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a b s t r a c t

Nature-based tourism directly and indirectly affects the flora, fauna and environment, thereby reducing
the sustainability of tourism destinations. However, the impact of tourism activities on glaciers at glacial
tourism sites remains unexplored. Using two typical glacial tourism sites in China as examples, this paper
uses the tourism heat footprint (THF) method to examine the impact of large-scale tourism activities on
glaciers via local average temperatures. The THF method measures anthropogenic heat release (AHR)
from energy consumption and human metabolism per unit area and time divided into seven components
of tourism activities: transportation, accommodation, sightseeing, catering, entertainment, shopping and
waste disposal. The main results show that the THF values of the Yulong and Hailuogou tourism zones
are exhibiting a rapid growth trend, increasing from 8.7� 10�3 and 4.0� 10�4 Wm�2 in 1990 to 3.6 and
3.0� 10�1 Wm�2 in 2017, respectively. These THFs are exerting a significant cumulative effect on the
retreat of glaciers by increasing local average temperatures in conjunction with global climate change.
These results show that the sustainability of glacial tourism and destinations is threatened by large-scale
tourism activities. This study fills a current research gap, enriches the understanding of the impact of
tourism activities on glacial resources and expands the analytical perspective of sustainable tourism
research. Moreover, this study provides decision support for managing glacial scenic destinations and for
the sustainable development of glacial tourism.

© 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Tourism, as one of the world's largest and fastest growing in-
dustries, contributes 10.2% of the world gross domestic product,
reaching US$7.6 trillion (WTTC, 2017). Increasing numbers of re-
searchers, governments and organizations have analyzed the in-
fluence of large-scale tourism activities on the environment (Wang
et al., 2017). Large-scale tourism activities have created a series of
environmental issues, causing some problems in terms of envi-
ronmental sustainability (Ozturk et al., 2016). Tourism activities
influence climate change at the global scale. UNWTO and UNEP
; AHR, anthropogenic heat
shopping trips; INT, integral
of integration; THF, tourism
e of integration.
omics, Shaanxi University of

g).
(2008) show that the contribution of CO2 produced by energy
consumption associated with tourism activities to climate warming
is between 4.6% and 7.8%. Tourism also causes water shortages on
the regional (G€ossling et al., 2012) and local scales (Cole, 2014) and
ecological deficits at some tourism destinations (Castellani and
Sala, 2012).

Nature-based tourism, in particular, strongly depends on
tourism resources in natural areas (Priskin, 2001). Tourism activ-
ities within and close to natural areas may have negative impacts
on tourism resources, such as decreases in biodiversity, plant
coverage, soil, and water (Canteiro et al., 2018). These activities are
considered one of themajor threats towilderness ecosystems and a
frequent threat to threatened species (Ballantyne and Pickering,
2013). Existing research on the impact of nature-based tourism
on natural tourism resources has primarily concentrated on three
aspects. The first aspect is the impact of tourism activities on flora.
The majority of studies agree that tourism activities have caused
negative changes in flora, such as decreases in richness and di-
versity (Andres-Abellan et al., 2005) and in the stratification of

mailto:shuxinwang@snut.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jclepro.2019.01.120&domain=pdf
www.sciencedirect.com/science/journal/09596526
http://www.elsevier.com/locate/jclepro
https://doi.org/10.1016/j.jclepro.2019.01.120
https://doi.org/10.1016/j.jclepro.2019.01.120
https://doi.org/10.1016/j.jclepro.2019.01.120


S. Wang et al. / Journal of Cleaner Production 215 (2019) 845e853846
plant species (Wu and Chen, 2016) at some tourism destinations.
Tourism activities have also threatened the diversity of vascular
plants around the world (Rankin et al., 2015), especially in Arctic
(Tolvanen and Kangas, 2016) and alpine (Willard et al., 2007) areas.
Tourism activities indirectly decrease the amount of green space
and views of natural landscapes through the building of tourism
facilities (Tyrv€ainen et al., 2014). The second aspect explored in
existing research is the impact of tourism activities on fauna.
Nature-based tourism can directly influence themajority of wildlife
by, for example, affecting animals' habitats (S�anchez-Caballero and
Borges-Souza, 2018) and behavior (Geffroy et al., 2015). However,
small-scale tourism activities have not brought substantial harmful
changes to fauna such as forest bird communities (Huhta and
Sulkava, 2014). Due to effective management, monitoring, and
enforcement, tourism activities are likely to support apex predator
conservation and/or recovery (Macdonald et al., 2017). The third
aspect is the impact of tourism activities on the environment. The
majority of research in this area has concentrated on greenhouse
gas emissions due to tourism activities at the national level, such as
Australia (Dwyer et al., 2010), Malaysia, Singapore, Thailand (Azam
et al., 2018), and Turkey (Katircioglu, 2014); at the regional level,
such as Poole (Filimonau et al., 2011) and Wales (Max et al., 2013);
and at the local level, such as Penghu Island (Kuo and Chen, 2009)
and Huangshan National Park (Li et al., 2012). Tourism activities
also result in water pollution (Ning and He, 2007), changes in air
and water temperatures (�Sebela and Turk, 2014), increases in the
amount of water pollution in show caves (Lang et al., 2017) and
hydrocarbon pollution in sinkholes (Le�on-Borges and Lizardi-
Jim�enez, 2017), and decrease air quality (Saenz-de-Miera and
Rossell�o, 2014).

From the perspective of researchmethods, a number of methods
have been used in recent years to evaluate the impact of tourism
activities on tourism resources and on the natural environment.
Among them, the tourism footprint family represents a very
important group of methods; this family of methods includes the
tourism ecological footprint method (Castellani and Sala, 2012), the
tourism carbon footprint method (Pereira et al., 2017), the tourism
water footprint method (G€ossling, 2015), and the THF method
(Wang et al., 2018). A quantitative statistical model method (Saenz-
de-Miera and Rossell�o, 2014), remote sensing and GIS methods
(Geneletti and Dawa, 2009), and an experimental observation
method (�Sebela and Turk, 2014) have also been used to quantify the
impact of tourism activities on tourism resources and the natural
environment. These methods have played an important role in
scientifically and quantitatively assessing the environmental
impact of tourism activities in different fields.

However, the effect of tourism on many natural resources that
are closely linked to tourism activities, such as glaciers, remains
unexplored. Glaciers are unique and magnificent features of the
natural landscape and represent important tourist attractions. The
Aletsch Glacier in Switzerland, the Malaspina Glacier in the United
States and Canada, the Athabasca Glacier in Canada, the Perito
Moreno Glacier in Argentina, the Pindari Glacier in India (Wang
et al., 2010), Baishui Glacier No. 1 in Yulong Snow Mountain and
the Hailuogou Glacier in China have become well-known glacial
tourism destinations, and the scale of glacial tourism activities
continues to grow rapidly. Numerous studies have analyzed the
impact of changes in glaciers, ice and snow on tourism activities
(Mcdowell et al., 2014) and adaptation strategies (Morrison and
Pickering, 2013). However, research on the impact of tourism ac-
tivities on glacial changes is lacking (Xu et al., 2009). Large-scale
glacial tourism activities may accelerate the retreat of glaciers at
tourism destinations, threatening the sustainability of glacial
tourism. This issue deserves immediate attention.

Given this background, our main research questions are as
follows. (1) How do large-scale tourism activities at glacial tourism
destinations influence glacial changes? (2) Under the conditions of
climate change, have large-scale tourism activities accelerated the
retreat of glaciers?

Taking two typical glacial tourism destinations in China as ex-
amples, this study evaluates the impact of tourism activities on
changes in glaciers. This work could narrow the current research
gap by enriching our understanding of the impact of tourism ac-
tivities on glacial resources and expanding the analytical perspec-
tive of sustainable tourism research. This work also offers practical
value by providing decision support for managing scenic glacial
spots and for the sustainable development of glacial tourism.

This paper is divided into 5 sections. The first section explains
the relevance and the importance of the study. The next section
explains the study areas and research methods. In section 3, we
present the results and scientifically interpret the impact of large-
scale tourism activities on glacial changes in the tourism zones.
The discussion is presented in section 4, and the conclusion is given
in the final section.

2. Study areas and research methods

2.1. Study areas

In China, glacial tourism emerged in the 1990s. Since then, the
number of glacial tourist attractions has increased to more than 20,
spread across Yunnan, Sichuan, Tibet, Qinghai, Gansu and Xinjiang
Provinces in western China. Among these scenic locations, the
Yulong Snow Mountain Glacier Park and the Hailuogou Glacier
Forest Park are typical examples, with low elevations, easy access,
complex and diverse glacial landforms, and beautiful natural
scenery (Wang et al., 2010). The glaciers offer numerous tourism
activities and attract many tourists.

Yulong Snow Mountain (27�100e27�400N, 100�090e100�200E) is
located at the southeastern edge of the Qinghai-Tibet Plateau and
south of Hengduan Mountain. The main peak is 5596m above sea
level, and the mountain features marine glaciers, which are the
closest to the equator in Eurasia. Currently, the mountain harbors
15 glaciers (Wang et al., 2010). Glacial tourism activities are
concentrated at the Yulong Snow Mountain National Glacier Park,
specifically, Baishui Glacier No. 1. The park has developed into a
representative glacial tourist attraction and was categorized as a
class 5A tourism attraction by the National Tourism Administration
of China in 2007. To view the glacier, visitors ride a cable car to an
observation station at the foot of the glacier. According to the
Lijiang Tourism Development Committee, the number of tourists
visiting Yulong SnowMountain National Glacier Park has increased
rapidly since the 1990s, from 7.0� 103 in 1990 to approximately
4.2� 106 in 2017, with an average annual growth rate of 26.7%.
Considering the geographical proximity of Yulong Snow Mountain
National Glacier Park to the urban area of Lijiang (approximately
15 km away) and the main catering, accommodation, entertain-
ment and shopping for glacial tourists in Lijiang, this paper calcu-
lates the THF values based on data from the Yulong tourism zone
(including the Yulong Snow Mountain National Glacier Park and
the urban area of Lijiang). The main area of this zone is demarcated
according to the characteristics of various tourism activities and
major tourist routes (see Fig. 1) and has an area of 2.8� 108m2, as
estimated with ArcGIS software. According to the Lijiang Tourism
Development Committee, the number of tourists visiting the
Yulong tourism zone increased from 6.9� 104 in 1990 to 2.9� 107

in 2017, with an average annual growth rate of 25.1%. The retreat of
Baishui Glacier No. 1 in Yulong SnowMountain increased by 8.8m/
a during 1982e1999. During 1999e2011, the retreat accelerated to
13.8m/a (Du et al., 2013).



Fig. 1. Locations of the Yulong tourism zone and the Hailuogou tourism zone.
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Gongga Mountain (29�290e29�390N, 101�520e102�100E) is
located on the southeastern edge of the Qinghai-Tibet Plateau. The
main peak is 7514m above sea level, and the mountain currently
features 74 glaciers (Zhang et al., 2015a). The center of glacial
tourism activities is the Hailuogou Glacier Forest Park. As a repre-
sentative glacial tourism site, the Hailuogou Glacier is characterized
by low elevations and strong glacial activity. The ice tongue extends
below the line of the Emei fir forest, forming a unique landscape
involving a glacier and forests. In 2017, the Hailuogou Glacier Forest
Park was upgraded from a class 4A to a class 5A tourism attraction
by the National Tourism Administration of China. In Fig. 1, the
primary tourism activity area of the Hailuogou tourism zone, with
an area of 1.5� 108m2 as measured with ArcGIS software, is
defined according to the activity characteristics and main tourist
routes. According to the Hailuogou Scenic Spot Administration, the
number of Hailuogou tourists has increased tremendously since the
1990s, from 2.7� 103 in 1990 to 1.8� 106 in 2017, with an average
annual growth rate of 27.2%. The rate of retreat of the Hailuogou
Glacier was 0.9m/a during the period 1967e1989 and accelerated
to 2.4m/a during the period 1990e2006 (Li et al., 2010).
2.2. Research method

With ongoing development of the Yulong and Hailuogou
tourism zones, the scale of glacial tourism activities has been
constantly increasing, resulting in massive AHR to the environment
from energy consumption and human metabolism. Because gla-
ciers are uniquely sensitive to the thermal environment, even a
slight temperature fluctuation can cause major changes in a glacier
(He et al., 2003a). This dynamic indicates that glacial tourism ac-
tivities may influence the glaciers via changes in the average
temperatures. Hence, confirming that a specific method can be
used effectively to evaluate the impact of AHR from tourism ac-
tivities on the glaciers is necessary.

The abovementioned methods for evaluating the impact of
tourism activities on tourism resources and the natural environ-
ment have advantages in different fields. They can be used to
achieve different research goals. The tourism ecological footprint
method mainly measures the actual consumption of natural re-
sources and generation of waste by tourists in terms of the
appropriated area of land and water in the relevant ecosystem and
evaluates the impact of tourism activities on ecological balance
relative to a certain area (Hunter, 2002). The tourism carbon
footprint method mainly concentrates on measuring the quantity
of greenhouse gases, such as CO2, generated by tourism activities.
These methods cannot be used to evaluate the impact on temper-
ature at the microscale (Wang et al., 2017). The tourism water
footprint method mainly focuses on the effects of tourism-related
water consumption on water resources. Quantitative statistical
models can be used to effectively estimate the relationship be-
tween tourism activities and the environment, and remote sensing
GIS and experimental observation methods can be used to effec-
tively analyze the changes in natural resources and the environ-
ment at tourism destinations; however, these methods are not
effective at explaining how tourism activities influence natural
resources and the environment. Generally, these methods are
limited in their ability to capture the impact of tourism activities on
glacial changes. In contrast to these methods, the THF method can
effectively measure AHR due to tourism activities (Wang et al.,
2018) and explain how tourism activities influence glaciers via
changes in the average temperatures.

Based on these considerations, the THF method was used to
analyze the impact of tourism activities on changes in glaciers via
changes in the average temperatures. According to the definition of
the THF method, AHR is composed of two parts: energy con-
sumption from tourism activities and human metabolism. The THF
represents the total AHR per unit area and time due to tourism
activities (Wang et al., 2018) and can be calculated using formula
(1).

THF ¼ �
AHRenergy þ AHRhuman

��ðTTI � TAIÞ (1)

where AHRenergy is the heat release resulting from tourism-related
energy consumption (J), AHRhuman is the heat release resulting
from the metabolism of the human body related to glacial tourists
(J), TTI is the total time of integration (s), and TAI is the total area of
integration (m2).

With reference to Wang et al. (2017), the sources of the heat
released by tourism-related energy consumption can be divided
into seven categories: transportation, accommodation, sightseeing,
catering, entertainment, shopping, and waste disposal. This
analytical framework is more complete than earlier frameworks.
For example, the analytical framework for empirical analysis pro-
posed by Kuo and Chen (2009) defines only three tourism-related
categories: transportation, accommodation, and recreational ac-
tivities. A four-part analytical framework including local transport,
accommodation and restaurant services, retail goods, and recrea-
tion and leisure services was proposed by Sharp et al. (2016). The
formulas for calculating the heat consumption of these respective
segments are shown in equations (2)e(8), as follows:

AHRtransportation ¼
Xn

i¼1

ai � ðTTA� biÞ (2)

where AHRtransportation refers to the heat release from trans-
portation, ai is the AHR coefficient for the ith type of vehicle
(including two types of vehicles, small and large), TTA represents
the total tourist arrivals, and bi is the proportion of tourists who use
the ith type of vehicle.

AHRaccommodation ¼
Xn

i¼1

gi � ALS� ðTTA� diÞ (3)

In equation (3), AHRaccommodation is the heat release from tourism
accommodations, gi is the AHR coefficient per night per bed for the
ith type of tourism accommodation facility (including seven types
of facilities: five-star, four-star, three-star, two-star, one-star, and
express hotels and special residential houses), ALS is the tourists'



Table 1
Conversion coefficients of energy consumption types (The People's Republic of
China, 2008).

Energy Type Unit Heat Release (MJ)

Coal kg 20.9
Gasoline kg 43.1
Diesel fuel kg 42.7
Electricity kWh 3.6
Liquefied petroleum gas m3 50.2
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average length of stay in the Yulong and Hailuogou tourism zones,
and di is the proportion of tourists who stay at the ith type of
tourism accommodation facility.

AHRsightseeing ¼
Xn

i¼1

εi � ðTTA� 2iÞ (4)

In equation (4), AHRsightseeing is the heat release from sightseeing,
εi is the AHR coefficient for the ith type of tour (including the glacier
tour and the ancient city tour in the Yulong tourism zone and the
glacial tour in the Hailuogou tourism zone), and zi represents the
proportion of tourists going on the ith type of tour.

AHRcatering ¼ h� TTA� ALS (5)

In equation (5), AHRcatering refers to the heat release from
catering, and h is the AHR coefficient for catering.

AHRentertainment ¼
Xn

i¼1

qi � ðTTA� iiÞ (6)

In equation (6), AHRentertainment is the heat release from tourism
entertainment, qi is the AHR coefficient of the ith type of enter-
tainment activity (including hotel entertainment, karaoke, bars,
shows, and campfire parties), and ii is the proportion of tourist
arrivals who participate in the ith type of entertainment activity.

AHRshopping ¼ k� NST (7)

In equation (7), AHRshopping is the heat release from tourism
shopping, k is the AHR coefficient of tourist shopping, and NST
represents the number of shopping trips.

AHRwaste ¼ l� AAW � ALS (8)

In equation (8), AHRwaste is the heat release from tourism waste
disposal, l is the AHR coefficient for tourism waste disposal, and
AAW is the average amount of waste generated per tourist per day.

The heat release generated by the metabolism of the human
body is based on the formula devised by Sailor and Lu (2004):

AHRhuman ¼ ðIST � m1 þ INT � m2Þ � TTA (9)

where IST is the integral sleep time, INT represents the integral
nonsleep time, m1 refers to the average metabolic rate of the human
body during sleep, and m2 refers to the averagemetabolic rate of the
human body while awake. We assume that tourists sleep 8 h per
day and use the remaining time for tourism and other activities.
Based on Fanger (1972) and Fulton (1984), m1 and m2 are set to 75W
and 175W, respectively.

2.3. Survey data

The questionnaires, which were given to glacial tourists and
tourism firms in the Yulong and Hailuogou tourism zones, were
structured according to seven themes: (1) transportation, including
the energy consumption of small and large vehicles per tourist and
the proportions of tourists taking small and large vehicles; (2) ac-
commodation, including the energy consumption of various hotel
types per night per bed, the proportions of tourists staying at
various hotel types, and tourists' average lengths of stay; (3)
sightseeing, including the energy consumption of the glacial and
ancient city tours per tourist and the proportion of tourists visiting
the glacier and the ancient city; (4) catering, including the energy
consumption of tourist catering per tourist; (5) entertainment,
including the energy consumption of tourists enjoying hotel
entertainment, karaoke, bars, shows, and campfire parties per
tourist; (6) shopping, including the energy consumption of tourist
shopping per tourist and the number of shopping trips; and (7)
waste disposal, including the average amount of waste generated
per tourist per day and the energy consumption from tourism
waste disposal per kg. Based on the energy consumption data
(mainly including coal, gasoline, diesel fuel, electricity, and lique-
fied petroleum gas) of tourism activities and the conversion co-
efficients of energy consumption types (see Table 1), we calculated
the heat release coefficients of tourism activities.

Energy consumption data and the proportions of tourists and
tourism firms were primarily obtained through field surveys con-
ducted by the authors during 2016e2017. Survey questionnaires
related to transportation, accommodation, sightseeing, catering,
entertainment, shopping, and waste disposal were distributed to
tourists (n¼ 1200) and tourism firms (n¼ 400) in the Yulong and
Hailuogou tourism zones. Of these, 1113 and 329 valid question-
naires were recovered for the two sites, corresponding to recovery
rates of 92.8% and 82.3%, respectively. Specifically, 680 and 220
survey questionnaires were distributed to tourists and tourism
firms, respectively, in the Yulong tourism zone, and 631 and 182
valid questionnaires were recovered, resulting in respective re-
covery rates of 92.8% and 82.7%, respectively. In the Hailuogou
tourism zone, 520 and 180 survey questionnaires were distributed
to tourists and tourism firms, respectively, and 482 and 147 valid
questionnaires were recovered, yielding recovery rates of 92.7% and
81.7%, respectively. In addition, based on the results of field surveys,
we calculated the proportions and other coefficients in the Yulong
and Hailuogou tourism zones (see Table 2).

Tourist arrival data were obtained from the Lijiang Tourism
Development Committee and the Hailuogou Scenic Spot Adminis-
tration. Meteorological data and glacial change data (glacier mass
balance, an important indicator reflecting glacial changes) were
obtained from the Yulong Snow Mountain Glacier and Environ-
mental Observation Station, the Gongga Mountain Alpine
Ecosystem Observation and Experiment Station of the Chinese
Academy of Sciences, and the Weixi Meteorological Station, where
routine observations regarding meteorological changes and glacial
changes in the Yulong and Hailuogou tourism zones were made.
Based on the meteorological data, we calculated the average tem-
perature of the Yulong and Hailuogou tourism zones and that of
Weixi County.
3. Results

3.1. Patterns of change in the THF

Fig. 2 shows that the THF values in the Yulong and Hailuogou
tourism zones have exhibited a rapid growth trend. The THF of the
former increased from 8.7� 10�3 Wm�2 in 1990 to 3.6 Wm-2 in
2017, with an average annual growth rate of 25.0%. The THF of the
latter increased from 4� 10�4 Wm�2 in 1990 to 3� 10�1 Wm�2 in
2017, with an average annual growth rate of 27.8%. Compared with
the 2005 result of 2.2� 10�1Wm�2 obtained by Flanner (2009) and
the 2008 result of 2.8� 10�1 Wm�2 reported by Chen et al. (2011)



Table 2
AHR coefficients and proportions of tourism activities in the Yulong and Hailuogou tourism zones.

Coefficient Type Yulong tourism zone Hailuogou tourism zone

ai AHR of small vehicles per tourist 248.6 MJ 123.4 MJ
AHR of large vehicles per tourist 122.1 MJ 72.1 MJ

bi Proportion of tourists taking small vehicles 24.7% 54.2%
Proportion of tourists taking large vehicles 75.3% 45.8%

gi AHR of five-star hotels per night per bed 173.8 MJ 170.9 MJ
AHR of four-star hotels per night per bed 148.4 MJ 150.3 MJ
AHR of three-star hotels per night per bed 137.9 MJ 137.2 MJ
AHR of two-star hotels per night per bed 119.9 MJ 116.1 MJ
AHR of one-star hotels per night per bed 84.2 MJ 76.5 MJ
AHR of express hotels per night per bed 79.6 MJ 75.7 MJ
AHR of special residential houses per night per bed 61.2 MJ 63.7 MJ

di Proportion of tourists staying at five-star hotels 15.4% 5.6%
Proportion of tourists staying at four-star hotels 10.9% 15.9%
Proportion of tourists staying at three-star hotels 10.1% 13.6%
Proportion of tourists staying at two-star hotels 2.7% 6.5%
Proportion of tourists staying at one-star hotels 0.7% 1.3%
Proportion of tourists staying at express hotels 10.3% 21.8%
Proportion of tourists staying at special residential houses 49.9% 35.3%

ALS Tourists' average length of stay 4.3 days 2.9 days
3i AHR of the glacier tour per tourist 30.6 MJ 32.3 MJ

AHR of the ancient city tour per tourist 6.5 MJ e

zi Proportion of tourists visiting the glacier 58.6% 85.1%
Proportion of tourists visiting the ancient city 100% e

h AHR of tourist catering per tourist 95.3 MJ 86.6 MJ
qi AHR of tourists enjoying hotel entertainment per tourist 16.7 MJ 13.5 MJ

AHR of tourists enjoying karaoke per tourist 15.9 MJ 15.3 MJ
AHR of tourists visiting bars per tourist 14.2 MJ 12.1 MJ
AHR of tourists attending shows per tourist 13.2 MJ 13.3 MJ
AHR of tourists attending campfire parties per tourist 50.1 MJ 50.4 MJ

ii Proportion of tourists enjoying hotel entertainment 7.0% 13.0%
Proportion of tourists enjoying karaoke 5.2% 2.3%%
Proportion of tourists visiting bars 18.9% 9.0%
Proportion of tourists attending shows 46.9% 18.5%
Proportion of tourists attending campfire parties 14.1% 20.0%

k AHR of tourist shopping per tourist 4.2 MJ 3.2 MJ
NST Tourists' number of shopping trips 3.8 times 2.5 times
AAW Average amount of waste generated per tourist per day 3.1 kg 2.9 kg
l AHR of tourism waste disposal per kg 0.6 MJ 0.6 MJ

Fig. 2. Changes in the THF and tourist arrivals for the Yulong and Hailuogou tourism
zones.

Fig. 3. Structure of the THF in the Yulong and Hailuogou tourism zones.
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for heat release in China, the THF values for the Yulong tourism
zone (3.6� 10�1 Wm�2 in 2005 and 5.5� 10�1 Wm�2 in 2008) are
obviously higher, whereas the THF values for the Hailuogou
tourism zone (3.5� 10�2 Wm�2 in 2005 and 3.3� 10�2 Wm�2 in
2008) are lower. The rapid increase in tourist arrivals has become a
major driver of the change in the THF, as shown by the close cor-
relation between the two variables. Tourist arrivals in the Yulong
tourism zone increased from 6.9� 104 in 1990 to 2.8� 107 in 2017.
Tourist arrivals in the Hailuogou tourism zone increased from
2.7� 103 in 1990 to 1.9� 106 in 2017. In addition, 60% of yearly
tourist arrivals at the Yulong and Hailuogou tourism zones occurred
during the high tourism season, coinciding with the Chinese May
Day Holidays, Chinese National Day Holidays and summer holidays.
However, the duration of the reception time was only approxi-
mately 65 days, resulting in a significant increase in the THF during
the peak season. For example, in the 2017 peak season, the THFs of
the Yulong and Hailuogou tourism zones reached 12.1 Wm-2 and
1.0Wm-2, respectively. Overall, the THF during the peak seasonwas
approximately four times the annual average at both destinations.
3.2. Structural characteristics of the THF

An analysis of the THF structure (see Fig. 3) shows that the THFs
in the Yulong and Hailuogou tourism zones are consistent, with the
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highest proportion of the THF deriving from tourism accommo-
dations. This proportion accounts for 39.1% and 38.5% of the THFs in
the Yulong and Hailuogou tourism zones, respectively. The second
highest proportion, constituting 36.2% and 35.5% of the total in the
Yulong and Hailuogou tourism zones, respectively, corresponds to
tourism catering, and the proportion of tourism transportation
ranks third, representing 13.9% and 13.1%, respectively. Overall, for
the Yulong and Hailuogou tourism zones, accommodation, cater-
ing, and transportation are the main components, together ac-
counting for approximately 90% of the total THF. This is consistent
with the results of Hanandeh (2013), who found that trans-
portation, catering, and accommodations are the main components
of the Hajj's tourism carbon footprint and that they account for 91%
of the total. The metabolism of the human body, sightseeing,
entertainment, shopping, and waste disposal together constitute a
smaller proportion of the total THF, approximately 10%. Viewed
from another perspective, the contribution to the THF of energy
consumption due to accommodation, catering, transportation,
sightseeing, entertainment, shopping, and waste disposal in the
Yulong and Hailuogou tourism zones is 95.2% and 95.3%, respec-
tively. The contribution of themetabolism of the human body to the
THF in those zones is 4.8% and 4.7%, respectively.
3.3. Impact of the THF on changes in temperatures and glaciers

Fig. 4 shows the relationship between the THFs in the Yulong
and Hailuogou tourism zones and the average temperature. The
least squares method was used to create a curve fitting the THFs in
the two zones (the explanatory variable x) and the average tem-
peratures (the response variable y). The F-statistics of the fitting
equations are 27.8 and 13.3, respectively, both significant at the 1%
level. These outcomes indicate that the THFs and the average
temperatures of the two zones exhibit a significant logarithmic
correlation. The THF exerted a significant temperature-increasing
forcing effect on the local temperature.

The regression coefficient for the THF in the Yulong tourism
zone is 0.2737 (significant at the 1% level) and is higher than that of
the Hailuogou tourism zone (0.1735, also significant at the 1% level).
These outcomes indicate that the temperature-increasing radiation
associatedwith the THF in the Yulong tourism zone is stronger than
that in the Hailuogou tourism zone. This difference may be related
to the greater scale of tourism and the more intense THF in the
Yulong tourism zone, which is one order of magnitude higher than
that of the Hailuogou tourism zone. Thus, the THFs generated by
tourism at different scales differ in their temperature-increasing
effects on the local temperature. If all other conditions are con-
stant, the temperature-increasing effect created by the THF is
stronger when the scale of tourism is larger. The coefficients of
determination for the curves fitting the THF and the temperature
change for the Yulong and Hailuogou tourism zones are R2¼ 0.5372
and R2¼ 0.3565, respectively. These outcomes indicate that the
Fig. 4. Relationship between the THFs and the average temperature in the Yulong and
Hailuogou tourism zones.
THFs of the Yulong tourism zone and the Hailuogou tourism zone
have explanatory power with respect to changes in local temper-
ature. Furthermore, the explanatory power is much stronger in the
case of the Yulong tourism zone. In addition to the THF, other fac-
tors play important roles in the local temperature change process.
In particular, when the THF is low, substantial changes in the
temperature of the glacial tourism zones may be more closely
related to global climate change.

Fig. 5 shows that the average temperatures and changes in the
glacial mass balance in the Yulong and Hailuogou tourism zones
exhibit significant inverse relationships. With the significant in-
crease in the average temperatures of both zones, the losses in
glacial mass balance have accelerated. This analysis indicates that in
the context of global climate change, the THFs generated by large-
scale tourism activities within the Yulong and Hailuogou tourism
zones have significant local temperature-increasing effect. And
these temperature increases have had a cumulative effect on glacial
changes. This effect is contrary to the sustainability of glacial
tourism and destinations.

4. Discussion

In contrast to recent studies on glacial changes in which natural
factors such as climate change and changes in precipitation were
examined (Zhang et al., 2015a), this study used the THF method to
investigate the effect of the heat released by energy consumption
and human metabolism on local temperatures and glacial changes.
The results show that the THF method can be used to evaluate the
impact of tourism activities on glaciers. The THF method com-
pensates for the limitations of other methods, for example, the
tourism carbon footprint method mainly concentrates on
measuring greenhouse gas emissions related to tourism activities
and cannot assess the impact of tourism activities on natural
tourism resources. The new analytical dimension enriches the
perspective of current research on the environmental impact of
tourism activities.

Existing studies support the conclusion that the THF has
significantly increased the local temperatures in the Yulong and
Hailuogou tourism zones. The AHR caused by the concentration of
energy consumption and human body metabolism in local areas
can heat the ground and the troposphere, creating radiative forcing
in the atmosphere that may cause local climate change
(Koralegedara et al., 2016). The AHR of energy consumption in
typical urban areas makes an approximately linear contribution to
the increase in local temperature. When the AHR is stronger, the
contribution is also stronger (Niu et al., 2012). In particular, large-
scale population aggregation and outflow significantly affect the
temperature in urban areas and lead to the heat island effect (Zhang
et al., 2015b). This phenomenon has also been observed in tourist
cities. The increase in the tourist population during the Spring
Festival caused warming in the city of Sanya and intensified the
heat island effect there (Zhang and Wu, 2015).
Fig. 5. Average temperatures and changes in the glacial mass balance in the Yulong
and Hailuogou tourism zones.
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Other facts support the finding that a THF temperature-
increasing effect on glacial tourism zones is generated by large-
scale tourism activities. Considering their similar natural back-
grounds and their geographical proximity, a comparison between
temperature changes in the Yulong tourism zone andWeixi County
is revealing. The latter features fewer tourism activities and is
50 km from the Yulong tourism zone. The comparison (see Fig. 6)
shows that the increasing temperature trends at the two locations
were not significant prior to 1990. The temperature trend rates
were 3.6� 10�2 �C/10a and 4.2� 10�2 �C/10a in the Yulong tourism
zone and Weixi County, respectively. The difference between the
two rates was only 6� 10�3 �C/10a, and Weixi County exhibited a
greater warming trend. After 1990, which marked the beginning of
a period of rapid development in the Yulong tourism zone, both the
Yulong tourism zone and Weixi County displayed significant
warming trends; however, the trend was more pronounced in the
former. The temperature trend rates in the two areas were
5.6� 10�1 �C/10a and 3.6� 10�1 �C/10a, respectively. The differ-
ence between the two areas increased to 2.0� 10�1 �C/10a. The
slope of the temperature trend in the Yulong tourism zone was 1.6
times that inWeixi County. Hence, the THF generated by large-scale
tourism activities may be an important reason for the higher
warming rate in the Yulong tourism zone.

Coupled with climate change, the temperature-increasing effect
has significantly increased the temperature of glacial tourism zones
and has accelerated glacial melting. This finding is consistent with
observations made in previous related studies. Climate change is
the dominant factor in accelerated glacial retreat (Vaughan et al.,
2013), particularly in the case of temperate glaciers, such as
Baishui Glacier No. 1 and the Hailuogou Glacier, which are more
sensitive to climate change (Zhang et al., 2015a) than to other
factors. The increase in temperature has become a major cause of
the accelerated retreat of the Yulong (Du et al., 2013) and Hailuogou
(Zhang et al., 2015a) glaciers. Black carbon and other aerosol ma-
terials emitted during energy use can form brown clouds that
locally heat the upper atmosphere and act directly on high-
elevation glaciers, contributing to glacial melting (Xu et al., 2009).
Hence, the temperature change in glacial tourism zones is closely
correlated to both global climate change and large-scale tourism
development.

Currently, China is in an era of comprehensive mass tourism
development. The rapid development exhibited by the Yulong and
Hailuogou tourism zones since 1990 is representative of this overall
trend. In the near term, both zones are forecasted to continue
developing rapidly. If tourist arrivals are calculated based on the
average annual growth rates of 25.1% and 27.2% that occurred
during the period 1990e2017, tourist arrivals in the two zones will
reach 5.6� 107 and 3.7� 106, respectively, by 2020. The THFs will
increase to 7.0 Wm-2 and 0.6 Wm-2 in the Yulong and Hailuogou
tourism zones, respectively, resulting in increases of 95.3% and
106.0% over 2017. If tourist arrivals are conservatively estimated
using the national average of 10% (The People's Republic of China,
Fig. 6. Average temperature difference between the Yulong tourism zone and Weixi
County, 1955e2015.
2015), by 2020, tourist arrivals in the Yulong and Hailuogou
tourism zones will reach 3.8� 107 and 2.4� 106, respectively. The
THFs of the tourism zones will increase to 4.8 Wm-2 and 0.4 Wm-2,
respectively, an overall increase of 33.3% over 2017. These pro-
jections indicate that the effect of the THF from large-scale tourism
activities will continuously increase, accelerating glacial melting.

Notably, transportation is not the main component of the THF.
This finding differs from previous conclusions that “transportation
is the main component of tourism ecological footprint (Patterson
et al., 2007) and tourism carbon footprint (Sun, 2014)”. The main
reason for this difference lies in the fact that our study primarily
examined the THF of transportation in the tourism zone only,
thereby excluding transportation from the generating region to the
destination. This measurement ensures the consistency of the THF
and the measurement scope of the tourism zone. In contrast,
calculation of the tourism ecological footprint and the tourism
carbon footprint often takes into account both transportation
within tourism destinations and transportation from the gener-
ating region to the destination (Patterson et al., 2007), resulting in a
large contribution of transportation to the tourism ecological and
carbon footprints.

Researchers believe that the amount of heat released by human
bodies (glacial tourists) is insignificant (He et al., 2003b). Yuan et al.
(2008) quantitatively measured the heat released by human
metabolism during glacial tourists' activities and the amount of
solar radiation that impacted glaciers. The results showed that the
amount of heat released by human metabolism was far less than
the amount of heat produced by solar radiation. Therefore, the
impact of human metabolism on glacial changes is limited. How-
ever, the heat released by tourists constitutes only a small portion
of the heat generated by tourism activities. The analysis presented
in this paper shows that the heat footprint of humanmetabolism in
the Yulong and Hailuogou tourism zones accounts for less than 5%
of the total THF. Comparedwith the heat released by human bodies,
the amount of heat released by energy consumption associated
with providing support to tourists during tourism activities
(including catering, accommodation, transportation, sightseeing,
shopping, entertainment, and waste disposal) is larger, exceeding
95% of the total THF. Therefore, to comprehensively assess the
impact of tourism activities on glacial changes, the THF measure-
ment must be analyzed both in terms of the metabolism of the
human body and in terms of the energy consumed in such
activities.

Due to data limitations, our THFmeasurement in the Yulong and
Hailuogou tourism zones only included the direct heat generated
by seven components: transportation, accommodation, sight-
seeing, catering, entertainment, shopping and waste disposal. The
analysis did not include indirect heat generation. Therefore, the
THF measurement resulted in a value that is lower than the actual
value. Previous studies of the tourism carbon footprint have shown
that the indirect footprint is one of its important components.
Tourism's indirect carbon footprint is approximately 30%e110% of
the direct carbon footprint (Filimonau et al., 2013). If calculated
based on the average value, the magnitude of the THF generated by
indirect services for tourism activities in the Yulong and Hailuogou
tourism zones is approximately 70% that of the direct footprint. The
combined THF (i.e., the direct and indirect heat footprints) will
continue to increase, thereby further increasing the impacts on
glacial changes. Because of the absence of survey data for energy
consumption during tourism activities in the Yulong and Hailuogou
tourism zones prior to 2016, this study used survey data obtained
during 2016e2017 as a standard to calculate the energy con-
sumption and heat footprint proportions of seven components
from 1990 to 2017. The statistical approach used here does not
entirely account for the dynamically changing characteristics of the
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energy consumption and proportion structure during tourism ac-
tivities. To compensate for this drawback, future research should
construct a THF monitoring network based on typical glacial
tourism destinations in order to create an annual survey data sys-
tem. Such a network would contribute to the accurate analysis of
the year-to-year dynamic changes in the direct THF and permit
examination of the impact of specific factors on the THF. An indirect
THF monitoring network should also be established. Such a
network would facilitate the investigation of the indirect THF
generated by indirect tourism services, such as primary, secondary,
and tertiary industries, tourism material production,
manufacturing and sales and tourism management agency opera-
tions. In this way, a comprehensive assessment of the THF gener-
ated by tourism activities and its impact on glacial changes could be
performed.

5. Conclusion

Tourism development and the influx of large numbers of tour-
ists into tourism destinations may directly and indirectly affect
natural resources and the environment of tourism sites. Assessing
this impact is an important aspect of sustainable tourism research
that remains unexplored. Using two typical glacial tourism sites
(the Yulong and Hailuogou tourism zones) in China as examples,
this paper used the THFmethod to examine the effect of large-scale
tourism activities on accelerating glacial retreat. The results high-
light three main insights. (1) The THFs generated by regional
tourism development in the Yulong and Hailuogou tourism zones
have increased rapidly since 1990, increasing from 8.7� 10�3 and
4.0� 10�4 Wm�2 in 1990 to 3.6 and 3.0� 10�1 Wm�2 in 2017,
respectively, with average annual growth rates of 25.0% and 27.8%,
respectively. Furthermore, because China is presently in an era of
comprehensive mass tourism development, the two tourism zones
will continue to exhibit rapid development, and the THFs will in-
crease in the future. (2) The largest proportion of the THFs in the
Yulong and Hailuogou tourism zones derives from tourism ac-
commodation; in the two zones, tourism accommodations account
for 39.1% and 38.5%, respectively, of the total THF. The second
largest proportion of the THF corresponds to tourism catering, and
tourism transportation ranks third. These three tourism activities,
i.e., tourism accommodation, catering, and transportation, are the
main sources of the THF, together representing approximately 90%
of the total THF. (3) In the context of global climate change, the THFs
generated by large-scale tourism activities within the Yulong and
Hailuogou tourism zones have significant local temperature-
increasing effect. And these temperature increases have had a cu-
mulative effect on glacial changes. This effect is contrary to the
sustainability of glacial tourism and destinations.

This study fills an existing research gap by evaluating the impact
of tourism activities on glaciers at tourism destinations using the
THF method. The THF method compensates for the limitations of
other methods. This method expands the analytical perspective of
sustainable tourism research and enriches the existing under-
standing of tourism's impact on natural resources. However, this
study also has some limitations. Due to data limitations, our anal-
ysis did not include indirect energy consumption due to tourism
activities, resulting in a THF value that was smaller than the actual
value in the Yulong and Hailuogou tourism zones. And due to the
absence of survey data for energy consumption prior to 2016, this
study used the survey data for 2016e2017 as a standard for
calculating the THF from1990 to 2017. The THF values calculated for
this period are likely somewhat different from the actual values due
to the dynamically changing characteristics of energy consumption
in these areas. A THF monitoring network must be constructed and
used to form an annual survey data system at glacial tourism
destinations. This would make it possible to conduct an accurate
and comprehensive assessment of the THF generated by tourism
activities and its impact on glacial changes. The THF monitoring
network could easily be replicated at other glacial tourism desti-
nations. This would provide decision support for managing glacial
tourism destinations and for the sustainable development of glacial
tourism. Furthermore, the THF method could be expanded and
used to analyze the temperature-increasing effect of tourism ac-
tivities on local, regional, national, and even global temperatures
and on natural resources that are sensitive to temperature changes.
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