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Abstract: The Hanjiang River is one of the major tributaries of the Yangtze River, and the Hanjiang
River Basin serves as an important link connecting the western and eastern regions of China. As a
significant tourist destination, the development of the tourism industry in the Hanjiang River Basin is
of great significance for promoting local economic, social, and environmental sustainability. The study
of the spatiotemporal evolution of the ecological efficiency of tourism in the Hanjiang River Basin
is beneficial for optimizing the investment of tourism resource elements and promoting ecological
protection and high-quality development in the area. In this paper, we used the Super-Efficiency
Slacks-Based Measure Model to calculate the tourism ecological efficiency of 12 cities in the Hanjiang
River Basin from 2010 to 2019 and measured its spatiotemporal evolution and spatial agglomeration
using ArcGIS software. The results show that during the study period, the ecological efficiency
of tourism in the Hanjiang River Basin presented a phased characteristic of first rising and then
falling over time and a heterogeneity characteristic of decreasing in a downward-middle-upward
staircase pattern spatially. In addition, the distribution of tourism ecological efficiency exhibited
obvious spatial clustering and dependence, with significant low-level homogenization phenomena,
which requires strengthening cooperation and coordination among neighboring cities to achieve
more efficient resource utilization and higher-quality tourism product development.

Keywords: Hanjiang River Basin; tourism sustainability; tourism ecological efficiency; tourism
diversity; spatiotemporal evolution; Super-Efficiency SBM model; spatial clustering

1. Introduction

Tourism is a vital, comprehensive, and supporting industry that has experienced
sustained, high-speed, and stable growth in the global economic system [1,2]. With the
deepening of economic globalization, the tourism industry has entered a golden age and
has emerged as one of the fastest-growing sectors in the global economy [3]. However, the
rapid development of tourism has led to a range of social and environmental problems,
including ecological damage and the erosion of cultural heritage [4]. As a result, the
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development of sustainable tourism has become a crucial solution to address these issues
and has drawn the attention of both the tourism industry and academia [5].

Sustainable tourism is a new approach to tourism development that prioritizes the
preservation of the ecological environment, the protection of cultural heritage, the ad-
vancement of community economies, and social development [6]. This model requires
careful consideration of the impacts on ecology, culture, and society in all aspects of tourism
planning, management, and operation to achieve a harmonious balance between tourism
development, ecological protection, cultural heritage preservation, and community devel-
opment [7,8]. Sustainable tourism is not only a growing trend in the tourism industry but
also an essential component of global economic sustainability.

Against the backdrop of economic globalization, resource depletion, environmental
degradation, and population growth have become increasingly prominent issues, with
ecological and environmental challenges posing significant obstacles to sustainable de-
velopment [9,10]. The Hanjiang River Basin, known for its rich historical heritage and
abundant tourism resources, is one of the most important tourist regions in China and a
crucial economic support and ecological barrier in the Yangtze River Basin [1]. However,
excessive development and unreasonable utilization have led to varying degrees of damage
to the tourism ecological environment in the area. According to multiple data sources,
China welcomed 6.002 billion domestic tourists and 145.31 million inbound tourists and
generated a total tourism revenue of 6.63 trillion yuan in 2019 [1,11]. The intensive human
activities associated with tourism inevitably magnify the pressure on the ecological envi-
ronment of the Hanjiang River Basin [12,13]. As a vital component of the tertiary industry,
high-quality tourism development is an imperative requirement. Therefore, balancing the
development of the tourism economy and ecological environmental protection has become
a pressing issue that must be addressed in the Hanjiang River Basin [14,15].

Ecological efficiency refers to achieving maximum economic output while consuming
the least amount of resources and incurring the least environmental cost under certain
ecological conditions [16]. This concept evaluates the relationship between economic devel-
opment and resource utilization, and is commonly used to assess the degree of resource
and environmental utilization [17,18]. In the tourism industry, which has both economic
and ecological benefits, measuring tourism ecological efficiency is crucial to evaluate the
impact on the local ecological environment while promoting economic development [19].
Tourism ecological efficiency can be defined as the relationship between the economic value
created by tourism activities and the utilization of ecological resources [20,21]. Optimizing
tourism resource allocation, strengthening environmental protection management, and
improving technology levels within the tourism industry can improve tourism ecological
efficiency [22]. By doing so, the tourism industry can achieve economic benefits while
maximizing the protection of the ecological environment, laying a solid foundation for
sustainable development [23–25].

It is important to avoid prioritizing economic benefits over ecological environmen-
tal protection when improving tourism ecological efficiency [26]. Thus, adhering to the
concept of sustainable development, balancing economic development and ecological
environment protection, and adopting effective measures to ensure the long-term sus-
tainability of the tourism industry are crucial [27]. By evaluating tourism ecological effi-
ciency and implementing sustainable development practices, we can achieve economic
growth while minimizing negative impacts on the environment. This will help ensure the
long-term sustainability of the tourism industry and contribute to the protection of the
ecological environment.

The development of sustainable tourism plans and policies has become crucial for
the tourism industry in the Hanjiang River Basin [28,29]. Such plans and policies should
prioritize protecting the ecological environment and promoting the economic and social
development of local communities. However, few studies have focused on the tourism
ecological efficiency of this important region that connects western and eastern China.
To address this gap in the literature, this article explores the spatiotemporal evolution of
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tourism ecological efficiency in the Hanjiang River Basin. Our aim is to provide insights into
the organic combination of tourism development, ecological protection, cultural heritage
preservation, and community development in the region and to expand the application of
the Super-Efficiency SBM model. This study provides a reference for promoting sustainable
tourism in the area by analyzing the spatiotemporal evolution of tourism development.
It also contributes theoretical analysis to the application of the A Super-Efficiency Slacks-
Based Measure Model in the field of tourism eco-efficiency, offering valuable insights for
policymakers and stakeholders.

2. Theoretical Background
2.1. Sustainable Tourism

The concept of sustainable tourism is derived from the broader theory of sustainable
development, which prioritizes long-term, stable, and sustainable development while
emphasizing fairness among contemporaries, future generations, countries, and ethnic
groups [30]. This theory reflects a growing recognition of the destructive impact of human
activities on the ecological environment and underscores the importance of balancing
efficiency and fairness goals [31,32].

Sustainable tourism aims to promote the sustainability of the tourism industry by
reducing tension and conflict that may arise from the complex interactions between the
industry, tourists, the environment, and local communities while maintaining the quality
of natural and cultural resources [33,34]. Its central goal is to protect and enhance opportu-
nities for future use while meeting the needs of tourists and local communities, ensuring
the preservation of essential ecological processes and biodiversity, and supporting local
livelihoods [5,35].

To achieve sustainable tourism development, several requirements must be met,
including addressing the needs of local residents, meeting the growing demand for tourism,
and protecting the environment [8,36]. Achieving this balance is essential for promoting
sustainable tourism development, which can help to preserve natural and cultural resources,
support local communities, and promote economic growth in a responsible and sustainable
manner [37,38].

2.2. Ecological Efficiency

Ecological efficiency is a critical concept in ecology that measures the efficiency of
energy, matter, and information use in an ecosystem [39,40]. It is crucial for the stability
and sustainability of an ecosystem and its ability to respond to external disturbances [41].
By understanding ecosystem function and implementing protection and restoration mea-
sures, we can strike a balance between environmental protection and healthy economic
development [42,43]. This is essential to minimize negative environmental impact during
rapid economic growth and to achieve ecological civilization [44,45].

Two key indicators of ecological efficiency are production efficiency and ecological
efficacy [46–48]. Production efficiency measures an ecosystem’s ability to produce biomass
in a given unit of time [49,50], while ecological efficacy measures how well an ecosystem
converts solar energy into useful chemical energy [51,52]. Improving ecological efficiency re-
quires enhancing both production efficiency and ecological efficacy, which can be achieved
by increasing nutrient input, reducing ecosystem losses, and improving material cycling
and energy utilization efficiency [53,54].

Balancing economic development with environmental protection is crucial for achiev-
ing ecological efficiency, which can be seen as a means of achieving sustainable develop-
ment [55,56]. By promoting ecological efficiency, we can support sustainable economic
growth while minimizing negative environmental impacts [57]. This requires a com-
prehensive and integrated approach that takes into account the economic, social, and
environmental dimensions of sustainable development.
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2.3. Tourism Ecological Efficiency

Tourism ecological efficiency is a critical branch of ecological efficiency research that
explores the impact of tourism on the environment [58]. To promote sustainable tourism
development, it is essential to consider not only the economic and social benefits but
also the environmental impact of tourism [59–61]. The concept of tourism ecological
efficiency aims to achieve a sustainable balance between ecology, society, and the economy
by considering the development of the tourism industry from the perspective of ecological
efficiency [62–64].

Tourism ecological efficiency is based on the core concept of reducing the use of the
environment and resources while producing goods and services [65]. Various research
methods can measure tourism ecological efficiency, including life cycle costs, life cycle
assessment, and input-output analysis [66,67]. The study of tourism ecological efficiency
is critical for achieving sustainable development in the tourism industry, protecting the
environment and enhancing the economic benefits of tourism [68,69].

The goal of tourism ecological efficiency is to minimize tourism resource input while
maximizing tourism economic benefits and minimizing negative impacts on the envi-
ronment, thus achieving a friendly coexistence between the tourism economy and the
ecological environment [70–73]. The evaluation criteria of tourism ecological efficiency
can include multiple indicators, such as the efficient utilization of tourism resources, the
quality of the ecological environment, and the economic benefits of tourism. By studying
and evaluating tourism ecological efficiency, researchers can provide useful references and
guidance for the sustainable development of the tourism industry.

3. Study Area Overview

The Hanjiang River Basin is a geographically important area in central China, with
a total length of 1577 km and a catchment area of approximately 159,000 square kilome-
ters [74], as shown in Figure 1. The region spans six provinces and municipalities: Hubei,
Shaanxi, Henan, Sichuan, Yunnan, and Gansu, covering a total of 20 cities and districts. Its
geographic coordinates are 106◦12′–114◦35′ E, 30◦6′–34◦23′ N. The Hanjiang River Basin
crosses the second and third geological structures in China from west to east, resulting in a
complex and diverse landscape, including undulating mountainous terrain, gentle plains,
and hilly terrain [75].
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The Hanjiang River Basin is one of China’s important grain-producing regions, with
early agricultural development, a good industrial foundation, and abundant mineral
resources, including gold, lead, nickel, and copper. In addition, the Danjiangkou Reservoir,
which has been incorporated into the South-to-North Water Diversion Project, providing
important water transfer and flood control functions and having a high ecological value [76],
is important in the Hanjiang River Basin.

However, with rapid economic development and accelerated urbanization, the Han-
jiang River Basin is facing environmental pollution and ecological destruction. A large
amount of untreated domestic and industrial wastewater is discharged into the Han River,
exacerbating the problem of water pollution. Human activities such as sand and gravel min-
ing, shore slope hardening, and overfishing have also had a certain impact on the ecosystem
of the Hanjiang River Basin, threatening biodiversity and the sustainable development of
the ecological environment.

From a tourism perspective, the Hanjiang River Basin also boasts rich natural land-
scapes and a historical and humanistic landscape, such as the Three Gorges, Shennongjia,
Lushan Mountain, and Emei Mountain. Among them, the Three Gorges is one of China’s
famous tourist attractions, attracting a large number of tourists with its spectacular natural
scenery and unique cultural connotations [1,2]. However, the development of tourism
has also brought a series of problems, such as excessive development of scenic areas and
insufficient environmental protection awareness among tourists, conditions that need to
be addressed.

In conclusion, the Hanjiang River Basin is not only an economically important region
in China but also an area rich in ecological environment and tourism resources. It is
necessary to strengthen environmental protection and sustainable development to achieve
coordinated development of the economy, society, and environment.

4. Data and Methods
4.1. Construction of the Evaluation System

Based on previous literature [77], this study has developed an evaluation index for the
ecological efficiency of tourism in the Hanjiang River Basin. The index consists of two levels
of indicators, namely input and output indicators, which are presented in Table 1.

Table 1. Evaluation index of tourism ecological efficiency.

Type Categories Indicators Unit Content

Input Indicators

Resources A-class scenic spots Score
Grade 1A: 50; Grade 2A: 60; Grade 3A:

75; Grade 4A: 85; Grade 5A: 90; The
sum of these grades is the overall score.

Services Star-rated hotels Number

Capital Tourism industry fixed
asset investment Billions (CNY)

The proportion of tourism in fixed
asset investment in the

tertiary industry.

Workforce Employees in the tourism
industry Number

The proportion of tourism in the
number of employees in the

tertiary industry.

Output Indicators

Expected output
(economic benefits)

Total Tourism Reception 104 people

Total Tourism Revenue Million (USD)

Nondesired output
(ecological impact)

Tourism wastewater
discharge 104 t

Conversion using the proportion
of tourism.

Tourism sulfur dioxide
emissions t Conversion using the proportion

of tourism.

Smoke emissions from
tourism 104 t

Conversion using the proportion
of tourism.

Regarding the input indicators, this article addresses the scores of A-level scenic spots,
the number of star-rated hotels, fixed asset investment in tourism, and the number of
tourism employees as indicators of tourism resources, services, capital, and labor input.
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Among them, the study employs the A-level scenic spot score to characterize resource input.
Considering that different levels of scenic spots have different impacts, the study adopts a
scoring method based on previous research [77,78], using a weighted sum of scores for each
level of scenic spots to calculate the A-level scenic spot score. The scoring method used the
landscape-quality scoring criteria specified in the “Classification and Evaluation of Tourist
Scenic Area Quality Grades”: 1A—50 points; 2A—60 points; 3A—75 points; 4A—85 points;
and 5A—90 points. The study takes the lowest score specified for the corresponding level
of scenic spots as the value of the tourism resource input for that level. In addition, the
study selects the number of star-rated hotels to represent service input and fixed asset
investment in tourism to represent capital input. Since the data are not yet available for
the city, the study refers to relevant research and converts it by multiplying the fixed asset
investment in the tertiary industry by the proportion of tourism. For labor input, the study
selects the number of tourism employees, and the calculation method is the same as above.

Regarding the output indicators, this article selects the total tourism revenue and
total tourism reception as expected output indicators to measure tourism performance and
attractiveness. In selecting ecological environment indicators, tourism carbon emissions
are the most commonly used. However, due to the difficulty in obtaining government-
protected data on the number of tourists for transportation, accommodation, and other
activities, the study selects the discharge of tourism wastewater, sulfur dioxide, and smoke
as indicators of unexpected output. Since cities do not separately account for the “three
wastes” of the tourism industry, the study refers to previous research and converts it by
using the ratio of tourism revenue to GDP [79,80]. The calculation of tourism wastewater
discharge is wastewater discharge × (tourism revenue/GDP). The calculation process for
tourism sulfur dioxide emissions and tourism smoke emissions is the same as above.

Based on the natural river basin as the basic support, considering the integrity of
the geographical unit and the direct relationship between the regional economy and the
Hanjiang River Basin, combined with data availability, the study area selected 12 prefecture-
level cities, including the upstream areas of Hanzhong, Ankang, Shangluo, Shiyan, etc.,
the middle reaches of Nanyang, Xiangyang, Jingmen, etc., and the downstream areas
of Qianjiang, Tianmen, Xiantao, Xiaogan, and Wuhan. Data sources include statistical
yearbooks, tourism yearbooks, national economic and social development bulletins, and
the website of the Ministry of Culture and Tourism from 2010 to 2019.

It should be noted that to eliminate the deviation caused by price fluctuations, this
article uses 2010 as the base year to deflate tourism revenue and fixed asset investment.
In addition, when a large amount of missing data arises, this article uses interpolation to
supplement the data to ensure the evaluation effect.

4.2. Methods
4.2.1. Super-Efficiency SBM Model

The Super-Efficiency SBM (Slacks-Based Measure) model not only addresses the input–
output slack and unexpected output problems but also ranks the efficiency values [81–83].
In this study, the Super-Efficiency SBM model was used to measure the ecological efficiency
of tourism in the Hanjiang River Basin, and the efficiency levels were divided into five
grades based on previous research [83,84]: very high (TE > 0.8), high (0.6 < TE ≤ 0.8),
moderate (0.4 < TE ≤ 0.6), low (0.2 < TE ≤ 0.4), and very low (TE ≤ 0.2). The model
construction is as follows:

minρ =

1
m

m
∑

i=1

(
x

xik

)
1

r1+r2

(
r1
∑

s=1

yd

yd
sk
+

r2
∑

q=1

yu

yu
qk

) ,



x >
n
∑

j=1, 6=k
xijλj; yd 6

n
∑

j=1, 6=k
yd

sjλj

yd >
n
∑

j=1, 6=k
yd

qjλj; x > xk

yd 6 yd
k ; yu > yu

k ;
λj > 0, i = 1, 2, . . . , m; j = 1, 2, . . . , n;
s = 1, 2, . . . , r1; q = 1, 2, . . . , r2

(1)
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where n represents the decision-making unit, and m, r1, and r2 represent input, expected
output, and unexpected output, respectively. x, yd, and yu represent the elements in the
corresponding matrices, and ρ represents tourism ecological efficiency.

4.2.2. Global Spatial Autocorrelation

Global spatial autocorrelation is a commonly used spatial analysis tool that describes
spatial correlation from a global perspective [85]. In geographic information systems and
spatial statistics, global spatial autocorrelation is typically used to evaluate the degree
of spatial clustering and dispersion of spatial data, as well as the strength and direction
of spatial correlation [86]. Moran’s I index is commonly used to measure global spatial
autocorrelation, with the following formula:

I =

n
∑

i=1

n
∑

j=1
Wij(xi − x)

(
xj − x

)
S2

n
∑

i=1

n
∑

j=1
Wij

(2)

where S2 represents the variance, x represents the mean, xi and xj represent the tourism
ecological efficiency of the i-th and j-th cities, respectively, n represents the total number of
city units, and Wij represents the spatial weight matrix. In this study, the researchers chose
the geographic proximity weight matrix (Wij = 1, i 6= j; Wij = 0, i = j) as the base matrix, and
for robustness considerations, the researchers used the geographic distance weight matrix
(W = 1/dij, i 6= j; W = 0, i = j; dij represents the distance between cities) as a comparative
test. Moran’s I index is used to measure spatial autocorrelation, with values ranging from
−1 to 1. When Moran’s I > 0, it indicates that there is spatial positive correlation; when
Moran’s I < 0, it indicates that there is spatial negative correlation; and when Moran’s I = 0,
it indicates that there is no spatial autocorrelation. The calculation of Moran’s I can help
to reveal the spatial heterogeneity and correlation of tourism ecological efficiency among
cities and provide support for the application of GIS and spatial statistics.

4.2.3. Local Spatial Autocorrelation

Local spatial autocorrelation is a spatial analysis tool that measures regional differ-
ences and clustering from a local perspective [87]. Unlike global spatial autocorrelation,
local spatial autocorrelation evaluates spatial differences and clustering among regions by
calculating the spatial correlation between each region and its neighboring regions [88,89].
The specific formula for calculating local spatial autocorrelation is as follows:

Ii =

(xi − x)
n
∑

j=1
Wij
(
xj − x

)
S2 (3)

The variables in the equation have the same meanings as in Equation (2). Ii represents
Moran’s I index value for each region i, which ranges from −1 to 1. When Ii > 0, it
indicates a spatial clustering phenomenon of high-high or low-low similarity attributes
between the region and its neighboring regions. When Ii < 0, it indicates a spatial clustering
phenomenon of high-low or low-high dissimilar attributes between the region and its
neighboring regions. When Ii = 0, it indicates a random distribution of attributes between
the region and its neighboring regions. Calculation of local spatial autocorrelation can
help reveal spatial heterogeneity and clustering among regions, providing support for the
application of geographic information systems and spatial statistics.

5. Results and Discussion
5.1. Temporal Changes in Tourism Ecological Efficiency

Figure 2 illustrates the temporal changes in tourism ecological efficiency in the Han-
jiang River Basin from 2010 to 2019, calculated based on Table 1 and Formula (1). The mean
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value of tourism ecological efficiency in the basin was 0.38 in 2010, and the overall trend
showed fluctuations, with the highest value of 0.69 recorded in 2016 and the lowest value
of 0.63 recorded in 2015. However, there was a significant increase in efficiency in 2019,
reaching a peak of 0.73.
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Regional differences in tourism ecological efficiency were observed in the basin. The
upstream region consistently exhibited lower efficiency than the basin average throughout
the study period but maintained an upward trend. In contrast, the middle and upper
reaches of the basin showed a stable increase in efficiency from 2010 to 2014, followed by
fluctuations and reversals from 2014 to 2017 and a subsequent upward trend. The efficiency
values in the middle and upper reaches of the basin consistently exceeded the basin average,
while the downstream region showed a slower rate of increase in efficiency compared to
the upstream and middle reaches. The tourism ecological efficiency in the Hanjiang
River Basin can be classified into three stages: growth stage (2010–2014), fluctuation stage
(2014–2017), and growth stage (2017–2019). This classification reflects a fluctuating trend
of first increasing, then decreasing, and then increasing again. Furthermore, the increase
in efficiency in the upstream and middle reaches was significantly greater than that in the
downstream reaches.

In conclusion, this study offers valuable insights into the temporal changes and re-
gional differences in tourism ecological efficiency in the Hanjiang River Basin. Targeted
policy interventions are necessary to improve tourism ecological efficiency in the down-
stream region while sustaining growth in the upstream and middle reaches. Implementing
these measures can promote sustainable tourism development in the basin.

5.2. Spatial Distribution in Tourism Ecological Efficiency

Figure 3 illustrates the regional differences and spatial evolution characteristics of
tourism ecological efficiency in the Hanjiang River Basin, which was divided into low,
medium, and high levels according to the rule of “0-0.36-0.66-1”. In 2010, only Shiyan City
in the upper reaches reached the medium level, while the other cities were at the low level.
In contrast, the middle and lower reaches reached the medium level, with some cities even
reaching the high level. This indicates that the tourism ecological efficiency in the western
upper reaches is significantly lower than that in the eastern middle and lower reaches,
with significant spatial differences and a staircase-like decreasing spatial pattern from the
downstream to the upstream.
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Over time, the number of low-level areas in the upper reaches decreased, while the
number of medium- and high-level areas increased. In 2014, all cities in the upper reaches
improved their tourism ecological efficiency to the medium level, and the first high-level
area appeared in 2015 in Shiyan City. Ankang City was also upgraded to a high-level area
in 2019. The middle reaches had the first high-level area in 2013 in Jingmen City, and all
cities in the middle reaches were upgraded to high-level areas in 2016, with Nanyang City
having the highest tourism ecological efficiency in 2019. The downstream had the highest
average level of tourism ecological efficiency, and in 2013, all cities except Qianjiang City
reached the high-level area. These findings indicate that the tourism ecological efficiency of
the entire Hanjiang River Basin significantly improved during the study period, and the
regional differences gradually narrowed.

The current study conducted a comparative analysis of the spatial distribution of
effective decision-making units in the Hanjiang River Basin. Two cities in the upper
reaches reached DEA effectiveness, with a mean of 1.074, and Shiyan City had the highest
efficiency. Two cities in the middle reaches reached DEA effectiveness, with a mean of
1.232, and Xiangyang City had the highest efficiency. Four cities downstream reached DEA
effectiveness, with a mean of 1.317, and Wuhan City had the highest efficiency. In terms of
quantity, the downstream had the most cities that reached DEA effectiveness, while the
middle and upper reaches had fewer. In terms of efficiency, the cities that reached DEA
effectiveness downstream had higher efficiency levels, followed by those in the middle
reaches, while the upper reaches had the lowest efficiency levels. Moreover, economically
developed cities had higher efficiency levels than other cities, regardless of their position in
the basin.

In conclusion, the spatial differences in tourism ecological efficiency in the Hanjiang
River Basin are significant, showing a staircase-like decreasing spatial distribution pattern
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from downstream to upstream. While regional differences have gradually narrowed, there
is still a need to strengthen the coordination and integration of ecological protection and
tourism development. Among cities that reach the same effective decision-making unit,
those in the downstream reaches show a higher efficiency level than those in the middle
and upper reaches. Moreover, economically developed cities exhibit higher efficiency levels
than other cities.

5.3. Global Spatial Autocorrelation Analysis

Table 2 shows that the global Moran’s I index results for tourism ecological efficiency
in the Hanjiang River Basin, considering geographical proximity and the geographical
distance weight matrix, indicate significant positive spatial correlation in the region. This
means that changes in tourism ecological efficiency in a certain area depend not only on
their own intrinsic factors but also on the influence of neighboring areas. This spatial
correlation may be related to the geographical environment and population distribution in
the basin. For example, upstream areas may face challenges in developing and utilizing
tourism resources due to high mountains, dangerous roads, and inconvenient transporta-
tion, affecting tourism ecological efficiency. In contrast, downstream areas with flat terrain,
convenient transportation, and a large population may have more tourism resources and
better tourism services, increasing tourism ecological efficiency [1]. Moreover, the develop-
ment of tourism may also be influenced by factors such as policies, economy, and culture,
which may differ in different regions, further exacerbating the spatial correlation of tourism
ecological efficiency in the Hanjiang River Basin.

Table 2. Global Moran’s I for the Hanjiang River Basin from 2010 to 2019.

Year
Geographical Proximity Weight Matrix Geographical Distance Weight Matrix

Global Moran’s I Z p Global Moran’s I Z p

2010 0.323 4.061 0.000 0.140 9.692 0.000
2011 0.373 4.501 0.000 0.187 10.013 0.000
2012 0.435 5.331 0.000 0.192 10.055 0.000
2013 0.438 5.442 0.000 0.184 9.680 0.000
2014 0.401 4.846 0.000 0.185 9.551 0.000
2015 0.404 4.891 0.000 0.172 8.719 0.000
2016 0.215 3.895 0.000 0.112 8.790 0.000
2017 0.255 3.971 0.000 0.122 8.231 0.000
2018 0.346 3.599 0.000 0.071 8.475 0.000
2019 0.357 3.536 0.000 0.048 7.679 0.000

Furthermore, the trend analysis indicates that the agglomeration intensity of tourism
ecological efficiency in the Hanjiang River Basin shows a “reverse U-shaped” trend, increas-
ing first and then decreasing. This suggests that there is a strong spatial dependence of
tourism ecological efficiency in the early stage, where similar tourism ecological efficiency
tends to be concentrated in adjacent areas, and this dependence gradually weakens over
time. This trend may be related to the development stage of tourism and policy adjust-
ments [90]. In the early stage of tourism, there may be relatively few tourism resources
and relatively single tourism products, leading to a more obvious spatial agglomeration
of tourism ecological efficiency [91,92]. However, with the rapid development of tourism
and continuous policy adjustments, tourism resources and products in different regions are
better developed and utilized, and the spatial distribution of tourism ecological efficiency
tends to be stable.

In conclusion, tourism ecological efficiency in the Hanjiang River Basin exhibits clear
spatial agglomeration and dependence characteristics. Its formation mechanism may be
related to various factors, including the geographical environment, population distribution,
tourism development stage, and policy adjustments.
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5.4. Local Spatial Autocorrelation Analysis

Figure 4 illustrates the local spatial correlation and agglomeration of tourism ecological
efficiency in the Hanjiang River Basin, with four time points selected for analysis: 2010,
2013, 2016, and 2019. The number of high-high agglomerations was the highest and mainly
distributed downstream of the Hanjiang River, shifting to the middle reaches in 2019. Cities
with low-low agglomerations were mainly concentrated upstream of the Hanjiang River.
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In terms of distribution patterns, high-high and low-low agglomerations showed a
concentrated and contiguous distribution, while low-high and high-low agglomerations
displayed a divergent distribution. This spatial agglomeration phenomenon indicates a
significant spatial peer effect of tourism ecological efficiency in the Hanjiang River Basin,
especially under the low-level homogenized agglomeration state. This may be related to
the geographical environment and tourism resource distribution in the basin. For example,
the downstream area of the Hanjiang River has abundant tourism resources and a high
level of tourism services, leading to a strong correlation between the tourism ecological
efficiency of adjacent cities. In contrast, the upstream area has scattered tourism resources
and a relatively low level of tourism services, resulting in a weaker correlation with tourism
ecological efficiency [1,93,94].

Furthermore, it can be observed that the spatial agglomeration of tourism ecological
efficiency in the Hanjiang River Basin presents a local spatial pattern characterized by “the
low remain low and the high remain high”, that is, the low-level homogenized agglom-
eration state is relatively stable, and the high-level homogenized agglomeration state is
also relatively stable. This local spatial pattern may be related to the market competition
mechanism of the tourism industry. In the fiercely competitive tourism market, excellent
tourism enterprises and destinations have strong competitive advantages, further exac-
erbating the high-level homogenized agglomeration state and making the differences in
tourism ecological efficiency more pronounced [95,96].
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In conclusion, the significant spatial agglomeration of tourism ecological efficiency in
the Hanjiang River Basin holds great significance for sustainable tourism development and
regional economic growth.

6. Limitations and Future Work

This study provides a detailed examination of tourism ecological efficiency at the city
level, expands the application of the Super-Efficiency SBM model, and focuses on the Han-
jiang River Basin, which connects western and eastern China. The findings are significant
for the ecological protection and high-quality development of tourism in the basin.

Despite the progress made, we must acknowledge the limitations of this study. One
limitation is the use of converted city-level environmental pollution data as a non-desirable
output due to data availability issues, which may contain errors. In addition, the latest
available data is from 2019, chosen to ensure data consistency and availability, but makes it
difficult to fully consider the impact of COVID-19 on the tourism industry in the Hanjiang
River Basin.

Future research can address these limitations by conducting field research to obtain
tourism-related data for cities in the Hanjiang River Basin and analyzing the spatial dif-
ferentiation of tourism ecological efficiency and the extent of spatial spillover effects. This
will help reveal the driving mechanisms of spatial spillover in different areas of the basin
(upstream and downstream). Additionally, data can be collected from multiple sources for
the period 2019–2022 (during the COVID-19 pandemic) to study the impact of COVID-19
on tourism ecological efficiency in the Hanjiang River Basin and beyond in China.

We believe that this study’s contributions and limitations, along with future research
directions, will advance the understanding of tourism ecological efficiency in the Hanjiang
River Basin and facilitate sustainable tourism development in the region.

7. Conclusions

This study used panel data from 12 prefecture-level cities in the Hanjiang River Basin
to measure tourism ecological efficiency and conducted spatiotemporal evolution and
spatial clustering analysis. Through a dynamic perspective analysis, the current situation
and trends of tourism ecological protection and high-quality development in the Hanjiang
River Basin were revealed. The study found the following:

The tourism ecological efficiency in the Hanjiang River Basin from 2010 to 2019 showed
a phased characteristic, with overall significant growth. Specifically, tourism ecological
efficiency first rose and then fell. This phased change was due to the Chinese government’s
issuance of a series of regulations from 2014 to 2017 to promote the improvement of
tourism ecological efficiency [13,97,98]. However, with the development of tourism, the
accompanying environmental impact became increasingly prominent, and the bottleneck of
tourism ecological resources became apparent, resulting in a decrease in efficiency values.

The horizontal comparison of tourism ecological efficiency values of the upstream,
middle reaches, and downstream in the Hanjiang River Basin shows that the efficiency
value of the upstream has always been below the basin average due to factors such as
inconvenient location and transportation, fragile ecological environment, and weak eco-
nomic foundation for tourism development. However, with the support of national policies,
the upstream has accelerated its tourism development pace by taking advantage of its
“latecomer advantage” while causing less ecological damage, resulting in a continuous
increase in efficiency values [11]. The efficiency values of the middle and downstream
have remained stable above the basin average but have been fluctuating since 2014. This
indicates that negative impacts accumulated from excessive development of tourism re-
sources in the middle and downstream have become apparent, causing a decline in tourism
ecological efficiency due to environmental pollution and ecological imbalance. Therefore,
finding new growth points is necessary for high-quality tourism development.

The tourism ecological efficiency in the Hanjiang River Basin exhibits heterogeneity in
spatial distribution, with a spatial pattern of decreasing efficiency values from downstream
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to upstream in a stepwise manner. Although the spatial differences are significant, they
show a trend of narrowing. This spatial difference pattern is closely related to the level
of economic development, tourism resource endowment, natural environment, and other
factors. The relatively favorable economic foundation of the downstream provides financial
support for tourism pollution control, and advanced technology provides technical support
for tourism development and protection, leading to a leading level of efficiency. The
efficiency value of the middle reaches is average due to the extensive development of
resources causing damage to the ecological environment, and the growth of the tourism
economy comes with a certain cost in resources and the environment. The efficiency value
of the upstream is the lowest due to the relatively weak economic foundation, inconvenient
transportation, backward environmental protection technology, and fragile ecological
environment under natural constraints, resulting in lower efficiency values than with the
middle and downstream.

The overall spatial agglomeration intensity in the Hanjiang River Basin exhibits a
“U-shaped” trend of increasing and then decreasing, with spatial dependence also showing
a similar trend. This process indicates that the distribution of tourism ecological efficiency
in the basin has significant spatial agglomeration and dependence characteristics, with a
significant spatial peer effect, especially under the low-level homogenized agglomeration
state. Green, high-quality tourism development in the region needs to consider the impact
of neighboring cities, and the tourism industry should adopt strategies to strengthen
cooperation and coordination between surrounding cities to achieve more efficient resource
utilization and better-quality tourism products.

This study analyzed the spatial agglomeration and dependency characteristics of
tourism ecological efficiency in the Han River Basin, providing support for sustainable
tourism management in the area. To achieve more efficient resource utilization and bet-
ter tourism product development, regional governments should adopt strategies that
strengthen cooperation and coordination among surrounding cities, promoting a fairer
and more sustainable tourism industry. Moreover, this study expanded the application
scope of the Super-Efficiency SBM model by evaluating tourism ecological efficiency and
establishing an evaluation index system for regional tourism efficiency, making significant
theoretical contributions to the field.

Overall, the findings of this study offer valuable insights for policymakers and stake-
holders in the tourism industry. By highlighting the importance of sustainable tourism
development and providing a framework for evaluating tourism ecological efficiency, this
research can help guide future efforts to promote sustainable tourism in the Han River
Basin and beyond.
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