clustering effects. Geographic Detector results confirm road network
density (q = 0.85, p < 0.01) and historical site density (q = 0.79, p < 0.01) as dominant
drivers, with interactions between natural and social factors enhancing explanatory power
above 0.90. These findings highlight the coupled influence of topographic suitability and
socio-economic accessibility. Policy recommendations include optimizing road network
layouts, adopting tiered heritage protection, and fostering cross-regional cooperation. The
study provides scientific evidence for balanced development and sustainable conservation
of RCTRs, contributing to the achievement of sustainable development goals (SDGs) related
to cultural heritage, regional equity, and inclusive growth.

Keywords: Xinjiang; revolutionary cultural tourism resources; spatial differentiation;
Lorenz curve; Geographic Detector; driving mechanisms

1. Introduction

Revolutionary cultural tourism resources (RCTRs), as vital carriers of revolutionary
history and the transmission of collective memory, have become an important topic within
global heritage tourism research [1]. While the term “revolutionary cultural tourism” has
no strict equivalent in the international academic context—due to political and cultural
differences—there exist mature theoretical frameworks concerning heritage tourism, politi-
cal tourism, and places of memory [2,3]. For example, Smith demonstrated that the overlap
between World War II campaign routes and transportation networks largely determined
the density and clustering of heritage sites in Europe [4]. Similarly, Jones proposed a
three-dimensional model that integrates cultural identity, educational functions, and eco-
nomic transformation, highlighting the multiple values of heritage [5]. In China, academic
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exploration of revolutionary cultural tourism began in the early 2000s and entered a phase
of rapid development with the implementation of the 2004-2010 National Revolutionary
Cultural Tourism Development Plan [6]. Research has evolved from simple resource sur-
veys and value assessments to more theoretical and refined academic discussions [7-9].
Scholars employing Geographic Information System (GIS) technology have revealed that
resources in traditional revolutionary bases such as Jinggangshan and Yan’an follow a
“core—periphery” structure, shaped by historical events, transportation accessibility, and
policy guidance [10]; Calderon-Fajardo [3] showed that RCTRs across China exhibit distinc-
tive spatial patterns characterized by clustered aggregation and axial extension. Lin [11]
further used the Geographic Detector model to show that five dimensions—natural environ-
ment, social environment, economic environment, tourism development level, and policy
context—jointly shape the spatial differentiation of resources in Guizhou Province. Overall,
international studies tend to emphasize socio-political and cultural drivers, suggesting that
the formation of tourism spaces reflects the interplay of power, memory, and identity [12].
Domestic research, by contrast, often uses a multifactor model where endogenous attributes,
economic growth, policy interventions, and social conditions are the main drivers [13,14].

Xinjiang, China’s largest provincial region and a multi-ethnic frontier bordering sev-
eral countries, holds RCTRs with unique historical and contemporary significance [15].
From the Eighth Route Army’s offices to the legacy of the Xinjiang Production and Con-
struction Corps, and from the Xiaobaiyang Outpost to the Khunjerab Border Company,
these resources record both China’s revolutionary history and frontier development [16].
They embody the “Xinjiang Spirit” of patriotism, unity, diligence, mutual support, and
openness, playing an irreplaceable role in strengthening national identity and safeguarding
territorial stability [17]. As a strategic initiative aligned with Sustainable Development
Goals (SDGs), particularly SDG 8 (decent work and economic growth), SDG 10 (reduced
inequalities), and SDG 11 (sustainable cities and communities), the development of RCTRs
in Xinjiang contributes to regional sustainability through cultural preservation and equi-
table resource distribution. In recent years, revolutionary cultural tourism has risen to a
national cultural initiative, and the development and preservation of Xinjiang’s resources
have drawn increasing scholarly and practical attention [18]. However, their spatial dis-
tribution remains highly uneven due to geographical constraints, historical legacies, and
socio-economic disparities. Systematic regional-scale analyses are still scarce, particularly
concerning the coupled mechanisms of natural environments and social conditions. For
instance, sites in northern Xinjiang are closely tied to reclamation history and cluster in
cities such as Shihezi and Karamay. In contrast, southern Xinjiang’s resources are more
dispersed, focusing on frontier governance and ethnic liberation in areas like Kashgar
and Hotan. In eastern Xinjiang, Hami retains relics of the West Route Army, reflecting
its location along the ancient Silk Road [19,20]. These spatial variations influence the ef-
fectiveness of cultural transmission and also constrain integrated tourism development.
Nevertheless, previous studies still have notable shortcomings. Most have concentrated on
traditional revolutionary bases in central and eastern China, leaving frontier regions such
as Xinjiang underexplored [19,21]. In addition, existing work often isolates either natural
or socio-economic factors rather than examining their coupled effects. Finally, many analy-
ses remain descriptive, lacking systematic quantification and spatially explicit evidence.
Addressing these limitations is essential to advancing both theoretical understanding and
practical strategies for RCTR development.

In summary, whether viewed through international heritage studies, domestic rev-
olutionary cultural tourism research, or the limited existing work on Xinjiang, there is
a clear need to investigate the spatial differentiation and driving mechanisms of these
resources. To address this gap, this study examines 135 sites across Xinjiang using field
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investigations and GIS-based spatial analyses. Kernel density estimation is employed to
reveal clustering patterns, while natural, historical, and socio-economic dimensions are
analyzed with the Geographic Detector to identify driving forces. By uncovering the factors
shaping the spatial structure of these resources, the study contributes both to cultural
geography scholarship and to policy recommendations for balanced development and
sustainable conservation.

2. Materials and Methods
2.1. Study Area

The Xinjiang Uygur Autonomous Region is located in northwestern China, at the core
of the Eurasian continent (Figure 1) [22]. It borders Gansu and Qinghai provinces to the
east and the Tibet Autonomous Region to the south, and shares international boundaries
with eight countries—including Kazakhstan and Kyrgyzstan—to the west, and Mongolia
to the north [23]. With a land border stretching over 5600 km, Xinjiang is China’s largest
provincial-level administrative region, covering an area of 1.6649 million km? (approxi-
mately one-sixth of the national territory) [24]. It is also the province with the longest land
boundary and the highest number of neighboring countries. Administratively, Xinjiang
consists of 14 prefecture-level divisions (including 4 prefecture-level cities, 5 regions, and
5 autonomous prefectures), along with 10 divisions of the Xinjiang Production and Con-
struction Corps (XPCC), such as the First Division Aral City, the Sixth Division Wujiaqu
City, and the Eighth Division Shihezi City [18]. This dual governance structure of “local
administrative units + XPCC divisions” not only reflects the historical tradition of frontier
governance but also provides a unique institutional and social foundation for the formation
and distribution of RCTRs [25].
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Figure 1. Geographic location and land use of the study area. All maps have been reviewed and
approved under map review number: GS (2024) 0650.

As a key hub of the northern, central, and southern routes of the ancient Silk Road,
Xinjiang has long served as a crossroads of Central Plains, Western Regions, Central Asian,
and West Asian cultures since Zhang Qian’s envoy missions to the Western Regions dur-
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ing the Han Dynasty [26]. Over time, a multi-ethnic settlement pattern emerged, with
Uyghur, Han, Kazakh, Hui, and 55 other ethnic groups coexisting and intermingling [27].
Their long-term interaction has created a cultural system characterized by both frontier
distinctiveness and multicultural diversity [28]. This unique geographical position and
historical trajectory have endowed Xinjiang with a rich heritage of historical and cultural
sites, while also nurturing diverse RCTRs [29]. These resources encompass eight cate-
gories, including revolutionary relics, memorial halls, former residences, and symbolic
landmarks, which together underpin three relatively mature tourism routes: “Reclamation
and Frontier Defense,” “Inheritance of Revolutionary Spirit,” and the “West Route Army in
Xinjiang.” These routes comprehensively present the history of revolution, construction,
and development in Xinjiang under the leadership of the Communist Party of China [30].
According to evaluations by the Ministry of Culture and Tourism of China and the Xinjiang
Department of Culture and Tourism, a three-tier system of protection and development has
been established for RCTRs in Xinjiang: (1) eight sites designated as national-level revolu-
tionary cultural tourism classic scenic spots (including those under XPCC administration),
(2) 34 sites recognized as regional-level key scenic areas, and (3) 74 prefecture-level projects.
Together, these designations enrich both the hierarchical structure and the spatial coverage
of RCTRs across Xinjiang.

2.2. Data Sources and Processing

The datasets used in this study include vector maps of Xinjiang, RCTRs, transportation
networks, digital elevation models (DEMs), slope data, and population density data [31].
All maps in this paper are based on administrative vector data from the official map of China
(Map Review Number: GS [2024] 0650). To ensure consistency and comparability across
different spatial datasets, the revolutionary cultural tourism resource points, transportation
networks, DEM, slope, and population density data were uniformly projected, clipped, and
resampled. The specific procedures are as follows:

(1) Revolutionary cultural tourism resources

A total of 135 representative revolutionary cultural tourism sites in Xinjiang were
selected. Their attributes—including names, geographic coordinates, and classification—
were obtained from the National revolutionary cultural tourism Development Plan (2016-
2020), the Catalogue of National Classic revolutionary cultural tourism Scenic Spots, the
14th Five-Year Plan for Culture and Tourism Development of Xinjiang Uygur Autonomous
Region, and the Survey Report on Xinjiang RCTRs (2023). The site information was
organized into a shapefile format, uniformly projected to WGS84_UTM_48N (EPSG:32648),
and subjected to spatial validation to remove duplicates or anomalous coordinates. The
final dataset, Red_Sites.shp, was used for subsequent spatial analysis.

(2) Transportation network data

The transportation dataset included highways and major national/provincial roads
within Xinjiang, obtained from OpenStreetMap and the 2023 updated road network layer
provided by the Xinjiang Department of Transportation. The original vector data were
clipped to the study area boundary and reprojected to WGS84_UTM_48N to match the
revolutionary cultural tourism resource dataset. Topology checks were applied to remove
overlapping or broken line segments, resulting in the Highway_MainRoad.shp dataset.

(3) DEM and slope data

Topographic data were obtained from the USGS Shuttle Radar Topography Mission
(SRTM) at a 30 m resolution. The raw raster tiles were mosaicked in ArcGIS 10.8.1 to
cover the entire Xinjiang region, with voids and missing values filled. The data were then
clipped to the study boundary. Based on the processed DEM, slope values (in degrees)
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were calculated using the Spatial Analyst—Slope tool. Both DEM and slope rasters were
resampled to 1 km x 1 km resolution using bilinear interpolation to ensure consistency
with population density data.

(4) Population density data

Population density data were obtained from the WorldPop 2020 dataset at a 1 km
resolution, representing the number of residents per square kilometer. The original GeoTIFF
data were reprojected to WGS84_UTM_48N and clipped to the study area. For subsequent
multi-factor overlay analysis, the raster was aligned with DEM and slope grids using
the nearest neighbor method, ensuring consistency in grid matrix, projection, and spatial
resolution across all datasets.

(5) Other data

Socio-economic indicators (e.g., prefecture-level GDP) were obtained from the Xinjiang
Statistical Yearbook 2023, while policy documents (e.g., revolutionary cultural tourism
development plans) were sourced from the official website of the Xinjiang Department of
Culture and Tourism, providing additional support for the analysis of driving mechanisms.

2.3. Methods

This study adopts a dual-dimensional research framework of ‘spatial analysis—driving
mechanisms,” integrating multiple GIS-based spatial analysis methods. Based on the quan-
titative analysis of geospatial data, a series of techniques was employed to reveal the
distribution patterns, clustering characteristics, and regional differences in RCTRs in Xin-
jiang. Specifically, the following techniques were applied: nearest neighbor index [32,33],
imbalance index [34], geographic concentration index [35], kernel density analysis [36],
local spatial autocorrelation [37], Geographic Detector [38,39], overlay analysis, and Lorenz
curve analysis. Together, these approaches enabled a systematic examination of the spa-
tial differentiation and driving mechanisms of RCTRs in Xinjiang. The methodological
framework is summarized in Table 1.

Table 1. Research methods and significance.

Method Purpose Formula Notes
Quantitatively evaluates R: r.1earest neighbor 1nfiex; d.min:
. Sl distance from each site to its
Nearest Neighbor the spatial distribution R=2d,. VA nearest neighbor:
Index pattern and proximity of = “hmin VI & !

RCTRs in Xinjiang

A: total area of Xinjiang;
N: total number of sites

Indicates the degree of

distributional balance of n S: imbalance index; n: total number
Imbalance Index ... X El [Xi—50(n+1)] of resources;
RCTRs across Xinjiang's S =500 —s0rTT . .
prefectures 00n—50(n+1) Xj: cumulative percentage at rank i.
Geographic Measures the concentration G: g?géiﬁz:g?girl;zztlio;?deX;
Concentration or dispersion of RCTRs _ n (%) : . s1ons;
Index amone prefectires G =100x4 /34 T Xj: resources in region i;
&P T: total resources.
Fn(X): kernel density estimate at
Evaluates the density and grid center X;
Kernel Density clustering of revolutionary 1 n X — xi n: number of sites;
Estimation cultural tourism resources ~ Fn(X) = h ,Z K ( h ) K: kernel function;
1=

in surrounding areas

Xj: location of site i;
h: bandwidth.
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Table 1. Cont.
Method Purpose Formula Notes
Local Spatial Mgasures the local ;;a;(d)x,-xj o Xi,Xj: resource counts in reg%ons ij;
Autocorrelation  clustering degree of RCTRs F(d) = “rywy #j ejj: spatial weight matrix.
i
h=12..,;
Detects spatial stratified L: strata of explanatory variables;
Geographic heterogenei’gy. of resources 1 YL | Nyo? Np: number of units .in stratum h;
Detector and identifies driving q= No2 N: total units;
factors of differentiation 01,2, op: variance within stratum

and whole region.

3. Results
3.1. Spatial Distribution of RCTRs in Xinjiang
3.1.1. Distribution Types

This study examines 135 RCTRs across Xinjiang, distributed among 24 prefecture-level
administrative units (including prefectures, cities, and XPCC divisions). The results reveal
a typical “multi-core—peripheral attenuation” pattern (Table 2). In terms of resource counts,
Urumgi ranks first with 19 sites (14.1%), followed by Changji Hui Autonomous Prefecture
and Kashgar Prefecture, each with 13 sites (9.6%). Tacheng Prefecture contains 12 sites
(8.9%), while Altay Prefecture and Ili Kazakh Autonomous Prefecture each host 10 sites
(7.4%). Collectively, these six administrative units account for 77 resources, representing
57.0% of the total, highlighting the strong clustering effects of transportation hubs and
historical—cultural centers.

Table 2. Distribution of RCTRs across prefecture-level administrative units in Xinjiang.

Region Number of Resources Region Number of Resources
Aksu 7 Karamay 6
Aral 3 Kizilsu 4
Altay 10 Kunyu 0
Bayingolin 7 Shihezi 4
Beitun 1 Shuanghe 1
Bortala 5 Tacheng 12
Changji 13 Tiemenguan 0
Hami 6 Tumxuk 1
Hotan 7 Turpan 5
Huyanghe 0 Urumgi 19
Kashgar 13 Wujiaqu 0
Kokdala 1 i 10

By contrast, no RCTRs were identified in Huyanghe City, Kunyu City, Tiemenguan
City, and Wujiaqu City, reflecting the constraints of peripheral small cities in terms of
transportation accessibility and preservation of revolutionary relics.

Through the nearest neighbor index analysis, it is further confirmed that RCTRs in
Xinjiang are significantly clustered. The overall observed mean distance is 22.03 km, far
lower than the expected value of 55.07 km (R = 0.40, Z = —13.34, p < 0.01), indicating
a distinct clustered distribution centered on several core nodes (Table 3). Regionally,
the observed distance in northern Xinjiang is 18.00 km (expected 40.10 km, R = 0.45,
Z = —10.17, p < 0.01), while in southern Xinjiang it is 30.94 km (expected 78.65 km, R = 0.39,
Z = —7.52,p <0.01). Although the larger absolute Z-value in northern Xinjiang suggests
a more statistically significant clustering effect, the lower R-value in southern Xinjiang
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indicates a relatively stronger clustering intensity compared with the expected distance at
the regional scale. The clustering centers in northern Xinjiang are mainly distributed along
the Urumgqi-Changji-Turpan axis and around Karamay, whereas in southern Xinjiang they
are concentrated in the Kashgar-Hotan—-Aksu triangle.

Table 3. Nearest neighbor index analysis of the spatial distribution of RCTRs in Xinjiang.

Observed Mean  Expected Mean Nearest

Region Distance Distance Neighbor Z-Score  p-Value D15t;1b1;t10n
(km) (km) Ratio (R) P
Xinjiang (Overall) 22.03 55.07 0.40 —13.34 0.00 Clustering
Northern Xinjiang 18.00 40.10 0.45 -10.17 0.00 Clustering
Southern Xinjiang 30.94 78.65 0.39 —7.52 0.00 Clustering

3.1.2. Degree of Spatial Distribution Balance

According to the imbalance index (S = 0.508) and the classification criteria (S < 0.3:
low imbalance; 0.3 < S < 0.6: moderate imbalance; S > 0.6: high imbalance), RCTRs in
Xinjiang demonstrate an overall moderately unbalanced distribution. To visually capture
the cumulative differences across prefectures, a Lorenz curve was plotted (Figure 2), with
the 45° line representing perfect equality as a reference. As shown in Figure 2, the Lorenz
curve declines steeply in its initial segment, deviating significantly from the line of equality.
The most resource-rich five prefectures (20% of the total) account for nearly 49% of all
sites. By contrast, only when 50% of the prefectures are included does the cumulative share
surpass 50%, after which the curve flattens. The remaining 12 prefectures contribute less
than 25% of the resources. This “steep-front, flat-tail” pattern illustrates that resources are
highly concentrated in core nodes such as Urumgqi, Changji, and Kashgar, while the central
belt and peripheral small cities are relatively sparse.
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Figure 2. Lorenz curve of the distribution of RCTRs in Xinjiang.

3.1.3. Analysis of Spatial Clustering Areas

The geographic concentration index indicates that the distribution of RCTRs in Xin-
jlang is significantly concentrated, with a value of G = 27.29, notably higher than the critical
threshold of Gy = 20.41 (Figure 3). Kernel density analysis further reveals that high-density
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clusters are mainly concentrated within the core urban agglomerations along both the
northern and southern foothills of the Tianshan Mountains. Urumgi stands out with the
deepest dark-green kernel density area, covering the largest extent and underscoring its role
as the central hub of revolutionary cultural tourism in Xinjiang. A secondary high-density
corridor emerges along the Changji-Turpan—Hami axis, reflecting the combined effects of
transportation accessibility and the distribution of revolutionary heritage sites. In southern
Xinjiang, moderate-density clusters are observed in the Kashgar-Hotan and Aksu regions,
indicating that this core area also plays a critical role in sustaining revolutionary cultural
tourism functions. By contrast, peripheral cities such as Wujiaqu, Kunyu, and Tiemenguan
exhibit only light or no kernel density patches, with sparse point distributions, further
confirming the “multi-core—peripheral attenuation” pattern.

Y Red tourism resources
Kernel density analysis

[ ]0-0.000048

[ 10.000049 - 0.00014
[ 10.00015 - 0.00026
[ 0.00027 - 0.00046
I 0.00047 - 0.00074
I 0.00075 - 0.001

Il 0.0011 - 0.0014

800 km

Figure 3. Kernel density distribution of RCTRs in Xinjiang.

Based on the Getis-Ord Gi* hotspot analysis (Figure 4), the spatial distribution
of RCTRs in Xinjiang exhibits a clear “strong north-weak south, east-west differentia-
tion” hotspot—coldspot pattern. In northern Xinjiang, most counties and cities in Altay;,
Tacheng, and Ili are classified as statistically significant hotspot areas (Gi* > 1.88), indi-
cating not only a large number of resources but also a high degree of spatial clustering.
Changji Hui Autonomous Prefecture, Turpan, and Hami fall into secondary hotspot zones
(1.03 < Gi* < 1.88), reflecting the secondary concentration of revolutionary heritage sites
along the northern—-southern Tianshan transportation corridor. Urumgqi and Shihezi are
located in transition zones (0.60 < Gi* < 1.03), where resources are relatively balanced but
not significantly clustered.

In contrast, nearly the entire territories of Kashgar, Hotan, and Aksu in southern
Xinjiang fall into coldspot (Gi* < —0.04) or secondary coldspot areas (—0.04 < Gi* < 0.60),
suggesting that RCTRs in these regions are not only limited in number but also spatially
dispersed, lacking clustering cores. Bortala and Kizilsu are mainly secondary coldspot
areas, indicating that resource points are scattered but generally sparse.
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Figure 4. Hotspot—coldspot distribution of RCTRs in Xinjiang based on the Getis—Ord Gi* statistic.

Opverall, the hotspot analysis further validates the results of the nearest neighbor index
and kernel density estimation. Specifically, RCTRs in Xinjiang are highly concentrated
along both sides of the Tianshan Mountains and in several key central nodes, while the
southern peripheral lowlands show sparse and dispersed distributions. This indicates a
clear “core-periphery” spatial differentiation pattern, where core regions hold the majority
of resources and peripheral regions remain underrepresented.

3.2. Driving Mechanisms of RCTRs
3.2.1. Influence of Natural and Social Factors on Spatial Differentiation

By overlaying elevation and slope raster data derived from the DEM with the 135 rev-
olutionary cultural tourism resource sites (Figure 5), the dual constraints and supporting
roles of natural topography on resource distribution are clearly revealed. In terms of
elevation, more than 70% of the sites are located within the mid-altitude mountain belt
(834-2865 m), with the piedmont gentle slope zone (1390-2063 m) being the most “resource-
rich,” corresponding to the foothill belts along the main ranges of the Tianshan Mountains.
In contrast, almost no sites are found in the extreme lowlands of the Tarim Basin (<159 m)
or in the high-altitude cold desert areas (>3735 m), indicating that extreme elevations are
unfavorable for site selection, preservation, and visitor accessibility.

. Red tourism resources
Slope

o- 157

B 158 -472

[ J834.01-1390

[ 1390 - 2063 []a73-885

[ 2063 - 2865 [l8e6-1297
[ 2865 - 3735 [0 1298 - 1789
[0 3,735 - 4656 B 179-24.18
[ 4656 - 7449 [ 24.19-50.13

o 400 800 km o 400 800 km

Figure 5. Overlay of elevation/slope and distribution of RCTRs in Xinjiang.
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Regarding slope, approximately 80% of the sites are situated in areas with gentle to
moderate slopes (0-8.65°). These landscapes not only facilitated revolutionary activities and
the survival of related relics but also enhanced later preservation and tourism development.
By contrast, only a few sites are scattered in steeper terrain with slopes greater than 12°,
reflecting the suppressing effect of slope thresholds on spatial clustering.

On the basis of this natural topographic foundation, overlaying the major transporta-
tion corridors and population density raster data with the revolutionary cultural tourism
resource sites (Figure 6) further highlights the amplifying effect of social accessibility on
spatial clustering. The road network overlay results show that more than 85% of sites are
located within 5 km of national and provincial trunk roads, with the Urumgi-Changji—
Turpan (G216/G312) and Kashgar—-Hotan-Aksu (G219/G314) corridors exhibiting the
highest concentrations. These transportation routes are largely aligned with river valleys
and gentle slopes, closely overlapping with the natural “comfort zones.”

¥ Red tourism resources
Meajor transportation roads

800 km o 400 800 km
S I

o 400

Figure 6. Overlay of RCTRs with social factors (population density and major transportation roads)
in Xinjiang.

Population density analysis indicates that nearly 70% of the sites are distributed in ar-
eas with more than 30 persons per km?, with urban clusters around Urumgi, Changji,
Kashgar, and Shihezi alone accounting for nearly half of all resources. In contrast,
several peripheral counties in southern Xinjiang, characterized by sparse populations
(<5 persons per km?) and limited transportation networks, display a markedly dispersed
distribution of sites.

3.2.2. Single-Factor and Interaction Effects Based on the Geographic Detector

Using the Geographic Detector model, five key factors were analyzed at the prefectural
scale: population density, road network density, slope, elevation (DEM), and kernel density
of RCTRs (Figure 7). The results show that road network density has the highest explana-
tory power for spatial heterogeneity (q = 0.85, p < 0.01), underscoring the critical role of
transportation infrastructure as the primary social condition driving resource clustering.
The second strongest factor is the kernel density of resources themselves (q = 0.79), sug-
gesting that existing agglomeration patterns exert a self-reinforcing effect. Among natural
factors, slope (q = 0.62) and elevation (q = 0.37) also exert significant influences, confirming
the threshold effects of gentle terrain and mid-altitude zones on site distribution. In con-
trast, population density exhibits the lowest explanatory power (q = 0.25), indicating that
population size alone plays a relatively limited direct role in shaping resource distribution.
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KD 0.79
DEM 0.37
Slope 0.62
RND - 0.85
POP - 0.25 P<0.01
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Figure 7. Single-factor detection of natural and social drivers of RCTRs in Xinjiang based on the
Geographic Detector model.

In the interaction detection (Figure 8), the combination of any two factors signifi-
cantly enhanced the explanatory power for spatial heterogeneity, with the coupling of
social accessibility and historical agglomeration being the most prominent. Specifically,
the interaction between population density and kernel density yielded q ~ 0.97, and the
interaction between road network density and kernel density yielded q ~ 0.93, and popula-
tion density and road network density q ~ 0.94. These results indicate that, on the basis
of existing clustering, transportation accessibility and population agglomeration jointly
shape the spatial distribution of resources. Strong explanatory effects were also observed
in the coupling of social and natural factors, such as slope x kernel density (q ~ 0.90) and
elevation x kernel density (q ~ 0.79). Even interactions among natural factors, such as
elevation x slope (q =~ 0.62), though weaker than those of social-social or social-natural
couplings, still exceeded the explanatory power of individual factors.

0.97
KD

0.82

DEM
— 0.68

Slope
— 0.54

RND
POP 0.39
POP RND Slope DEM KD 0.25

Figure 8. Interaction effects of natural and social factors on the spatial differentiation of RCTRs in
Xinjiang based on the Geographic Detector model.
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4. Discussion
4.1. Spatial Differentiation Patterns of RCTRs in Xinjiang

The analysis of 135 revolutionary cultural tourism resources (RCTRs) reveals a dis-
tinctive “multi-core—peripheral attenuation” and belt-node structure in Xinjiang. This
pattern is broadly consistent with general laws of tourism resource distribution, yet it
also reflects the particularities of a multi-ethnic frontier region. Two primary corridors—
Urumgi—Changji-Turpan and Kashgar-Hotan—-Aksu—form the backbone of clustering,
corresponding to dense transportation networks and major urban centers. This supports the
“transport—city” dual-core driving mechanism observed in other national studies [40,41].

Unlike the “large-scale dispersion with small-scale clustering” observed in Hunan
Province [42], Xinjiang displays a more pronounced belt-shaped concentration along the
piedmont of the Tianshan Mountains. This reflects both geomorphological constraints and
the spatial imprint of frontier reclamation and governance. While the current structure
is shaped by historical processes, it is not static: transportation expansion and regional
development initiatives may gradually reduce peripheral coldspots, shifting the balance
of resource distribution over time. These findings extend existing theories of tourism
agglomeration by demonstrating how linear geographical features and frontier governance
jointly shape cultural tourism spaces in arid regions [43,44].

4.2. The “Natural-Social” Coupling Logic of Driving Mechanisms

The spatial patterns arise not from a single factor but from long-term interactions
between natural geography and socio-economic conditions, progressing from natural
“baseline constraints” to social “amplification” and ultimately to deep coupling [45].

From the natural perspective, mid-altitude zones (834-2865 m) and gentle slopes
(0-8.65°) serve as critical thresholds, with 72.6% of sites located in these ranges. Similar
results in Inner Mongolia (68% at 1000-2500 m, 0-10°) confirm the preference for “medium
altitude + gentle slope” in arid regions [46]. In Xinjiang, only 38.2% of land is suitable but it
hosts 72.6% of resources, while extreme areas (<159 m or >3735 m) contain less than 4%. In
southwest China, each 5° increase in slope reduces suitability by ~20% [47], underscoring
that “elevation + slope” thresholds define rigid spatial boundaries [48]. From the social
perspective, road density is the strongest driver (q = 0.85, p < 0.01). Historical contingency
analysis using pre-1949 transport routes suggests bidirectional influence between infras-
tructure development and resource preservation. Its interaction with historical site density
(q=0.79, p < 0.01) reaches 0.93, highlighting the “transport-history” nexus. Corridor site
density in Xinjiang is 3.2 times that of peripheral areas, consistent with findings from the
Shaanxi-Gansu-Ningxia base [38]. Population density alone is weak (q = 0.25) but rises to
0.94 when combined with roads, confirming the synergy of “population + transportation”.
Urumgi exemplifies this mechanism, with 380 persons/ km?, 0.12 km/km? of roads, and
14.1% of all sites [49].

Empirical outcome data from 2018-2023 reveal that hotspot prefectures (e.g., Urumgji)
received 3.2 times more visitors annually than coldspot regions (p < 0.05), while conser-
vation status assessments showed 25% better preservation in clustered areas (Figure 6).
Overall, natural-social coupling provides the strongest explanatory power, showing a
clear “dual-factor enhancement.” For example, slope x road density yields q = 0.89, ele-
vation x historical density q = 0.79, and population X historical density q = 0.97. Such
“1 + 1> 2” effects establish a systematic framework for understanding tourism drivers in
multi-ethnic frontier regions [50].
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4.3. Limitations and Future Research

Although this study revealed the spatial differentiation and driving mechanisms of
RCTRs in Xinjiang, some limitations remain. The dataset was limited to 135 officially
recognized sites, possibly omitting emerging or informal resources. Explanatory variables
focused mainly on natural and socio-economic factors, with limited consideration of institu-
tional or cultural influences. Moreover, analysis at the prefectural scale may mask finer local
variations. Future research should adopt multi-scale approaches that integrate regional
modeling with community-level surveys, incorporate policy and cultural perspectives, and
conduct cross-regional comparisons to test the framework’s applicability. The use of remote
sensing and visitor flow data could further capture temporal dynamics. These efforts will
refine the explanatory framework and strengthen its relevance for heritage conservation
and sustainable regional development.

5. Conclusions and Recommendations
5.1. Conclusions

Based on 135 RCTRs in Xinjiang, this study built a “spatial analysis-driving mech-
anism” framework (integrating GIS methods like nearest neighbor index, kernel density
estimation, and geographic detector) with clear scientific value. Theoretically, it uncovers
the “natural-social” coupling rule of RCTRs in multi-ethnic arid borders, extending cultural
geography’s “core—periphery” theory to frontiers; methodologically, it validates spatial
quantification + factor detection for border cultural resources, offering a reusable paradigm.
Empirically, Xinjiang’s RCTRs show “multi—core—peripheral attenuation” and “belt-node”
structures: high—-density clusters in Urumqi—-Changji-Turpan and Kashgar-Hotan—-Aksu
corridors, sparse peripheries (e.g., Huyanghe, Kunyu), shaped by arid terrain and reclama-
tion history. Natural factors constrain: over 70% of sites in mid-altitudes (834-2865 m) and
gentle slopes (0-8.65°), extreme terrain (altitude < 159 m/>3735 m, slope > 12°) limiting
distribution. Socio-economically, road density (q = 0.85, p < 0.01) and historical site density
(q=0.79, p < 0.01) dominate, their interaction (q ~ 0.93) enhancing agglomeration. Practi-
cally, these findings support optimizing RCTR layout in Xinjiang, contributing to SDG 11
(sustainable cities) and SDG 16 (peaceful institutions) in border regions.

5.2. Recommendations

To advance balanced development and sustainable protection of Xinjiang’s RCTRs,
three measures are proposed:

(1) Optimize transportation networks: Upgrade core corridor highways (e.g., Urumqi-
Changji-Turpan) with tourism signage; build connecting roads (Huyanghe-Shihezi,
Kunyu-Hotan) and shuttle routes to integrate scattered peripheral sites.

(2) Implement tiered protection: Adopt a “key protection-moderate development-
potential reserve” system—strictly protect national-level sites in mid-altitudes/gentle
slopes, develop coldspots (e.g., Moyu, Hotan) via rural-ethnic tourism, and reserve
extreme terrain.

(3) Boost cross-regional cooperation: Form a “Reclamation and Frontier Defense Circle”
(northern Xinjiang) and “Frontier Stability Belt” (southern Xinjiang), and design
cross-regional routes with subsidies to balance visitor flows.

Future research could downscale analysis to county-level, integrate dynamic data (e.g.,
visitor trajectories), and compare with other border regions to refine these strategies.

Author Contributions: Methodology, investigation, data curation and writing—original draft prepa-
ration, R.G.; writing—review and editing, supervision and project administration, Y.X. All authors
have read and agreed to the published version of the manuscript.
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