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ABSTRACT

As a well-known tourist destination in China, Wuhan's tourism industry has
faced sustainable development challenges in recent years. Regional devel-
opment imbalance, insufficient transportation accessibility, and limited tourism
capacity have become the core constraints to its high-quality sustainable de-
velopment. This paper focuses on the synergistic enhancement effect of
Wuhan's rail transit and urban cultural tourism. Based on GIS geographic in-
formation data support, the Wilson model is constructed to systematically cal-
culate the tourist transportation network attraction and analyze spatial auto-
correlation, combined with empirical research to explore the path for over-
coming bottlenecks. The survey results show: 1) The subway helps to pro-
mote urban tourism transportation; 2) The subway serves residents' daily life
more than it develops tourism; 3) The subway's role in promoting urban
tourism is greater than its role in scenic area tourism. Based on the above
results, the findings of this study provide theoretical support and practical
paradigms for government departments in formulating sustainable develop-
ment strategies for metro tourism transportation planning, construction, and
operational management decisions and practices.

INTRODUCTION

With the increasingly improved urban transportation

tems, leading to the insufficient transformation of theo-
retical potential into practical application. Secondly, the

network in China, transportation plays a significant role
as the foundational support for socioeconomic devel-
opment, with a strong driving force in urban growth.
Under the development background of the intersection
and integration of transportation and tourism, there are
still some shortcomings in existing related research.
Firstly, in the current studies, there is a lack of in-depth
analysis of the attraction models for existing metro sys-

reshaping effect of metro construction on the tourism
spatial pattern, attraction threshold, and differentiation
characteristics still lacks quantitative evidence support-
ed by refined data.

Therefore, this study takes the Wuhan metro as a
case, integrating GIS spatial analysis, the tourism at-
traction model, and tourism spatial theory. It focuses on
the impact of metro tourism transportation attraction on
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Figure 1 | Research framework

tourism appeal and regional spatial structure. A "rail-
tourism" coupling research framework is constructed to
systematically analyze the role of the metro network in
the aggregation and diffusion of tourism elements. This
research not only supports the further development of
tourism gravity model theory but also holds significant
practical value: it helps promote the development of
Wuhan’s tourism industry and activates the economic
benefits of the metro, while also providing a practical
basis for optimizing metro route planning and station
layout in Wuhan.

In the field of transportation and urban development
research, Guo Peng et al. [1], based on the gravity
model, incorporated travel time into the analysis of ur-
ban gravity fields, revealing the intrinsic relationship
between rail transit and urban development. Xu Lu [2],
using Shanghai as a benchmark, applied the gravity
model to simulate the evolution of urban spatial mor-

phology in Nanjing from 2005 to 2014, confirming the
significant impact of rail transit on its evolution and ex-
tracting patterns of influence.

In the field of tourism spatial connection research,
Yang Zhongyuan et al. [3], relying on the Wilson model,
coupled GIS with spatial autocorrelation techniques to
analyze the tourism spatial relationships in 17 cities in
Anhui Province. The study found that the overall re-
gional connection is weak, with local clustering, and
identified Chaohu and Chuzhou as cold spots, highlight-
ing intercity differences. The research pointed out that
tourist flow is the core indicator for the development of
tourism, and enhancing reception capacity and
strengthening supply-side capabilities are key to in-
creasing tourism attractiveness.

In the intersection of transportation and tourism,
Wang Degen et al. [4] focused on the interaction be-
tween rail transit and tourism destinations, empirically



illustrating the impact mechanism of high-speed rail on
tourist travel resistance, and revealing the role of fac-
tors such as tourism resource endowment in tourism
attractiveness. Tang Qianyu et al. [5], based on the Wil-
son model, used GIS to analyze the spatial correlation
between 33 metro stations (Lines 1 and 2) and 291
tourism facility points in Luoyang. They categorized the
stations into nine functional types and constructed a
three-level structural system.

Internationally, GIS technology has been deeply in-
tegrated into the field of tourism spatial planning and
management. In the 1940s, Zipf [6] and Stewart [7,8]
improved the Newtonian gravity model, with Crampon
[9] being the first to apply it to tourism research. In the
1960s, Wilson A.G. [10] and others used the Wilson
gravity model to analyze tourism flows, and the pro-
posed maximum entropy model promoted the develop-
ment of tourism attraction models. Farsari [11] and
Sabou G.C. [12], relying on this technology, respectively
carried out urban tourism spatial research and cultural
heritage tourism layout optimization practices.

In summary, with the expansion of the application of
gravity models, technological iteration, and the en-
hancement of GIS system functions, research on urban
regional spatial relationships increasingly relies on the
gravity model method and has attracted widespread
attention in fields such as regional planning, tourism,
and real estate. Existing studies have laid the theoreti-
cal and practical foundation for the fields of transporta-
tion and urban development, tourism spatial connec-
tions, and the intersection of transportation and tourism.
However, they also highlight the research gaps men-
tioned earlier, providing an entry point for the develop-
ment of this study.

RESEARCH METHODS AND DATA

Research Methods

This study employs the following two core research
methods:

Firstly, Data Analysis Method. Based on the Wilson
model, combined with network analysis techniques, this
method quantifies the transportation attraction of vari-
ous metro stations in Wuhan to nearby tourist attrac-
tions. The stations that have a significant impact on
tourism transportation are selected through ranking and
screening.

Secondly, Spatial Analysis Method. Using the Arc-
GIS platform, spatial correlation analysis is conducted
to explore the spatial connection characteristics be-
tween metro stations and representative tourist attrac-
tions. On this basis, the research findings are integrated
to carry out a comprehensive analysis of Wuhan's
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tourism industry development, providing targeted rec-
ommendations for the high-quality development of
Wuhan's tourism industry (Figure 1).

Research Subjects and Data Sources

Research Subjects

Wuhan Metro The development process of the Wuhan
Metro from its establishment in 2004 to 2023 is shown
in Table 1. The data used in this paper are sourced
from the authoritative releases by the National Devel-
opment and Reform Commission (NDRC) and the
Wuhan Municipal Development and Reform Commis-
sion, and are regularly updated by the Wuhan Metro
Group up to December 31, 2023. The key development
stages are summarized as follows:

1) 1984: Wuhan organized relevant departments and
experts to discuss the feasibility of metro construc-
tion.

2) 2000: The China Railway Fourth Survey and Design
Institute finalized the preliminary design for rail tran-
sit. In December, the construction of the first phase
of Wuhan Metro Line 1 began.

3) 2006: The ftrial section of Phase | of Wuhan Metro
Line 2 started construction.

Table 1 | The development history of Wuhan Metro lines and
mileage

Year Line Total Line Length Anlr_'n::;tl.hme
2004 Line 1 Phase | 10 10
2010 Line 1 Phase Il 19 29
2012 Line 2 Phase | 28 57
2013 Line 4 Phase | 16 73
2014 Line 1 Phase IlI 6 79
2014 Line 4 Phase Il 17 96
2015 Line 3 Phase | 30 126
2016 Line 2 Phase Il 19 145
2016 Line 6 Phase | 36 181
2017 Line 1 Phase IV 4 185
2017 Line 8 Phase | 17 202
2017 Line 21 Phase | 35 237
2018 Line 7 Phase | 31 268
2018 Line 11 Phase | 20 288
2018 Line 7 Phase Il 17 305
2019 Line 2 Phase IlI 12 317
2019 Line 4 Phase Ill 15 332
2019 Line 8 Phase IlI 5 337
2021 Line 8 Phase Il 15 352
2021 Line 11 Phase Il 4 356
2021 Line 5 Phase | 35 391
2021 Line 6 Phase Il 7 398
2021 Line 16 Phase | 37 435
2022 Line 7 Phase Ill 21 456
2022 Line 16 Phase Il 4 460
2023 Line 5 Phase Il 3 463
2023 Line 19 Phase | 23 486
2024 Line 7 Phase Il 15 501
2024 Line 11 Phase Il 12 513
2024 Line 11 Phase llI 40 553
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Table 2 | Wuhan metro line mileage table

Line Length Stations Transfer Stations
Line 1 37.936 32 7
Line 2 60.304 38 12+1
Line 3 29.660 24 7+2
Line 4 49.693 37 7
Line 5 37.216 27 2+1
Line 6 42.537 32 9+1
Line 7 67.853 33 8+2
Line 8 38.197 26 5+2
Line 11 24.300 14 2
Line 16 36.458 14 2
Line 19 23.300 7 1
Line 21 34.575 16 2

Table 3 | Mileage density of administrative districts in Wuhan
City

Table 4 | Top 10 single - day subway passenger flows in Wuhan
in 2023

Line Density (km/

Metro Passenger Flow (10,000

Administrative District Line 10,000 km?) Ranking passengers) Date
Jianghan District
1.2.3.6.7 10004 1 521.45 2023.09.28
Jiang' -
iang'an District 1.2.3.6.7. 8. 7055
21 2 519.01 2023.04.30
Wuch District
uchang Distric 2. 4.5.7.8 5037
3 509.53 2023.12.31
Qiaokou District
ackou st 1.2.3.6.7 4892
H District 4 506.04 2023.04.29
anyang District 3.4.6.16 3956
Hongshan District 2. 4.5 7.8, 173 5 495.74 2023.05.01
11,19 s
. . 6 494.91 2023.04.28
D hu District
ongxihu Districf 1.2.3.6.7.8 797
Caidian District 7 472.43 2023.06.21
3.4.6.16 388
H i District
uangpi Distric 1.2.7. 21 203 8 466.92 2023.04.01
Jiangxia District 9 464.98 2023.10.27
2.7.8. 11 164 . 10.
Xinzhou District 21 79 10 461.95 2023.03.31

4) 2015: The "Wuhan Metro Phase Ill Construction Plan
(2015-2021)" was approved by the National Devel-
opment and Reform Commission.

5) 2018: Wuhan Metro added 51 km of new tracks,
bringing the total length to 288 km, surpassing cities
like Shenzhen, ranking fifth in the country.

6) 2021: Phase Il of Metro Line 8 and Phase Il of Line
11's Gedian section were simultaneously opened,
covering the Qingshan and Hannan districts, achiev-
ing full coverage of the metro network across the
city.

According to the approved Phase IV construction
plan, Wuhan is set to complete metro projects, including

Line 19, by the end of 2024, forming a 606-kilometer
network with 14 operational lines, thus achieving the
goal of "connecting the main city and new cities."

The Table 2 shows the current line mileage and
transfer stations of the Wuhan Metro. In the table, trans-
fer stations labeled as "x+y" indicate that there are x
stations for two-line transfers and y stations for three-
line transfers. Based on this, the longest line in terms of
mileage is Line 7, while the line with the most stations
and transfer stations is Line 2.

Table 3 shows that Jianghan District, Jiang'an Dis-
trict, Wuchang District, Qiaokou District, and Hanyang
District have the highest metro line density in Wuhan,
while Xinzhou District, Jiangxia District, Huangpi Dis-



trict, and Caidian District have relatively low line density.
This indicates that there is a significant disparity in the
completeness of the metro network across different
administrative districts in Wuhan, with an uneven distri-
bution.

As of December 31, 2023, Wuhan Metro's daily rid-

ership exceeded 4 million passengers on 88 days, indi-
cating that there were 88 days in 2023 when the metro
was operating under high load conditions. Table 4
shows that the top six entries in the daily ridership rank-
ing are all during medium and small holidays such as
Labor Day (May 1), National Day (October 1), and New
Year's Day, indicating that Wuhan Metro faces tremen-
dous passenger flow pressure during holiday tourism
peaks.
Wuhan Tourist Attractions According to the "2023
Government Work Report," Wuhan received 333 million
tourists in 2023, a year-on-year increase of 62.4%, firm-
ly ranking among the top ten most popular tourist cities
in China. E-commerce transaction volume exceeded
1.7 trillion yuan, and total retail sales increased by 8.6%
year-on-year. Among the 15 sub-provincial cities,
Wuhan ranks in the first tier for tourism comprehensive
competitiveness and has risen to the top spot. It ranks
first in terms of current competitive strength, and its po-
tential competitiveness and development environment
competitiveness have both improved, while the quality
of tourism development has significantly increased, and
the city's cultural tourism brand image continues to
stand out.

Research shows that the development of Wuhan's
rail transit still faces two major prominent issues:

The first issue is the insufficient scientific planning of
rail transit. Wuhan has excellent and widely distributed
tourism resources, with the outer districts gathering
high-quality cultural and tourism resources. However,
the coordination between the rail transit planning and
the layout of tourism resources is relatively low. Early
planning focused on overall coverage efficiency, result-
ing in an imbalance in the line network's capacity. Exist-
ing lines are overloaded, while newly constructed lines
have low passenger capacity. At the same time, the
metro density in the outer districts is insufficient, and
the accessibility of tourist attractions by public transport
is poor. This leads to high travel costs and poor experi-
ences for tourists, restricting the development and uti-
lization of quality attractions. In addition, some attrac-
tions' transport planning has not been adapted to the
growing demand from tourists, further exacerbating the
capacity gap.

The second issue is the limited capacity of rail tran-
sit. During tourism peak periods, the number of tourists
increases sharply, and rail transit becomes the pre-
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ferred mode of transportation for tourists. The highest
daily ridership on the metro reached 5.2145 million
passengers, with Line 2 accounting for a significant
share of the ridership, putting pressure on the line's ca-
pacity. The continuous growth in the number of tourists
further exacerbates the rail congestion problem, not
only degrading the travel experience for tourists and
interfering with citizens' daily commuting but also creat-
ing safety risks. This leads to passenger flow diversion,
increasing the overall traffic burden in the city. Adapting
to tourists' travel needs and improving the quality of rail
transit services has become a core challenge that
Wuhan's rail transit development urgently needs to ad-
dress.

Data Sources

The core components of the tourism system include
tourist origin areas, tourism corridors, and tourist desti-
nations. Based on the actual needs of tourism resource
development in Wuhan and the requirements of this
study, the specific data acquisition process is as fol-
lows:

1) Use OpenStreetMap (OSM) technology to acquire a
map of Wuhan's administrative districts and define
the spatial boundaries of the study.

2) Select 300 metro stations and 77 famous tourist at-
tractions in Wuhan as the core study subjects for
targeted analysis.

3) Rely on the Gaode Map API to obtain urban rail tran-
sit data, using four filtering techniques: keyword
search, nearby search, polygon area search, and ID
exact match. Metro station data is efficiently re-
trieved using the polygon search function to obtain
all metro POI (Point of Interest) data within the city's
range.

Data Processing

This study focuses on the two core aspects of tourist
attractions and internal urban transportation. Multiple
technical methods are used to systematically analyze
the tourism functional system in Wuhan. The data pro-
cessing steps are as follows:

1) Mars Coordinate Conversion using Map Location:
Since Gaode Map data is based on the Mars coordi-
nate system, a conversion is required to meet re-
search needs. Based on the sample size and analy-
sis needs, the Map Location tool is used for batch
coordinate conversion. A sample is manually ex-
tracted through Gaode satellite imagery for coordi-
nate picking, followed by accuracy verification and
correction.
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2) Spatial Correlation Analysis between Operational
and Planned Rail Transit and Urban Tourism: The
GIS software is used to add and edit data on the ex-
isting map for this purpose.

3) Data Format Conversion and Preprocessing: The
geographical coordinates, path segments, and ad-
ministrative area polygons acquired are converted
into a projection coordinate system based on the
internationally recognized WGS_1984_PDC_Merca-
tor coordinate system (based on Gauss-Kruger) for
the subsequent in-depth spatial correlation analysis.

Construction of the Analytical Model

Network Analysis

Social network theory [13, 14] defines society as a
network structure composed of multiple nodes and
complex relational chains. This theory can be extended
to the tourism field to analyze the diverse network con-
nections within the tourism space. In a tourism space
network, metro stations can be seen as core "nodes,"
and the centrality of these nodes is a key indicator for
evaluating their core position within the network. This
study constructs a centrality evaluation model based on
social network theory to assess the centrality of 300
metro stations in Wuhan. The core objective is to identi-
fy effective paths between metro stations and tourist
attractions, eliminate redundant line interference, and
construct an efficient connection for the Wuhan tourism
transportation network.

To achieve this goal, the study adopts a three-step
analysis strategy:

1) Effective Path Identification: Define the optimal path
determination criteria. The potential paths between
metro stations and attractions are diverse. This study
uses the minimum travel ratio as the core criterion
and defines the shortest time-consuming path as the
optimal effective path. The "optimal" core evaluation
dimension is the time span (not the physical spatial
distance), similar to the "shortest path" identification
logic in social network analysis.

2) Traffic Time Calculation: Quantify the time distance
between nodes. Accurately quantifying the time dis-
tance between nodes is the core premise for con-
structing effective paths. Since GIS software can
only directly obtain complete road length data, this
study introduces a breakpoint cut-line function to
finely segment each node, achieving automated cal-
culations of road segment length and travel time.
This allows for the precise acquisition of actual run-
ning time between nodes, providing reliable data
support for path optimization.

3) Effective Path Screening: Extract core modeling
data. GIS technology is used to calculate the poten-
tial paths between 77 tourist attractions and 300
metro stations in Wuhan. After eliminating irrelevant
paths, the shortest travel time from each station to
each attraction is extracted accurately, providing
core data for in-depth modeling.

Wilson Model Calculation

Compared to the classic Newtonian gravitation
model, the Wilson model has significant advantages in
analyzing interactions between regions [15]. Based on
existing research, Li Shan et al. [16] simplified the ur-
ban tourism space interaction model and derived a
concise expression for tourism transportation interac-
tions:

Tir = exp(—Bri) (1)

In the formula, T, represents the tourism transporta-
tion attraction between the origin and the destination,

p is the spatial damping coefficient, and T;, is the

shortest transportation distance. In this study, as the

scale of the tourism domain expands, f# shows a de-
creasing trend, and the data obtained using three dif-
ferent methods all fall within the range of 0.002 to
0.005. Referring to existing empirical data, the middle
value of 0.0032 can be selected as the reference [16].

After calculation, the point-to-point transportation
attraction between the 300 metro stations and 77 tourist
attractions in Wuhan was obtained, and the average
value was further calculated to precisely quantify the
attraction of each station to each attraction. The calcu-
lation formula used is as follows:

1 n
W, =— D exp(=pry) @)
k

In this formula, W is the regional tourism transporta-

tion attraction of metro station j; n is the number of
tourist attractions, which in this study is 77. Among the
300 metro stations selected for this study, the majority
not only perform excellently in terms of centrality but
also bear a high density of tourism transportation attrac-
tion.

Spatial Autocorrelation Analysis

This project plans to use methods such as global
spatial autocorrelation and local spatial autocorrelation
to conduct an in-depth spatial autocorrelation analysis
of the tourist attraction at each metro station along the
Wuhan Metro lines. The aim is to reveal and explore the
potential spatial correlation patterns of tourist attraction
between stations.



The concept of global spatial autocorrelation [17]
aims to uncover the spatial correlation characteristics
between attribute values across the entire study area
[18]. This global spatial autocorrelation can be mea-
sured using various statistical indices, such as the
global Moran's | index, global Geary's C coefficient, and
global Getis-Ord G statistic [19, 20]. In this study, the
global Moran's | index is selected as the evaluation tool.

The calculation formula for the global Moran's | in-
dex is:

I= nz:';l Z;;l Wij (xi —)_C)(Xj -X) ~

n n n —\2
Zi:l _,-=1sz2,-=1 (x[ —X)

Zi:l Zj#,‘ wij(“xi - (3)
2 2;;; Wij

In this model, n represents the sample size (i.e., the

B0y = %)

number of spatial locations studied); Wl-j measures the

relative proximity between spatial locations i and j , rep-
resenting the strength of their relationship: when i and

J are adjacent, the value is 1, indicating a close connec-
tion; when they are not adjacent, the value is 0, indicat-
ing no direct spatial correlation.

When exploring spatial autocorrelation, the Moran's
index is a key tool, which is effectively tested through

@

the standardized statistic ~. The calculation formula for
this index is concisely expressed as:
I1—-E)
Z=—— (4)

v/ VAR(I)

In this model, E(I) represents its theoretical ex-

pected value, while VA R(I') represents the theoretical
variance of the model.

When the Z's value is positive and its absolute value
is large, there is a significant positive spatial correlation,
meaning similar observations (whether high or low)

tend to cluster in space. When the Z's value is negative
and its absolute value is large, there is a negative spa-
tial correlation, and similar observations tend to be dis-

persed. When the Z is 0, the observations are indepen-
dently and randomly distributed, with no significant spa-
tial correlation.

Meanwhile, this project plans to use the metro
tourism transportation and tourist attractions as the core
research subjects, employing global spatial autocorrela-
tion analysis, and further exploring its local spatial auto-
correlation characteristics.

First, the local Moran’s index is based on the coordi-

nates n, and its calculation steps can be summarized
as follows:
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X —
In ( X) ZW (X (5)

The standardized statistic for the local Moran's index
test is:
I —E()
Z(I) = —= (6)

" \/VAR{,)

E(l,) is the theoretical expected value for point 7,
and VA R(I,) is the theoretical variance for point n.
If I, > Z(I), it confirms the existence of local spatial

correlation; if [, < Z(I), it confirms a negative correla-
tion.

RESEARCH ON THE TOURISM AND
CULTURAL ENHANCEMENT EFFECTS
OF URBAN RAIL TRANSIT

Section 2.4 above primarily explained the analytical
model constructed in this study. Based on this, the fol-
lowing conclusions are drawn:

After completing the three-step analysis of network
analysis, a total of 23,100 route information was ob-
tained for the 300 metro stations to 77 tourist attrac-
tions. Given Wuhan's compact geographical layout and
the densely covered metro network, most tourist attrac-
tions can be conveniently reached through a "metro +
walking" mode. This result confirms the core role of the
Wuhan metro system in linking urban transportation and
tourism resources, thus boosting the development of
urban tourism.

After solving the Wilson model, the tourism trans-
portation attraction index for 300 stations was ranked,
and the top 20 results are shown in Table 1. The
tourism transportation attraction of each metro station is
intuitively displayed through the differences in color
depth (Figure 3), and the statistical ranking of the aver-
age tourism transportation attraction for each adminis-
trative district station is shown (Figure 4).

1) From Table 5, it can be seen that Jianghan Road
Station has the strongest tourism transportation at-
traction. This station is located in the core business
district of Jianghan District and serves as a transfer
hub for Line 2 and Line 6. With a high daily passen-
ger load, it has significant transportation attraction to
tourist attractions. Huangpi Square Station has the
lowest tourism transportation attraction. It is located
in the northern extension of Line 7 in Huangpi Dis-
trict, far from the city center and most popular tourist
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Figure 2 | Dot distribution of tourism and transportation attraction values of Wuhan subway stations

Table 5 | Ranking list of tourism and transportation attractiveness of Wuhan Metro (1 - 20)

Serial Number Station Name Belonging Line Tourism Transportation Attraction
1 Jianghan Road Line 2, Line 6 0.962961276
2 Jiyu Bridge Line 2, Line 5 0.962866483
3 Xunlimen Line 1, Line 2 0.962306107
4 Tanhualin Line 5 0.961646754
5 Crab Cape Line 2, Line 7 0.961490953
6 Dazhi Road Line 1, Line 6 0.961460932
7 Simenkou Line 5 0.961350019
8 Pengliuyang Road Line 5 0.961195414
9 Fuxing Road Line 4, Line 5 0.961117628
10 Xingsheng Road Line 5 0.961014482
11 Shouyi Road Line 4 0.960646468
12 Wuchang Railway Station Line 4, Line 7, Line 11 0.960618738
13 Xiaodongmen Line 7 0.960607673
14 Xiaoguishan Line 2 0.960505066
15 Liudugiao Line 6 0.960276668
16 Sanyang Road Line 1, Line 7 0.960071885
17 Hongshan Square Line 2, Line 4 0.960005843
18 Zhongnan Road Line 2, Line 4 0.95986735
19 Miaoli Road Line 6 0.959826211
20 Youyi Road Line 1 0.959769857
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Tourism Transportation

Attraction Effects Across

Administrative Regions
Xinzhou - Qingshan
Huangpi [l Hanyang
Jiangxia - Jianghan
Caidian - Qiaokou
Dongxihu -Jianghan
Hongshan [l Wuchang

Figure 3 | Distribution map of the zoning of tourism and transportation
attraction values in each administrative region

attractions.This study's tourism transportation attrac-
tion calculation takes into account both popular at-
tractions and locally unique, lesser-known attractions
that are waiting to be discovered, focusing on trans-
portation connectivity to achieve seamless integra-
tion across all city attractions. Stations with higher
attraction are at the core of the tourism network and
are crucial for improving the efficiency of tourism
transportation. If planning focuses only on popular
tourist attractions, it can lead to overcrowding of at-
tractions in the city center, overlooking the value of
lesser-known attractions, which not only fails to ad-
dress the imbalance in the popularity of attractions
but also hinders balanced and high-quality develop-
ment of regional tourism.

2) From the data in Table 5 and Figure 2, it can be

seen that the tourism transportation attraction effects
along Wuhan Metro Lines 1, 2, 4, and 5 are the most
significant. As the core lines of the urban rail transit
network, these lines have a wide coverage and ex-
cellent accessibility, with strong passenger flow ca-
pacity. Additionally, the tourist attractions along these
lines are densely distributed, and the number of visi-
tors is relatively high. This not only reflects the com-

patibility between metro line planning and tourist at-
traction distribution but also achieves a synergistic
effect between rail transit and tourism development,
demonstrating a "1+1>2" cumulative effect.

3) Regional Comparison (Figure 3) shows that the

tourism transportation attraction of metro stations in
Wuchang, Jianghan, Qiaokou, and Jiang'an districts
is relatively high, benefiting from their geographical
advantages, which create significant transportation
attraction to most tourist attractions. In Hanyang,
Qingshan, Hongshan, and Dongxihu districts, the
attraction is moderate, with regional tourism re-
sources providing support to station attraction. The
attraction in Caidian, Jiangxia, Huangpi, and Xinzhou
districts is the lowest, attributed to their distance
from the city center, low metro network coverage, as
well as fewer and more singular tourism resources.

4) Although Wuchang District is a tourism hotspot with

high tourist concentration, the tourism transportation
attraction of its metro stations has not reached the
optimal level. The core attraction comes from the
abundance of tourism resources. Increasing the
number of tourists is the core research direction, and
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Figure 4 | Local spatial autocorrelation analysis map of tourism and transportation attraction of

Wuhan subway stations

convenient transportation is the key path, which is
also the core significance of this study.

Based on the analysis above, the research conclu-
sions are consistent with the predictions of the Wilson
model. The tourism transportation attraction of urban
rail transit essentially reflects the centrality of metro sta-
tions, representing their core influence on tourism
transportation. The tourism transportation attraction of
Wuhan Metro varies significantly across different lines
and administrative districts, indicating that its potential
to promote the tourism industry has not been fully real-
ized. To explore its underlying causes, this study will
conduct a station centrality correlation analysis from a
geographical spatial perspective. By comparing the
alignment between metro line layout and tourist attrac-
tion locations, it will identify whether there are specific
spatial patterns rather than random distribution.

This study plans to verify the correlation between
urban tourism and rail transit in Wuhan. Based on the
ArcGIS platform, a local spatial autocorrelation analysis
[21, 22] will be conducted to verify whether there are
significant spatial hot spots with strong influences, as
well as whether spatial heterogeneity exists. Further-
more, it will analyze whether these factors affect or pro-

vide supplementary insights into the overall spatial cor-
relation conclusions between the two.

The local spatial autocorrelation curve analysis in
Figure 4 shows that the central area of Wuhan exhibits
significant HH clustering features, while peripheral ar-
eas such as Caidian, Jiangxia, Huangpi, and Xinzhou
show LL clustering distribution. In the boundary areas
between the center and the periphery, most metro sta-
tions have weak tourism transportation attraction, pre-
senting spatially uncorrelated characteristics. Only a
few stations exhibit an alternating high-low clustering
pattern. Based on this, the following conclusions can be
drawn:

1) The results of global and local spatial positive corre-
lation broadly confirm the global positive correlation
feature of the research elements. Both high and low
clustering areas locally validate the existence of pos-
itive correlation. Local negative correlation does not
contradict the global autocorrelation conclusion, and
the central urban area's local positive correlation is
significant, marking strong influence points with no-
table clustering effects.

2) Local autocorrelation analysis indicates that metro
stations in Wuchang, Jianghan, Qiaokou, and
Jiang'an districts have strong tourism transportation



attraction correlations between adjacent stations,
forming a mature metro tourism transportation sys-
tem.

3) Under the context of global positive correlation, the
tourism transportation attraction of metro stations in
the central urban area exhibits local associations,
with an overall hierarchical feature of "inward cluster-
ing, outward diffusion." This reflects that the metro
network planning has uneven regional distribution,
leading to an imbalance in tourism contribution.

In conclusion, the local spatial autocorrelation analy-
sis shows that the spatial correlation between rail transit
and tourist attractions in the central and peripheral ar-
eas is significant. The boundary areas show no clear
positive or negative correlation, and the impact of rail
transit on tourist attractions in these areas is not prom-
inent.

CONCLUSION AND OUTLOOK

This study focuses on the relationship between the
metro system, urban tourism, and residents' daily life.
By using network analysis methods to reveal core pat-
terns, the following conclusions are drawn: 1) The
metro system has a significant role in driving urban
tourism development. Based on the network analysis, a
total of 23,100 multi-transport optimal time route plans
between tourist attractions and metro stations have
been constructed. These plans effectively improve the
operational efficiency of the urban road network and
travel convenience, enrich travel route options, and
provide strong support for the advancement of tourism
transportation. At the same time, the study finds that
differences in metro lines and administrative district at-
tributes significantly impact station-attraction attractive-
ness, deepening the understanding of the urban trans-
portation system layout and providing scientific basis for
optimizing tourism transportation resources. 2) The
metro's role in serving residents' daily life outweighs its
tourism service function. There is a significant spatial
positive correlation between the Wuhan metro and
tourist attractions, showing an inward-to-outward clus-
tering-diffusion effect and a layered passenger flow pat-
tern. However, the metro line layout does not match the
distribution of tourist attractions, making it difficult to
fully meet tourists' travel needs. Notably, early metro
lines (such as Line 1 and Line 2) were originally de-
signed to focus on community layouts and residents'
daily commuting rather than tourism services. As a re-
sult, there is a planning gap in adapting to current
tourism needs, which urgently requires optimization and
upgrading. 3) The metro system's overall impact on ur-
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ban tourism is greater than its direct impact on individ-
ual attractions. The Wuhan metro has weak spatial
connections to most urban tourist destinations, resulting
in remote, high-quality attractions like the Mulan Scenic
Area not fully benefiting from metro passenger flow ef-
fects. Supplementary strategies are needed. However,
from the perspective of the urban tourism landscape,
the metro system, as a key element of tourism trans-
portation, is a crucial link connecting tourists, attrac-
tions, and commercial districts. It also plays a central
role in driving regional economic prosperity through
tourism. Therefore, its overall impact is significantly
greater than its direct effect on dispersed attractions.In
summary, this study clarifies the multi-functional posi-
tioning of the metro and its boundaries of influence,
providing important theoretical reference and practical
guidance for optimizing metro planning and layout, bal-
ancing residents' commuting and tourism service de-
mands, and improving the quality of urban tourism de-
velopment.

Although this study provides theoretical and practical
insights for tourism transportation policy formulation, it
has significant time-related limitations and needs to be
continuously refined in line with contemporary trends.
Looking to the future, urbanization will further expand
the space for metro-based tourism development. Vari-
ous departments need to collaborate and integrate re-
sources to create a comprehensive tourism experience
product. To address issues such as the mismatch be-
tween metro lines and tourism needs and the weak traf-
fic linkage to remote attractions, focus should be given
to enhancing the quality of attractions. Tourists should
have deep experiences of local culture and tourism,
integrating into local communities to gain a sense of
belonging and novelty, deepening their understanding
and appreciation of Wuhan's unique charm, improving
tourism satisfaction, and contributing to the high-quality
development of all-area tourism.
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