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Abstract
Tourism ecological resilience is a key indicator for measuring the sustainable
development capacity of tourism destinations, and enhancing tourism ecological
resilience is crucial for promoting the sustainable development of tourism. Based
on panel data samples from nine provinces (regions) in the Yellow River Basin
from 2000 to 2022, this study employs the entropy-weighted TOPSIS method,
Markov chain, and spatial autocorrelation model to analyze the spatio-temporal
evolution characteristics of tourism ecological resilience in this region, and fur-
ther utilizes the obstacle degree model to analyze the obstacle factors affecting
the enhancement of tourism ecological resilience. The results show that: (1)
From 2000 to 2022, the overall tourism ecological resilience in the Yellow River
Basin was at a relatively low level, showing a fluctuating downward trend. (2)
A hierarchical spatial structure has basically formed where resilience gradually
decreases from downstream to upstream, there exists a significant positive spa-
tial correlation in the development level of tourism ecological resilience among
provinces (regions), spatial agglomeration effects are strengthening, mainly man-
ifesting as“high-high”agglomeration and“low-low”agglomeration characteristics.
(3) At the obstacle criterion level, the main obstacles are recovery adaptation ca-
pacity and innovation evolution capacity, while at the indicator level, the main
obstacles are tourism factor agglomeration level, total water resources, tourism
R&D expenditure, number of tourism invention patents granted, etc.
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Abstract
Tourism ecological resilience serves as a critical indicator for measuring the
sustainable development capacity of tourism destinations, and enhancing it is
essential for promoting sustainable tourism growth. Based on panel data from
nine provinces (autonomous regions) in the Yellow River Basin from 2000 to
2022, this study analyzes the spatiotemporal evolution characteristics of tourism
ecological resilience in the region using the entropy-weighted TOPSIS method,
Markov chain analysis, and spatial autocorrelation models. Furthermore, a bar-
rier degree model is employed to identify the key factors impeding improvements
in tourism ecological resilience. The results reveal: (1) From 2000 to 2022, the
overall tourism ecological resilience in the Yellow River Basin remained at a rela-
tively low level, exhibiting a volatile downward trend. (2) A hierarchical spatial
structure has essentially formed, with resilience gradually decreasing from down-
stream to upstream regions. Significant positive spatial correlations exist among
provincial-level units, with spatial agglomeration effects strengthening and pri-
marily manifesting as “high-high”and “low-low”clustering patterns. (3) At
the criterion layer, recovery adaptability and innovative evolutionary capability
constitute the main barriers, while at the indicator layer, tourism factor aggre-
gation level, total water resources, tourism R&D funding, and the number of
tourism invention patent authorizations emerge as primary obstacles.

Keywords: tourism ecosystem; tourism ecological resilience; spatiotemporal
evolution; barrier factor; Yellow River Basin

1. Introduction
The vigorous growth of tourism has a positive driving effect on local economic
development, yet excessive tourism expansion often leads to ecological damage
and weakened ecosystem service functions. In this context, exploring new path-
ways for sustainable tourism development while unleashing tourism’s economic
potential, and enhancing the adaptive and restorative capacities of tourism des-
tination ecosystems, is crucial. The 20th National Congress of the Communist
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Party of China explicitly proposed the vision of building“livable, resilient, and
smart cities,”bringing the concept of “resilience”into public view. Resilience
refers to a system’s capacity to effectively absorb and adapt to external distur-
bances while maintaining its core characteristics and key functions. Resilience
theory undoubtedly provides a valuable theoretical framework for investigating
the recovery mechanisms and reconstruction pathways of tourism ecosystems
after disturbances.

The concept of “resilience”originated in mechanical engineering, referring to
a system’s ability to return to its original state after experiencing pressure.
Through continuous scholarly exploration, it has undergone an evolutionary
progression from “engineering resilience”to “ecological resilience”and then to
“evolutionary resilience.”Engineering resilience focuses on recovery and adapta-
tion, while ecological resilience emphasizes maintaining stability. Evolutionary
resilience, however, posits that ecosystems can strengthen their sustainability
through structural self-adjustment and flexible responses to external shocks.
This concept aligns more closely with the complexity and dynamic evolution of
tourism ecosystems. Therefore, this study selects evolutionary resilience as its
theoretical foundation.

Based on evolutionary resilience theory and drawing upon the research frame-
work of Li Zhiyuan et al., this study constructs a DPSIR model comprising three
dimensions: defense and resistance capacity, recovery and adaptation capacity,
and innovation and evolution capacity. Tourism ecological resilience is defined
as the triple-capability system demonstrated by tourism ecosystems when fac-
ing challenges such as disorderly tourism development, ecological degradation,
and external emergencies. The first capability involves defense and resistance
to withstand and mitigate these shocks; the second encompasses recovery and
adaptation to restore basic functions and balance after damage; and the third
represents innovative evolution, which drives the ecosystem toward higher-level,
more sustainable states through strategies such as optimization, adjustment,
and transformation.

Scholars have conducted extensive explorations across multiple dimensions, in-
cluding conceptual definition, theoretical modeling, evaluation indicator con-
struction, influencing factors, and optimization pathways. However, several
limitations persist: First, existing models such as DPSIR fail to fully capture
the dynamic and innovative nature of ecosystems. Second, previous research has
predominantly focused on static evaluation or single-time-point comparisons,
with limited in-depth analysis of temporal dynamics and spatial distribution
patterns. Third, studies identifying influencing factors have suffered from nar-
row perspectives and methodological constraints, making it difficult to reveal
interactions across economic, social, cultural, and ecological scales. Address-
ing these gaps, this study examines tourism ecological resilience in the Yellow
River Basin, constructing a comprehensive evaluation indicator system based on
“defense and resistance capacity–recovery and adaptation capacity–innovation
and evolution capacity.”Using the entropy-weighted TOPSIS method, Markov
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chain analysis, and spatial autocorrelation models, we analyze the spatiotem-
poral evolution characteristics from 2000 to 2022, and employ a barrier degree
model to identify the primary obstacles to resilience enhancement, thereby pro-
viding theoretical support and practical guidance for the green transformation
and sustainable development of tourism in the Yellow River Basin.

2. Data and Methods
2.1 Data Sources

Data sources for this study are categorized as follows: Per capita GDP, propor-
tion of fiscal expenditure to GDP, tourism revenue as a share of GDP, number
of travel agencies and star-rated hotels, per capita tourism consumption expen-
diture, tourism reception volume, tourism revenue growth rate, tourism recep-
tion growth rate, solid waste comprehensive utilization rate, domestic garbage
harmless treatment rate (I15), and sewage treatment rate (I16) were obtained
from the China Statistical Yearbook (2001–2023). Forest coverage rate (R9),
nature reserve area as a proportion of jurisdictional area (R10), and total wa-
ter resources (R11) were sourced from the China Forestry Statistical Yearbook
(2001–2023) and China Water Resources Bulletin (2001–2023). Per capita road
area (R6), number of medical institution beds per capita (R7), internet penetra-
tion rate (R8), urban park green space area (R12), and environmental pollution
control investment as a proportion of GDP (I13) were derived from the China
Statistical Yearbook (2001–2023). Tourism factor aggregation level (D1), tourist
density index (D4), tourism space index (D5), tourism employment proportion
(R5), wastewater discharge (D6), exhaust emissions (D7), carbon emissions (D8),
number of tourism invention patent authorizations (I14), and number of tourism
college students (I17) were calculated from data in the China Tourism Statis-
tical Yearbook, China Cultural Heritage and Tourism Statistical Yearbook, and
China Transportation Statistical Yearbook (2001–2023). Additional data were
supplemented from provincial statistical yearbooks and bulletins for the nine
provinces (autonomous regions) in the Yellow River Basin. Missing data were
interpolated using linear interpolation.

2.2 Methodology

2.2.1 Entropy-weighted TOPSIS Method This study combines entropy
weighting with the TOPSIS method. Entropy weighting determines objective
weights by measuring the information entropy of evaluation indicators, effec-
tively avoiding subjective interference inherent in traditional methods. Using
panel data to calculate entropy weights enables objective assessment of tourism
ecological resilience development levels across different regions and time periods
in the Yellow River Basin. The TOPSIS method can intuitively demonstrate
the relative advantages and disadvantages of tourism ecological resilience among
regions. Specific calculation procedures follow references [21].
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2.2.2 Markov Chain Markov chain is a mathematical statistical model
describing random processes of system state changes over time. In analyzing
tourism ecological resilience development levels in the Yellow River Basin,
Markov chains can examine transition probabilities and pathways between
different resilience states over time, as well as how these states evolve. Specific
calculation procedures follow references [22].

2.2.3 Spatial Autocorrelation Model Spatial autocorrelation models are
important tools for measuring spatial autocorrelation, enabling better under-
standing of spatial data distribution patterns and revealing spatial dependence
and heterogeneity of geographic phenomena. In this study, the global Moran’s
I reflects the overall spatial agglomeration degree of tourism ecological resilience
levels across the entire region, while the local Moran’s I further reveals local spa-
tial agglomeration patterns and outliers. Specific calculation procedures follow
references [24].

2.2.4 Barrier Degree Model The barrier degree model identifies major ob-
stacle factors affecting system development and quantifies their impact. In ana-
lyzing tourism ecological resilience development levels in the Yellow River Basin,
this model constructs barrier degrees to identify multi-scale obstacle factors hin-
dering resilience enhancement and ranks them accordingly. Specific calculation
procedures follow references [25].

3. Results
3.1 Temporal Evolution of Tourism Ecological Resilience in the Yellow
River Basin

To visualize the dynamic trends of tourism ecological resilience development
levels in the Yellow River Basin, we quantified and analyzed the development
levels from 2000 to 2022 using the entropy-weighted TOPSIS method. Figure
2 and Figure 3 illustrate the development levels and trends for nine provinces
(autonomous regions) and three basin segments (upstream: Qinghai, Sichuan,
Gansu, Ningxia, Inner Mongolia; midstream: Shaanxi, Shanxi; downstream:
Henan, Shandong) as defined by the Yellow River Conservancy Commission.

From 2000 to 2022, tourism ecological resilience in the Yellow River Basin exhib-
ited a volatile downward trend, with provincial resilience indices ranging from
[0.135, 0.735] and an average of 0.365, indicating relatively low overall develop-
ment levels and reflecting severe ecological challenges in the basin. The study
period witnessed cyclical fluctuations with a significant change in 2020, show-
ing a pattern of “initial rise, subsequent decline, then rise again followed by
decline.”Notably, the sharp decline in 2020 was primarily attributable to the
COVID-19 pandemic’s sudden impact. This dynamic trajectory demonstrates
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the high sensitivity and unique response mechanisms of the Yellow River Basin’
s tourism ecosystem to internal and external environmental changes.

At the sub-basin level, tourism ecological resilience distribution showed signifi-
cant gradient differences, with downstream > midstream > upstream. Specif-
ically, the average resilience values were 0.452 for downstream, 0.338 for mid-
stream, and 0.305 for upstream regions. The downstream region significantly
outperformed midstream and upstream areas due to its status as the most eco-
nomically developed area in the basin, with mature tourism resources and prod-
uct development and greater emphasis on ecological governance and environ-
mental protection.

At the provincial level, Henan (0.489) and Shandong (0.415) had the highest
average resilience, followed by Sichuan (0.389) and Shaanxi (0.342), while Shanxi
(0.285), Inner Mongolia (0.283), Ningxia (0.236), Qinghai (0.234), and Gansu
(0.232) ranked lowest. This distribution pattern is closely related to economic
development levels, tourism resource development depth and breadth, ecological
protection strategies, and policy orientations.

3.2 Spatial Evolution of Tourism Ecological Resilience Development
Types

To compare spatial evolution patterns, we employed ArcGIS 10.8 software with
the Jenks natural breaks classification method to categorize provincial resilience
levels into four types: low resilience (index < 0.25), relatively low resilience
(0.25–0.35), medium resilience (0.35–0.45), and high resilience (> 0.45) for the
years 2000, 2008, 2016, and 2022.

The spatial distribution of tourism ecological resilience in the Yellow River
Basin changed significantly during the study period. By 2022, a hierarchical
spatial structure had essentially formed, with resilience gradually decreasing
from downstream to upstream. Specifically, in 2000, no provinces exhibited
high resilience; low and relatively low resilience types dominated, with most
provinces showing medium resilience, forming a stepped geographic distribu-
tion. By 2008, high-resilience provinces increased to two (Inner Mongolia and
Ningxia), while the remaining seven provinces showed medium resilience. By
2016, only Henan exhibited high resilience, with medium resilience provinces de-
creasing to two (Sichuan and Shandong), relatively low resilience increasing to
four (Qinghai, Inner Mongolia, Shaanxi, Shanxi), and low resilience remaining
at two (Gansu, Ningxia). By 2022, high-resilience provinces increased to two
(Henan, Shandong), while medium and relatively low resilience types decreased
to one (Sichuan) and three (Qinghai, Inner Mongolia, Shaanxi) respectively,
and low resilience provinces increased to three (Gansu, Ningxia, Shanxi). This
pattern reflects a development stage where economic growth was prioritized over
ecological protection, with resilience enhancement not yet a widespread focus.
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3.3 Dynamic Evolution of Tourism Ecological Resilience Development
Levels

To analyze dynamic transitions between different resilience levels, we con-
structed a Markov chain model for the period 2000–2022. The state transition
probability matrix reveals that diagonal elements represent the probability
of maintaining the same resilience level, while off-diagonal elements quantify
potential transitions between levels.

Upstream Region: Low-resilience areas showed high stability (0.857 proba-
bility of remaining low) with limited upward mobility. Relatively low-resilience
areas had moderate stability (0.625) but faced regression risks (0.250). Medium-
resilience areas showed general stability (0.444) with multidirectional transition
possibilities. High-resilience areas demonstrated high stability (0.667) with only
downward risk to medium level (0.333).

Midstream Region: Low-resilience areas were relatively stable (0.667) with
high probability of transitioning to relatively low level (0.333). Relatively low-
resilience areas showed stability (0.500) with regression risk (0.250) and moder-
ate upward potential (0.250). Medium-resilience areas had high stability (0.667)
with significant upward potential to high level (0.333) but small regression risk
(0.222). High-resilience areas were extremely stable (1.000).

Downstream Region: Low-resilience areas were relatively stable (0.667) with
higher probability of transitioning to relatively low level (0.333) than to medium
level (0.167). Relatively low-resilience areas had stability (0.500) with regression
risk (0.250) and moderate upward potential (0.250). Medium-resilience areas
showed high stability (0.750) with significant upward potential (0.250) but small
regression risk (0.083). High-resilience areas were extremely stable (0.800) with
only minor downward risk (0.200).

In summary, upstream regions showed overall stability with low-resilience areas
difficult to upgrade and high-resilience areas relatively stable but facing transi-
tion risks. Midstream regions exhibited clear upward and downward transitions,
with low-resilience areas prone to downward movement and medium-resilience
areas showing multidirectional transitions. Downstream regions demonstrated
overall stability, though low-resilience areas faced upgrade difficulties while
medium-resilience areas showed strong upward potential and high-resilience ar-
eas maintained extreme stability.

3.4 Spatial Agglomeration of Tourism Ecological Resilience Develop-
ment Levels

To further understand spatial agglomeration characteristics, we analyzed Moran’
s I indices. The global Moran’s I values for 2000–2022 all passed significance
tests at the 1% level, with positive values revealing significant positive spatial
correlations among provincial tourism ecological resilience levels. Z-values ex-
ceeded critical thresholds, indicating pronounced spatial agglomeration effects.
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Temporally, the global Moran’s I showed a fluctuating upward trend from 0.247
to 0.314, demonstrating continuously strengthening spatial agglomeration.

Building on the global analysis, we created local Moran scatter plots for four
key time points (2000, 2008, 2016, 2022) to visualize local spatial associations
and dynamic evolution. Provinces predominantly clustered in the first and third
quadrants, showing significant spatial agglomeration and heterogeneity, mainly
manifesting as “high-high”and “low-low”patterns. Notably, third-quadrant
provinces were significantly more numerous, indicating a tendency toward“low-
low”agglomeration in the basin.

At the provincial level, Henan and Shandong consistently showed “high-high”
agglomeration, indicating high resilience levels and positive spillover effects.
Sichuan exhibited persistent “high-low”agglomeration, reflecting high local re-
silience but low surrounding levels. Gansu, Ningxia, and Inner Mongolia con-
sistently showed “low-low”agglomeration, indicating substantial room for im-
provement. Shanxi degraded from “high-high”to “low-high”agglomeration,
while Qinghai regressed from“low-high”to“low-low”agglomeration, reflecting
increasing challenges in tourism ecological resilience for both provinces and their
neighbors.

3.5 Obstacle Factors in Tourism Ecological Resilience Development

3.5.1 Criterion Layer Analysis Analysis of criterion-layer obstacle factors
across nine provinces revealed that innovative evolutionary capability exhibited
the highest barrier degree, representing the primary constraint on improving
tourism ecological resilience in the Yellow River Basin. Recovery and adapta-
tion capacity also constituted a significant barrier, while defense and resistance
capacity showed relatively lower barrier degrees, reflecting certain stability in
withstanding internal and external shocks. Future resilience enhancement strate-
gies should focus on regulating and optimizing these two core criterion layers.

3.5.2 Indicator Layer Analysis (1) Provincial-level obstacle factors:
To identify key indicator-layer obstacles, we applied the barrier degree model.
Tourism factor aggregation level (D1) emerged as the dominant obstacle factor
across the basin, appearing 24 times among top-five barriers, followed by total
water resources (R11) and tourism R&D funding (I13). For upstream regions,
I13, D1, and R11 were the primary obstacles during 2000–2022. For midstream
regions, D1 replaced I13 as the top obstacle. For downstream regions, I13, D1,
and R11 remained primary obstacles. Overall, D1 is the main barrier hindering
provincial tourism ecosystem resilience improvement.

(2) Sub-basin obstacle factors: Building on provincial analysis, we further
identified obstacles for upstream, midstream, and downstream regions. Up-
stream regions were primarily constrained by I13, D1, and R11. Midstream
regions faced D1, I13, and R11 as main obstacles. Downstream regions were hin-
dered by I13, D1, and R11. These findings highlight consistent obstacles across
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scales while revealing regional variations in barrier intensity.

4. Discussion and Conclusions
4.1 Discussion

This study comprehensively analyzed the spatiotemporal evolution characteris-
tics and obstacle factors of tourism ecological resilience in the Yellow River Basin
from 2000 to 2022 using entropy-weighted TOPSIS, Markov chains, spatial auto-
correlation models, and barrier degree models. The research contributes to exist-
ing literature in three key aspects: First, based on evolutionary resilience theory,
we constructed a multi-dimensional evaluation indicator system encompassing
defense and resistance capacity, recovery and adaptation capacity, and innova-
tion and evolution capacity. Second, we employed diverse computational meth-
ods to comprehensively understand spatiotemporal evolution trends. Third,
from a refined analysis perspective, we conducted hierarchical obstacle factor
identification at both criterion and indicator layers, while considering spatial
scale differences by analyzing barriers at both provincial and sub-basin scales.
This multi-scale approach helps capture characteristics and differences across ge-
ographic spaces, providing scientific evidence for targeted regional sustainable
tourism strategies and ecological conservation planning.

Despite these contributions, limitations remain: First, as an emerging research
field, the theoretical framework and indicator system for tourism ecological re-
silience require further refinement. Although our indicators consider tourism
ecosystem characteristics and draw from existing research, the system needs
optimization and supplementation. Future studies should explore additional di-
mensions and indicators to more comprehensively reflect resilience characteris-
tics. Second, limited by data availability, this research focused on the provincial
scale; prefecture-level city analysis was not included due to challenges in data ac-
cessibility, consistency, and completeness. As tourism and ecological databases
improve, future research can refine the spatial scale for more detailed analysis.

4.2 Conclusions

(1) Temporal dimension: During the study period, tourism ecological re-
silience in the Yellow River Basin remained at a relatively low level overall, show-
ing a volatile downward trend. Sub-basin analysis revealed significant gradient
differences, with downstream > midstream > upstream. Temporal evolution
showed heterogeneous characteristics across resilience levels: low-resilience ar-
eas exhibited strong solidification tendencies, relatively low-resilience areas faced
multiple constraints despite potential for improvement, medium-resilience areas
represented critical transition stages, and high-resilience areas demonstrated
stable, positive development trajectories.

(2) Spatial dimension: The spatial distribution of tourism ecological re-
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silience changed significantly, forming a hierarchical structure decreasing from
downstream to upstream by 2022. Spatial agglomeration analysis revealed signif-
icant positive spatial correlations among provinces, with pronounced agglomera-
tion effects mainly manifesting as“high-high”and“low-low”clustering patterns.

(3) Obstacle factor analysis: At the criterion layer, recovery and adaptation
capacity and innovation and evolution capacity were the primary obstacles. At
the indicator layer, tourism factor aggregation level (D1), total water resources
(R11), tourism R&D funding (I13), and number of tourism invention patent
authorizations (I14) were identified as key barrier factors.
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