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Abstract. To clarify how the high-speed rail (HSR) network reshapes terrestrial 

accessibility and the tourism-economy spatial network in China’s southwestern 

borderlands, this paper examines Yunnan Province’s 16 prefecture-level units at 

three critical time nodes—2015, 2019, and 2023. Using weighted average travel 

time(WATT), a modified gravity model, and a coupling-coordination approach, 

we systematically analyze the evolutionary characteristics and coupling rela-

tionship between land-transport accessibility and the tourism-economy spatial 

network. The results show that (1) provincial accessibility improved markedly 

between 2015 and 2023: WATT declined universally, with the steepest drops in 

Chuxiong and Yuxi; the spatial pattern remained “core-agglomerated & periph-

erally-decaying”, yet the high-value fringe continuously shrank as infrastructure 

expanded, indicating greater equality. (2) The tourism-economy network shifted 

from “weakly-linked & sparse” to “strongly-linked & clustered”: low-intensity 

ties diminished while high-intensity ties multiplied; total linkages rose across 

the board; Kunming’s hub dominance persisted, but cities such as Qujing 

climbed the hierarchy, transforming the province from a single-pole to a multi-

pole system. (3) The accessibility–tourism-economy coupling advanced steadi-

ly: the number of “premium-coordinated” and “moderately-coordinated” cities 

grew while “seriously mismatched” cities dwindled; among the four coupling 

types, “advantage-synergy” cities acted as growth poles, “transport-potential” 

cities expanded, and “development-constrained” cities contracted. The findings 

furnish a scientific basis for optimising Yunnan’s tourism spatial layout and 

high-quality development, and offer reference for transport–tourism coupling 

research in other south-western border regions. 

Keywords: High-Speed Rail, Terrestrial Accessibility, Tourism Economy, Spa-

tial Nexus, Yunnan 

1 Introduction 

Tourism, one of the world’s largest and fastest-growing sectors, has become a strate-

gic pillar for many economies seeking structural transformation, employment genera-

tion, and balanced regional development [1][2]. This is especially true in China’s 

southwestern borderlands, where distinctive natural and cultural endowments have 
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works—critical conduits linking tourist-generating regions with destinations—shape 
the direction, volume, and velocity of tourist flows. Accessibility levels therefore
govern not only the exploitability of tourism resources and the efficiency of itinerary 
design, but also the degree of regional tourism synergy [3]. Within modern transport 
systems, high-speed rail (HSR) stands out for its speed, comfort, and punctuality, and 
has emerged as a key force in reconfiguring space-time relations and catalysing tour-
ism-industry upgrading. The expansion of an HSR network alters travellers’ modal 
choices and spatial perceptions, while simultaneously transforming the topology of 
tourism-space networks [4]. Consequently, examining the nexus between terrestrial
accessibility and the tourism-economy spatial network under the backdrop of HSR 
development constitutes a frontier issue at the intersection of tourism and transport 
geography, carrying significant theoretical and practical implications for high-quality 
regional tourism development.  

Academic inquiry into transport accessibility began in the 1950s.  In 1959 Hansen 
first explicitly defined accessibility as “the magnitude of interaction opportunities
among nodes within a transport network” [5][6], laying the conceptual cornerstone for 
subsequent work.  Since then scholars have refined both metrics and applications.
Methodologically, a multi-indicator system has emerged that centres on time, distance 
and cost [7-9]. Spatial-separation models gauge access difficulty through Euclidean or 
network distance [10]; cumulative-opportunity models count the number of destinations 
reachable within a given time budget, capturing “coverage breadth” [11]; gravity-type 
models integrate distance-decay and node-size effects to quantify interaction strength 
more precisely [12].  Empirically, research has scaled up from intra-urban to regional 
arenas.  Urban studies examine how public-transport accessibility shapes residents’ 
activity spaces and the spatial logic of city functions [13], whereas regional analyses 
focus on the role of network upgrades in fostering economic agglomeration and indus-
trial specialisation.  The rapid expansion of high-speed rail has further shifted atten-
tion toward “time–space compression” and the mechanisms of inter-regional linkage 
[14]. 

Research on tourism spatial networks has coalesced around a “structure–evolution–
driver” paradigm, yielding a relatively mature theoretical framework [15]. Structurally, 
such networks comprise three elements—tourist nodes, tourist routes and tourist
flows—whose respective hierarchy, connectivity and directionality jointly determine 
overall network performance [16]. Social-network analysis is commonly used to quan-
tify density, centrality and cohesive sub-groups [17]. Evolutionarily, the networks ex-
hibit a shift from dispersion to agglomeration and from singularity to complexity [18]. 
Their morphology is shaped by resource endowments, market demand and, most di-
rectly, transport infrastructure [19]; the inauguration of high-speed rail lines, for exam-
ple, frequently activates intermediate nodes and amplifies the spill-over capacity of 
core hubs, thereby re-configuring the entire regional tourism space [20]. 

Although the extant literature offers a solid theoretical and methodological founda-
tion, three gaps remain.  First, high-speed rail has received limited attention; most
studies focus on conventional roads or railways and seldom interrogate how HSR-
induced “time–space compression” reshapes the interplay between accessibility and 
tourism networks.  Second, the empirical focus has been skewed toward the devel-
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oped coastal regions or the national scale, leaving the south-western borderlands—
where rugged terrain, diverse tourism resources and lagging transport infrastructure 
make the accessibility–network nexus especially salient—largely unexplored.  Third, 
quantitative measures of the coupling and coordination between accessibility and
tourism networks, as well as their dynamic evolution, remain scarce. 

This paper takes Yunnan Province as the study area and adopts a transport-
accessibility perspective. Using 2015, 2019 and 2023 as observation years, a gravity 
model is employed to examine how variations in terrestrial accessibility shape the
provincial tourism network and to quantify the resulting coupling–coordination rela-
tionship. Policy recommendations are then offered to optimize Yunnan’s tourism
spatial layout and to promote high-quality tourism development. 

2 Data and Research Methods 

2.1 Data Sources 

Anchored in the context of Yunnan’s evolving high-speed rail (HSR) network, this 
paper adopts a transport-accessibility perspective and selects three pivotal time slices: 
2015 (the initial HSR start-up), 2019 (the opening of the strategic Kunming–Dali–Liji 
corridor) and 2023 (the first phase of a provincial HSR mesh). Inter-city shortest trav-
el times were retrieved from the AutoNavi Maps API.  County-level tourism revenue 
and visitor arrivals for the three years were compiled from the Yunnan Statistical
Yearbook 2015, 2019 and 2023. 

2.2 Research Methods 

(1) Weighted Average Travel Time (WATT) 
WATT is a core metric of regional transport accessibility. By weighting the travel 

times between a given node and every other node, it gauges the average ease of reach-
ing all destinations from that origin [21]. In this study WATT is used to compute the 
mean temporal distance from each prefecture-level city in Yunnan to every other pre-
fecture-level city. The index is expressed as: 

𝐴𝐴𝑖𝑖 = ∑ (𝑇𝑇𝑖𝑖𝑖𝑖 × 𝑀𝑀𝑖𝑖)𝑛𝑛
𝑖𝑖=𝑖𝑖 ∑ 𝑀𝑀𝑖𝑖

𝑛𝑛
𝑖𝑖=1⁄  (1) 

where iA is weighted average travel time of city i in the transport network; ijT
 
 is 

shortest travel time from city i to city j; jM  is total tourism revenue of city j;n is total 

number of cities excluding i.Smaller iA  indicates better accessibility of city i, where-

as a larger iA  implies poorer accessibility. 
(2) Modified Gravity Model 
The modified gravity model extends the classical Newtonian gravity framework by 

inserting correction factors or adjusted variables, enabling it to capture the realities of 
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regional economic or tourism interaction scenarios [22] and thus to estimate inter-
regional interaction strength more accurately. The specific formulation is: 

𝑅𝑅𝑖𝑖𝑖𝑖 = √𝑃𝑃𝑖𝑖𝑉𝑉𝑖𝑖√𝑃𝑃𝑗𝑗𝑉𝑉𝑗𝑗
𝐷𝐷ij
2  (2) 

𝐶𝐶𝑖𝑖 = ∑ 𝑅𝑅𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖=1  (3) 

where𝑃𝑃𝑖𝑖 , 𝑃𝑃𝑖𝑖, are total tourist arrivals in cities i and j, respectively; 𝑉𝑉𝑖𝑖, 𝑉𝑉𝑖𝑖 are total 
tourism revenue of cities i and j; 𝐷𝐷𝑖𝑖𝑖𝑖  is shortest travel-time distance between city i 
and city j; 𝑅𝑅𝑖𝑖𝑖𝑖 is magnitude of tourism-economic linkage between the two cities, re-
flecting the intensity and closeness of their tourism connection; 𝐶𝐶𝑖𝑖 is aggregate tour-
ism-economic linkage strength emanating from city i, indicating the city’s status and 
functional importance within the regional tourism network. 

(3) Coupling–Coordination Model 
The coupling–coordination model quantifies the mutual interaction among two or 

more systems and evaluates whether they evolve in a harmonized way.  First, a cou-
pling index measures the intensity of the interaction; second, a coordination index
assesses the quality of that interaction.  Together they reveal whether the systems are 
locked in a virtuous cycle [23].  In this study the model is used to examine the cou-
pling–coordination nexus between transport accessibility and the tourism economy. 
The specific formulae are: 

𝐷𝐷(μ1, 𝜇𝜇2) = √𝐶𝐶(μ1, 𝜇𝜇2)𝑇𝑇(μ1, 𝜇𝜇2) (4) 

T(μ1, μ2) = aμ1 + 𝑏𝑏μ2 (5) 

where D is  coupling–coordination degree; T is composite coordination index of 
transport accessibility and economic linkage, reflecting the joint contribution of over-
all accessibility and total tourism-economic linkage to coordination; a, b are weight 
coefficients, both set to 0.5 in this study; μ1is inverted and standardized accessibility 
coefficient; μ2 is standardized total tourism-economic linkage coefficient; C is cou-

pling degree, computed as C= , with C ∈ [0, 1]; C = 0 indicates minimum 
coupling, C = 1 maximum coupling; 

3 Spatial Evolution Characteristics of Terrestrial 
Transport Accessibility in Yunnan Province 

Based on the weighted average travel time (WATT) calculations, the accessibility
coefficients for each city are obtained and presented in Table 1. Between 2015 and 
2023, accessibility coefficients declined across all prefectures. For example,
Chuxiong dropped from 233.75 to 144.22 and Yuxi from 244.27 to 152.92, indicating 
a marked improvement in transport accessibility. Meanwhile, central-Yunnan cities—
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Chuxiong, Yuxi and Kunming—consistently registered the lowest coefficients and
thus the best accessibility, whereas peripheral cities in western, northeastern and
south-western Yunnan (e.g., Dehong, Zhaotong and Diqing) maintained comparative-
ly high coefficients throughout the period. 

Table 1. Railway-accessibility coefficients of Yunnan cities, 2015, 2019 & 2023 

No. City  2015 2019 2023 No. City  2015 2019 2023 

1 Chuxiong 233.75  197.61 144.22 9 Lijiang 321.98 293.27 266.36  

2 Yuxi 244.27 192.43 152.92 10 Lincang 331.09 333.37 277.72  

3 Kunming 281.10 199.54 156.15 11 Xishuangbanna 439.54 375.24 286.12  

4 Qujing 288.54 226.17 173.54 12 Diqing 368.80 396.58 348.48  

5 Dali 251.16 212.93 186.29 13 Nujiang 352.67 364.58 371.72  

6 Wenshan 375.61 285.83 202.14 14 Baoshan 324.43 339.25 273.26  

7 Honghe 343.01 310.60 211.14 15 Zhaotong 436.07 406.07 389.18  

8 puer 339.20 332.60 246.59 16 Dehong 420.75 433.53 436.87  

Building on the city-level accessibility coefficients, the spatial–temporal evolution 
of accessibility across Yunnan’s entire administrative surface was visualised with the 
spatial-interpolation tool in ArcGIS (Figure 1).  Temporal dimension: terrestrial ac-
cessibility improved steadily throughout the province; the high-WATT zones con-
tracted markedly. In 2015 large red and orange high-value patches were present in 
north-eastern, south-western and western Yunnan. By 2019 these had shrunk dramati-
cally, with only a few orange spots remaining in the west and south-west. In 2023 
high-value areas were limited to a narrow fringe in western Yunnan, while the bulk of 
the province had shifted into the low- and mid-value classes, indicating continuous 
accessibility gains.  Spatial dimension: accessibility displays a core–periphery gradi-
ent that diffuses outward. In 2015 a green/light-green low-value core centered on 
central Yunnan was ringed by zones of progressively higher values (yellow- orange-
red). Between 2019 and 2023 the green core expanded concentrically toward the
north-east, south-east and south-west, while former high-value fringe patches were
replaced by mid- or low-value cells. This pattern illustrates the spatial spill-over effect 
of transport infrastructure: the accessibility radiation of the central Yunnan hub has 
strengthened over time. 

In summary, between 2015 and 2023 terrestrial accessibility in Yunnan improved 
continuously in temporal terms, while spatially it evolved into a synergistic pattern of 
core-area radiation and targeted peripheral upgrading.  The province’s scaled-up 
transport infrastructure, especially the construction of high-speed rail and express 
ways, directly reduced weighted average travel times, allowing the green low-value 
zone to expand from central Yunnan to the rest of the province.  In addition, policy-
driven transport-poverty-alleviation investments in remote, less-developed areas se-
lectively eliminated high-value patches, promoting a more balanced accessibility
landscape. 
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Fig. 1. Spatial disparities in terrestrial transport accessibility in Yunnan Province, 2015, 2019 & 

2023 

4 Spatial Evolution of Tourism-Economic Linkages in 
Yunnan 

4.1 Evolution of Tourism-Economic Linkage Intensity 

Using the modified gravity model, we classified the spatial linkage intensity of tour-
ism-economic ties among prefectures in Yunnan; the results are mapped in Figure 2. 
In 2015 the network was dominated by grey ties in the 0–50 range—sparse and poorly 
connected. Kunming, the sole core, maintained relatively strong links with neighbour-
ing Chuxiong, Yuxi and Honghe, while Lijiang and Dali in the north-west formed a 
separate small cluster.  In 2019, the number of ties >50 rose sharply. A two-tier hier-
archy emerged, with Kunming as the primary core and Dali as the secondary core. 
Notable intensity gains appeared along Kunming–Dali, Kunming–Yuxi, Kunming–
Qujing and Chuxiong–Dali corridors. In 2023, overall intensity climbed further; grey 
weak ties (0–50) shrank visibly. The network displays a pronounced “core agglomera-
tion / weak peripheral” pattern. Kunming’s direct links with all adjacent prefectures 
exceeded 2 000 units, and the city also reinforced indirect connections to non-adjacent 
nodes through intermediary hubs. Simultaneously, ties between peripheral areas and 
between the periphery and the central zone were strengthened. Overall trend, from 
2015 to 2023, the radiation radius of core nodes expanded continuously, evidencing a 
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gradient upgrade from weak to strong linkages and growing spatial concentration.

 

This evolution is driven by the interplay of improved transport infrastructure (espe-
cially HSR), integrated tourism-resource development and targeted policy guidance, 
collectively reflecting the deepening maturity and spatial interconnectivity of Yun-
nan’s tourism-economy network. 

Fig. 2. Spatial patterns of tourism-economic linkages in Yunnan Province, 2015, 2019 & 2023 

4.2 Total Volume of Tourism-Economic Linkages 

The total tourism-economic linkage (TEL) of Yunnan’s 16 prefectures for 2015, 2019 
and 2023 (Table 2) shows a pronounced upward trend, signalling a steady rise in the 
intensity and interconnectedness of regional tourism activities over time. Spatially, the 
pattern is characterised by a “stable core, shifting sub-cores and gradually activated 
periphery”. 

Core: Kunming ranked first throughout the period, its overwhelming TEL ad-
vantage confirming its role as the pivotal hub for resource integration, visitor distribu-
tion and industrial linkage. Sub-cores: Yuxi held second place from 2015– to 2019 but 
was surpassed by Qujing in 2023. Qujing leapt from 15th in 2015 to 2nd in 2023, 
illustrating the dynamic relocation of growth poles—likely driven by scenic-area de-
velopment, infrastructure upgrades and culture–tourism integration. Honghe,
Wenshan and Chuxiong also climbed the rankings, evidencing the emergence of mul-
tiple secondary or potential cores and a shift from a single-pole to a multi-pole struc-
ture. Periphery: Nujiang remained the lowest-ranked prefecture, yet its TEL rose from 
13.60 in 2015 to 162.60 in 2023. Although still modest, this gain indicates that tour-
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ism-economic activity in marginal areas is gaining momentum and the spatial penetra-
tion of the provincial tourism network is deepening. 

5 Spatial Coupling between Transport Accessibility and 
Tourism-Economic Linkages in Yunnan 

5.1 Coupling–Coordination Levels 

Table 3 summarizes the spatio-temporal trajectory of coupling–coordination grades 
between tourism-economic linkages and transport accessibility in Yunnan from 2015 
to 2023.From temporal trend, the overall coupling–coordination level improved con-
tinuously. Kunming remained in the “premium coordination” class throughout, serv-
ing as the benchmark. Secondary cores such as Qujing and Yuxi climbed from lower 
or even unbalanced grades to “moderate coordination”, while the number of “moder-
ate-coordination” cities expanded and the count of “seriously mismatched” cities
shrank, signalling a province-wide rise in the synergistic capacity of the tourism–
transport system. From Spatial pattern,the evolution exhibits “stable core, expanding 
sub-cores and alleviated peripheral mismatch”. Core: Kunming’s strong tourism ra-
diation and transport-hub advantage generate a resilient high coupling.  Sub-cores: 
Qujing, Yuxi and similar cities constitute a second echelon, upgrading through infra-
structure improvement and tourism-economy expansion.  Middle-tier: Dali, Honghe, 
etc. hover between coordination and mismatch, their grades fluctuating with invest-
ment cycles and market shifts.  Periphery: Nujiang, Zhaotong and other marginal
cities still show stubborn deficits owing to rugged terrain and limited resource exploi-
tation, although their mismatch degree has eased.The pattern is the outcome of inter-
twined factors—resource endowment, transport investment and industrial policy.
Kunming should amplify its core “multiplier effect”.  Sub-core cities need to plug 
gaps, strengthen distinctive products, improve transport interfaces and deepen differ-
entiated resource development.  Peripheral mismatched cities require a “transport-first 
+ resource-breakthrough” strategy—using infrastructure to unlock accessibility bot-
tlenecks and leveraging niche tourism assets to convert transport gains into tourism-
driven endogenous growth. 

Table 2. Total tourism-economic linkages of Yunnan prefectures, 2015, 2019 & 2023 

2015  2019  2023  

No. City 

Total 

tourism-

economic 

linkages 

No. City 

Total 

tourism-

economic 

linkages 

No. City  

Total 

tourism-

economic 

linkages 

1 Kunming 595.52  1 Kunming 22595.93  1 Kunming 47412.09 

2 Yuxi 382.44  2 Yuxi 11165.42  2 Yuxi 18347.15 

3 Dali 225.16  3 Dali 8487.53  3 Dali 18116.06 

4 Lijiang 201.78  4 Lijiang 5822.54  4 Lijiang 5699.20  

5 Chuxiong 144.19  5 Chuxiong 3255.60  5 Chuxiong 4786.59  
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6 Honghe 124.43  6 Honghe 1504.34  6 Honghe 4670.37  

7 Diqing 84.35  7 Diqing 1480.70  7 Diqing 4583.66  

8 puer 64.29  8 puer 1065.37  8 puer 4348.20  

9 Baoshan 62.82  9 Baoshan 870.35  9 Baoshan 3916.75  

10 Xishuangbanna 62.60  10 Xishuangbanna 621.00  10 Xishuangbanna 2696.14  

11 Wenshan 57.22  11 Wenshan 573.13  11 Wenshan 1558.20  

12 Zhaotong 35.86  12 Zhaotong 325.99  12 Zhaotong 790.98  

13 Dehong 34.87  13 Dehong 325.12  13 Dehong 789.69  

14 Lincang 22.91  14 Lincang 305.35  14 Lincang 576.82  

15 Qujing 16.73  15 Qujing 270.29  15 Qujing 336.25  

16 Nujiang 13.60  16 Nujiang 86.88  16 Nujiang 162.60  

5.2 Coupling–Coordination Types 

Using the mean-split node method for the two core indicators—tourism-economic 
linkage intensity and transport accessibility—each region at the 2015, 2019 and 2023 
cross-sections is assigned to one of four coupling–coordination types: High accessibil-
ity & strong tourism-economic linkage (advantage-synergy);High accessibility &
weak tourism-economic linkage (transport-potential);Low accessibility & strong tour-
ism-economic linkage (resource-driven);Low accessibility & weak tourism-economic 
linkage (development-constrained).The conceptual definitions are given in Table 4. 

Table 3. Classification of coupling–coordination grades between transport accessibility and 
tourism-economic linkages in Yunnan, 2015, 2019 & 2023 

No. 
Coupling–

coordination level 

Threshold 

interval 
2015  2019  2023  

1 
Premium coordina-

tion 
[0.9,1] 

Kunming Kunming Kunming 

2 Good coordination [0.8,0.9) Yuxi Yuxi — 

3 
Moderate coordina-

tion 
[0.7,0.8) 

Dali Qujing Qujing, Yuxi 

4 Primary coordination [0.6,0.7) Lijiang, Chuxiong Dali, Chuxiong — 

5 
Bare coordination 

[0.5,0.6) 
Baoshan,Honghe, 

Wenshan 

Lijiang,Honghe, Wenshan Kunming 

6 
On the verge of

mismatch 
[0.4,0.5) 

 Puer, Diqing, Wenshan Baoshan, Puer, Lincang Qujing, Yuxi 

7 
Mild mismatch 

[0.3,0.4) 
Qujing,Lincang, Dehong, 

Xishuangbanna 

Dehong,Nujiang, Diqing, 

Xishuangbanna 

Dali,Chuxiong, Honghe,

Wenshan 

8 
Moderate mismatch 

[0.2,0.3) 
Nujiang Zhaotong Baoshan, Lijiang, Puer,

Xishuangbanna 

9 Severe mismatch [0.1,0.2) Zhaotong — Lincang 

10 Extreme mismatch [0,0.1] — — — 
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Table 4. Coupling–coordination types of transport accessibility and tourism-economic linkage: 
names and definitions 

Type Definition Interpretation 

Advantage-synergy High accessibility 
& strong tourism-
economic linkage 

Transport and tourism economies rein-
force each other, forming a virtuous
cycle of coordinated development. 

Transport-potential High accessibility 
& weak tourism-
economic linkage 

Transport superiority exists, but tourism-
economic ties remain under-activated;
substantial development potential awaits
exploitation. 

Resource-driven Low accessibility 
& strong tourism-
economic linkage 

Despite transport constraints, rich tour-
ism resources enable strong tourism-
economic linkages to be achieved. 

Development-constrained Low accessibility 
& weak tourism-
economic linkage 

 Dual constraints of poor transport and
weak tourism linkages keep tourism
development in a relatively backward
state. 

In advantage-synergy, only Kunming and Yuxi stayed in this group throughout the 
period; Qujing entered it in 2019 and 2023 (Table 5).  These areas combine superior 
transport infrastructure with strong tourism-economic linkages and therefore function 
as the core growth poles of regional tourism.  Kunming, for instance—capital and 
tourism hub—has a dense transport network, rich tourist assets and a vast visitor mar-
ket, generating a mutually reinforcing loop between transport and tourism. 

In transport-potential, Qujing (2015), Diqing, Dali (2023), Baoshan, Lijiang, Puer, 
Lincang, Honghe and Wenshan (2019-2023) all fall into this category, and the group 
is expanding.  These prefectures already enjoy good transport accessibility, yet their 
tourism-economic linkages remain under-activated, indicating latent potential.  For
example, Lijiang and Dali were “development-constrained” in 2015 because of poor 
accessibility, but moved into the transport-potential type in 2019-2023 after the Li-
jiang HSR extension and the upgrading of Dali’s transport network.  The improved 
hardware now offers a platform for tourism growth; the next step is to unlock that 
potential through resource integration and product innovation. 

In Resource-driven, only Chuxiong qualified in 2019, making this category rare. 
Despite transport handicaps, the prefecture achieved high tourism-economic linkage 
by capitalising on its own resource endowment—a special case of resource-driven 
growth.  Chuxiong hosts distinctive assets such as Lufeng Dinosaur Valley and the 
Ancient Town of the Yi People; through resource uniqueness and policy support it 
maintained strong tourism ties in spite of accessibility disadvantages, illustrating the 
compensating power of non-transport factors. 

In Development-constrained ,Zhaotong, Dehong, Nujiang and Xishuangbanna re-
mained in this group for most of the period; it is the largest category but is gradually 
shrinking.  These areas suffer the double bind of poor transport and weak tourism-
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economic linkages, leaving tourism development lagging.  Zhaotong and Nujiang, for 
example, lie in the mountainous north-east and north-west of Yunnan; rugged terrain 
keeps accessibility low, while limited resource exploitation and weak visitor appeal 
create a vicious circle.  Nevertheless, the number of development-constrained prefec-
tures fell between 2015 and 2023 as places such as Baoshan and Lijiang graduated 
from the group through transport upgrades, underscoring the pivotal role of infrastruc-
ture in unlocking tourism potential. 

Table 5. Coupling–coordination types of transport accessibility and tourism-economic linkage 
in Yunnan, 2015, 2019 & 2023 

Region 2015 Type 2019 Type 2023 Type 
Kunming Advantage-synergy Advantage-synergy Advantage-synergy 
Qujing Transport-potential Advantage-synergy Advantage-synergy 
Yuxi Advantage-synergy Advantage-synergy Advantage-synergy 
Zhaotong Development-

constrained 
Development-
constrained 

Development-
constraine 

Baoshan Development-
constrained 

Development-
constrained 

Transport-potentia 

Lijiang Development-
constrained 

Transport-potentia Transport-potentia 

Puer Development-
constrained 

Development-
constrained 

Transport-potential 

Lincang Development-
constrained 

Development-
constrained 

Transport-potential 

Dehong Development-
constrained 

Development-
constrained 

Development-
constrained 

Nujiang Development-
constrained 

Development-
constrained 

Development-
constrained 

Diqing Transport-potential Transport-potential Transport-potentia 
Dali Advantage-synergy Advantage-synergy Transport-potential 
Chuxiong Transport-potentia Resource-driven Transport-potential 
Honghe Development-

constrained 
Transport-potential Transport-potentia 

Wenshan Development-
constrained 

Development-
constrained 

Transport-potential 

Xishuang- Development- Development- Development-
banna constrained constrained constrained 

6 Conclusions and Discussion 

6.1 Conclusions 

Taking Yunnan’s sixteen prefecture-level units as the study area, this paper examines 
the evolution and coupling of terrestrial transport accessibility and the tourism-
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economy spatial network under the backdrop of high-speed rail (HSR) development at 
three time nodes—2015, 2019 and 2023. The main findings are as follows. 

1. Significant spatio-temporal optimisation of terrestrial accessibility.Between 
2015 and 2023 terrestrial accessibility improved markedly in both time and space. 
Temporally, weighted-average travel times fell across the province, driven chiefly by 
the expanding HSR network. Spatially, accessibility retained a “core-agglomeration / 
periphery-decay” pattern, but ongoing infrastructure investment steadily reduced spa-
tial disparity.Policy implication: government should continue to invest in transport
infrastructure, with targeted support for peripheral areas, to complete the provincial 
network and promote balanced regional development. 

2. Evident transformation of the tourism-economy spatial network .The network 
shifted from weak, sparse connections to strong, clustered interactions, giving rise to a 
multi-polar structure. Low-intensity ties diminished while high-intensity ties multi-
plied, indicating tighter inter-regional tourism linkages. Aggregate tourism-economic 
activity grew province-wide; Kunming’s core-hub status was consolidated, secondary 
cores gained attractiveness and competitiveness, and marginal cities began to inte-
grate into the network.Policy implication: differentiated tourism policies should be
formulated for each region to unlock local tourism assets and stimulate tourism-
economic growth. 

3 Rising coupling-coordination level with distinct typological differentiation.The 
overall coordination grade improved: the number of “premium-coordinated” and
“moderately coordinated” cities increased, while “seriously” and “moderately mis-
matched” cities declined. Among the four coupling types, “advantage-synergy” cities 
act as growth poles, “transport-potential” cities are expanding, “resource-driven” 
cities are rare, and “development-constrained” cities—though still present—are few-
er.Policy implication: cities should implement type-specific strategies—enhancing 
core spill-overs, converting transport advantage into economic gain, consolidating
resource dividends, or breaking accessibility bottlenecks—to achieve breakthroughs 
in tourism development. 

6.2 Discussion 

1.This study enriches the regional application of transport–tourism coupling theory.  It 
uncovers an uneven evolution path—“core radiation plus targeted policy improve-
ment”—for accessibility and tourism-economic networks against the backdrop of
“mountainous terrain, border location and high-speed rail” in China’s south-western 
borderlands, and provides micro-level evidence of the HSR “time–space compres-
sion” effect, confirming the decisive role of high-speed rail in reshaping tourism spa-
tial networks.  Differentiated strategies should be adopted for each coupling type:
“advantage-synergy” cities should strengthen spill-overs and build the Central-
Yunnan tourism economic circle; “transport-potential” cities should activate resources 
and convert transport superiority into growth drivers; “resource-driven” cities need 
policy support to consolidate resource dividends; and “development-constrained” 
cities must break accessibility bottlenecks and tap niche assets for endogenous
“blood-making” development. 
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2.Improvements in accessibility and tourism connectivity can boost the socio-
economic development of local communities. Better access and connectivity attract 
more visitors whose spending on accommodation, food, retail and services directly 
increases local income and stimulates related industries, creating jobs and raising
household earnings. To meet tourist demand, local governments invest more in
transport, telecommunications and other infrastructure, benefiting residents as well as 
visitors.  However, negative impacts should not be ignored: easier access may bring 
sudden influxes of tourists, raise demand for goods and services and push up prices, 
increasing living costs for local people.  Moreover, rapid tourism growth can generate 
host–guest conflicts and degrade the natural environment, threatening sustainable
community development. 

3.Transport conditions are crucial for tourism, yet the industry is also shaped by 
external factors such as global travel trends and geopolitical events.  Shifts in world-
wide travel preferences or values can alter destination choice and visitor behaviour, 
thereby affecting tourism-economic performance. Geopolitical tensions, regional
conflicts or security concerns may deter travel and depress demand.  Therefore, when 
analysing tourism–economy relationships, both internal factors like transport and
external factors such as global trends and geopolitics must be considered so that more 
scientific and robust tourism-development strategies can be formulated. 

4.This study has two main limitations.  First, qualitative factors such as tourism-
resource endowment and policy intensity were not incorporated, potentially reducing 
analytical completeness.  Second, the analysis was conducted at the prefecture level, 
preventing an exploration of county-level heterogeneity in transport–tourism cou-
pling.  Future research should introduce variables such as resource abundance and
policy strength to build a multi-factor coupling model, and scale down to county level 
using POI data and tourist trajectory records to reveal micro-scale transport–tourism 
interaction mechanisms. 
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