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ABSTRACT

The Polar Regions (PRs) are characterized by ice sheets, sea ice, glaciers, tundra, and other cryospheric land-
scapes and associated aboriginal cultural features. This primitive polar landscape is a huge contrast to the current
human living environment and is a strong tourist attraction. Rapid environmental changes and the emergence of
conflicts between tourism development and ecological protection, have affected sustainable development of
polar tourism (PT). Polar high-latitude characteristics determine the vulnerability of their environment and the
higher sensitivity of PT to climate change. This study comprehensively analyzed the status quo of PT develop-
ment, systematically revealed mutual influence between environmental changes and tourism development, and

proposed some adaptive measures to coordinate environment protection and tourism development.

1. Introduction

In general, ‘polar’ refers to the regions surrounding both the North
and the South Pole, thus, polar tourism (PT) can correspond to almost
any kind of tourism activities taking place around the North and South
Poles (Grenier and Miiller, 2011; Hall and Saarinen, 2010). The Polar
regions (PRs), Antarctica and Arctic, play a vital role in scientific
research and tourism development because of their special geographic
location and relatively primitive environment (Miiller and Viken, 2017).
The PR is an important key area driving global environmental change.
Even small climate fluctuation causes rapid polar environment changes
(i.e., the cryosphere) and results in an increase in extreme weather
events in low- and mid-latitude countries (Overland and Wang, 2016;
Shepherd et al., 2018).

The PRs are characterized by their severe cold climate, special
landforms, extensive cryosphere, strong cultural authenticity, and
fragile ecosystems. The unique polar landscapes feature ocean, sea ice,
coastal zone, ice shelf, ice sheet, snow field, polar day (night), aurora,
tundra resource, and indigenous culture. Compared with the low- and
the mid-low latitudes, the PRs have great spatial heterogeneity in terms
of cryosphere, ecological landscape, cultural structure, and political
system, which have established the PRs as areas with significant tourist
potential globally and with enormous tourism value (Liick et al., 2010).

Polar tourism (PT) refers to the related activities to visit the Antarctic
and Arctic (excluding scientific research). PT activities mainly include
snowmobiling, visiting reindeer farms and reindeer sledding, viewing
polar lights, husky safaris, fishing/ice fishing, boat tours and whale-
watching. The PT relies mainly on cruise ships or airplane to transport
tourists. Tourism development and management of the Arctic are rela-
tively easy because there are no sovereignty disputes. In the Antarctic,
tourism management is relatively difficult, and the time during which
tourism activities can take place is extremely short as they occur
throughout the relatively short summers.

The PRs have fragile and sensitive environmental conditions and are
the most sensitive regions directly affected by global climate change.
Unreasonable tourism development is bound to have irreparable effects
on the PRs environments. Future tourism development has to take into
account the environmental, social, cultural and economic aspects in a
balanced approach to ensure that tourism will benefit the local people
and the environment in the long term (Vaarala, 2006). In light of this
need, the study systematically expounded on the current situation of
environmental change and tourism development in the PRs, revealed the
opportunities and risks of interaction between tourism development and
environmental changes, and then proposed an adaptation mechanism or
alternative approach for healthy and sustainable tourism development.
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2. Overview of the polar regions

The Antarctic region is a massive frozen landmass around the South
Pole and composed of the ocean, islands, and land on the south of the
Antarctic Convergence Zone stipulated by the Antarctic Treaty, as well
as some islands on the north. Antarctica is a vast ice-covered landmass
surrounded by sea, whereas the Arctic is an ice-covered ocean sur-
rounded by land. Sea ice extended over 19.44 million square kilometers
(7.51 million square miles) in 2012, according to the National Snow and
Ice Data Center (NSIDC). Antarctica includes east Antarctica and west
Antarctica. The area of East Antarctica is 1, 018 x 10* kmz, whereas the
area of west Antarctica in only 190 x 10* km? Vinson Massif with an
altitude of 4, 897 m is the highest peak in Antarctica. The Antarctic
Peninsula is a narrow mountain barrier with an average width of 70 km
and an average altitude of 1, 500 m. The highest point is Jackson Peak
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(3, 184 m above sea level) (Larsen et al., 2014; Shepherd et al., 2018).
The closest continent to the Antarctic continent is South America, be-
tween which is Drake Strait, which is 970 km wide. The Antarctic is one
of the world’s least-disturbed places, but it has become increasingly
vulnerable, especially to global warming and climate change.

The Arctic region refers to the northern parts of the Arctic Circle
(north of 60°33'N), including most of the Arctic Ocean and its islands
and archipelagos, the North American continent and the northern
margin of Eurasia, with a total area of about 2073 x 10*km?. Compared
with Antarctica, the Arctic is not far from other continents, and many
countries surround its sea area (Larsen et al., 2014; Graham et al., 2017).
Arctic land sovereignty is tied to eight Arctic countries: Canada,
Denmark, Finland, Iceland, Norway, Russia, Sweden, and the United
States. According to the nature, geography, political characteristics, and
administrative characteristics, the Arctic borders are different. At
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Fig. 1. Antarctica destinations.
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present, the Arctic border defined by the Arctic Monitoring and
Assessment Program (AMAP) has the greatest acceptance. In theory, the
Arctic region should cover all areas of activity by indigenous people.

3. Tourism development

The huge spatial heterogeneity of the PRs has attracted the unprec-
edented interest and attention of global tourists, and the region has
developed into the world’s newest tourist destination. Tourism is also
considered one of the region’s few economic opportunities.

3.1. Antarctic region

Antarctica climate is characterized by extreme cold, extreme dry-
ness, and frequent blizzards. Antarctica has unique landscapes and an-
imal life, including ice sheet, icebergs ice shelf, aurora, penguin, walrus,
seal, and whale. Antarctic Peninsula has the most abundant landscape
resources, and this area is also the most visited areas for Antarctic
tourists. Antarctic tourism is characterized by cruise and ship-based
tourism from South America to the Antarctic Peninsula from about
October to March (Jabour, 2014) and the suitable travel period is about
6-30 days. Other operations include some continental activities, yacht
cruising, over flights, and fly—cruise as well as limited visitation to East
Antarctic destinations. Antarctic tourism activities include cruise,
kayaking, photography, videography, camping, skiing, helicopter aerial
view, ice climbing, snowmobiling, diving, swimming, and visiting the
scientific research stations. Since 1989, tourists have visited more than
200 tourist spots in the Antarctic Peninsula, including 20 scientific
research stations (Fig. 1).

Antarctic tourism began in the 1950s. With improvements in trans-
portation and communication technologies, Antarctic tourism has
continued to develop, the number of tourists increased significantly, and
the tour route became relatively mature. During the period from 1992 to
2018, 1930 new tourists were added each year, and the annual average
number of visitors increased by 27% (IAATO, 1992-2019). In
2008-2011, because of the impact of global financial crisis, the number
of visitors dropped slightly. During the tourism season of 2018-2019, a
total of 55, 489 people arrived in Antarctica, an increase of 7% year on
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year (Fig. 2). The largest number of tourists (17, 679) still come from the
United States, accounting for 31.86%; Chinese tourists total 8,149, ac-
counting for 14.69%, making it the second largest source of tourists
(IAATO, 1992-2019) (Fig. 3).

3.2. Arctic region

Arctic business travel began in the early 1950s. During this period,
the industrial revolution in North America and Europe created a sig-
nificant amount of property, increased leisure time, improved educa-
tional programs, and spurred inventions and technologies to changed
social development (in particular railway and ship-building technolo-
gies) (Stonehouse and Snyder, 2010). Among these developments,
global tourism expanded rapidly. The fierce competition between rail-
ways and ships has gradually reduced the cost of travel to the Arctic and
has enabled more tourists to visit destinations. Major destinations and
attractions in the Arctic include the Greenland Ice Sheet, Icelandic Ice
Cap, Aurora, Alaska Mountain Glacier, Norwegian Fjord, Arctic Tundra,
Taiga, polar bear, Arctic fox, reindeer, and Eskimo and other aboriginal
cultural features (Fig. 4). The best cruise season around the Arctic is
from June to September, while the long-distances travel is achieved
mainly by airline in other seasons.

In recent years, the Arctic channel has been opened earlier and traffic
conditions have greatly improved as a result of global warming (Dawson
et al., 2017; Zhang et al., 2019). The number of tourists in the Arctic
region (Canada, Russia, Iceland, Norway, Sweden, Finland, Alaska, and
the United States) is growing rapidly, and tourism is devolving rapidly.
At 2017, the number of inbound visitors in the noted regions reached
66.37 million, an average annual increase of 3.71 million since 1995. In
2017, Russia and Canada accounted for a large share of tourists, ac-
counting for 68% of the total number of tourists visiting the Arctic. The
Nordic Arctic countries have accounted for 18.71 million visitors, an
increase of 2.6 times compared with in 1995. Greenland and Alaska have
relatively small numbers, with only 2.51 million visitors, about twice as
many as in 1995. In the five Nordic countries, for example, the number
of inbound tourists in 1995 was about 7.34 million, whereas the number
of inbound tourists in 2017 reached 18.98 million, 2.59 times higher
than in 1995 (Table 1).
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Fig. 2. Changes in the number of Antarctic tourists (Reich, 1980; IAATO, 1992-2019).
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Fig. 3. Proportion of tourists from different countries to Antarctica during the tourism season of 2018-2019.

Table 1 Changes in international tourist numbers in the Arctic in
1995-2017 (10* people) (World Tourism Organization, 1995-2017; Fay
et al., 2010; McDowell Group, 1994-2018).

Tourism has brought billions of dollars in economic benefits to the
Arctic, and tourism development has become a major target for the
indigenous economies of Greenland, Iceland, Nunavut, Yukon, the
Russian Federation and Alaska. Of these, Alaska reached 2.25 million
visitors in 2017, with direct tourism revenues of US$ 125.6 million. Its
tourism-related jobs and labor income supported 43,400 people and
reached US$ 1.5 billion, accounting for 10% and 5% of the state’s total,
respectively. Between 2011 and 2017, the number of state tourists and
revenue increased by 23.28% and 38%, respectively (ADCCED, 2018).
Data from the Association of Arctic Expedition Cruise Operators showed
that in 2018, 27.2 million passengers planned to take a cruise in the
Arctic, which demonstrated a 4.9% increase from 2017. Demand for
cruises has increased by 20.5% over the past 5 years. The United States
by far has the largest cruise market, with 11.5 million cruise passengers,
followed by China (2.1 million), Germany (2 million), United Kingdom
(1.9 million), and Australia (1.3 million) (AECO, 2017).

4. Environmental changes
4.1. Antarctic change

As the world’s first and second largest “cold source,” the Antarctic
and Arctic have regulated global climate change, in which the most
characteristic feature of the Antarctic climate is the low temperature
environment. The average temperature of most areas is below 0 °C. With
global warming and continued cryosphere melting, the Antarctic envi-
ronment has undergone significant changes. Studies have shown that
surface temperature of the southeastern Antarctic has not changed much
since 1950, but the southwestern Antarctic has increased by about 0.7
°C/10a (Hodgson et al., 2010; Orsi et al., 2012; Turner et al., 2013).
Between 1992 and 2017, the Antarctic ice sheet lost a total of 2,720 +
139 billion tons of ice, which is equivalent to a global sea-level rise (SLR)
of 7.6 & 3.9 mm, of which 2/5 of the SLR (3.0 & 0.6 mm) occurred in the
past 5 years (Imbie team, 2018). Antarctica has the potential to
contribute more than 1 m of sea-level rise by 2100 and more than 15 m
by 2500, if emissions continue unabated (DeConto and Pollard, 2016).
In recent decades, a number of these ice shelves have disintegrated in

part or entirely (Cook and Vaughan, 2010; Shepherd et al., 2018).
Antarctic sea ice has seen a small increase (the growth rate was only
1.6% + 0.4% per decade during the period from 1979 to 2016), but
regional differences are significant. Trends in the extent of sea ice have
not changed much since 1979 in Weddell, Indian Ocean, and the
Western Pacific (1.7% =+ 0.8%, 1.7% + 0.99% and 1.8% =+ 1.2%,
respectively), but the Bellingshausen—-Amundsen seas sector showed a
decrease of its sea ice loss from —5.1 &+ 1.6%/10a to —2.9 + 1.4%/10a,
due to the cooling of the air temperature in the Peninsula and the in-
crease of winds (De Santis et al., 2017). In particular, in recent years
(2014-2017), the sea-ice extent in the Southern Hemisphere has expe-
rienced an unprecedented annual decline, and the sea-ice coverage area
has reached its lowest point in the past 40 years. This significant
decrease exceeded the rates seen in the Arctic during the same period
(Parkinson, 2019). The Antarctic permafrost is about 4.98 x 10* km,
accounting for 0.36% of the Antarctic continent. Although it is small, it
is the primary controlling factor for the Antarctic terrestrial ecosystem
(Vieira et al., 2010). The permafrost temperature is higher in the Ant-
arctic Peninsula, especially in the north, and permafrost is more sensi-
tive to climate change. This sensitivity has led to an active layer
thickening and acceleration of permafrost degradation erosional phe-
nomena (Bockheim et al., 2013; Mauro and Gongcalo, 2014).

4.2. Arctic change

The annual average Arctic surface air temperature increased by 2.7
°C from 1971 to 2017 (with a 3.1 °C increase during the cold season) and
rose 2.4 times faster than average for the Northern Hemisphere (AMAP,
2019). Observed and projected annual average warming in the Arctic
continues to be more than twice the global mean level and the frequency
and duration of Arctic winter warming events have been increasing
(Serreze and Barry, 2011; Graham et al., 2017). Annual precipitation
appears to be increasing in the Arctic, by an estimated 1.5%—
2.0%/decade, with the strongest increase occurring during the Octo-
ber-May cold season. Some regions, such as Scandinavia and the Baltic
Sea basin, are seeing less precipitation falling as snow and more as rain
(AMAP, 2019). The most direct impact of Arctic warming is reflected in
the reduction in the extent of see ice, snow cover, permafrost and riv-
er/lake ice. Arctic winter sea ice maximums in 2015, 2016, 2017, and
2018 were at record low levels, and the 12 lowest minimum extents
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Fig. 4. Arctic region and its main tourist destinations.

(sea-ice volume with 5003 km? in 2018) in the satellite record have all
occurred in the past 12 years (AMAP, 2019). Recent studies have shown
that the Arctic accounts for 48% (10 cm) of the total global sea-level rise
that occurred from 1850 to 2000 and 30% of the total sea-level rise that
occurred from 1992 to 2017 (AMAP, 2019). Since 2005, the range of
spring snow in the Arctic land has decreased significantly. Among these
areas, the snow cover in Eurasia in 2017 was higher than the average
(Mudryk et al., 2017). Recent observations have shown that the average
temperature of the permafrost active layer in the Arctic has reached a
record high, with the largest temperature rise occurring in the cold
permafrost regions of the northern Arctic. Arctic warming is causing
widespread river and lake ice subsides and thawing of permafrost areas
(Vladimier et al., 2018; Hori et al., 2018; AMAP, 2019). Some results
showed one-third of pan-Arctic infrastructure (e.g., roads, buildings,
municipal facilities, industrial facilities, etc.) and 45% of the hydro-
carbon extraction fields in the Russian Arctic are in regions where
thaw-related ground instability can cause severe damage to the built
environment (Hjort et al., 2018).

5. Opportunities and impacts

The PT is highly dependent on polar environment, and the oppor-
tunities and risks coexist.

5.1. Opportunities

Polar warming on the PR is significantly higher than the global
average level. This warming amplification effect played an important
role in the appearance of new landscapes, tourism climate comfort,
outdoor leisure environment, accessibility, and tourist economy.

5.1.1. Appearance of new landscape features

Climate change can create a myriad of new tourist landscape features
that range from the continental to microscopic scale. Northern Hemi-
sphere greening is associated with warming permafrost, The 1982-2015
time-series of the area averaged seasonal NDVI in the permafrost regions
across the Northern Hemisphere illustrate that there are statistically
significant increasing trends in all seasons (Peng et al., 2020). The
improvement of ecological vegetation will greatly improve the quality of
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Table 1
Changes in the number of international tourists in the Arctic in 1995-2017 (10* people).

Year Russia Canada Iceland Norway Sweden Finland Alaska Greenland Total

1995 1029.00 1693.20 19.00 288.00 231.00 177.90 117.52 17.82 3573.44
1996 1620.80 1728.60 20.10 274.60 237.60 172.40 129.48 17.07 4200.65
1997 1746.30 1766.90 20.20 270.20 238.80 183.20 133.02 18.11 4376.73
1998 1618.80 1887.00 23.20 325.60 257.30 186.70 138.00 20.06 4456.66
1999 1882.00 1941.10 26.30 322.30 259.50 183.10 143.42 20.51 4778.23
2000 2116.90 1962.70 30.30 310.40 382.80 197.10 145.54 24.38 5170.12
2001 2159.50 1967.90 30.10 307.30 410.80 199.90 145.35 22.35 5243.20
2002 2330.90 2005.70 28.50 311.10 427.60 204.30 152.88 20.87 5481.85
2003 2252.10 1753.40 31.70 326.90 426.80 204.70 156.72 23.21 5175.53
2004 2206.40 1914.50 36.00 362.80 467.60 208.30 169.39 23.73 5388.72
2005 2220.10 1877.10 37.40 382.40 488.30 208.00 187.52 26.55 5427.37
2006 2248.60 1826.50 42.20 407.00 472.90 231.70 188.10 24.77 5441.77
2007 2290.90 1793.50 48.50 437.70 522.40 247.20 196.15 23.46 5559.81
2008 2367.60 1714.20 50.20 434.70 455.50 249.40 195.48 23.67 5490.75
2009 2133.90 1573.70 49.40 434.60 489.90 222.00 189.71 22.48 5115.69
2010 2228.10 1621.90 48.90 476.70 518.30 231.90 180.41 21.62 5327.82
2011 2493.20 1601.40 56.60 496.30 522.20 262.30 178.87 21.37 5632.24
2012 2817.70 1634.40 67.30 453.80 514.60 277.80 183.85 20.99 5970.44
2013 3079.20 1605.90 80.73 477.80 522.90 279.70 190.33 21.40 6257.96
2014 3242.10 1653.70 99.76 485.50 566.00 273.10 194.97 20.96 6536.08
2015 3372.90 1797.10 128.90 536.10 648.20 262.20 200.66 21.85 6967.91
2016 2457.10 1997.10 179.20 596.00 678.20 278.90 213.43 24.06 6423.99
2017 2439.00 2079.80 222.50 625.20 705.40 318.00 224.83 26.28 6637.03

Data source: World Tourism Organization, 1995-2017; Fay et al. (2010); McDowell Group, 1994-2018.

polar ecotourism.

In the short term, glacial ablation will form small features (Wang
et al., 2012), creating a new landscapes, such as ice tables, ice lakes, ice
rivers, ice caves, and ice mushrooms. These miniature landscape forms
will increase the geomorphic diversity of the glacier on a local scale
(Diolaiuti and Smiraglia, 2010), which adds an attractive element of
glacier landscapes and partially compensates for losses resulting from
glacier retraction (Garavaglia et al., 2012). The new landform created by
glacier retreat is quite obvious in the front area of the glacier, in which
moraine ridge, canyon, fjord, and Moraine Lake have all become
important landscape features for many glacier tourist destinations
(Kessler et al., 2008; Evans et al., 2013). As another example, the rapid
retreat of tidewater glaciers, as observed for the Columbia Glacier, oc-
curs over relatively short scales of decades and opens up new landscapes
and fjords that previously were covered completely by ice (Pfeffer,
2007) and that now have provided opportunities for flora and fauna.

With climate warming, some snow-covered mountains have become
bare rock mountains, especially in large valleys. The lower mountain
bodies and valleys are no longer covered by snow and ice, and new
vegetation has begun to occupy newly bare rocks and hillsides and
changes in the mountain landscapes (Cannone et al., 2008). In the high
latitudes, the freezing and thawing causes some new landscapes to ap-
pears, such as patterned ground, thermokarst lakes, thermokarst ter-
rains, large solifluction lobes, pingos and lithalsas, mineral palsas, and
seasonal ground ice mounds (B Frey et al., 2010; Bowden, 2010).

5.1.2. Extension of travel season and activities area

Polar climate warming has caused sea ice to melt rapidly, which has
increased the accessibility to the Arctic and Arctic areas, which have
been difficult to reach in the past (Stewart et al., 2010; Hall and Saar-
inen, 2010; Liick et al., 2010). Improved accessibility has reduced re-
strictions from the extreme climate in the PRs and has extended the
travel season and activity areas, which not only reduces the cost of
tourism and enhances the tourism revenue, but also improves the re-
strictions on small-scale tourism and promotes the progress of the Ant-
arctic and Arctic regions to important international tourist destinations
(Larsen et al., 2014; Rintoul et al., 2018).

Arctic sea ice extent (the total area of the Arctic with at least 15% sea
ice concentration) has declined since 1979 in each month of the year
(very high confidence). Changes are largest in summer and smallest in
winter, with the strongest trends in September (1979-2018; summer

month with the lowest sea ice cover) of —83,000 km?/a (—12.8%/
decade + 2.3% relative to 1981-2010 mean), and —41,000 km?/a
(—2.7%/decade + 0.5% relative to 1981-2010 mean) for March
(1979-2019; winter month with the greatest sea ice cover) (Onarheim
et al., 2018). In the next 30 years, it is likely that the Arctic will have
ice-free summers (AMAP, 2019).

The longer warm season in the Arctic and the increased navigation
time and range of the Arctic Ocean have an important impact on Arctic
tourism, which will create more opportunities for Arctic tourism
development. Recent Arctic sea-ice retreat indicates that the Russian
coastal seas encompassing the Northern Sea Route will be among the
first marine environments to transition to an ice-free summer state.
Forty-six voyages carrying 1.26 million tons of cargo in 2012 suggested
the increasing economic viability of the Northern Sea Route for eastward
transport of natural resources from northern Norway and Russia (Ste-
phenson et al., 2014). During the period from 1968 to 2011, the total
sea-ice extent on the northwestern channel of the Canadian Arctic route
decreased by 11%/10a, and the southern route decreased by
16%/decade (Stewart et al., 2013). In 2006-2011, the Northwest Pas-
sage became the most popular cruise destination in the Canadian Arctic,
and the number of trips to these destinations has increased by 70%
(Stewart et al., 2013).

5.1.3. Activated local economy

With an increase in PT activities, more investments in tourism have
been made, which has enhanced the development level of the regional
socioeconomic system. In particular, Arctic tourism has provided more
opportunities for economic development. Several countries have
increased their investment in terms of arctic tourism and have started a
number of infrastructure projects involving tourism service facilities.

Recent years have seen considerable increases in tourism activities in
the PRs (Fig. 2; Table 1). A large number of tourists have stimulated
tourism development of Arctic indigenous people, bringing significant
economic benefit to them, such as Eskimos, Inuit, Sami, Chukoqi, and
Nenet. According to Tzekina (2014), tourist arrivals to the northern
regions of Russia can be estimated at roughly 500,000 visitors annually.
In the Canadian Arctic, tourism is considered both a stimuli and an agent
of change for the region (Stewart et al., 2011). The promotional budgets
for tourism in the region are lower than for the Canadian provinces with
the Yukon ($5.2 million), Northwest Territories ($2.6 million), and
Nunavut ($1.9 million) spending $9.7 million in total on marketing
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activities in 2011 (Belik, 2014). During the 12-month period of October
2012 through September 2013, visitor spending within the state was
estimated at $1.82 billion US, tourism is a significant source of income
for many Alaskans (McDowell Group, 2014; AKDOG, 2014). During
2015-2016, among the most tourist destinations in Iceland, 25% of all
tourists visited the Vatnajor Glacier National Park. The number of
glacier tourists accounted for half of the total number of Icelandic
tourists (Icelandic Tourist Board, 2014, 2017). Tourism is relatively new
to Greenland, with approximately 90, 000 tourist arrivals registered in
2017 (Tourismstat.gl, 2018). In 2017, Norwegian tourism revenue
reached NOK 176.6 billion (www.ssb.no/en), with tourism in northern
Norway reaching NOK 600 million and 10% of the population engaged
in tourism-related occupations. Over the past decade, the expedition
cruise and yacht tourism in the Nunavut region of Canada have
increased by 70% and 400%, respectively (Johnston et al., 2018).

5.2. Impacts

Tourism and climate change are interrelated. Tourism itself con-
tributes significantly to global greenhouse gas emissions, summing up to
12.5% of total global emissions (Scott et al., 2010). Climate change
contributed by tourism in turn affects tourism development (Kelman
et al., 2012; Craig et al., 2018). The rapid environmental changes affect
not only the fragile natural cultural landscapes, but also the sustainable
development (Hall and Saarinen, 2010; Maher et al., 2011; Monahan
et al., 2016). Especially, Antarctic tourism could trigger international
disputes that might pose a threat to the stability of the Antarctic Treaty
System and might re-animate questions of sovereignty and territorial
claims (Enzenbacher, 2007). Of course, the PR is disturbed only by small
tourism activities, and for most regions, the direct impact of tourism
activities on the PR is relatively limited (Lemelin et al., 2010).

5.2.1. Impacts of environmental changes on tourism resources

Changes in the climate and environment affect PT resources, espe-
cially the landscape resources associated with the cryosphere and their
indigenous culture. With polar warming, the glaciers and sea/lake ices
obviously retreat and shrink, which directly affects their beauty and
quality (Purdie, 2013a,b; Purdie et al., 2015) and experience activities
on glacier and ice surface (Wang et al., 2012; H. Frey et al., 2010;
Garavaglia et al., 2012; Scott et al., 2012; Stewart et al., 2016; Wang and
Zhou, 2019). In coastal areas, sea ice means freedom for travel, hunting
and fishing, so changes in sea ice affect the experience of and connection
with place (Gearheard et al., 2006). Unsafe ice conditions have resulted
in greater risks of travel on rivers and the ocean in the frozen months
(Rosales and Chapman, 2015). In particular, with longer open water
seasons and poorer ice conditions, indigenous hunting on sea ice or lake
ice has become dangerous (Laidler, 2012; Goldhar et al., 2014).

The ski industry is highly sensitive to weather and climate change,
and rapid warming directly affects snowfall, snow depth, artificial
snowmaking, and length of the ski season (Brouder and Lundmark,
2011; Schrot et al., 2019). For example, in mid-21st century, the length
of the ski season in central Canada is expected to decline by 5%-37%,
increasing snowmaking requirements by 37%-145% and causing oper-
ating costs to rise by US$1-4 million (Hewer and Gough, 2017). The
number of Norway’s ski resorts (currently 110 alpine ski resorts) with
only natural snow and those with advanced snowmaking will be cut by
almost half in the 2030s, and the ski season is expected to be signifi-
cantly reduced. A substantial shortening of the ski season (up to 40 days)
will begin in the 2050s under a high-emission scenario. In this context,
the need to invest in snowmaking will continue to increase, with
attendant financial and sustainability implications in the future (Scott
et al., 2019). Relative to the historical period (1991-2010), in two time
slices (2031-2050 and 2081-2100), in the high-emission situation, the
annual average temperature in the western part of Greenland will in-
crease by 1.1°C-4.6 °C, and the snowfall and snow cover will be reduced
by 34-42% and 21-49%, respectively. Resort skiing and cross-country
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skiing is affected by snow marginality and wet snow conditions, and
ski-touring and heli-skiing have a higher adaptive capacity (i.e., trans-
location to snow-safe destinations). A reduced snow-cover thickness
poses a particular threat to dog sledding (Schrot et al., 2019).

In Shishmaref (Alaska, USA) and Tuktoyaktuk (NWT, Canada), the
combined effects of reduced sea ice, thawing permafrost, storm surges
and wave erosion have led to significant loss of property, with subse-
quent relocation or abandonment of homes, facilities and other infra-
structure (Instanes et al., 2005).

5.2.2. Impacts of climate change on tourism environment

Extreme weather and climate events will affect the sustainability of
PT tourism. The clouds, gale, thunderstorm, and snowstorm affect the
viewing of Arctic aurora, the willingness of tourists to travel, the safe
operation of ski lifts, the blockage of ski slopes, and damage to tourism-
related infrastructures. An increase in floating ices and icebergs caused
by rising temperatures also makes it more difficult for cruise ships to
enter the port. Increased temperature, reduced snow and sea ice, and
warm winters and springs will contribute to the disappearance of this
unique ice and snow landscapes and habitats, will shorten the winter
and spring tourist seasons in many places, and will limit all winter and
spring tourism projects that are highly depended on snow and sea-ice
resources (e.g., polar bears, seals, and reindeer viewing) (Saarinen and
Tervo, 2006; Hamilton et al., 2018). These climate change factors will
force some tourists to cancel their trips, causing huge economic losses to
the PRs winter and spring tourism industry (e.g., skiing and Christmas
tourism). Some tourist destinations will be forced to move to higher
latitudes and high altitudes.

Especially, polar disaster also directly influenced tourism activities
and personal safety. As a result, the incidence of tourism accidents has
increased (Bird et al., 2010; Purdie et al., 2015). For example, icebergs
movement, ice shelves collapse, and glacier terminal ice calving will
form huge waves in some waters, often affecting marine tourism activ-
ities, causing instability of cruise ships, and threatening the safety of
tourists in sea and lake waters (Smiraglia et al., 2008; Purdie, 2013a,b;
Purdie et al., 2015). In Alaska and Greenland, huge waves caused by ice
calving have destroyed glacier cruise ships (Pedersen et al., 2002;
Downey and Klint, 2011; Peddie, 2012). In the Arctic and Arctic waters,
the collapse of ice shelves has led to the emergence of an increasing
number of icebergs, and tens of thousands of icebergs and their ice floes
have created great difficulties and dangers for maritime navigation
safety (Johansson et al., 2013; Zhang et al., 2019; Afenyo et al., 2017).

As a result of rising temperature, the near-temperature rise in
permafrost and the thickening of the active layer have led to a decline in
infrastructure capacity in some regions of Siberia, Russia (Streletskiy
et al., 2012). Especially, permafrost warming, increased active layer
thickness and landscape instability, and changes to water levels impact
overland navigability in summer (Brinkman et al., 2016; Dodd et al.,
2018).

5.2.3. Impacts of tourism development on local environment

Impacts of the PT on environment mainly come from a lack of
reasonable tourism activities and uncontrollable emergencies. Never-
theless, there are a number of ways in which tourism either via infra-
structure, transport or human visitation affects the environment of the
PRs. These impacts include the more obvious point sources of impact
and pollution such as tourism infrastructure (e.g. resorts, roads, attrac-
tions), the demands of tourism on local resources such as water and
energy, trampling or even picking of vegetation, disturbance of breeding
sites, changes in animal behavior, and the subsequent effects of tourism
on habitats, and living environment of the indigenous people (Gossling
and Hall, 2006; Williams and Crosbie, 2007; Tejedo et al., 2009; Tin
et al., 2009; Hall and Saarinen, 2010; Pearce et al., 2010; Goodwin et al.,
2012; Welling et al., 2015).

In the PRs, tourists take numerous cruises, caused plenty of marine
pollution, such as sewage and wastewater and solid waste and created
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potential threats that damage the polar ocean’s ecological balance
(Stewart et al., 2011; Maher, 2012). One example is the significant oil
spill that followed the grounding and sinking of the Bahia Paraiso Vessel,
Argentina (not a tourist vessel, but it carried a number of paying pas-
sengers), leaving 600,000 L of fuel in 1989 (Liggett, 2015).

At the same time, some tourist activities have directly interfered with
the flora and fauna and the associated PR ecosystem and has disturbed
the bird habitat (Tejedo et al., 2009; Liggett, 2015; Stephen, 2018).
Because of these environmental issues, PT has become one of the most
important topics discussed in the recent Antarctic Treaty Consultative
and Arctic Council meetings. Therefore, in the process of the PT, the
problem of disposing of a large amount of this tourism waste must be
considered and the problems of interference of dense populations on
fragile ecosystems and special populations (e.g., penguins, polar bears)
must be solved (Stonehouse and Snyder, 2010). Along with an increase
in the PT activities, the number of tourists increased continuously,
which has introduced pressures and risks to ecological and tourism
environment.

5.2.4. Impacts of tourism development on traditional lifestyle and culture

Traditional culture is the core driving force for PT development. The
development of tourism has accelerated the cultural exchanges between
tourist destinations and source markets. The indigenous people are
currently in the process of transitioning from a nomadic lifestyle to a
modern global lifestyle, and its cultural structure is fragile. Tourism
development has promoted the all-around development of the economy
and society in the Arctic region, but it also has dissolved traditional
lifestyle and cultures in a certain sense. Of course, the indigenous people
need a modern lifestyle and a diverse spiritual culture. When the
traditional culture was replaced by a modern lifestyle, however, the
Arctic region also lost the core driving force of its tourism development.
In the Antarctic region, the social and cultural impact of tourism mainly
includes: the disruption of scientific research activities, damage of his-
torical artefacts, and transportation of material on boots (snow/ice/
rocks) into historic huts and adverse effects of human activity on Ant-
arctic wilderness values (Liggett, 2015).

In fact, different groups in the Arctic region have been implicated
and affected by global economic and cultural processes. It can be said
that tourism development and traditional culture protection are full of
contradictions and paradoxes. On the one hand, the indigenous people
have made great efforts to protect their unique traditional culture, and
on the other hand, the demand for economic benefits brought about by
tourism development has become increasingly vigorous (Davies, 2007;
Klein, 2010).

In the Chukchi National Autonomous Region of Russia, improvement
of modern industry and lifestyle has eliminated geographical charac-
teristics between nomadic Chukchi people and the Chukchi people living
along the coast and has broken the isolation between settlements and
residences. Today, the lifestyles of these different ethnic groups are not
much different (Kolga, 2001; Nordic Council of Ministers, 2018).

In Swedish Lapland, natured based tourism has greatly changed the
hunting traditions of the indigenous people (Miiller, 2011). In the Ca-
nadian Arctic, the growth of expedition cruising from increased access
due to climate change is also resulting in negative cultural and envi-
ronmental impacts in the form of people pollution, the sale of marine
mammal parts for souvenirs, and increased garbage in local commu-
nities (Maher, 2012; Stewart et al., 2011). In the Arctic region, young
indigenous people are sent to the south or to larger cities to be educated.
Thus, the youth of the Arctic are expected to move from their homes for
education and employment (Petrov, 2017; Huhmarniemi and Jokela,
2020).

In addition, with the rapid development of industrialization and
tourism, the users and inheritors of traditional indigenous history and
culture, such as indigenous languages, hunting techniques, national
costumes, and living habits, are gradually decreasing. The inheritance of
indigenous history and culture now faces enormous challenges. For
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example, the Arctic region once had more than 40 indigenous languages
that existed for hundreds of thousands of years. With the colonial
expansion of Europe and the United States and the immigration of large
numbers of immigrants, many indigenous languages are on the verge of
disappearing. The Arctic Biodiversity Assessment report shows that 21
Arctic languages have disappeared since the 1890s, with 10 languages
disappearing completely since the 1990s and 28 endangered languages
(CAFF, 2013).

6. Mechanisms for sustainable polar tourism development

Future PT needs to consider environment, society, culture, and
economy development as a whole. This development must promote
ecological protection and economic development through the sustain-
able tourism. Considering both the current situation of the PT and the
comprehensive impacts of environmental change, the following adap-
tation mechanisms are proposed.

6.1. Stringently implement environmental protection regulations

The PRs have rich resources that have not been over-exploited, while
the ecological environment is often fragile (Stephen, 2018). To achieve
sustainable tourism development, it is necessary to formulate the most
stringent environmental capacity control standards to avoid further
deterioration of the ecological environment. The number of tourists in
the PRs continues to grow, but the ecological environment and cultural
capacity is limited. The PT must be scientifically planned and moder-
ately and rationally developed. The production of tourism services must
be done by exercising extreme caution. Tourism planning needs to
consider two aspects: environment protection, and the attitude and
views of local residents on tourism development. Local residents’
participation can reduce the conflict between tourism development,
social livelihood and ecological environment. Tourism planning must
emphasize the principle of protection first and development second and
tourism should be developed under the premise of protection and should
emphasize regional differences.

Generally, tourism resources must be used in a sustainable way to
protect the ecological and human social systems. In the process of
tourism development, energy waste, tourism waste, and oil spills should
be minimized, and the most stringent environmental protection system
should be implemented.

6.2. Improve the accessibility of the polar tourism areas

Accessibility is the most critical factor of travel motivation of tourists
in the PRs. Antarctic and Arctic travel range, reachable area, and travel
season are subject to weather, climatic conditions (e.g., low tempera-
ture, cold wave, storm, strong ultraviolet light, and high pressure) and
sea-ice extent, duration, and thickness. Solutions to these problems are
urgently needed to improve ground, aviation, and marine transportation
technologies or infrastructures.

In Arctic region, most tourist spots can be reached by land and air
transportation, an increase in the number of travel routes and distances
and the opening of a travel train and air route will overcome discomfort
and harsh weather and climate conditions, and also enhance the comfort
of the visitor experience. In the Antarctica, the accessibility of tourist
attractions is mainly limited by cruise ships with or without ice-breaking
capabilities. The development and operation of cruise ships with ice-
breaking capabilities can address the obstacle of sea ice. Improvements
in ice-resistant capacity, icebreaking capacity, navigation technology,
frozen soil engineering technology, sea ice and weather information
acquisition technologies, new energy and clean energy utilization
technologies, and telecommunication technologies are all conducive to
the rapid PT development. Driven by the economic benefits brought by
the tourism industry, the expansion, building, and reconstruction of
ports, railways, highways, and airports already are underway or are
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being planned. The accessibility and convenience of the PT in the future
will be further enhanced.

6.3. Consider the development of high-end PT products

Tourism has become a way of life, and the diverse and personalized
travel service needs of travelers are bound to require diverse tourism
products to adapt to them. At the same time, tourism product diversi-
fication has been identified as an effective industry adaptation to climate
change impacts, especially in winter resorts threatened by rising tem-
peratures and unreliable snow cover (Dubois and Ceron, 2006). In the
future, Antarctic tourism needs to be based on the principle of diversi-
fication of tourism products, refinement of tourism management, and
facilitation of tourism services to enhance the types and content of
Antarctic tourism products. The Arctic region should integrate the
traditional culture of indigenous people into the tourism industry and
ensure that these people are the core driving force behind high-end
tourism in the Arctic region. At the same time, tourism products
should highlight the distinct polar characteristics and diverse landscapes
of the region. On the basis of the existing tourism, the Circum-Arctic
Ocean tourism belt and other internationally renowned tourist desti-
nations should be developed to adapt to the upcoming boom in Arctic
tourism.

6.4. Innovate national tourism cooperation and exchange modes

Mutual cooperation is the basis for the PT development. Antarctic
tourism is bound by the framework convention of the Antarctic Treaty,
and tourism development is relatively normal. However, many cruise
ships and airlines with IAATO certified operating qualifications have
mastered the core resources of Antarctic tourism, and it is difficult for
other countries to intervene. Countries should actively master the in-
ternational rules and industry practices of Antarctic tourism, and
accelerate resource sharing, coordinated cooperation and common
development among tourism enterprises, and support cruise and avia-
tion enterprises to join IAATO as soon as possible to promote the
diversified development of Antarctic tourism industry.

In the Arctic region, tourism sites are scattered and the re-
sponsibilities, powers, and interests of different tourism stakeholders are
unclear, lacking a common development framework and shared pro-
tection ideas. In addition, the Arctic lacks framework conventions and
operational institutions, making interregional coordination and
communication more difficult. Land-use competition is also quite
strong. These factors have introduced many obstacles to Arctic tourism
development (Dubois et al., 2013). Therefore, it is urgent to establish an
Arctic Tourism Framework Convention to regulate interregional coop-
eration and create a win—win opportunity for Arctic tourism. It is
necessary to build a community of tourism in the Arctic region, realize
multidimensional coordination and development of the tour-
ism—cultural—political system, strengthen the protection of the
ecological environment and indigenous culture, and build a platform for
exchange between Arctic and non-Arctic countries (Sun, 2014).

7. Conclusion

With the advent of the PT era, tourism development has received
significant attention. The polar landscapes such as ice and snow, prim-
itive environment, tundra landforms, and cultural authenticity are un-
doubtedly the most important motives for tourists to visit the PRs. At
present, PT is in a developmental stage, and residents’ perception of
environmental changes has been offset by tourism revenue. Local resi-
dents still have a positive attitude toward tourism (Besculides et al.,
2002).

However, with the rapid development change, the impacts and risks
associated with the environmental changes as a result of tourism will
appear and gradually expand. In fact, the rapid rate at which the climate
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is changing in the PRs already has affected the natural and social systems
(high confidence) (Meredith et al., 2019), especially the tourism in-
dustry. Of course, any discussion of potential impacts has to take into
account the positive effects of Antarctic tourism (Snyder, 2007). In the
next phase of tourism development, the polar countries should consider
the model of innovative cooperation as the entry point, actively inte-
grate tourism into science research and environmental protection, and
highlight the intentions of the countries participating in the PT. The PRs
should also improve entry barriers for tourism projects by the devel-
opment of high-end tourism products and should increase the re-
sponsibility of environmental protection through cooperation and
shared goals (Liick et al., 2010; Hemmings et al., 2012).

In the face of the ever-expanding demand for international PT con-
sumption, consumer countries should, while striving for economic
benefits, pay more attention to the social benefits they bring to the polar
indigenous people and appropriately direct the values of these tourists.
Especially, the PRs should expand scientific research and tourism ex-
changes between Antarctic and nonparties, Arctic and non-Arctic
countries, and should promote the scientific, rational, and orderly
progress of the PT under certain regulations.

Antarctic tourism is strictly restricted by the International Associa-
tion of Antarctica Tour Operators (IAATO) (Bauer and Dowling, 2003).
IAATO concerned about Antarctic heritage and conservation and sub-
scribed to what has been referred to as ‘environmental stewardship’ with
the intention of “advocate[ing], promot[ing] and practice[ing] safe and
environmentally responsible private-sector travel to the Antarctic”
(IAATO, 1992). The Arctic has no body equivalent to the IAATO,
certainly not one that spans the national boundaries, so the Arctic also
should imitate IAATO and establish a sound environmental protection
scheme in the future.
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