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Abstract: Tourism is considered one of the main sources of pressure on the global ecosystem, which
is being increasingly affected by climate change. Few studies have evaluated the spatial patterns of
tourism pressure that ecosystems will suffer under the changing climate in the future. Considering
the Three-River-Source National Park, China, as the study area, we applied statistical and remote
sensing techniques to examine the spatial pattern of the risk of tourism pressure in 2070 and 2100
under two climate scenarios: the representative concentration pathway of radiative forcing levels of
8.5 W/m? (RCP8.5) and RCP4.5. The results indicate that regions at high risk of tourism pressure in
the study area will expand in the future. Areas with a high risk of tourism pressure in 2100 under the
RCP8.5 scenario accounted for 6.75% of the entire study area, with the largest area under impact being
in the Lancang-River-Source Park, accounting for 20.61% of the sub-park. The distribution density of
areas with a high risk of tourism pressure in 2100 is also the highest under RCP8.5 (5.3 points/ kmz),
and the average density of Lancang-River-Source Park will be the highest (16.58 points/ km?) among
the three sub-parks, suggesting that larger areas of the Three-River-Source National Park will face an
increased risk of tourism pressure in the context of future climate change, with the greatest change
poised to be in the Lancang-River-Source Park. Tourism pressure management strategies must be
implemented in these areas with an increased risk of tourism pressure. This study provides useful
insights for managing tourism pressures and improving adaptability under climate change.

Keywords: tourism pressure; recreational ecosystem services; climate change; Three-River-Source
National Park

1. Introduction

Climate change, characterized by warming, has affected every region of the planet
in several ways, and changes in human experience will intensify with continued global
warming [1,2]. The global average surface temperature in 2011-2020 was 1.09 °C higher
than that in pre-industrialization (1850-1900), and in 2001-2020 was 0.99 °C warmer than
that in pre-industrialization (IPCC, 2021). Moreover, global warming is expected to reach
or exceed 1.5 °C in the next 20 years, with climate change-related risks to humans and
ecosystems further increasing [3].

Intensified climate change has significantly affected recreational ecosystem services
(RES) [4,5]. RES is the non-material benefit people derive from ecosystems through recre-
ational activities [6,7]. The delivery of RES refers to the ability of an ecosystem to sup-
port aesthetic experiences, outdoor recreation opportunities, and a suitable tourism cli-
mate [6,8,9]. Climate change affects the RES delivery by changing natural resources, visual
landscapes, and the climatic suitability of tourism [10,11].

Changes in RES due to climate change affect the composition of visitors [12] since
different tourists have different preferences for the delivery of RES. Environmental concerns
have been proven as one of the factors influencing visitor preferences for RES. Tourists
with different environmental concerns tended to have different RES preferences. Gen-
erally, environmentally friendly tourists hold higher value for natural resources than
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non-environmentally friendly tourists do [13]. Tourists with a high moral obligation to
the environment (who generally feel most morally obliged to behave in an environmen-
tally friendly manner) are more enthusiastic towards natural beauty and aesthetics [14].
Environmentally-friendly tourists pay more attention to natural aesthetic experiences than
individual physical comfort. They are often willing to travel to areas to appreciate natural
beauty even when the destination has less comfortable climates [15].

In contrast, non-environmentally friendly tourists have a lower tolerance for un-
comfortable natural conditions; they focus on personal comfort and prefer to carry out
recreational activities under comfortable climatic conditions [16]. Consequently, the com-
position of visitors formed by regions with different RES delivery structures is different.
It can be seen that as the RES changes under global warming, the composition of the
visitor may also vary. For example, as the aesthetic quality of natural landscapes declines,
the amount of environmentally friendly tourists, who are nature lovers, is likely to be
significantly reduced [14].

Climate change-driven alterations in visitor composition may adversely affect the
ecosystem [4]. However, only a few studies have reported the related findings [12,17], and
these studies did not consider the spatial distribution of tourism pressure derived from the
impacts of changing visitor compositions on the ecosystem. Different spaces suffer different
tourism pressures since the changes experienced by them are different. Identifying areas
with a high risk of tourism pressures can help provide spatial information for decision-
making on improving adaptability and reducing vulnerability to climate change. As
climate change is projected to significantly impact recreational ecosystem services under
the scenarios of the Intergovernmental Panel on Climate Change (IPCC) [18], it is necessary
to study the spatial pattern of tourism pressure under climate change.

This study aims at revealing the spatial pattern of the risk of the tourism pressure as
a result of alteration in RES delivery and tourist composition under two climate change
scenarios proposed by IPCC, namely the representative concentration pathway of radiative
forcing levels of 8.5 W/m? (RCP8.5) and RCP4.5. We compared the spatial patterns for 2070
(2041-2070) and 2100 (2071-2100). The Three-River-Source National Park was used as the
study area, and a combination of statistics and remote sensing techniques was used for the
empirical analysis.

This paper has the following structure: In Section 2, we review related work. In
Section 3, we introduce our methodological approach. In Section 4, we describe the results
of our analysis. In Section 5, we discuss those results and derive a future research and
management agenda. Finally, in Section 6, the implications of the findings are briefly
summarized, and the limitations of our approach are mentioned.

2. Literature Review

The impacts of climate change on RES delivery and its related ecological risk have
been examined previously (Table 1). Climate change has led to a decline in RES delivery to
certain regions. For example, Mameno et al. [10] studied a mountainous national park in
Japan and found that climate change substantially deteriorated visitors” perceived aesthetic
benefits from alpine landscapes. Webster et al. [19] revealed that as a result of rising seas,
coral reef bleaching along the Great Barrier Reef in Australia has drastically reduced the
aesthetic quality of this region. Oliveira et al. [20] reported on water quality degradation in
Ubatuba, Brazil, due to climate change, which reduced the ability of ecosystems to provide
water-based recreational opportunities. In contrast, climate change has enhanced RES
delivery in certain areas. For instance, climate change has led to warmer temperatures
at higher latitudes and cooler regions, gradually increasing the suitability of these areas
to tourism, such as in the Nordic countries [21]. Warming has also accelerated sea ice
melting at high latitudes, resulting in optimized sailing conditions for cruise vessels on the
Antarctic Peninsula and an improved ability to provide recreational opportunities.
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Table 1. Previous studies of the impacts of climate change on RES delivery and its related risk.

Theme Study Region Conclusion References
Impacts of climate change on Mountainous national Climate change deteriorated visitors’ [10]
aesthetic benefits park in Japan perceived aesthetic benefits from alpine
landscapes
Great Barrier Reef Climate change deteriorated aesthetic [19]
of Australia quality of Great Barrier Reef
Impacts of climate change on Ubatuba, Brazil Climate change reduced the ability of [20]

recreational opportunities

ecosystems to provide water-based
recreational opportunities

Impacts of climate change on tourism  Nordic countries Climate change has led to a higher suitable  [4,21]
climate and recreational opportunities climate and more recreational opportunities.
Impacts of climate change on tourism  Several beaches in the UK Sword plovers and its habitats may be [12,17]

pressure (ecological risk)

under greater tourism pressure in the future.

Changes in RES delivery alter the composition of tourists, leading to challenges and
ecological risk at tourists destination. However, few studies have reported on this topic.
Coombes et al. [12] and Coombes and Jones [17] studied the changes in the types of beach
tourists in the UK under climate change and suggested that increasing temperatures will
lead to an increase in the number of sunbathers and a decrease in the number of bird
watchers. They analyzed the impact of this change on local vegetation coverage, vegetation
diversity, and the number of sword plovers, emphasizing that sword plovers may be
under greater tourism pressure in the future. This study emphasized the importance of
considering the ecological risk generated by the impacts of climate change on tourists.
However, the spatial distribution of such risk has not been extensively evaluated.

3. Methodology
3.1. Study Area

The Three-River-Source National Park is located on the Qinghai-Tibet Plateau, with an
average altitude of over 4500 m (Figure 1), covering a total area of 12.31 x 10* km? between
89°50'57""E-99°14'57"E, 32°22/36""N-36°47'53"N. It contains three sub-parks, namely the
Yangtze-River—Source Park, the Yellow-River-Source Park, and the Lancang-River-Source
Park, and four counties, namely Maduo, Zhiduo, Zaduo, and Qumalai.

The Three-River-Source National Park was the focus of this study due to its eco-
logical attractiveness, the high importance and sensitivity of the ecosystem, and the
significant impacts of climate change. The Three-River-Source National Park has many
ecotourism attractions, including the source of the three Rivers (the Lancang River,
Yangtze River, and Yellow River), the world natural heritage Hoh Xil, the Kunlun Moun-
tains, Zhaling Lake, and Eling Lake. These ecological resources have attracted increasing
numbers of tourists to the park [22]. For example, in 2015, the number of visitors to
Maduo was 54.2, an increase of 28.02% from 2014 [23]. The core areas in the Three-
River-Source National Park (Figure 1) were forbidden from carrying out recreational
activities [24]. Thus, the core areas were excluded from the study area. Such regions
account for 73.55% of the Three-River-Source National Park, occupying 83.64% of the
Yangtze-River-Source Park, 45.13% of the Yellow-River-Source Park, and 46.54% of the
Lancang-River-Source Park.
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Figure 1. The location of the Three-River-Source National Park.

The ecosystem of the Three-River-Source National Park is highly sensitive. The park
is where the Yangtze, Yellow, and Lancang-Mekong Rivers originate, and their waters
sustain farms and cities across Asia. Maintaining the ecosystem health of this park is
crucial for 4.5 billion people in Asia [25]. However, the ecosystem of this park is sensitive
to human activity. Inappropriate human activities may cause serious ecological problems
such as desertification, soil erosion, soil salinization, and rocky desertification [26,27]. As
the number of tourists increases, the adverse effects of tourism on ecosystems become more
pronounced, and studies on tourism pressure on ecosystems have been emphasized [28-31].

Moreover, the Three-River-Source National Park shows a noticeable trend of rising
temperatures, which significantly affect local ecosystems and ecotourism attractions [32,33].
These changed attractions may have far-reaching influences on local tourism development.
Considering that climate change will intensify further, studying the spatiotemporal patterns
of tourism pressure under future climate change scenarios is necessary.

3.2. Analytic Framework

We predicted the risk of tourism pressure in 2070 and 2100 under two climate scenar-
ios [34]: (1) RCP8.5, which does not apply any mitigation policy to human greenhouse
gas emissions, reaching a global radiative forcing of about 8.5 Wm~2 by the end of the
century. Under RCP8.5, warming of 2 °C is attained by mid-century, eventually exceeding
3 °C by 2100; and (2) RCP4.5, which does impose stringent mitigation measures and thus
limits the forcing to approximately 4.5 Wm~2. The global mean temperature is projected to
reach approximately 2 °C above its 1986-2005 baseline value at the end of the 21st century
under RCP4.5.

The analytical framework includes three steps (Figure 2). First, we analyzed the RES
salience of different types of tourists and measured the delivery of RES for different types
of tourists using statistical methods. Second, we calculated the delivery of RES under two
climatic scenarios by applying remote sensing and statistical techniques. Areas with a
high risk of tourism pressure were identified based on the delivery of RES and ecological
sensitivity. Finally, the spatial patterns of the areas with an increased risk of tourism
pressure were analyzed using spatial statistical methods.
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Figure 2. Analytic framework of this study.

3.2.1. Step 1: Assessing the Delivery of RES Based on the Type of Tourists

This step aimed to measure the delivery of RES to different tourists with different en-
vironmental concerns (environmentally friendly tourists vs. non-environmentally friendly
tourists). The data required for this step included the environmental concerns and RES
salience of tourists, which were collected through questionnaires that included 14 items
(Appendix A). Environmental concern was investigated with five items derived from
the New Ecological Paradigm Scale, which has been proven to identify environmentally
friendly and non-environmentally friendly tourists [35,36]. RES salience was measured
through nine items adjusted from the study of Jeuring (2017) [37], and each kind of RES
delivery was measured through three items (Appendix A). The questionnaire data were
collected through an on-site survey in the Three-River-Source National Park. The survey
was conducted from August to October 2019 using convenience sampling [38]. Seven
hundred questionnaires were distributed, and 509 valid questionnaires were returned,
having a response rate of 72.7%.

The data were processed as follows. First, mclust (model-based clustering) and k-
means clustering methods were applied to distinguish environmentally friendly tourists
from non-environmentally friendly tourists according to their environmental concerns.
Second, factor analysis was used to analyze the RES salience of environmentally friendly
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and non-environmentally friendly tourists. Finally, the weights of the three kinds of RES
delivery (aesthetic, outdoor recreation opportunities, and suitable environment) were
calculated. Specifically, the mean value of the measurement items of the three kinds of RES
delivery were calculated, and the mean value of each type was divided by the sum of the
three mean values of the three kinds and the weight of each kind of RES delivery of RES.
All of the results of the data pre-processing are presented in Appendix B.

According to the results of the data pre-processing, the delivery of RES for environ-
mentally friendly tourists and non-environmentally friendly tourists was assessed using
the following formulas:

REV; = 0.507 * A; + 0.191 % O; + 0.302 x E;, 1)

RNFEV; = 0.335 % A; + 0.187 % O; + 0.478 % E;, @)

where RFV; is the RES of the unit i for environmentally friendly tourists, and RNFV; is the
RES of unit i for non-environmentally friendly tourists. A; is the aesthetic quality of unit 7,
O; is the outdoor recreation opportunities of unit i, and E; is the suitable environment for
unit i. The calculation of the A;, O;, and E; were calculated using the following formulas:

5

A= Zj:1 ajj, 3)
5

O; = ijl 0ij, 4)
2

Ei= ijl eij, &)

where the a;; is the ability of various ecosystem elements to support the aesthetic experience
of unit 7, j is the number of elements, referring to land cover type, landscape diversity,
vegetation, relief, and ecologically attractive sites. o;; is the ability of various ecosystem
elements to provide outdoor recreation opportunities of unit i, j is the number of elements,
referring to land cover type, landscape diversity, vegetation, relief, and ecologically at-
tractive sites. ¢;; is the ability of various ecosystem elements to provide a suitable tourism
environment for unit i, j is the number of elements referring to altitude and weather. The
following sections detail the elements, and the data sources are presented in Table 2.

1.  Land cover type: Land cover type affects aesthetic and outdoor recreation [39,40].
Generally, natural land cover, such as forests and water bodies, has a high aesthetic
value. Conversely, the types of land with higher human interference, such as industrial
and mining land, and residential areas, have lower aesthetics. Land-cover type also
influences the suitability of recreational activities. For example, grasslands are more
suitable for grass skiing and horse riding, whereas wetlands are more suitable for
watching and rowing birds. This study adopted the land cover type scheme proposed
by Xu et al. (2008) [41]. According to this scheme, the Three-River-Source National
Park identified six types of land cover: forest, grassland, water and wetland, farmland,
desert, and others.

2. Landscape diversity: More diverse landscapes are perceived as recreational and visu-
ally attractive [42], appealing to a wider variety and a larger number of visitors [43].
Landscape diversity can be measured using land cover diversity [43]. The landscape
diversity index was calculated using Focus Statistics in ArcGIS 10.2 software, with a
rectangular window of “3 x 3” size and a statistical type of “variety” as used by Tang
and Yang (2012) [44] was employed.

3. Vegetation: Areas with more vegetation usually have healthy ecosystems and natural
environments and are often considered attractive by visitors [45-48]). Vegetation con-
ditions can be measured using the Normalized Difference Vegetation Index (NDVI),
which reflects plant growth and vegetation coverage and has become popular in
recreation potential assessments [48].
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Relief is a macroscopic index describing the topographic features of a region and
referring to the difference between the elevation of the highest and lowest point
in a specific area. On the one hand, terrain relief impacts the aesthetic experience.
Generally, moderately undulating terrain is beneficial for increasing beauty [49]. On
the other hand, as terrain relief changes, opportunities for participation vary. For
example, for most tourists, the number of participation opportunities provided by flat
land is relatively large, and the number of participation opportunities provided by
the undulating mountains is relatively small. The relief calculation was based on the
methods proposed by Feng et al. (2007) [50] and Hao and Ren (2009) [51]. The specific
formula used is as follows:

R = {[max(H) —min(H)] x [1 — P(A)/A]}/500, (6)

The R is relief, max(H) and min(H) represent the highest and lowest elevations in the
area (in m), P(A) represents the flatland area, that is, the area with a slope of less than
5°, A represents the total surface area. The window size setting in the neighborhood
analysis was based on Tang and Yang (2012) [44].

Ecological attractive sites refer to specific objects that can attract visitors, and the
concentrated areas of attractions often have a high potential to develop ecotourism [52].
The Three-River-Source National Park has many ecotourism attractions, including
unique geological landforms, rivers, lakes, and wild animals. Kernel density was
applied to measure the density of attraction distribution, and max-min normalization
was performed to obtain the index of ecotourism attraction for each spatial unit.
Altitude is an important factor affecting the preference, comfort, and safety of visi-
tors [53], especially in high-altitude destinations. Altitudes above 2000 m can lead
to altitude sickness, and altitudes above 5000 m will cause severe altitude sickness,
which is not conducive to recreational activities [54]. Thus, for the Three-River-Source
National Park, which has an average altitude higher than 4500 m, altitude is critical
to its recreational potential. The lower the altitude, the more favorable the RES uti-
lization. The altitude of each unit space unit was divided by the minimum altitude in
that area and the normalized value of max-min.

Weather: The importance of weather and climate for recreation has long been empha-
sized and measured through various indices [55]. The tourism climatic index (TCI) pro-
posed by Mieczkowski (1985) [56] is a well-established index that has been applied in
North America [57], Australia [58], Spain [59], South Africa [60,61], Sypruce [62], DPR
Korea [63] and Namibia [64]. This study used TCI to measure weather and climate,
which was calculated following Mieczkowski (1985), using the following equation:

TCI = 8CID + 2CIA + 4R + 4S + 2W @)

where CID is the daytime comfort index (consisting of maximum daily temperature
and minimum daily relative humidity), CIA is the daily comfort index (consisting
of mean daily temperature and daily relative humidity), R is the precipitation, S is
the daily sunshine, and W is the wind speed. Finally, the TCI was normalized to 0-1,
where 1 represented the most suitable climatic conditions for recreation.

The ability of each element to deliver the corresponding kind of RES was assessed by

applying a pairwise comparison and analytic hierarchy process, which are presented in
Appendix C. The value ranges of ajj, Ojj and €ij is 0-1. Thus, the value ranges of A;, O;,
and E; are 0-5, 0-5, and 0-2, respectively.
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Table 2. Datasets for the delivery of RES.

Indicators

Datasets

Original Formats

Data Sources and Pre-Processing

Altitude, relief

DEM

Raster

From the International Scientific Data Mirror Website of the Computer Network Information Center of the Chinese
Academy of Sciences (http://www.gscloud.cn/ (accessed on 12 March 2022)), with a resolution of 90 m.

Vegetation

NDVI

Raster

MODIS-NDVI data comes from the website of the National Aeronautics and Space Administration NASA
(https:/ /modis.gsfc.nasa.gov/ (accessed on 15 March 2022)), with a resolution of 250 m. The maximum synthesis
method is used to process the NDVI data from April to October 2020 to eliminate cloud interference, atmosphere,

and other factors.

Land type

Landscape diversity

Land cover

Raster

From the Resource and Environment Data Center of the Chinese Academy of Sciences (http://www.resdc.cn/
(accessed on 16 March 2022)). The data is obtained based on Landsat TM remote sensing images acquired in 2020
and human interactive visual interpretation, with a resolution of 100 m.

Ecological attractive sites

Ecotourism attraction

Point shapefile

Based on the data provided by National Catalogue Service for Geographic Information [65] and combined with field
investigation, we sorted out 2412 ecotourism attraction points, including mountains, lakes, memorial sites, and
historic sites.

Weather

Meteorological data

Statistics

Following Li et al. (2006) [66] and Yi et al. (2011) [67], the data of 11 meteorological stations in the Three-River-Source

area was used, namely Wu Daoliang, Xinghai, Tuotuohe, Zaduo, Qumarai, Yushu, Maduo, Qingshuihe, Dari, Jiuzhi,

and Nanggian. Since the Three-River-Source area is only suitable for humans to develop recreational activities in the
warm season, the daily data from June to September 2020 are selected. The meteorological variables included the
maximum daily temperature, daily average temperature, minimum daily relative humidity, daily average relative
humidity, precipitation, average daily sunshine time, and wind speed. The meteorological data of surface weather

stations are all from the China Meteorological Science Data Sharing Service Network (http://cdc.cma.gov.cn/
(accessed on 30 March 2022)). First, the meteorological data of 11 meteorological stations are sorted daily, and the
missing data of individual stations is interpolated by applying the linear regression method [67]. Then, the
ANUSPLIN software was used to generate spatial meteorological data.
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3.2.2. Step 2: Predicting RES Delivery under Climate Change Scenarios

This step aimed to predict the delivery of RES according to the changed elements
under RCP8.5 and RCP4.5, using statistics and remote sensing techniques. The changed
elements included land cover type, landscape diversity, and weather (or TCI).

The TCI under RCP8.5 and RCP4.5 were measured by applying the simulated me-
teorological data obtained from the Coupled Model Inter-comparison Project Phase 5
(https:/ /nex.nasa.gov/nex/projects/1356/ (accessed on 5 April 2022)). Based on sim-
ulated meteorological data, the land cover type was predicted according to Yue et al.
(2016) [68], Fan et al. (2011) [69], Yue (2011) [70], and Li et al. (2014) [71]. The formula used
is as follows:

1 HLZP(x, y)i ;1 — HLZP(x, y)y,
LP(x, Y)k, 141 = LP(x, Y)g, 4 % 2 (1 + HLZP(x, )i o1 + HLZP(x, y)y ®

LC(x, Y, 1 = Value(K) yax(Lp(x, y), .1} ©)

where (x and y) are the grid cell locations, k is the land cover type,and k=1,2,3,...,6,¢
represents the period (¢ = 2020, 2070, and 2100). HLZP(x, y); , is the probability of land
cover type k corresponding to the Holdridge life zone (HLZ) of grid cell (x, y) in period
t, LP(x, y); ; represents the probability of land cover type k in grid cell(x, y) in period
t, LP(x, y); ; satisfies Yo LP(x, ) k,+ = 1. LP(x, ¥); 4,1 is the transition probability of
land cover type k in period t + 1, that is, the probability of occurrence of type k in this
grid cell. Following the model simulation approach of Li et al. (2014) [71], land cover type
raster data of future climate change scenarios were finally obtained. The climate data used
to simulate the future scenarios of land cover included the mean air temperature, mean
precipitation, and potential evapotranspiration ratio during the 1991—2020 period at a
resolution of 1 x 1 km obtained through High Accuracy Surface Modeling simulation [70]
based on data from 11 meteorological observation stations in the Three-River-Source
National Park [66,67].

Landscape diversity, aesthetic quality, and outdoor recreation opportunities were calcu-
lated based on the simulation of the land cover type. Therefore, although Formulas (1) and (2)
were used in Step 1, the delivery of RES for environmentally friendly tourists and non-
environmentally friendly tourists was obtained in 2070 and 2100 under RCP8.5 and RCP4.5.

3.2.3. Step 3: Identifying the Areas with a High Risk of Tourism Pressure

This step aimed to identify the areas with an increased risk of tourism pressure by
combining tourists’ composition and ecological sensitivity. First, we calculated the tourist
composition index according to the RES delivery for environmentally friendly and non-
environmentally friendly tourists. The formula used is as follows:

TC; = RNFV,/RFV,, (10)

TC; is the index of tourists’ composition in unit i. If TC; > 1, it reflects that the RNFV;
is higher than RFVj, indicating that the tourists” composition tends to be dominated by
non-environmentally friendly tourists. In contrast, if TC; < 1, it indicates that the tourists’
composition tends to be dominated by environmentally friendly tourists.

Second, we calculated the ecological sensitivity of unit i using the following formula:

ES; = max{SD, SE,SS, SR}, (11)

where ES,; is the ecological sensitivity of unit i, SD; is the sensitivity of desertification of
unit i, SE; is the sensitivity of soil erosion of unit i, SS; is the sensitivity of soil salinization
of unit i, SR; is the sensitivity of rocky desertification of unit i. The sensitivity index ranges
from lowest (1) to highest (5). Data on the sensitivity of desertification, soil erosion, soil
salinization, and rocky desertification were derived from the China Ecosystem Assess-
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ment and Ecological Security Pattern Database (https://ecosystem.csdb.cn/ (accessed on
17 May 2022)). Finally, unit i with TC; > 1 and ES; > 3 is defined as areas with a high risk
of tourism pressure. The kernel density approach was used to analyze the distribution of
areas with a high risk of tourism pressure.

4. Results
4.1. The General Changes of Areas with a High Risk of Tourism Pressure

Compared with RCP4.5, the areas with a high risk of tourism pressure are larger under
RCP8.5 (Figure 3). In 2070, the areas with a high risk of tourism pressure under RCP8.5
accounted for 6.32% of the total area, which was 1.7 times that of RCP4.5. In 2100, the areas
with a high risk of tourism pressure accounted for 6.75% of the total area under RCP8.5, 1.3
times that of RCP4.5.

- Areas with high risk ot tourism pressure

2070 (RCP4.5) N 2100 (RCP4.5) N

—— — 0 150 km
Arcas with high risk of tourism pressure

Ly o
iy = 7 ge®y
- Arcus wilh high risk of tourism pressure ‘j“

2070 (RCPS.5) N 2100 (RCP8.5) N

.4, 5
5453 L N
- Arcas with high risk ol tourism pressure ¥ ?}

0 150 km

£

150 km

Figure 3. The areas with a high risk of tourism pressure under two scenarios in 2070 and 2100.

The distribution density of areas with a high risk of tourism pressure is higher under
RCP8.5 (Figure 4) than under RCP4.5. In 2070, the average density of areas with a high risk
of tourism pressure under the RCP8.5 is 4.9 points/km?, which is 1.7 times that under the
RCP4.5. In 2100, the average density of areas with a high risk of tourism pressure under
the RCP8.5 is 5.3 points/km?, 1.3 times that under the RCP4.5.

The spatial aggregation of areas with a high risk of tourism pressure is higher under
RCP8.5. Specifically, under RCP8.5, the spatial differences in the distribution densities of
areas with a high risk of tourism pressure are larger. In 2070, the coefficient of variation of
the density of areas with a high risk of tourism pressure under the RCP8.5 scenario was 1.9,
which was 1.09 times that of the RCP4.5. In 2100, the coefficient of variation of the density
of areas with a high risk of tourism pressure under RCP8.5 was 2.0, which was 1.11 times
that of RCP4.5.
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Figure 4. The kernel density of areas with high risk of tourism pressure under two scenarios in 2070
and 2100.

Figure 4 shows that the areas with a high risk of tourism pressure under RCP8.5
are mainly concentrated in the central and southern parts of the Lancang-River-Source
Park. In addition, the east of the Yangtze-River-Source Park and the northeast of the
Yellow-River-Source Park also formed a gathering area. These clusters were larger than
those formed under RCP4.5. The agglomeration area of RCP4.5 in 2100 was significantly
larger than that in 2070, mainly distributed east of the Lancang-River-Source Park and
Yangtze-River-Source Park. Consider the eastern part of the Lancang-River-Source Park as
an example. In 2070, the density of areas with a high risk of tourism pressure was mainly
between 10 and 15 points/km?. By 2100, the distribution density of areas with a high risk
of tourism pressure will be mostly above 20 points/ km?2.

Fewer regions experienced changes in risk type under RCP8.5 compared to RCP4.5
(Figure 5), indicating high stability of the risk type. In RCP8.5, 6.01% of the total land
area was in a high-risk state from 2070 to 2100, and such areas accounted for 3.36% in
RCP4.5. The risk type was more dynamic in RCP4.5. From 2070 to 2100, the risk type of
land with 2.03% of the total area changed. Among them, 86.37% of the areas changed
from non-high-risk to high-risk. The dynamic degree of the risk type in scenario RCP8.5
scenario is low. From 2070 to 2100, there was a change in the risk type of 1.05% of the
total land area. Among them, 70.46% of the areas changed from non-high-risk to high-
risk. This shows that most regions in which the risk type has changed are transformed
from non-high-risk to high-risk. From 2070 to 2100, newly added high-risk areas are
mainly distributed in the middle of the Lancang-River-Source Park. In addition, new
high-risk areas also appeared northeast of the Yellow-River-Source Park and east of the
Yangtze-River-Source Park.
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Figure 5. The transfer of areas with various risks of tourism pressure under two scenarios during the
2070-2100 period.
In summary, under the RCP8.5 scenario in 2100, the Three-River-Source National
Park has large areas with a high risk of tourism pressure (6.75% of the total area). It
has the highest distribution density (average of 5.3 points/km?), with a high degree of
aggregation (coefficient of variation is 2.0). Under the RCP8.5 scenario, the area where risk-
type changes occurred was smaller. The areas that experience risk changes are dominated
by the transition from non-high-risk areas to high-risk areas.
4.2. The Changes of Areas with High Risk of Tourism Pressure in Each Sub-Park
Among the three sub-parks, Lancang-River-Source Park has the largest internal area
with a high risk of tourism pressure compared to the other two sub-parks (Table 3). This is
especially evident in 2100 under RCP8.5. At this time, the areas with a high risk of tourism
pressure inside the Lancang-River-Source Park accounted for 20.61% of the total area of the
entire sub-park. The areas with a high risk of tourism pressure inside the Lancang-River-
Source Park are 3.47 times that of the Yangtze-River-Source Park and 6.50 times that of the
Yellow-River-Source Park.
Table 3. The scale and density of areas with a high risk of tourism pressure in the Three sub-parks
under two scenarios during the 2070-2100 period.
RCP4.5 RCP8.5
Sub-Parks
2070 2100 Growth 2070 2100 Growth
Yangtze 0.030 0.045 47.39% 0.046 0.044 —4.63%
High-pressure areas(km?) Yellow 0.023 0.023 —2.73% 0.023 0.023 2.21%
Lancang 0.064 0.098 53.51% 0.136 0.152 11.72%
Yangtze 1.729 2.525 46.07% 2.553 2.464 —3.47%
Average Yellow 1.611 1.601 —0.62% 1.599 1.660 3.82%
Kernel density Lancang 6.837 10.604 55.11% 14.531 16.584 14.13%
; 2
(points/km”) Cocfficient of Yangtze 1.633 1.609 —1.44% 1.534 1.543 0.63%
b icient o Yellow 2.076 2.118 1.99% 2.086 2.109 1.09%
ariation Lancang 1.070 1.053 ~1.61% 1.024 1.041 1.63%

The expansion of areas with a high risk of tourism pressure inside the Lancang-River-
Source Park is the largest among the three sub-parks. From 2070 to 2100, the increase under
RCP4.5 (53.51%) is higher than that under RCP8.5 (11.72%). The Yangtze-River-Source Park
also showed a larger increase under RCP4.5. However, under scenario RCP8.5, the area
with a high risk of tourism pressure in the Yangtze-River-Source Park shrinks. In contrast,
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the Yellow-River-Source Park slightly decreases under RCP4.5 but shows a slight increase
under RCP8.5.

The density of areas with a high risk of tourism pressure is the highest in the Lancang-
River-Source Park, especially in 2100 under RCP8.5. At this time, the average density
of areas with a high risk of tourism pressure inside the Lancang-River-Source Park is
6.73 times that of the Yangtze-River-Source Park and 9.99 times that of the Yellow-River-
Source Park. From 2070-2100, this density showed a larger growth rate, and the growth
under RCP4.5 (55.11%) was higher than that under 8.5 (14.13%).

The spatial difference in the density of areas with a high risk of tourism pressure
is the largest in the Yellow-River-Source Park. Moreover, this spatial difference in the
Yellow-River-Source Park shows an increasing trend from 2070 to 2100, and its growth
under RCP4.5 (1.99%) is higher than that under RCP8.5 (1.63%). Under RCP4.5, the spatial
differences between the Yangtze River-Source Park and the Lancang-River-Source Park
show a downward trend. However, under RCP8.5, the spatial differences between the
Yangtze-River-Source and Lancang-River-source parks show an increasing trend.

The change in risk types in the Lancang-River-Source Park is the most dynamic among
the three sub-parks (Figure 6), especially under RCP4.5. At this time, the dynamic degree of
the Lancang-River-Source Park (5.44%) is higher than that of the Yangtze-River-Source Park
(1.48%) and Yellow-River-Source Park (0.37%). Most areas with type change in the Lancang-
River-Source Park changed from non-high-risk areas to high-risk areas. Under the RCP4.5
scenario, 92.67% of the areas with changes in risk types within the Lancang-River-Source
Park transitioned from non-high-risk areas to high-risk areas.

0.15 .
€ RCP 4.5 E RCP 8.5
2 :
g 0.1 4 |
5 005 - 5
. 1.

Y angtze Yellow Lancang Yangtze Yellow Lancang

® High — High ®  Non. — High

Figure 6. The transfer of areas with various risks of tourism pressure in the three sub-parks under
two scenarios during 2070-2100.

In summary, the Lancang-River-Source Park will have greater tourism pressure among
the three sub-parks, especially in 2100 under the RCP8.5. At this time, the areas with a high
risk of tourism pressure in Lancang-River-Source Park are large (accounting for 20.61% of
the sub-park). The density of the areas with a high risk of tourism pressure is high (the
average value is 16.58 points/km?), much higher than that of the other two sub-parks.

5. Discussion

Using a case study of a national park in China, this study examined the impact of
changes in visitor composition caused by climate-driven RES changes on tourism pressure
under two scenarios (RCP4.5 and RCP8.5). The Three-River-Source National Park was
used as a case study site to demonstrate that climate change may influence future levels
of recreational impact that ecosystems will undergo based on modifications in the types
of visitors.
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This study makes several theoretical contributions to the existing literature. First, this
study analyzes the relationship between environmental concerns and the RES salience of
tourists. It reveals that environmentally friendly tourists pay more attention to aesthet-
ics while non-environmentally friendly tourists pay more attention to climate comfort.
This enriched empirical evidence from previous studies [13,14] and confirms value-based
theory [72]. According to value-based theory, environmentally friendly tourists have a
strong pro-ecosystem value tendency and low self-interested values. Environment-friendly
tourists tend to have a high ecosphere value and attach great importance to undisturbed
and authentic ecological landscapes. This value is consistent with the pursuit of aesthetics.
Non-environmentally friendly visitors have a strong tendency toward selfishness and
emphasize personal comfort. This value is in line with the emphasis placed on comfortable
climatic conditions.

On this basis, this study reveals the relationship between RES delivery and tourist
composition, highlighting that tourist composition varies with RES delivery, which helps
to deepen the understanding of the impact of climate change on tourists. Existing studies
have examined the impacts of changed delivery of weather conditions due to climate
change on tourist composition [12,17]. Still, the impacts of changed delivery of aesthetics
and recreational opportunities on tourist composition have been ignored. This study
integrated three kinds of RES delivery into the analysis to comprehensively understand
the changes in tourist composition. The proportion of environmentally friendly tourists
may decrease due to the aesthetic quality reduction. At the same time, the proportion of
non-environmentally friendly tourists may increase as a result of increased climate comfort.
This may lead to a smaller change in the overall number of tourists, which differs from
previous studies, suggesting an increase in the number of tourists owing to improved
climate suitability. The difference is that this study considers both climatic suitability and
aesthetics and recreational opportunities. Thus, this study emphasizes the need to pay
attention to changes in the number of tourists and changes in tourist composition, which
may cause certain environmental effects.

Furthermore, this study proposes an analytical framework for analyzing the changes
in the spatial pattern of tourism pressure caused by climate change based on RES theory,
which helps explore the ecological impact of climate change on tourism destinations from a
spatial perspective. Existing studies have noted tourism pressures on ecosystems caused
by changes in tourist composition but have not spatially visualized such pressures [12,17].
According to the analytical framework shown in Figure 2, this study analyzes the changes
in the spatial pattern of the risk of tourism pressure, identifies key areas that require tourism
pressure management, and provides spatially explicit information on the impact of climate
change on the ecosystem of tourism destinations.

This study has several implications for climate change management. First, this study
shows the spatial distribution of areas with a high risk of tourism pressure in 2070 and
2100 under different climate scenarios, providing a spatial direction for implementing
climate change adaptation strategies. If global carbon emissions continue to rise and
the possibility of the RCP8.5 scenario increases, about 6.75% of the Three-River-Source
National Park will face large tourism pressure by 2100. The proportion of this area in the
Lancang-River-Source Park accounts for 20.61%, the highest among the three sub-parks.
Areas with a high risk of tourism pressure are mainly distributed in the middle of the
Lancang-River-Source Park. Accordingly, managers should strengthen the management
of tourism pressure in this region. For example, park managers need to monitor various
tourist behaviors in the park and analyze them using tourism pressure distribution
data. This can provide management options such as temporary or permanent restriction
behaviors in areas with high visitor pressure [73]. Second, some areas are still non-high-
risk by 2070 but will be transformed into high-risk areas by 2100. In these areas, tourism
pressure management strategies should be introduced promptly to reduce the negative
impacts of tourism on the ecosystem.
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Under the RCP8.5 scenario, the high-risk area of the Three-River-Source National Park
is large, compared with the RCP4.5 scenario, indicating that reducing carb on emissions
can help narrow the area with a high risk of tourism pressure. Therefore, managers should
take active measures to reduce the possibility of the RCP8.5. For example, managers must
reduce carbon emissions in tourism-related activities by advocating green transportation
and promoting the use of clean energy. Additionally, expanding vegetation coverage to
increase carbon sinks is an effective way to achieve carbon neutrality.

This study had several limitations. First, this study only considered the differences in
environmental effects between environmentally friendly and non-environmentally friendly
tourists. Future research can further analyze the differences in the environmental effects of
different tourism markets, such as the differences in the environmental effects of tourists
with different motivations and tourism consumption levels. Second, this study only
analyzes three kinds of RES delivery: aesthetics, recreational opportunities, and a suitable
environment. Future research should consider more RES delivery, such as the ability of
the ecosystem to support a special tourism activity (such as bird watching tourism) and
promote the physical and mental health of tourists.

6. Conclusions

This study proposes an analytical framework for exploring changes in tourism pressure
caused by climate change. This framework can be generalized and scaled globally to study
different sites and time periods. By applying this framework, we revealed the spatial
pattern of the risk of tourism pressure in the Three-River-Source National Park under two
climate change scenarios (RCP4.5 and RCP8.5) in 2070 and 2100. Compared with RCP4.5,
the area with a high risk of tourism pressure under the RCP8.5 scenario is larger, the
distribution density is higher, and the aggregation degree is greater. From 2070 to 2100, the
area where the change in risk type occurred was smaller. The areas experiencing changes
in risk type are dominated by areas transferring from non-high-risk to high-risk. Among
the three sub-parks of the Three-River-Source National Park, the Lancang-River-Source
Park is predicted to face greater tourism pressure, especially in 2100, under the RCP8.5
scenario. These findings deepen our understanding of the impacts of climate change on
tourism pressure from a spatial perspective and provide spatial guidance for climate change
adaptation. This study had several limitations. For example, studies are needed to evaluate
the environmental effects of tourists with different motivations and tourism consumption
levels, and to consider increased RES delivery.
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Appendix A
Table A1l. Scale of environment concern and RES salience.
Objective Code of Items Items Agreement
EC1 When humans interfere with nature too often,
it produces disastrous consequences
If things continue on their present course, we
EC2 will soon experience a major Strongly disagree (1) ...
) ecological catastrophe Strongly agree (7)
Environment concern
EC3 Humans are severely abusing the environment
Despite our special abilities, humans are still
EC4 .
subject to the laws of nature
Humans have the right to modify the natural Strong agree (1) ...
EC5 . . . 2
environment to suit their needs Strong disagree (7)
Al The aesthetic quality is what I most appreciate
during this travel
The salience of the delivery A2 The aesthetic quality is more important than a
of aesthetic quality suitable environment
A3 The aesthetic quality is more important than
outdoor recreational opportunities
o1 Outdoor recreational opportunities are what I .
most appreciate during this travel Strongly disagree (1) ...
The salience of the . . Strongly agree (7)
. Outdoor recreational opportunities are more
delivery of outdoor 02 . . .
. .\ important than aesthetic quality
recreational opportunities
Outdoor recreational opportunities are more
o3 . : .
important than a suitable environment
E1 The suitable environment is what I most
appreciate during this travel
The sal.ience of t}.1e delivery B2 The suitable environment is more important
of suitable environment than aesthetic quality
E3

Appendix B. Results from Pre-Processed Data

The mclust (Model-based clustering) results showed (Figure Ala) that the samples
could be clustered into two types. The K-means method was used to identify each sample
type (Figure A1b). According to the characteristics of the environment of concern in the
two clusters (Table A2), tourists were divided into environmental-friendly tourist and
non-environmental-friendly tourist groups.

a.

b.

BIC
-7600 ~-7000 -6500
1 1 1

-8000
1

-8600
1

==

300

Number of Cases

250

v T 200

Environmental-friendly tourists ~ Non-environmental-friendly tourists

Number of components

Figure A1. Clustering results. ((a). Bayesian information criterion(BIC) for model-based clustering;
(b). the number of cases in samples).
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Table A2. Characteristics of environmental concern by the two clusters.

Non-Environmental-Friendly Tourists Environmental-Friendly Tourists

Mean Std. Deviation Mean Std. Deviation
EC1 6.0037 0.80645 2.3926 1.11888
EC2 6.1236 0.78740 2.5579 1.13359
EC3 6.0749 0.80062 2.6694 1.08852
EC4 6.0187 0.80624 2.4628 1.09727
EC5 6.0449 0.82138 2.5083 1.14595

The results of factor analysis (Tables A3 and A4) showed that nine items could be
extracted from three components (total variance explained by the environmental-friendly
tourists was 69.425%, and total variance explained by the non-environmental-friendly
tourists was 93.240%), indicating that the scale can identify the three types of salience in the
three types of RES delivery. The mean values of the three types of salience of three types
of RES delivery were calculated, and Kruskal-Wallis test was used to detect differences
between the two groups. There were significant differences in the three groups of data
(p < 0.01), indicating that environmental-friendly tourists and non-environmental-friendly
tourists have significant differences in salience in the three types of RES delivery.

Table A3. Rotated component matrix of environmental-friendly tourists.

Component
A o E
Al 0.852 —0.214 0.067
A2 0.843 —0.229 0.041
A3 0.923 —0.149 0.041
0O1 —0.165 0.768 —0.008
02 —0.105 0.865 —0.083
03 —0.259 0.601 0.019
El —0.014 —0.045 0.835
E2 0.014 0.032 0.796
E3 0.129 —0.058 0.814

Extraction method: principal component analysis. Rotation method: Varimax with Kaiser normalization. Rotation
converged in five iterations.

Table A4. Rotated component matrix of non-environmental-friendly tourists.

Component
A o E
Al 0.920 —0.012 0.132
A2 0.929 0.027 0.095
A3 0.886 0.067 0.255
o1 0.027 0.983 —0.18
02 0.027 0.983 —0.18
03 0.027 0.983 —0.18
El1 0.275 —0.216 0.904
E2 0.123 —0.166 0.920
E3 0.138 —0.181 0.960

Extraction method: principal component analysis. Rotation method: Varimax with Kaiser normalization. Rotation
converged in five iterations.

Appendix C. Pairwise Comparison and Hierarchy Analysis

The pairwise comparison approach (Figure A2) was used to evaluate the contribution
of eco-geographical elements to aesthetics, and the analytic hierarchy process method
(Figure A3) was used to determine the contribution of eco-geographical elements to outdoor
recreation opportunities.
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The results were linearly transformed using the max-min standardization method and
mapped in the [0,1] interval to obtain the contribution of each element to various types of

RES delivery (Table A5).
® Sclect photos that reflect the A total of 17 experts who
i characteristics of the elements of the have been to the study area
Google Earth study area for more than two times were
360 degree i ) selected, of which seven are
panorama ® Make a slideshow from tourism geography, five
I ’ are from landscape science,
Collect and five are from ecology.
evaluation :
materials 4" Screening material H Form a panel
|
Field | = -
sampling ® Tool: Questionnaire
T ® Design: Using the 1-9 scale. For v
® Sampling location: study sample pair (i, j): 1 means i is as _
area good as /, 9 means 7 is much better — Collect evaluation results

® Sampling method: photo than j

® Filming time: September,
November 2016 and July
2017 ® Pairwise comparisons were made

® (Camera: Cannon 750D within the five groups of photos to

with 35mm lens construct a judgment matrix for each 4
® Shooting requirements: group — Process final data
sunny weather, different ® Matlab 2016a was used to calculate

flashes, and the same
height, direction, vertical
angle of view and other
technical regulations

the eigenvector corresponding to the
largest eigenroot of the judgment
matrix to obtain the evaluation result

Figure A2. Pairwise comparison procedure.

® Target Layer: Recreational
i Opportunities

| ® Program Levels: 21 levels

i of five landscape attributes

® C(riterion layer: the

| abundance of recreational
opportunities and the
quality of recreational
opportunities, with weights

i Construct pairwise comparison

| matrix with pairwise compare and

® (alculate the maximum
eigenroot and corresponding
eigenvector of each pairwise
comparison matrix

® Consistency test using
consistency index, random
consistency index and

of 0.4 and 0.6, respectively scale 1-9. consisteney Tetio
|
Build a o :
Hierarchical I Construct a pairwise Calculate weight vector
Model comparison matrix ’ and perform consistency
test

Calculate the combined
weight vector and
perform a combined
consistency test

| ® Calculate the combined weight vector
of the lowest layer to the target i
| @ Carry out a combinatorial

| consistency test

Figure A3. Analytic hierarchy process.
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Table A5. Contribution of eco-geographical elements to the three types of RES delivery.

Outdoor Suitable
Elements Indicators Value/Types Aesthetics Recreational Envi t
Opportunities nvironmen

Weather TCI 0-1 — — Linear increase

Ecol.oglce.ﬂ Density 0-1 Linear increase Linear increase —
attractive sites

Very low (NDVI < 0.34) 0.00 0.00 —
Low (0.35 < NDVI < 0.41) 0.15 0.03 —
Vegetation NDVI Medium (0.42 < NDVI < 0.50) 1.00 0.66 —
High (0.51 < NDVI < 0.64) 0.85 1.00 —
Very high (NDVI > 0.65) 0.66 0.34 —
Forest 0.84 0.76 —
Grassland 0.70 0.37 —
Types Water and wetland 1.00 1.00 —
Farmland 0.09 0.23 —
Others 0.02 0.01 —
Land cover Desert 0.00 0.00 —
Variety = 1 0.00 0.00 —
Variety = 2 0.04 0.07 —
Diversity Variety =3 0.18 0.36 —
Variety = 4 0.79 0.69 —
Variety =5 1.00 1.00 —
0-21 0.00 0.52 —
21-50 0.71 1.00 —
Terrain Relief 50-85 1.00 0.40 —
85-130 0.67 0.11 —
130-598 0.58 0.00 —

Altitude 0-1 — — Linear increase
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