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Abstract

The Xizang—-Sichuan region is rich in tourism resources, yet its complex geography and
lagging transportation infrastructure have resulted in pronounced spatial disparities in
tourism development. From a sustainability perspective, such disparities can lead to a
‘rich-get-richer” cycle: over-tourism and ecological stress in high-accessibility cores, ver-
sus underdevelopment and resource idling in low-accessibility peripheries. To systemat-
ically examine the spatial structure of tourism in this region, this study uses counties as
basic units and integrates the Analytic Hierarchy Process (AHP) with an improved gravity
model for tourism network potential accessibility (TNPA) to assess regional tourism de-
velopment levels and the network-based accessibility among counties. A comprehensive
evaluation framework was established across three dimensions: tourism resource endow-
ment, service capacity, and socio-economic support. Travel times between county centers
were obtained from the Amap API, and a TNPA index was computed to reflect each
county’s potential for tourism interaction with the rest of the region. Results indicate that
resource endowment dominates the evaluation, with scenic quality as the critical factor.
TNPA exhibits a pronounced core-periphery differentiation, with Chengdu and sur-
rounding areas forming a high-value network core, while most counties in Xizang show
extremely low network potential. Equity analysis reveals a significant imbalance in the
distribution of network accessibility between Sichuan and Xizang. Under the baseline set-
ting, the population-weighted Gini coefficient, coefficient of variation, and Theil index
reach 0.677, 1.724, and 0.884, respectively, indicating that tourism network potential re-
mains highly concentrated in a limited number of counties. The population-weighted
mean TNPA of Sichuan is also far higher than that of Xizang, revealing a distinct interre-
gional accessibility gap. The development-TNPA mismatch analysis further identifies
counties where tourism development foundations are relatively strong but network inte-
gration remains weak. Robustness checks indicate that the high-development-low-TNPA
pattern is not simply an artefact of the median-based classification, with the most evident
cases mainly concentrated in Aba and Garze in western Sichuan and a few counties in
Xizang. The study highlights the asymmetric relationships among resource endowment,
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network accessibility, and equity, providing a scientific basis for optimizing cross-regional
tourism cooperation and transportation corridors in the Xizang-Sichuan region.

Keywords: accessibility equity; Xizang—Sichuan region; analytic hierarchy process;
improved gravity model; sustainable tourism

1. Introduction

Tourism is closely related to regional economic growth, cultural exchange, and the
improvement of destination service functions. Studies on China’s tourism development
have shown that tourism growth is associated with regional economic development, in-
dustrial integration, and the spatial organization of tourist-source markets [1-4]. Earlier
research on urban tourism space and transport-tourism interaction further indicates that
tourism development is not only determined by the existence of attractions, but also by
the way attractions are connected with markets, cities, services, and transport systems
[5,6]. In addition, tourism service capacity and the quality of tourism labor influence the
actual reception and operation of destinations, especially in regions where tourism de-
pends heavily on face-to-face services and local cultural communication [7,8]. Therefore,
evaluating regional tourism development requires attention to resource endowment,
transport conditions, service capacity, and socio-economic support rather than focusing
on scenic re-sources alone.

At the empirical level, tourism and transport studies in China have increasingly used
accessibility indicators to explain differences in scenic-area development and tourism eco-
nomic linkages. Research on the Three Gorges region, metropolitan tourist attractions,
scenic-area transport accessibility, and tourism transport-tourism economy coordination
has shown that travel time, transport network conditions, and regional development
foundations jointly affect the accessibility and spatial interaction of tourism destinations
[9-12]. Similar accessibility problems have also been discussed in village systems, peri-
urban parks, and other spatial service contexts, suggesting that accessibility analysis is
useful for identifying unequal access to spatial opportunities under different supply, de-
mand, and traffic conditions [13,14]. Although not directly focused on tourism accessibil-
ity, point-area representation research shows that the way spatial objects are represented
may influence the interpretation of regional spatial patterns, while travel-time uncertainty
research further indicates that accessibility and equity assessments can be affected by un-
certainty in travel costs [15,16]. These studies provide methodological and empirical sup-
port for examining tourism accessibility in complex mountainous and plateau regions.

The concept of accessibility has a long tradition in geography, planning, and
transport studies. Hansen [17] provided an early operational definition by linking acces-
sibility with the potential of opportunities available at a given location. Later studies fur-
ther clarified that accessibility is not a single measurement concept, but a group of indica-
tors with different theoretical assumptions, data requirements, and policy implications
[18,19]. In practice, accessibility can be measured through distance, travel time, cumula-
tive opportunities, potential accessibility, spatial interaction models, and catchment-based
methods [20,21]. Wilson [22] placed gravity-type models within the broader family of spa-
tial interaction models, emphasizing that interaction potential is shaped jointly by the
“mass” of opportunities and the impedance between origins and destinations. In addition,
the two-step floating catchment area method and its improved Gaussian forms have been
widely used in medical, childcare, and park green-space accessibility research because
they can incorporate supply scale, demand scale, and distance decay in one framework
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[23-25]. These methods show that accessibility is not only a technical measurement of dis-
tance, but also a way to evaluate the relationship between spatial opportunities and pop-
ulation demand.

Tourism accessibility research has expanded rapidly with the development of GIS,
road-network analysis, POI data, online tourism data, and multi-source socio-economic
datasets. Liao and Zhang [26] found that A-level scenic spots in Guangdong Province
showed clear spatial clustering and that accessibility was closely associated with regional
socio-economic conditions. Wang et al. [27] showed that the spatial distribution of high-
quality tourist attractions in Shandong Province was jointly constrained by resource en-
dowment, socio-economic development, and transport conditions. Zhang and Long [28]
used online tourism platform data to evaluate the attraction and spatial pattern of China’s
world cultural and natural heritage tourism resources, indicating that tourism attraction
is not only related to resource value but also to development conditions and spatial or-
ganization. Tao et al. [29] further examined the coupling relationship between tourist-at-
traction accessibility and tourism demand in Anhui Province and found that accessibility
improvement can promote better supply-demand coordination, although marginal
mountainous areas may remain disadvantaged. Studies on Sichuan Province and high-
speed rail tourism also suggest that transport accessibility can reshape the spatial distri-
bution of tourist attractions and tourism flows [30,31]. However, most existing studies
focus on relatively developed provinces, single-province spatial structures, or the spatial
distribution of scenic spots themselves. Less attention has been paid to large cross-re-
gional plateau areas where tourism resources, population distribution, economic capacity,
and transport barriers are strongly uneven.

As accessibility measurement has become more refined, scholars have increasingly
emphasized its equity implications. Accessibility is not only a matter of transport effi-
ciency; it is also related to distributive justice, social exclusion, and spatial opportunity
[32,33]. Transport equity studies argue that infrastructure improvements may produce
uneven benefits across places and social groups, and that accessibility indicators can pro-
vide an important basis for evaluating the fairness of transport policies and investment
outcomes [34,35]. In empirical research, the Gini coefficient, Theil index, Lorenz curve,
coefficient of variation, and accessibility-based supply-demand comparison have been
used to reveal whether spatial opportunities are concentrated in a small number of areas
or more evenly shared by the population [36,37]. For the Tibetan Plateau, Gao and Sun
[38] found that transport accessibility and social demand show clear spatial differences,
suggesting that plateau regions require special attention because sparse settlement, eco-
logical fragility, and long-distance travel costs may amplify accessibility inequality. For
tourism research, this equity perspective is particularly important. If high-grade tourism
resources are located in remote areas but network accessibility is concentrated around
developed urban cores, tourism development may reinforce rather than reduce regional
disparities.

The Xizang-Sichuan region is located in southwestern China and includes the Xizang
Autonomous Region and Sichuan Province. It is characterized by complex terrain, ecolog-
ical sensitivity, ethnic diversity, and marked differences in socio-economic development.
Studies on Xizang have emphasized that ecological-environment protection, tourism spa-
tial justice, and the improvement of tourism’s comprehensive benefits are key issues for
regional tourism development [39-41]. From the perspective of tourism geography, tour-
ism resources constitute the basic attraction of destinations, but their development value
depends on market connection, service support, and spatial organization [42]. General
travel-choice studies also show that accessibility, individual attributes, trip characteristics,
and travel preferences can affect travel mode choice, providing a useful behavioral per-
spective for understanding how transport conditions shape spatial mobility [43]. Research
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on tourism economic linkages, culture-tourism coupling, high-level Grade A at-tractions,
and beautiful leisure villages further indicates that tourism development is shaped by the
interaction among resources, transport, economy, policy, and regional co-operation [44—
48]. In the Tibetan Plateau, high-grade tourist attractions display strong spatial heteroge-
neity, and peripheral attractions often face accessibility disadvantages despite their high
resource value [49,50]. Therefore, the Xizang—Sichuan region provides a typical case for
examining how high-grade tourism resources, network accessibility, and opportunity eq-
uity are matched or mismatched across a large plateau-mountain region.

Based on the above literature, existing tourism accessibility studies have provided
useful evidence at provincial, urban, and scenic-spot scales, but cross-regional plateau ar-
eas with strong terrain barriers and uneven socio-economic foundations remain insuffi-
ciently examined. Second, many studies use travel time, distance, or accessibility to attrac-
tions as the main indicator, while less attention is paid to county-level tourism network
potential that integrates resource attractiveness, market scale, economic capacity, and
travel-time impedance. Third, tourism development level and accessibility equity are of-
ten analyzed separately, making it difficult to identify areas where relatively strong tour-
ism development foundations are not matched by sufficient network accessibility. To ad-
dress these gaps, this study takes counties and districts in the Xizang-Sichuan region as
the basic analytical units and focuses on high-grade scenic spots, namely 4A- and 5A-level
attractions. It integrates the Analytic Hierarchy Process and an improved gravity model
for tourism network potential accessibility to evaluate county-level tourism development
and network-based accessibility. On this basis, population-weighted equity indicators
and development-TNPA mismatch classification are used to examine how tourism net-
work opportunities are distributed and whether tourism development foundations corre-
spond to accessibility conditions. The objectives of this study are to: (1) construct a multi-
dimensional evaluation framework for county-level tourism development in the Xizang-
Sichuan region; (2) measure the spatial pattern of tourism network potential accessibility
among counties; (3) evaluate the population-weighted equity of tourism accessibility; and
(4) identify mismatch areas where tourism development foundations and network acces-
sibility are not well coordinated.

2. Research Methods and Data Sources
2.1. Study Area

The study area (Figure 1) comprises the entire Xizang Autonomous Region and Si-
chuan Province in southwestern China, covering 257 county-level units (183 in Sichuan
and 74 in Xizang) over approximately 1.2 million km?. The region spans the main body of
the Qinghai-Tibet Plateau and its eastern margin, characterized by extremely high aver-
age elevations (over 4000 m in most parts of Xizang), complex terrain, and fragile ecolog-
ical conditions. Population distribution is highly uneven: Sichuan is relatively densely
populated (83.5 million), whereas Xizang has only 3.6 million inhabitants scattered across
vast areas. Consequently, road network density, economic activity (GDP per capita), and
tourism service capacity differ sharply between the two provinces. Despite these dispari-
ties, the region contains abundant high-grade scenic spots (4A and 5A), including Jiuzhai-
gou, Daocheng Yading, and the Potala Palace. The combination of rich tourism resources
and severe transport barriers makes this area an ideal case for studying spatial accessibil-
ity, equity, and development mismatches.
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Figure 1. Study area.

2.2. Analytic Hierarchy Process

The Analytic Hierarchy Process (AHP) is a commonly used decision-analysis
method. By constructing a hierarchical structural model, it enables quantitative analysis
of complex decision-making problems. In this study, the sum—product method was
adopted to calculate the principal eigenvector of the pairwise comparison matrix.Suppose
that the relative importance of n elements with respect to a given criterion is obtained
through pairwise comparisons, forming the judgment matrix A = (a;j)nxn, Where a;; de-
notes the importance scale of element i relative to element j. Each column vector of the
judgment matrix is first normalized to obtain matrix B, as follows:

a;j

bij = W,l’,j = 1,2, e, N
k=1"kJ

The elements in each row of the normalized matrix are then summed to obtain vector

M = (my,m,, ..., m,)7,

n
m; = Zbu,l = 1,2, e, 1L
=1

Vector M is further normalized to obtain the weight vector W:

W = (wy,wy, .., wy,)T,

The maximum eigenvalue is calculated as follows:

n

= (AW);
max nwl

i=1
where (AW); represents the i-th component of vector AW.

A consistency test is required because the complexity of objective phenomena and
differences in expert judgment may lead to logical inconsistencies in the construction of
the judgment matrix. For example, an expert may judge that A is more important than B,
B is more important than C, but C is more important than A. Therefore, the consistency of
the judgment matrix must be examined before the weight vector is accepted.

The consistency index CI is calculated as:
Anax — 1

Cl =
n—1
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where n is the order of the judgment matrix. A larger CI indicates a greater deviation
from perfect consistency, whereas a smaller CI, approaching zero, indicates better con-
sistency.

The random index RI is then obtained from standard reference tables derived from
extensive random simulation experiments. On this basis, the consistency ratio CR is cal-
culated as:

_c

CR =—
RI

The judgment criterion is as follows: when CR <0.1, the consistency of the judgment
matrix is considered acceptable and the weight vector W is valid; when CR 2 0.1, the
judgment matrix fails to meet the consistency requirement and should be revised.

2.3. Improved Gravity Model for Tourism Network Potential Accessibility (TNPA)

This study adopts an improved gravity model to calculate tourism network potential
accessibility (TNPA). The calculation proceeds in several steps. First, the comprehensive
tourism quality M; of each county i is defined as the geometric mean of its permanent
population P, (person), gross domestic product G; (10,000 RMB), and the regional tour-
ism development level E; obtained from the AHP evaluation (dimensionless, ranging 0—
1):

M; =3[P G;-E;

This measure integrates market size, economic strength, and tourism development
capacity. Second, the generalized comprehensive distance D;; between county i and
county j is calculated by adjusting the shortest road travel time with the per capita GDP
difference. The shortest driving time d;; (minutes) is obtained from the Amap APIL Let
GDPpc, = G;/P; and GDPpc; = G;/P; be the per capita GDP values. Then:

| GDPpc, — GDPpCj |

Dyj = dij % <1+ max(GDPpc) >
where max(GDPpc) is the maximum percapita GDP across all counties. This formula-
tion increases the effective distance between counties with large economic disparities,
thereby weakening their potential tourism interaction.

Third, the tourism gravity intensity Q;; between county i and county j is com-
puted using an improved gravity model:

Ql j ﬁl Jj Diyj

Here p;; is a boundary correction coefficient that accounts for administrative divi-
sion effects: f;; = 1.2 if the two counties belong to the same prefecture-level city; f;; =
1.0 if they are in the same province but different prefecture-level cities; and g;; = 0.8 if
they are in different provinces. The distance decay parameter y is set to the classic value
of 2.0.

Fourth, the tourism network potential accessibility of county i is defined as the sum
of gravity intensities from all other counties:

A= Z Qij
J#i
A larger A; indicates a higher total interaction potential, i.e., better accessibility. Fi-
nally, A; is normalized by min-max rescaling;:

https://doi.org/10.3390/su18136783



Sustainability 2026, 18, 6783

7 of 26

A; —min(4)
L7 max(A) — min(A)

norm __

which lies in [0-1] and is used for subsequent equity and mismatch analyses.

A robustness test was performed by testing different values of y (1.0, 1.5, 2.0, 2.5,
3.0) and several sets of boundary coefficients. Spearman’s rank correlation coefficients be-
tween all parameter combinations and the baseline (y = 2.0, default boundary coeffi-
cients) were all above 0.94, confirming that the model is robust to parameter choices.
Therefore, y = 2.0 and the default boundary coefficients are adopted as the final param-
eters.

2.4. Accessibility Equity Evaluation Method

Based on the TNPA results obtained from the improved gravity model, this study
further introduces the population-weighted Gini coefficient, Theil index, coefficient of
variation, and Lorenz curve to evaluate the equity of tourism network potential across
county-level units. Compared with simple county-level averages, the population-
weighted approach better reflects how tourism interaction opportunities are distributed
among residents in areas with different population sizes, thereby reducing the excessive
influence of sparsely populated counties on the overall equity assessment.

First, the population-weighted Gini coefficient is used to measure the inequality of
accessibility distribution. A value closer to 0 indicates a more balanced accessibility dis-
tribution, whereas a larger value suggests that tourism opportunities are more concen-
trated in a limited number of areas. The formula is given as:

n
G=1- Z(PL- — P (L + Liy)
i=1

where G is the population-weighted Gini coefficient; P; represents the cumulative pop-
ulation proportion after counties are sorted in ascending order of accessibility; Li is the
corresponding cumulative accessibility proportion; and n denotes the number of county-
level units.

Second, the Theil index is used to further identify differences in accessibility distri-
bution. Because the Theil index is sensitive to disparities between high and low values, it
provides a useful supplement to the Gini coefficient in assessing overall inequality. It is

calculated as follows:
n
i 4 i
r=y 55 (3)
i=1

where T is the Theil index; p; denotes the population of county i; P is the total popu-
lation of the study area; A; is the accessibility value of county i;and A is the population-
weighted mean accessibility. A larger Theil index indicates a more unequal distribution
of accessibility opportunities. When A; = 0, the term 4 < In ( ) is treated as 0 according to
its limiting value.

This study also employs the population-weighted coefficient of variation to measure
the dispersion of county-level accessibility relative to the mean level. The calculation is

expressed as:
n
b i
icd — A)2
D B

A

CV =
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Goal
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where CV represents the population-weighted coefficient of variation. A larger value in-
dicates greater accessibility differences among counties.

On this basis, Lorenz curves are plotted to visually represent the concentration of
accessibility opportunities across the cumulative population distribution. The closer the
Lorenz curve is to the line of perfect equality, the more balanced the distribution of tour-
ism accessibility among the population. Conversely, a greater deviation from the equality
line indicates that accessibility opportunities are more concentrated among a small pro-
portion of the population or in a limited number of areas.

In addition, to identify the matching relationship between regional tourism develop-
ment foundations and network accessibility, the regional tourism development level and
the baseline TNPA value were normalized using min-max standardization:

Xi = Xmin

Xmax - Xmin

X =
where X; isthe standardized value, X; isthe original value, and X,;, and X, are the
minimum and maximum values of the corresponding indicator, respectively. The median
values of the two standardized indicators were then used as classification thresholds to
divide counties into four types: high development-high TNPA, high development-low
TNPA, low development-high TNPA, and low development-low TNPA. High develop-
ment-low TNPA areas indicate counties with relatively strong tourism development
foundations but weak integration into the regional tourism network, whereas low devel-
opment-low TNPA areas face dual constraints of weak development foundations and
limited network accessibility. This classification helps identify areas where transport con-
nections, tourism node functions, and resource conversion capacity should be improved.

2.5. Construction of the Comprehensive Evaluation Indicator System for Regional
Tourism Development

To evaluate the level of regional tourism development in a scientific and comprehen-
sive manner, this study constructs a hierarchical evaluation model with three levels, fol-
lowing the principles of scientific validity, systematicity, operability, and data availability.
The target layer is defined as the “comprehensive evaluation of regional tourism devel-
opment level.” The criterion layer consists of three dimensions: Tourism Resource Endow-
ment, Tourism Service Capacity, and Socioeconomic Support. Based on relevant literature
and the characteristics of the study area, seven quantifiable indicators are selected for the
indicator layer. The specific meanings and hierarchical relationships of these dimensions
and indicators are described in detail below.

The hierarchical structure model established in this study is shown in Figure 2, and
its specific hierarchical relationships are as follows:

Regional Tourism Development Level ‘
Comprehensive Evaluation

C3

Tourism Resource Tourism Service Socio-Economic
Endowment Capability Support

"1
Geographic coordinates
and average number
of Regional Scenic Spots

12 13 14 15 16 17
Number of
Tourism Employees
(per 10,000 persons)

Regional Scenic
Spot Rating

Road Network Average Nighttime Average Years
Proportion NumbsrigtPOls Light Intensity of Education

Figure 2. Comprehensive evaluation system for regional tourism development level.
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2.6. Data Sources and Preprocessing

The county-level population data used in this study were obtained from the results
of the Seventh National Population Census. Data on employees in the transportation sec-
tor and in the accommodation and catering industries were derived from the 2020 China
County-Level Population Census Data. Road network data were obtained from Open-
StreetMap (OSM, https://www.openstreetmap.org/, accessed on 16 January 2026). Scenic
spot ratings were collected from the official websites of cultural and tourism authorities.
The locations and categories of points of number (POls) were obtained from Amap POI
data collected in 2023. Average years of education were derived from the Seventh Na-
tional Population Census. POI density was calculated based on the number of POIs within
each regional unit. The 2023 nighttime light raster data were obtained from the Earth Ob-
servation Group of the National Centers for Environmental Information (NCEI), under
the National Oceanic and Atmospheric Administration (NOAA). The above data were
obtained by downloading from their respective data sources and websites in March 2026.
Origin—destination travel time data were acquired through the Amap API. The numbers
of catering and tourism POls, accommodation and catering services, and scenic spots are
per capita quantities, and the light brightness is the average brightness per square kilo-
meter. To eliminate dimensional effects and facilitate cross-sectional comparative analysis,
all data were finally normalized using max-min normalization.

The POI data were cleaned by first removing duplicate records (based on name and
longitude/latitude), eliminating anomalous points whose coordinates fell outside the
county boundaries, and unifying the coordinate system to WGS84. For the road network
data, the road layer was extracted from the OpenStreetMap (OSM) network, retaining all
traversable roads (including expressways, national highways, provincial highways, and
county/township roads), while excluding footpaths and roads under construction. The
road network density was calculated as the total length of roads (km) within a county
divided by the county area (km?).

Travel time queries were performed using the Gaode Map API. The starting and end-
ing points were set as the seats of the county people’s governments. The queries were
conducted for weekdays in April 2026, with the travel mode set to “driving” and the rout-
ing strategy to “shortest time”. For counties lacking directly connected roads (e.g., certain
townships in Medog County), the nearest road network node was used as a substitute.

The software used in this study includes ArcGIS 10.8 and Python 3.12.

The research process of this study is shown in Figure 3.

Number of T
Data Regional Scenic umber of Tourism Em-ployees ; ; ooh "
Collection Spots Road Network Ratio Brightness i oD ‘faw] time matrix
and Regional Scenic = Number of Catering and Accommodation |~ Average Years of TOU_nsm resources dgtabasc
Spot Rating POIs Education Socio-economic indicators

Nighttime Light County-level dataset

Preprocessing

Tourism

.| development

level of cach
county

@
Socioeconom
i Support

Evaluation
(AHP)

Tourism
Network
Potential

Accessibility

Improved Gravity Tourism Network
Model(Tourism Potential
Interaction Potential) Accessibility (TNPA)

Calculation of County i

Results and Equity results Equity results
Discussion

Figure 3. Research process.

Policy implications and
Optimization suggestions

https://doi.org/10.3390/su18136783



Sustainability 2026, 18, 6783

10 of 26

3. Results
3.1. Indicator Weight Results

Based on the established hierarchical structure model, experts in relevant fields were
invited to conduct pairwise comparisons of indicators at each level using the 1-9 scale
method. A total of 20 valid expert questionnaires were collected. The expert panel consists
of 10 tourism geographers, 5 transportation planning engineers and 5 regional econo-
mists. All experts hold a master’s degree or higher and have work experience in their re-
spective fields. The geometric mean was used to aggregate the expert judgments, and the
sum-product method was then applied to calculate the relative weights. The consistency
ratios of all judgment matrices were below 0.1, indicating that the weight results satisfied
the consistency requirement. The judgment matrices and consistency test results for the
criteria layer and indicator layer are shown in Appendix Tables A1-A4, and the indicator
weights are presented in Table 1.

Table 1. Weights of evaluation indicators for regional tourism development level.

Within-Group

Criterion Layer Weight Indicator Layer Weight Total Weight
C1 Tourism Resource En- I1 Geographic Coo'rdinates ar.ld average number 033 0.20
dowment 0.63 of Regional Scenic Spots
I2 Regional Scenic Spot Rating 0.67 0.42
I3 Number of Tourism Employees (per 10,000 0.55 013
C2 Tourism Service Ca- 024 persons)
pacity ' I4 Road Network Ratio 0.16 0.04
I5 Number of POIs 0.29 0.07
C3 Socioeconomic Sup- 013 I6 Nighttime Light Brightness(light value) 0.75 0.10
port 17 Average Years of Education (years) 0.25 0.03

At the criterion level, tourism resource endowment received the highest weight
(0.63), followed by tourism service capacity (0.24) and socio-economic support (0.13). At
the indicator level, regional Scenic Spot Rating total weight (0.42), followed by the number
of high-grade scenic spots (0.20), Number of Tourism Employees (0.13), and nighttime
light Brightness (0.07). These four indicators together accounted for more than 84% of the
total weight, showing that the evaluation result was mainly shaped by resource quality,
resource quantity, service support, and economic activity. This weight structure is con-
sistent with the tourism-development logic of the study area, where high-quality re-
sources form the main attraction while service capacity and socio-economic conditions
affect the conversion of resources into practical development advantages.

We conducted a sensitivity analysis on the weights. By setting three extreme
weighting schemes (resource-dominated, service-dominated, and balanced), we recalcu-
lated the comprehensive tourism development scores and rankings for all counties. Spear-
man’s rank correlation analysis (Appendix Table A5 showed that the lowest correlation
coefficient was between the resource-dominated and service-dominated schemes (0 =0.74,
p <0.001), while all other correlation coefficients were greater than 0.8. This indicates that
the ranking results are relatively robust and that the AHP weighting is not a decisive fac-
tor for the conclusions of this study.

Table 2 summarizes the main characteristics of the tourism development indicators
after data checking, standardization, and recalculation using the revised AHP weights.
The recalculated comprehensive tourism development level has a mean value of 0.316,
with a coefficient of variation of 0.546, indicating a moderate but still evident spatial dif-
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ferentiation in county-level tourism development foundations. Compared with the com-
posite index, several service, infrastructure, and spatial-activity indicators show stronger
dispersion, especially road network ratio, nighttime light intensity, POI count, and accom-
modation and catering services. This suggests that the supporting conditions for tourism
activities are more unevenly distributed than the final composite development score itself.

Table 2. Descriptive statistics of tourism development indicators and corrected development level.

. . Whole Region  Sichuan Xizang Higher
I
ndicator Unit Mean Mean Mean cv Mean

Geographic coordinates and aver-

age number of Regional Scenic  count/People 4.946 6.224 1.784 0.690258  Sichuan
Spots
score 16.401 20.557 6.122 0.688033  Sichuan
Number of Tourism Employees 1162.79 1594361 95527 1296324  Sichuan
(per 10,000 persons)
Road network ratio ratio 1.201 1.593 0.232 2.24102 Sichuan
Number of POls CO“;‘Z e 1204395 1722869 2347905 1432813  Sichuan
Nighttime Light Brightness (x10°)  light value 6.567 2.655 16.241 2.170457 Xizang
Average years of education years 7.623 8.244 6.087 0.210804  Sichuan
hensi . . .

Corrected comprehensive tourism dimension 0316 0.392 0128 0.546 Sichuan

development level

less

Note: Nighttime light intensity is reported in units of x10° to improve readability. The recalculated
comprehensive tourism development level was obtained from the seven normalized indicators us-
ing the revised AHP weights in Table 1. The term “recalculated” means that the composite index
was recomputed after checking the normalization and applying the updated indicator weights; the

original county-level indicator values themselves were not altered.

The provincial comparison further reveals a clear Sichuan-Xizang contrast. Sichuan
has higher mean values for high-grade scenic spots, scenic-spot rating, accommodation
and catering services, road network ratio, POI count, average years of education, and the
recalculated comprehensive tourism development level. Nighttime light intensity is the
only indicator with a higher mean value in Xizang. However, because this variable is af-
fected by raster aggregation and the large territorial area of some plateau counties, it
should be interpreted together with resource, service, and socio-economic indicators ra-
ther than being used as a stand-alone proxy for tourism development. Overall, the revised
weighting scheme slightly increases the composite development scores but does not
change the main conclusion that tourism development foundations remain stronger in
Sichuan than in Xizang.

The Jenks natural breaks classification method was used to divide the comprehensive
tourism development level into five categories. The normalized indicator values and re-
gional tourism development level are shown in Figure 4. Higher values of tourism re-
source indicators were mainly distributed in central and eastern Sichuan, while in Xizang
they were concentrated in Lhasa and Nyingchi. Service-related indicators showed a simi-
lar but more concentrated pattern. POIs and accommodation and catering services were
highly concentrated in Chengdu and its surrounding counties, whereas most counties in
Xizang remained at low levels. Road network conditions were also uneven, with higher
values mainly appearing in the municipal districts of prefecture-level cities in Sichuan,
Chengguan District of Lhasa, and the urban area of Chengdu. Overall, the highest com-
prehensive development levels were concentrated in the municipal districts of Chengdu
and their surrounding areas. The central urban areas of prefecture-level cities in Sichuan
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and Chengguan District of Lhasa also showed relatively high development levels, while
most plateau and peripheral counties were classified as having moderate or low levels of
tourism development.

bt g
P

Regional tourism
development level

Figure 4. Comprehensive level of regional tourism development, (a—g) Spatial characteristics of
the corresponding indicator coefficients i1-i7; (h) Spatial characteristics of tourism development

level.

3.2. Spatial Pattern of Tourism Network Potential Accessibility

Based on the improved gravity model described in Section 2.3, the normalized tour-
ism network potential accessibility A7*™ was calculated for each county. This value re-
flects the county’s total interaction potential with other counties in the region, integrating
population, GDP, tourism development level, travel time, and administrative boundary
effects. Figure 5 presents the spatial distribution of A7°™.

>z

[ 0. 00000000 - 0.019825781
0.019825782 ~ 0.070468045
[ ] 0.070468046 - 0.172144873
[ 0. 172144874 - 0.484051012
0.484051013 - 1. 00000000

0 225 450 900 Miles

1 1 1 1 L 1 1 |

Figure 5. Accessibility results.

The normalized TNPA values display a clear core—periphery structure, with a strong
concentration of high values in Chengdu’s urban core and nearby counties. Among all
counties, Jinniu District records the highest normalized TNPA value, reaching 1.000. It is
followed by Qingyang District (0.870), Wuhou District (0.670), Chenghua District (0.482),
Jinjiang District (0.337), and Shuangliu District (0.288). Other counties located in the
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Chengdu Plain, including Pidu District (0.278), Xindu District (0.218), and Longquanyi
District (0.206), also present relatively high TNPA levels. Together, these areas form a con-
tinuous high-value cluster centered on Chengdu.

By comparison, most counties in the Xizang Autonomous Region show very low
TNPA values. The provincial-level statistics further highlight this gap: the average TNPA
value in Sichuan is 0.050565, while the corresponding value in Xizang is only 0.000154.
This suggests that, under the baseline parameter setting, counties in Xizang have much
weaker tourism network potential than those in Sichuan. Overall, the results indicate that
Chengdu and its surrounding counties act as the main core of the regional tourism inter-
action network, whereas most plateau counties remain on the low-accessibility periphery.

The provincial statistics in Table 3 indicate a pronounced difference between Sichuan
and Xizang. The mean TNPA of Sichuan was 0.050565, whereas that of Xizang was only
0.000154. The population-weighted mean TNPA showed an even clearer contrast, with
Sichuan reaching 0.112245 and Xizang only 0.000594. The whole-region median TNPA
was 0.005128, much lower than the mean, indicating a strongly right-skewed distribution
in which a small number of counties occupy a disproportionately high level of tourism
network potential.

Table 3. Provincial statistics of corrected TNPA and tourism development level.

Region Numbe.r of Popflla.ation Mean TNPA Median W:ioglizzdtll(\)/[tan .Mean Corrected Tour-
Counties (Million) TNPA TNPA ism Development Level
Sichuan 183 83.47 0.050565 0.019515 0.112245 0.378999
Xizang 74 3.63 0.000154 0.000046 0.000594 0.12155
Whole region 257 87.1 0.03605 0.005128 0.107591 0.30487
The ranking results in Table 4 show that the ten counties with the highest TNPA
values were all located in Sichuan, and most of them belonged to the Chengdu metropol-
itan area. This confirms the dominant role of Chengdu in the regional tourism interaction
network. The high TNPA values of the surrounding counties in the Chengdu Plain sug-
gest that the core area is not limited to the central districts, but extends outward through
a contiguous network of urban and suburban counties. The weak TNPA values in most
counties of Xizang indicate that high-quality tourism resources in plateau areas have not
yet been effectively transformed into cross-county network potential.
Table 4. Top 10 counties by normalized TNPA.
Rank County Prefecture/City Corrected Tourism Devel- Normalized TNPA
opment Level
1 Jinniu District Chengdu 0.57095 1
2 Qingyang District Chengdu 0.640349 0.870413
3 Wuhou District Chengdu 0.594617 0.67047
4 Chenghua District Chengdu 0.384064 0.482273
5 Jinjiang District Chengdu 0.396446 0.336775
6 Shuangliu District Chengdu 0.766591 0.288032
7 Pidu District Chengdu 0.587812 0.278331
8 Xindu District Chengdu 0.586053 0.218378
9 Fucheng District Mianyang 0.340486 0.212552
10 Longquanyi District Chengdu 0.563804 0.206213

The observed core—periphery pattern should be interpreted in relation to the model
structure. Because TNPA incorporates population size, GDP, tourism development level,
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travel time, and boundary effects, counties located in the Chengdu metropolitan area nat-
urally gain higher interaction potential. Therefore, the result does not simply indicate that
Chengdu has more tourism resources; rather, it reflects the combined effects of market
scale, economic capacity, service concentration, and lower travel-time impedance.

3.3. Association and Mismatch Between Tourism Development Foundations and TNPA

To further examine whether county-level tourism development foundations corre-
spond to network-based accessibility, the comprehensive tourism development level was
compared with normalized TNPA (Figure 6). The scatter plot was divided by the median
values of the two variables, which also provided the basis for the subsequent mismatch
classification. At the whole-region level, the Pearson correlation between tourism devel-
opment level and TNPA was 0.354, while the Spearman rank correlation was 0.691. The
stronger rank correlation indicates that counties with stronger tourism development foun-
dations generally tend to rank higher in network accessibility, but the magnitude of TNPA
does not increase linearly with development level.

Relationship between tourism development level and TNPA
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Figure 6. Relationship between normalized comprehensive tourism development level and normal-
ized TNPA. Dashed lines indicate the median thresholds used for development-TNPA mismatch
classification.

The provincial patterns were different. In Sichuan, the Pearson and Spearman corre-
lations were 0.315 and 0.317, respectively, suggesting that development level and TNPA
were only moderately aligned within the province. Some counties had relatively strong
tourism foundations but remained outside the highest accessibility core, while other coun-
ties benefited from their network position around Chengdu despite having weaker tour-
ism development foundations. In Xizang, the Pearson and Spearman correlations were
0.724 and 0.511, respectively. This positive association should be interpreted with caution,
because most Xizang counties were compressed near the lower end of the TNPA axis.
Differences in tourism development foundations within Xizang therefore do not neces-
sarily translate into strong regional network potential. Long travel times, sparse network
connections, and plateau terrain continue to constrain accessibility. Overall, resource and
service advantages alone are insufficient to guarantee high TNPA; their effect depends on
whether counties are effectively connected to the broader tourism interaction network.
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3.4. Accessibility Equity Under Different Distance-Decay Parameters

In this study, accessibility equity refers to population-weighted distributive spatial
equity, that is, whether tourism network potential is proportionally distributed among
residents across county-level units. It does not directly measure individual-level social
equity among different income, ethnic, or age groups. The TNPA results indicate a pro-
nounced core-periphery structure in the tourism interaction network of the Xizang-5i-
chuan region. However, the spatial distribution of high- and low-value counties alone
does not fully explain how tourism network opportunities are shared across the resident
population. Therefore, this section further evaluates the population-weighted equity of
TNPA using the Gini coefficient, coefficient of variation (CV), Theil index, Lorenz curves,
and interregional differences between Sichuan and Xizang.

In this study, accessibility equity refers to population-weighted distributive spatial
equity, that is, whether tourism network potential is proportionally distributed among
residents across county-level units. It does not directly measure individual-level social
equity among different income, ethnic, or age groups. As shown in Figure 7, TNPA is
unevenly distributed across the population, and the degree of inequality is sensitive to the
distance-decay parameter. Under the baseline setting (y = 2.0 with the default boundary
correction), the population-weighted Gini coefficient reaches 0.677, while the CV and
Theil index are 1.724 and 0.884, respectively. These values indicate that tourism network
potential is highly concentrated in a limited number of counties rather than being evenly
shared across the study area.

TNPA inequality indices Lorenz curves of TNPA Regional TNPA gap

~e— Weighted Gini 10
8- Weighted CV.
—& Theil index

Cumulative TNPA share

Population-weighted mean TNPA

05

100 125 150 175 200 225 250 275 3.00 0.0 02
Distance-decay param ma

08 10 100 125 150 175 200 225 250 275 3.00
eter gam Distance-decay p:

04 Y
Cumulative population share rameter gamma

Figure 7. Population-weighted equity and regional disparity of TNPA under different distance-de-
cay parameters. The left panel shows changes in the population-weighted Gini coefficient, coeffi-
cient of variation (CV), and Theil index under different values of the distance-decay parameter y.
The middle panel presents Lorenz curves of TNPA across the cumulative population distribution.
The right panel compares the population-weighted mean TNPA between Sichuan and Xizang. The

baseline setting is y =2.0 with the default boundary correction.

When y increases from 1.0 to 3.0, the inequality indicators show a consistent up-
ward trend. This indicates that stronger distance decay further concentrates TNPA in core
areas. In other words, when long-distance interaction is more strongly penalized, counties
close to the main tourism and market centers gain a more pronounced advantage, while
remote plateau counties become increasingly disadvantaged. The Lorenz curves also sup-
port this pattern. All curves lie below the line of perfect equality, and the curves bend
further away from the equality line as y increases. This result shows that the inequality
captured by TNPA is not only a spatial contrast between Chengdu and peripheral coun-
ties, but also a population-weighted concentration of tourism network opportunities.

The Lorenz curves provide a more intuitive view of this distributional imbalance. All
curves lie well below the line of perfect equality, confirming that TNPA opportunities are
not proportionally distributed among the population. The baseline curve for y =2.0 al-
ready shows a large deviation from the equality line, while the curves for larger y values
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bend further downward. This pattern indicates that a considerable share of the population
is associated with counties that receive only a very small proportion of total tourism net-
work potential. Therefore, the inequality captured by TNPA is not only a local spatial
phenomenon around Chengdu and its surrounding counties; it is also reflected in the cu-
mulative population distribution of tourism interaction opportunities across the whole
region.

The regional comparison further reveals that the inequality in TNPA has a strong
provincial dimension. Under the baseline parameter setting, the population-weighted
mean TNPA of Sichuan is 0.112245, whereas that of Xizang is only 0.000594. The Si-
chuan/Xizang ratio is approximately 189.0. This large gap indicates that the peripheral
position of Xizang is not simply a result of low local tourism development values, but is
also closely related to long travel times, sparse intercounty connections, and weak inte-
gration into the broader regional tourism network. Therefore, improving tourism equity
in the Xizang-Sichuan region requires more than recognizing the existence of high-quality
tourism resources in plateau areas. It also depends on whether these resources can be
connected to regional tourism flows through more efficient corridors, stronger node func-
tions, and better cross-regional route organization.

3.5. Development-TNPA Mismatch Types

After identifying the distributional inequality of TNPA, it is necessary to examine
whether counties with different tourism development foundations are matched with cor-
responding levels of network accessibility. For this purpose, the comprehensive tourism
development level and baseline TNPA were normalized, and their median values were
used as thresholds to classify all counties into four types: high development-high TNPA,
high development-low TNPA, low development-high TNPA, and low development-low
TNPA. The resulting spatial pattern is shown in Figure 8, and the statistical results are
summarized in Table 5.

Table 5. Statistics of development-TNPA mismatch types.

Mismatch Tvpe Number of Share of Coun- Population Mean Corrected Tour- Mean Sichuan/Xizang
yP Counties ties (%) Share (%) ism Development Level TNPA Counties
High develop-
ment-high TNPA 96 37.35 73.62 0.450814 0.086292 96/0
High develop-
ment-low TNPA 3 12.84 4.88 0.427147 0.00188 31/2
Low develop-
12.84 14.34 25304 026754
ment-high TNPA > 8 3 0.253049 0.02675 33/0
L lop-
ow develop 95 36.96 7.16 0.132915 0.000378 23/72

ment-low TNPA

Note: Sichuan/Xizang counties indicates the number of counties in each mismatch type belonging

to Sichuan Province and the Xizang Autonomous Region, respectively.

The median-based classification provides a clear first diagnosis of the relationship
between tourism development and TNPA. However, given the highly uneven distribu-
tion of TNPA values, the median threshold should not be treated as an absolute boundary.
Some counties close to the median may shift between categories if alternative thresholds
are used. Therefore, before interpreting the high-development-low-TNPA group in policy
terms, a robustness check was conducted to examine whether this mismatch type remains
identifiable under stricter classification rules.

As shown in Table 6, the high-development-low-TNPA group is not solely produced
by the median split. Under the baseline classification, 33 counties are identified as having

https://doi.org/10.3390/su18136783



Sustainability 2026, 18, 6783

17 of 26

relatively high tourism development but low TNPA. When a stricter high-development
threshold is applied, using the upper quartile of the corrected tourism development level,
14 counties remain in this mismatch group. Similarly, when the lower quartile of TNPA
is used to identify counties with particularly weak network accessibility, 3 counties are
still retained. These counties are all included in the baseline high-development-low-
TNPA group.

Table 6. Robustness checks for the high-development-low-TNPA classification.

Number of Coun- Overlap with

Robustness Check Classification Rule ties Identified Baseline Group Interpretation
Baseline median clas- D > median and TNPA < Baseline high-development-low-
P . 33 33 .
sification median TNPA mismatch group
Stricter high-develop- D > Q75 and TNPA < me- Cor.e mismatch cour?tles with
ment check dian 14 14 relatively strong tourism devel-
opment
Stricter low-accessi- D >median and TNPA < Extreme low-accessibility cases
bility check Q25 3 3 within the baseline group
K-means clustering Four clusters based on Most baseline counties remain in
check corrected D and log-trans- 34 24 a low-network/high-develop-
formed TNPA ment cluster
Note: D denotes the corrected comprehensive tourism development level. TNPA denotes normal-
ized tourism network potential accessibility. Q25 and Q75 refer to the 25th and 75th percentiles of
the corresponding variable among the 257 county-level units.

This result suggests that the mismatch pattern has a stable core, although not every
county in the baseline group should be interpreted with the same strength. Counties that
remain under stricter thresholds can be regarded as more robust mismatch cases, whereas
counties close to the median boundary should be treated as threshold-sensitive cases.
Therefore, the following analysis focuses not only on the number of mismatch counties,
but also on their specific locations and intervention priorities.

Figure 8 shows the spatial distribution of the four mismatch types, but the map alone
cannot identify all county-level units within the most policy-relevant category. Since the
high-development-low-TNPA type represents counties where tourism development
foundations are relatively strong but network accessibility remains weak, it is necessary
to list the specific counties included in this group. Table 7 therefore reports the counties
classified as high-development-low-TNPA under the baseline median-based classifica-
tion.

Table 7. Counties classified as high-development-low-TNPA under the baseline median-based clas-
sification.
County Province Prefecture/City Corrected D Normalized TNPA
Aba County Sichuan  Aba Tibetan and Qiang Autonomous Prefecture 0.438 0
Dege County Sichuan Garze Tibetan Autonomous Prefecture 0.57 0.000196
Daofu County Sichuan Garze Tibetan Autonomous Prefecture 0.551 0.000394
Songpan County Sichuan  Aba Tibetan and Qiang Autonomous Prefecture 0.527 0.000786
Heishui County Sichuan  Aba Tibetan and Qiang Autonomous Prefecture 0.466 0.000857
Ganzi County Sichuan Garze Tibetan Autonomous Prefecture 0.456 0.000286
Li County Sichuan  Aba Tibetan and Qiang Autonomous Prefecture 0.451 0.002382
]n(lzzolfrlf;u Sichuan  Aba Tibetan and Qiang Autonomous Prefecture 0.443 0.001346
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Hongyuan

County Sichuan  Aba Tibetan and Qiang Autonomous Prefecture 0.43 0.00061
Daocheng County  Sichuan Garze Tibetan Autonomous Prefecture 0.429 0.00017
Shiqu County Sichuan Garze Tibetan Autonomous Prefecture 0.36 0.000129
Anju District Sichuan Suining City 0.317 0.000007
Che“gtfii“ DS Xizang Lhasa City 0.678 0.003182
Mao County Sichuan  Aba Tibetan and Qiang Autonomous Prefecture 0.646 0.004275
Kangding City Sichuan Garze Tibetan Autonomous Prefecture 0.549 0.003944
Qingchuan Sichuan Guangyuan City 0.485 0.003999
County

Dechang County Sichuan Liangshan Yi Autonomous Prefecture 0.421 0.003865
Luding County Sichuan Garze Tibetan Autonomous Prefecture 0.417 0.002859
Xiaojin County Sichuan  Aba Tibetan and Qiang Autonomous Prefecture 0.402 0.000918
Ma’erkang City Sichuan  Aba Tibetan and Qiang Autonomous Prefecture 0.393 0.001412
Ruoergai County ~ Sichuan  Aba Tibetan and Qiang Autonomous Prefecture 0.39 0.00043
Bayi District Xizang Nyingchi City 0.382 0.000152
Baoxing County Sichuan Ya'an City 0.369 0.002993
Seda County Sichuan Garze Tibetan Autonomous Prefecture 0.369 0.000174
Jiulong County Sichuan Garze Tibetan Autonomous Prefecture 0.355 0.000503
Danba County Sichuan Garze Tibetan Autonomous Prefecture 0.346 0.000772
Litang County Sichuan Garze Tibetan Autonomous Prefecture 0.341 0.000328
Ningnan County Sichuan Liangshan Yi Autonomous Prefecture 0.335 0.002001
Huidong County Sichuan Liangshan Yi Autonomous Prefecture 0.403 0.004985
Shimian County Sichuan Ya’an City 0.385 0.004483
Wanyuan City Sichuan Dazhou City 0.347 0.005058
Pingwu County Sichuan Mianyang City 0.335 0.004743
Miyi County Sichuan Panzhihua City 0.31 0.003785

Notes: D refers to the corrected comprehensive tourism development level. TNPA refers to normal-
ized tourism network potential accessibility. The counties listed here are those with D values above
the median and TNPA values below the median under the baseline classification. A normalized
TNPA value of 0 indicates the minimum value after normalization rather than the absence of acces-

sibility.

Legend

[ High dev - High TNPA

[ High dev - Low TNPA

[B Low dev - High TNPA 9 205 410 820 1230 1640
KM

B Low dev - Low TNPA

Figure 8. Development-TNPA mismatch types. County-level tourism development level and base-
line TNPA were normalized using min-max standardization. The median values of the two stand-

ardized indicators were used as thresholds to classify counties into four types.
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Table 7 indicates that the high-development-low-TNPA counties are mainly concen-
trated in Aba and Garze in western Sichuan, with a small number located in Xizang and
other parts of Sichuan. This result suggests that the mismatch is not simply a problem of
weak tourism development. Many of these counties have relatively strong tourism devel-
opment foundations, but their tourism network potential remains limited. In other words,
their main constraint lies in weak integration into the wider tourism interaction network
rather than in the complete absence of tourism resources or services.

The counties in Aba and Garze are particularly important because they are located in
areas with distinctive plateau tourism resources but relatively high travel-time costs and
weaker inter-destination connections. For these counties, the policy implication is not
merely to increase the number of attractions or service facilities, but to improve corridor
linkage, visitor transfer systems, route organization, and coordination with surrounding
tourism nodes. At the same time, because many of these areas are ecologically and cultur-
ally sensitive, accessibility improvement should be combined with environmental protec-
tion and visitor-flow management.

Several counties close to the median threshold should be interpreted more cau-
tiously. They are retained in the baseline high-development-low-TNPA group, but their
classification may be more sensitive to the choice of threshold. Therefore, the strongest
evidence for the mismatch pattern should be drawn from counties that also remain under
stricter robustness checks, while the remaining counties can be treated as secondary or
potential mismatch cases.

Taken together, Table 5, Figure 8, and Table 7 show that the development-TNPA
mismatch is not randomly distributed across the Xizang—Sichuan region. The high-devel-
opment-high-TNPA type is entirely located in Sichuan and contains most of the region’s
population, indicating that tourism development foundations and network accessibility
reinforce each other mainly in the Chengdu-centered urban network and its surrounding
counties. These areas benefit from a combination of resource quality, service capacity,
market scale, and relatively low travel-time impedance.

The high-development-low-TNPA type is more policy-sensitive. Although these
counties have relatively strong tourism development foundations, their normalized
TNPA values remain low. As shown in Table 7, this group is mainly concentrated in Aba
and Garze in western Sichuan, with a small number of cases in Xizang and other parts of
Sichuan. This pattern suggests that the key constraint in these counties is not simply a lack
of tourism resources or service facilities, but weak integration into the wider intercounty
tourism interaction network. For these areas, improving accessibility should therefore fo-
cus on corridor linkage, visitor transfer systems, route organization, and coordination
with surrounding tourism nodes. In plateau and ecologically sensitive areas, such im-
provements should be combined with visitor-flow management and environmental pro-
tection rather than interpreted as a call for unrestricted infrastructure expansion.

The low-development-high-TNPA type is also located in Sichuan, mostly around or
near the high-accessibility core. These counties benefit from favorable network positions,
but their tourism development foundations are still relatively weak. Their main task is
therefore different from that of the high-development-low-TNPA group. Instead of pri-
oritizing large-scale transport construction, these counties need to improve tourism prod-
ucts, service quality, reception capacity, and the conversion of accessibility advantages
into actual tourism development.

The low-development-low-TNPA type is mainly concentrated in Xizang and other
peripheral plateau areas. These counties face the dual constraints of weak development
foundations and limited network accessibility. For them, tourism development should
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proceed more cautiously. Basic service improvement, ecological carrying capacity, com-
munity participation, and gradual connection to regional tourism routes are more appro-
priate than rapid scenic-spot expansion.

Overall, the mismatch results show that tourism imbalance in the Xizang-Sichuan
region cannot be explained by tourism resources alone. It reflects the combined effects of
resource endowment, market scale, transport cost, service capacity, and intercounty net-
work connection. The most important contribution of the mismatch analysis is therefore
not simply to confirm the dominance of Chengdu, but to identify counties where tourism
development foundations have not yet been effectively transformed into network acces-
sibility. This finding provides a more targeted basis for corridor planning, tourism-node
organization, and differentiated regional tourism policy.

4. Discussion
4.1. Main Findings of the Study

This study integrated the Analytic Hierarchy Process (AHP) and an improved grav-
ity model for tourism network potential accessibility (TNPA) to evaluate county-level
tourism development and network accessibility in the Xizang—Sichuan region. The results
show that tourism resource endowment, especially scenic spot quality, dominates the
evaluation system, contributing more than 60% of the total weight, which confirms the
theoretical view that tourism resources are the core of destination competitiveness. Nota-
bly, the local weight of scenic spot rating is much higher than that of the number of scenic
spots, indicating that tourism development in the region is shifting from scale expansion
toward quality improvement, where resource quality has greater strategic significance
than quantity. Within the tourism service capacity dimension, the weight of tourism em-
ployees is the highest, highlighting the central role of human capital. In the socioeconomic
support dimension, the weight of nighttime light intensity is substantially higher than that
of average years of education, suggesting that economic development provides more di-
rect support for tourism growth.

The TNPA results reveal that Chengdu and its surrounding counties occupy the
highest positions in the regional tourism interaction network, whereas most counties in
Xizang have extremely low TNPA values, indicating that their tourism resources and de-
velopment foundations have not been effectively translated into network potential. This
pattern supports the core—periphery structure: Chengdu acts as a regional growth pole
radiating to surrounding areas, but this radiation hardly crosses the western Sichuan Plat-
eau into the hinterland of Xizang, and the high travel cost along National Highway 318
leads to a significant accessibility gap between Sichuan and Xizang [38]. The study further
reveals that high-quality resource areas such as Aba Prefecture exhibit low accessibility
due to their distance from major transport hubs, whereas some counties around Chengdu
with fewer tourism resources obtain higher accessibility scores. This suggests that spatial
accessibility is a key mediating factor linking resources and markets, and that high-quality
tourism resources require convenient transport conditions to be effectively transformed
into practical advantages [44]. We compared our findings with those from adjacent study
regions. In Guizhou Province, China, the highest accessibility is found in the provincial
capital Guiyang, exhibiting a core—periphery diffusion pattern [51,52]. In Yunnan Prov-
ince, the upgrading of transportation modes has led to reduced travel time on transport
facilities, resulting in improved accessibility that promotes the growth of the tourism in-
dustry and ultimately enhances tourist satisfaction [53].Three unique features of the Xi-
zang-Sichuan plateau explain the extreme TNPA inequality observed here. First, the “ab-
solute travel time barrier” —driving from Chengdu to Lhasa takes a minimum of 38 h un-
der ideal conditions, making cross-regional interaction highly dependent on multi-day
itineraries that few counties can anchor. Second, the “low-density network effect” —with
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only 74 counties over 1.2 million km? in Xizang, the average inter-county distance is 4.8
times that of Sichuan. Our gravity model’s boundary correction (8 = 0.8 for cross-province
pairs) actually underestimates the real impedance, because administrative borders in the
plateau often coincide with 5000-meter mountain passes that close for 4-6 months annu-
ally —a seasonal factor not captured by static travel time data. Third, the “dual peripheral-
ization” of population and economy —Xizang contains only 4.2% of the region’s popula-
tion but 65% of its land area. Consequently, even if a Xizang county has high-quality re-
sources (e.g., the Potala Palace in Chengguan District, corrected tourism development
level =0.678, above the Sichuan median), its TNPA remains negligible because the gravity
model’s mass term (population x GDP) for surrounding counties is near-zero. This triple
uniqueness—absolute distance, network sparsity, and demographic—economic hollow-
ing —distinguishes the Xizang—Sichuan region from other southwestern provinces where
accessibility studies typically deal with more evenly distributed settlement and shorter
absolute distances.

The TNPA-based equity analysis shows that tourism network potential is highly con-
centrated in the Xizang-Sichuan region. Inequality is evident both in the Chengdu-pe-
riphery spatial contrast and in population-weighted distribution. As the distance-decay
parameter increases, TNPA becomes more concentrated, amplifying the disadvantage of
remote counties. Improving equity thus requires stronger network connections, lower
travel-time costs, and better integration of plateau nodes. More importantly, the mismatch
analysis identifies high-development-low-TNPA counties (e.g., Aba and Garze) where
tourism foundations are strong but network integration is weak. Their priority is not add-
ing attractions or facilities, but improving corridor linkage, visitor transfer, route organi-
zation, and coordination with surrounding nodes. This avoids a one-size-fits-all interpre-
tation of accessibility inequality.

4.2. Main Strategies for Coordinated Tourism Development in the Sichuan-Xizang Region

Based on the above discussion, this study offers several suggestions for promoting
coordinated tourism development in the Xizang-Sichuan region. Priority should be given
to improving transport accessibility along key corridors (e.g., Lhasa—Nyingchi, Lhasa—
Shigatse, Qamdo-Nyingchi) and establishing cross-regional cooperation mechanisms
such as transport subsidies, partial ticket waivers, and coordinated route design. For areas
with high development but low tourism network potential (TNPA), efforts should focus
on distribution centers, shuttle systems, and cross-regional route organization; for low
development-low TNPA areas, gradual support based on ecological capacity and com-
munity participation is recommended, avoiding large-scale blind development. Crucially,
our Theil index decomposition shows that 76% of total inequality stems from inter-pro-
vincial differences (Sichuan vs. Xizang) rather than intra-provincial variation, implying
that provincial-level road upgrades alone are insufficient. Instead, inter-provincial corri-
dor investments (e.g., Chengdu-Nyingchi-Lhasa route optimization) and cross-border
tourism product design are more efficient strategies to reduce the 189-fold gap in popula-
tion-weighted mean TNPA between the two regions.

4.3. Connections to Sustainable Tourism Development

The findings of this study have direct implications for sustainable tourism develop-
ment in the Xizang-Sichuan region. From an environmental sustainability perspective,
the pronounced core—periphery pattern and the extreme concentration of tourism net-
work potential in the Chengdu area imply that unmanaged tourism growth in the core
may lead to overcrowding, ecological stress, and resource degradation, while peripheral
high-quality scenic spots in Xizang and western Sichuan remain underutilized. This mis-
match risks both environmental overload in accessible cores and resource idling in remote
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areas, contradicting the principle of balanced resource use. From a social sustainability
viewpoint, the high population-weighted inequality (Gini coefficient = 0.677, Theil index
=(.884) indicates that a large proportion of residents, especially those in Xizang and other
peripheral counties, have very limited access to tourism-related opportunities. Improving
network accessibility for these populations through targeted corridor investments and
visitor-transfer systems can enhance social inclusion and distribute the benefits of tourism
more equitably. Economically, the identification of high-development-low-TNPA coun-
ties (e.g., Aba and Garze) shows that tourism development foundations alone do not guar-
antee regional economic integration. Strengthening inter-county network connections, re-
ducing travel-time costs, and fostering cross-provincial cooperation can help transform
local tourism assets into sustainable regional income streams, thereby reducing the “rich-
get-richer” dynamic that currently characterizes the region. Therefore, future policies
should move beyond resource-centric planning and adopt a network-oriented, equity-
aware approach that aligns with the United Nations Sustainable Development Goals (no-
tably SDG 10 on reduced inequalities and SDG 11 on sustainable cities and communities

5. Conclusions

Based on the integrated AHP and improved gravity model analysis, this study draws
several conclusions regarding tourism development and network accessibility in the Xi-
zang-Sichuan region. Tourism resource endowment, particularly scenic spot quality,
dominates the comprehensive evaluation (over 60% of total weight), while tourism net-
work potential accessibility (TNPA) exhibits a strong core—periphery structure with
Chengdu and its surrounding counties forming a high-value network core and most Xi-
zang counties showing extremely low TNPA values. The population-weighted equity
analysis reveals severe inequality (Gini coefficient = 0.677, Theil index = 0.884 under base-
line settings), indicating that tourism interaction opportunities are heavily concentrated
in a limited number of counties. The development-TNPA mismatch analysis identifies a
critical group of high-development-low-TNPA counties, mainly concentrated in Aba and
Garze in western Sichuan, where relatively strong tourism foundations are not matched
by adequate network integration. These findings highlight that tourism imbalance in the
region stems not only from resource distribution but also from the combined effects of
transport impedance, market scale, and intercounty network connections.

Research Limitations

Based on the analytical framework and methodological design of this study, the fol-
lowing main limitations are identified. First, the TNPA model relies on static data on pop-
ulation, GDP, and road networks, and therefore fails to capture the dynamic impacts of
seasonal fluctuations in tourism flows, real-time traffic conditions (e.g., winter closure of
plateau mountain passes), or changes in public transport service frequency on actual ac-
cessibility. Second, although the AHP weights have passed sensitivity tests, expert judg-
ments inevitably involve a certain degree of subjectivity, and the analysis does not incor-
porate actual tourist behavioral preferences or multi-source consumption data. Third, the
study uses the county-level administrative unit as the basic analytical scale, which may
mask accessibility differences at the township level or among specific scenic spots within
a county. Future research could integrate mobile phone signaling data, dynamic traffic
trajectory data, and high-resolution time-series remote sensing information to improve
the spatiotemporal accuracy and policy responsiveness of the assessment.
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Appendix A

Table Al. Criteria layer judgment matrix and consistency test.

Criterion Layer C1 C2 C3 Weight
c1 1 3.033 3.99 0.626
2 0.33 1 2.041 0.239
C3 0.251 0.49 1 0.136

Amax =3.022, CI=0.011, CR =0.019.

Table A2. C1 submatrix.

Criterion Layer I1 12 Weight
I1 1 0.48 0.324
12 2.083 1 0.676

Table A3. C2 submatrix.

Criterion Layer I3 14 I5
I3 1 3.132 2.126
14 0.319 1 0.5
15 0.47 2 1

Amax = 3.010, CI=0.005, CR = 0.009.

Table A4. C3 submatrix.

Criterion Layer I6 17
I6 1 2.948
17 0.339 1

Appendix B

Table A5. Spearman rank correlations under different weighting schemes.

Scheme Spearman’s
Resource-dominated vs. original scheme 0.985873733
Service-dominated vs. original scheme 0.829070899
Balanced vs. original scheme 0.935871188
Resource-dominated vs. service-dominated 0.735385938
Service-dominated vs. balanced 0.934764812
Resource-dominated vs. balanced 0.876493078
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