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ABSTRACT ARTICLE HISTORY

The polar regions are increasingly at the center of attention as the hot Received 31 July 2023
spots of climate crisis as well as tourism development. The recent IPCC Accepted 17 June 2024
reports highlight several climate change risks for the rather carbon-intensive KEYWORDS

and weather-based/dependent polar tourism industry in the Arctic and Climate change; polar
the Antarctic. This study presents the scholarly state-of-knowledge on tourism; Arctic; Antarctic;
tourism and climate change in the polar regions with a literature survey geobibliography; Web
extending beyond the Anglophone publications. As a supporting tool, we GIS

provide a live web GIS application based on the geographical coverages

of the publications and filterable by various spatial, thematic and bibli-

ographical attributes. The final list of 137 publications indicates that, region-

ally, the Arctic has been covered more than the Antarctic, whilst an uneven

distribution within the Arctic also exists. In terms of the climate change

risks themes, climate risk research, i.e. impact and adaptation studies,

strongly outnumbers the carbon risk studies especially in the Arctic context,

and, despite a balance between the two main risk themes, climate risk

research in the Antarctic proves itself outdated. Accordingly, the review

ends with a research agenda based on these spatial and thematic gaps

and their detailed breakdowns.

Introduction

The tourism system and the climate crisis are on a constant interplay to shape each other’s
futures. On the one hand, climatic changes have direct and indirect impacts on the tourism
products, whereas on the other hand, touristic consumption tends to have a high carbon
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footprint, hence driving climate change. These mutual effects become more prominent when
relatively remote, thus carbon-intensive, and weather-based/dependent tourism destinations are
in question. As such, the polar regions are increasingly at the center of academic, political, and
practical attention as the hot spots of climate crisis as well as tourism development (Demiroglu
& Hall, 2020; Meredith et al., 2019).

The Sixth Assessment Report (AR6) of the Intergovernmental Panel on Climate Change on the
physical science basis of climate change (IPCC, 2021, also see the IPCC's WGI Interactive Atlas at
https://interactive-atlas.ipcc.ch) highlights that, in the Arctic, sea ice decrease and Greenlandic ice
sheet melt in the last decades have resulted from human influence with a 90-100% likelihood.
September Arctic sea ice is projected to disappear already by 2050 according to the mid and high
greenhouse gas emissions scenarios (IPCC, 2021). Ice sheets on Greenland and Antarctica are pro-
jected to disappear throughout the twenty first century with 99-100% and 66-100% likelihoods,
respectively (IPCC, 2021). Across the entire Arctic, there is an observed trend for increases in extreme
heats since 1979 (IPCC, 2021), along with losses of snow cover and glaciers, and a medium confi-
dence for increasing fire risks by 2050s, according to the mid and high greenhouse gas emissions
scenarios (IPCC, 2021). Indeed, Arctic warming rate is observed to be quadruple the rate of global
warming within the last four decades since 1979 (Rantanen et al., 2022).

In relation to these physical changes, the latest reports of the Intergovernmental Panel on
Climate Change on impacts, adaptation and vulnerability (IPCC, 2022a) and mitigation (IPCC,
2022b) highlight the most relevant phenomena for polar tourism as those climate risks such
as shortening seasons and safety issues for snow and/or ice based activities such as dogsled-
ding, skiing, snowmobiling and floe edge tours due to diminishing snow cover and sea ice
extents and durations. These most often negative physical impacts are, however, also pointed
as bringing “opportunities” in the forms of longer warm weather seasons and increased demand
and supply of cruise and “last chance tourism (LCT)” (IPCC, 2022a). As such, negative impacts
on biodiversity (e.g. polar bears) and landscapes (e.g. glaciers) become the attraction, or the
motive, of this trending tourism type. According to the IPCC. (2022a; 2022b), popularity of the
LCT as well as the improvement of maritime accessibility with diminishing sea ice also gives
rise to polar cruise tourism, yet with increased carbon risks arising from ships’ emissions. As
Scott et al. (2023) note, tourism in general is often portrayed as part of the solution to climate
change within the latest IPCC reports (2022a; b), but not as part of the problem itself, as well
as the victim to the problem, thus not comprehensively covered. Such limited coverage is also
true for the earlier, yet regionally more specific, Special Report on the Ocean and the Cryosphere
in a Changing Climate (SROCC) by the IPCC (Meredith et al., 2019), reviewing about 39 publi-
cations on polar tourism and climate change, with focus on climate risks associated with cruise
tourism and LCT (Demiroglu & Hall, 2020).

Besides the IPCC discourse, climate change and tourism scholarship itself has been developing
since 1986 (Becken, 2013) and polar tourism research can be dated back to even as early as
1980 (Stewart et al., 2017). The intersecting literature on climate change and polar tourism,
however, is assessed to be young, with the earliest studies starting only from 2004 (Demiroglu
& Hall, 2020). Accordingly, the most prominent theme appears to be climate change adaptation
of Arctic tourism. This is then followed by the topic of the so-called “combined impacts” of
climate change and tourism in Antarctica—e.g. the region’s exposure to warming together with
the effects of increased touristic mobilities as vectors to sensitive environments and biodiversity.
Other themes based on the keyword clusters are then mostly about issues related to cruise
tourism and last chance tourism. Another noteworthy finding here is that, in line with the
introduction of the Fifth Assessment Report (AR5) of the IPCC in 2013-2014, the keyword “cli-
mate change” becomes more frequently used than “global warming.” Moreover, over the course
of the assessed literature from 2004 to 2019, pioneering research stems from Canada-based
North American papers while European Arctic tourism also becomes a hot topic in the later
years. All in all, the review concludes that most of this article-based, Anglophone literature,
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extending from 2004 to 2019, has the “climate risk” (impacts and adaptation), rather than “carbon
risk” (emissions and mitigation), in its focus, and that the coverage of climate risk fails to be
spatially inclusive, especially regarding the Russian Arctic and the Antarctic with its gateways
in the Southern Hemisphere.

In this study, we offer an extended review of climate change and tourism in the polar regions
through a survey of up-to-date publications in all relevant languages of the region and formats
including but not limited to journal articles. A Web GIS (geographical information system) is
also developed to help interactively and geo-visually present the literature as filterable by year,
country, language, publication type and, not least, the themes. In the following parts of this
paper, we introduce the study area and our methodology, followed by syntheses of key impacts,
adaptation levels, emissions and mitigation efforts, and concluded by a research agenda based
on the spatially and thematically identified knowledge gaps.

Study area

The polar regions of the Earth, namely the Arctic and the Antarctic, are defined by a variety
of delineations according to different political and physical sources (Demiroglu & Hall, 2020).
Even within the IPCC terms, a standard regionalization is not always consistent. As pointed
out in the Fifth Assessment Report, the IPCC (2014) has conventionally defined the Arctic as
north of the Arctic Circle (66°N) and the Antarctic as south of the Polar Front, extending to
58°S, while the need for a flexible regionalization approach for different contexts has also
been acknowledged. Indeed, the SROCC (Meredith et al.,, 2019, p. 211) has adopted “a pur-
posefully flexible approach” whereby the Antarctic extends to as north as the Subantarctic
Front beyond 50°S and the Arctic covers as south as beyond the 50°N—wherever the cryo-
spheric elements such as permafrost and snow cover are most prominent. In this paper, we
also remain as flexible to treat the region from a tourism system perspective, where the “polar
products” of tourism may agglomerate only around certain areas of the eight states of the
Arctic Council, while the footprints and gains could extend far beyond even the IPCC’s recent
flexible borders when, for instance, the touristic gateways of the Antarctic in South America,
Oceania, and even South Africa, are taken into account. Therefore, the spatial coverage (Figure
1) of our literature survey matches with the reference regions East Antarctica, West Antarctica,

Figure 1. IPCC AR6 working group | reference regions reviewed in this study.
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Southern Ocean, Southern South America, Southern Australia, New Zealand, North-Western
North America, North-Eastern North America, Arctic Ocean, Greenland/Iceland, Northern Europe,
and the Russian Arctic, as defined in the Sixth Assessment Report (AR6) of the IPCC (Iturbide
et al., 2020).

The surveyed regions cover different countries and territories that portray various polar selling
propositions, travel trends, and tourism-climate policy nexuses. In North America, the Alaska
Travel Industry Association (ATIA) promotes its Far North region as the “Arctic,” characterized by
the northern lights, the snowy landscapes and the long summer days, the wildlife, and not
least the indigeneous cultures. Prior to the COVID-19 pandemic, Alaska’s out-of-state visitor
volume had increased by 43% during the 2010-2019 period, peaking with 2,536,000 visitors in
2018-19, where 53% entered or exited by cruise and 43% by air (ATIA, 2020). In Canada, tourism
is regarded as a strong contributor to economic sustainability and a safeguard for the indige-
neous cultural heritage in the country’s remote areas such as the Arctic (Government of Canada,
2023), which can be defined by destinations such as Yukon, Nunavut, Northwest Territories,
Nunavik, Labrador and Churchill, altogether attracting more than half million visitors per year
already in the early 2010s (Maher et al., 2014).

Tourism in the Arctic extends from North America to the Nordic countries and Russia. It is
a highly strategic sector for Denmark’s two overseas territories, Greenland and the Faroe Islands,
for the much-needed economic diversification and strengthening of the autonomies. During
2014-2019, overnight stays grew by 44% and 25% in the Faroe Islands and Greenland, respec-
tively, where cruise tourism plays a major role (Visit Faroe Islands, 2019; Visit Greenland, 2021).
Another Arctic insular destination, Iceland, known for its unique blend of cryospheric and
volcanic attractions, experienced a boom in its tourism industry with the mostly airborne inter-
national arrivals quintupling from 460,000 to 2.3 million during 2010-2018 and the overnight
stays tripling from 3.3 million to 10 million during 2011-2019 (Icelandic Tourism Board, 2021).
Such significant tourism development is also highly visible in the Fennoscandian Arctic, where
Arctic Norway's islands of Svalbard, Bjerngya and Jan Mayen and the mainland counties of
Nordland, Troms and Finnmark registered 4.2 million overnight stays, of which 1.6 million were
foreign nationals, in the pre-pandemic 2019 season (Statistics Norway, 2024). During the same
season, in Arctic Finland, i.e. the Lapland Region where thematic products such as Santa Claus/
Christmas tourism have been historically very strong, 3.1 million overnight stays (of the national
total of 23 million), of which 1.6 million were internationals (compared to the 7.1 million total),
have taken place (Statistics Finland, 2024). In Sweden, the so-called “Arctification” trend has
been on the stage with the number of firms with Arctic-related names in the two northernmost
counties, Norbotten and Vasterbotten, having reached 218 by 2019 (Marjavaara et al., 2022).
The Russian Arctic, on the other hand, covering a vast geography from the Kola Peninsula and
the Arctic National Park (Severny Island and Franz Josef Land) to Siberia, attracted around 1
million tourists in both 2019 and 2023, maintaining the pre-pandemic visitor volume despite
the war outbreak (Ministry for the Development of the Russian Far East & Arctic, 2020; TASS, 2024).

Popularity of tourism in the Arctic for consumers, businesses and policymakers is also well
reflected in the quest for the Antarctic’s unique nature and wildlife. Despite the continent’s
uninhabited landscapes, except for the presence of scientific missions, a record-breaking 106,000
touristic arrivals, with seaborne (95%) and airborne (5%) trips from gateway cities such as
Ushuaia (Argentina), Punta Arenas (Chile), Hobart (Australia), Christchurch (New Zealand) and
Cape Town (South Africa), were registered for the 2022-2023 season—compared to the 6700
visitors in the 1992-1993 season and the 74,000 visitors in the previous record-high season of
2019-2020 before the pandemic (International Association of Antarctica Tour Operators, 2022;
Varnajot et al., 2024). In addition to the revenues and jobs gained by logistic support, the
gateway cities themselves have also been offering in-place, Antarctic-related thematic attractions
and activities (Jensen et al.,, 2016; Dodds & Salazar, 2021), making them a subtle component
of a wider “Antarctification” process (Varnajot et al., 2024).
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Along with the tourism growth trends towards the polar regions, governing policies and
practices have also been materializing, yet with not much of a consistent tourism-climate nexus
across the regions and the at the different governance levels. In Russia, the “Strategy for the
development of the Arctic zone of the Russian Federation and ensuring national security for
the period until 2035” (Russian Government, 2020) has no explicit coverage of the tourism-climate
nexus. In the USA, the “National Strategy for the Arctic Region” (White House, 2022) names
tourism as one of the main sectors to be supported for the sake of Alaksa’s sustainable growth
and job creation but no national tourism policy addresses climate change risks, from an indus-
trial and regional perspective. Such risks are covered as part of the voluntary “Adventure Green
Alaska (2018)" certification scheme’s climate change audit. In the study area, Canada’s “Federal
Tourism Growth Strategy” (Innovation & Science & Economic Development Canada, 2023) and
Norway’s “National Tourism Strategy 2030” (Innovation Norway, 2021) are the only two policy
documents that acknowledge both the climate and the carbon risks of tourism at the national
government level. Besides its focus on the development of tourism in the rural and remote
regions such as the Arctic, Canada’s strategy promotes climate action in line with the national
net-zero emission target by 2050, and partly fulfilling the gap for a national regulatory frame-
work for creating a responsible destination with regards to climate change mitigation (Dodds
& Graci, 2009). However, while concrete plans towards shifting from car-based transportation
to more active modes such as walking and biking at the destinations and funding sustainable
aviation technologies exist, the country is still challenged by touristic carbon risks due to its
global remoteness and the vast terrain and the consequent air/car travel dependency, the
popular and carbon-intensive cruise tourism product, and the high demand from car-based
crossborder travel from the USA. In Norway, too, the strategy embraces the developmental
contribution of tourism, especially with job creation, in the most remote regions, with major
growth already taking place in North, and the mitigation challenge is clearly underscored by
encouraging “high yield—low impact” target markets, i.e. visitors that spend the most with
longer stays and emit the least with shorter distances, as well as a more localized supply chain.

Explicit reference to the carbon, if not the climate, risks is evident in the national tourism
policies of other Nordic countries as well. In Finland, the “Sustainable Travel Finland” programme
supports the travel industry in the pursuit of low-carbon operations by providing them with
carbon calculators (Visit Finland, 2019). In Sweden, mitigation challenges requiring fossil-free
transport systems and circular business models along the entire tourism value chain is high-
lighted under the “Strategy for Sustainable Tourism and Growing Hospitality Industry”
(Regeringskansliet, 2021). In Iceland, the former national tourism policies, i.e. the “Tourism
Strategy for 2011-2020" (Althingi, 2011), “Promote Iceland: Long-term Strategy for the Icelandic
Tourism Industry” (PKF., 2013) and the “Road Map for Tourism in Iceland” (Ministry of Industries
& Innovation & Icelandic Travel Industry Association, 2015), were mostly focused on increasing
profitability and professionalism of the tourism sector and extending the sector’s operation
season and destinations outreach, with no mention of climate action (Gren & Huijbens, 2014).
However, the new tourism strategy for 2021-2030 (Ministry of Industries & Innovation, 2019)
gives the tourism-climate policy nexus a more prominent place by stating that the Icelandic
tourism sector needs to take up a pioneering role in energy transition and use of eco-friendly
energy sources and reduce its carbon footprint—yet the mitigation of international travel emis-
sions from air and cruise arrivals is not clearly addressed. Likewise, in the Faroe Islands, the
former policy (Visit Faroe Islands, 2021) has addressed the need to limit and to tax cruise tourism
mainly due to carrying capacity issues, not necessarily carbon footprint concerns. The new
“Heim: Tourism strategy towards 2030," however, states a “wish” to “support the climate policy
set by the Faroe Islands and the international community” (Visit Faroe Islands, 2023, p. 86). In
Greenland, where tourism is a key growth sector with a need for long-distance markets, no
climate change risks were covered under the “Towards More Tourism” strategy (Visit
Greenland, 2021).
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In terms of Antarctic tourism, no climate change risks are covered under the polar tourism
related policies of the major gateway cities’ parent countries—Argentina, Chile, South Africa,
New Zealand and Australia. When looking into the other way around, i.e. how the climate
policies cover the tourism issues, the situation is not very different. The gateway cities are part
of a supranational body of agreements, i.e. Antarctic Treaty System (ATS), and there the “Helsinki
Declaration on Climate Change and the Antarctic” has prioritized the decarbonization of the
tourism sector but not mentioned any tourism-specific impacts and adaptation needs, except
for the historic sites and monuments (Antarctic Treaty, 2023). Likewise, the Nationally Determined
Contributions (NDCs) that define the climate action efforts of the countries as parties of the
international climate treaty, the Paris Agreement, are also limited, if not lacking, with respect
to the tourism sector (UNFCCC., 2024). Here, Chile and Argentina have the widest coverage of
tourism in their latest NDC updates, but not necessarily with linkages to their Antarctic tourism
development. All other Antarctic gateway countries, apart from New Zealand, where no tourism
content is covered under the latest NDC, as well as the Arctic nations, mention tourism only
as an economic sector to help mitigation co-benefits through diversification-based adaptation.
Greenland, on the other hand, has not become a part of the EU NDC, where Denmark is a
party, and decided to develop its own climate policy and NDC with the right to exclude certain
sectors’ emissions for the sake of economic development (UNRIC, 2023).

Methods

Given the heterogeneity of the physical climate risks in the polar regions, the growing popularity
and the vulnerability of the most often climate-based/dependent tourism products, the domi-
nance of long-haul trips with generally carbon-intensive travel modes, and the complexity of
all these triggers and the different levels of business and policy responses, this study aims for
an understanding of the state of the scholarly knowledge on tourism and climate change in
the polar regions. For this purpose, the survey builds upon the most recent review on this topic
(Demiroglu & Hall, 2020), which covered 93 peer-reviewed articles in 51 different scientific
journals published during 2004-2019. In this study, we initially replicated the Boolean string
“((Antarctic* OR Arctic OR polar) AND ‘climate change’ AND touris*)” for the identification of
publications through their titles, abstracts and keywords on the Web of Science and the Scopus
databases. In addition, each polar country/region name was added to the string and a search
was also repeated with different relevant languages (Spanish, French, Russian, Swedish, Norwegian,
Danish, Icelandic, Finnish) and including more local databases relevant to the study area, such
as Leitir (Iceland), Oria (Norway), DiVA (Sweden), Finna (Finland), Arto (Finland), eLibrary.Ru
(Russia), Google Scholar (Russian and Icelandic versions), Latindex (lbero-America), REDIB
(Ibero-America), Redalyc (Ibero-America) and SciELO (Ibero-America and South Africa). All these
steps helped maximize the coverage, yet still with limitations due to the linguistical diversity
of the authors of this study and the conventional dominance of Anglophone contents in the
main databases such as Scopus (Albarillo, 2014). We also identified other sources through back-
ward and forward snowballing techniques to check and select the thematically relevant papers
cited by and citing our initial list. These additionally selected papers were extended further by
adding others familiar to the authors. No publication type filter was applied to be as inclusive
as possible, covering books, chapters, dissertations, proceedings and reports besides the articles.
The ultimate listed yielded 137 publications (from 2004 to early 2022), well exceeding the 93
articles (2004-2020) assessed as eligible by Demiroglu and Hall (2020). In this instance, only
eight publications belonged to the “other” type—one book, three chapters, one dissertation,
one proceeding, and two reports—while the remaining 129 were all peer-reviewed journal
articles.

During meta-analysis, the geographical scopes and the tourism types in question were
detected for each publication, followed by a coding of the climate related themes, where at
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least one author as the initial coder was to have a mutual agreement with the overseeing
author. During coding, a consistency with the similar macro-regional climate change and tourism
reviews in the journal (Dube et al., 2023; Fang et al.,, 2022; Higham et al., 2022; Navarro-Drazich
et al., 2023; Rutty et al., 2022; Steiger et al., 2023; Wolf et al., 2022) were sought after. Accordingly,
the two major themes were the “climate risks” and the “carbon risks,” further broken down into
the sub-themes of “impacts” and “adaptation” for the climate risks and “emissions” and “mitiga-
tion” for the latter. An additional main theme “climate and carbon risks” was also placed, following
Demiroglu and Hall (2020), to reflect on the duality of special cases—e.g. (mal)adaptation leading
to more impacts/emissions. Lastly, further elaboration on the sub-themes was realized by iden-
tification of the impact types as (1) average and extreme temperatures, (2) altered precipitation
patterns (including cryosphere changes), (3) extreme weather (flood, fire, drought, storms/
hurricanes), (4) sea level rise and coastal change, (5) ecosystem/biodiversity change, (6) ocean
temperatures and acidification, (7) human health risks, (8) social disruption/security (including
population displacement), and (9) economic development/growth—with an additional binary
code for integrated assessments that study multiple risks. Adaptation research, on the other
hand, was classified according to the four generations, suggested by Klein et al. (2017), in terms
of descriptive, normative, policy-wise and practical priorities and foci. Lastly, carbon risk papers
were categorized according to the four global, national, sub-national (destination) and business-
level scales of emissions and mitigation action, as suggested by Gossling et al. (2023).

Owing to the multi-thematic and/or the multi-geographical natures of some publications,
more “cases” than the publications themselves were identified. For instance, a publication study-
ing both the impacts of climate change on polar bear tourism and indigeneous tourism at a
destination and the emissions of cruise tourism to the destination would be made of three
cases under the “study area—tourism type—climate theme” scheme, i.e; (1) “destination—polar
bear tourism—impacts,” (2) “destination—indigeneous tourism—impacts,” (3) “route—cruise tour-
ism—emissions.” Such an approach translated the 137 articles into 272 cases that can be used
in different syntheses, both textually and visually.

As Lim et al. (2022) suggest, innovative ways are needed to push the qualities of literature
reviews which are standing out more as independent studies such as this one. One way to
differentiate the reviews for spatially oriented domains is through a “geobibliography,” which,
in the most basic sense, is a methodology developed by Demiroglu et al. (2013), and later
applied to polar tourism (Demiroglu & Hall, 2020), to cartographically locate studies according
to their geographical scopes and to symbolize them according to their thematic attributes using
(Web) GIS (geographical information systems). Web GIS enables not only an interactive display
for the users, but also provides opportunities for future data collection and analytics in an
efficient way (Fu, 2022).

The geobibliography methodology has received a good adoption so far, with SkiKlima
(Demiroglu et al., 2013) having more than 35,000 views since 2011. For this review, we devel-
oped POLTOUR 2.0 (see https://poltour.geo.umu.se), by employing the Experience Builder, within
the ArcGIS Online (AGOL) ecosystem, which allows for creating desktop and mobile apps in a
dashboard fashion with a customized design and a variety of widgets (Gaigg, 2023), such as
the world-renowned COVID-19 Dashboard by Johns Hopkins University (Dong et al., 2020), and,
thus is able to provide a more sophisticated experience compared to the Google My Maps
based first version of POLTOUR (Demiroglu & Hall, 2020, see https://tiny.cc/poltour1 for a backup).
Moreover, a widget was integrated through the ArcGIS Survey123 platform, to keep the app
collaborative with the users, by enabling the submission of any missing publications. Finally,
the ArcGIS 360 VR platform was utilized to develop a proof-of-concept virtual-reality for a more
tangible experience of the geobibliography.

The POLTOUR Geobibliography 2.0 (Figure 2) is based on a 3D web map (a “web scene”)
with a main layer of “cases,” complemented by the climate reference regions layer delineated
by the IPCC (Iturbide et al., 2020). A “case” is defined as a point feature whose coordinates are
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Figure 2. POLTOUR 2.0 (poltour.geo.umu.se) Web Experience map view zoomed in to Svalbard (top), mobile version (bottom
left), and VR view for the South Shetland Islands (bottom right).

determined by the actual geographical locations covered by its parent publication. It should,
however, be noted that, the “spatialization” process, i.e. the efforts towards determining the
representative case locations, has been a major challenge, as some studies cover wider regions
and some are either ambiguous or confidential about their spatial limits.

Users can interact with POLTOUR's interface for searching for places/attractions, toggling on/
off layers, changing basemaps, and filtering for regions, themes and publication years, types,
languages. Filtered results are reflected on the charts, map features, and the Table View, which
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allows for an export of all or selected records within a CSV, JSON or GeoJSON file. Clicking on
map features opens popups that give information about the cases and links the users to the
original publications. Likewise, the “VR” button opens up the web scene slides where the user
can interact with the features in virtual reality, using desktop or mobile devices, but best within
a VR headset with a web browser app. Below, we utilize POLTOUR to understand the breakdown
of and the research gaps related to the climate and the carbon risks of tourism in the polar
regions.

Results

According to our survey and the POLTOUR indicators; there are 137 publications on the topic
of tourism and climate change in the polar regions, representing 272 cases, 171 of which are
on climate risks, 42 on carbon risks, and the remaining 59 on both. Regionally, the Antarctic is
covered by 47 cases, whereas the Arctic is subject to 225 cases, mostly in Canada (n: 64), Norway
(n: 45), Finland (n: 35) and Greenland (n: 24), followed by USA (n: 19), Russia (n: 18), Iceland
(n: 15) and Sweden (n: 4). This rather uneven regional distribution manifests itself despite our
efforts for being as inclusive as possible by surveying all publication types in all relevant lan-
guages, where eventually 126 publications were in English with few others in Finnish (n: 4),
Russian (n: 3), Spanish (n: 3) and French (n: 1). When publications are filtered from the year
2014 onwards, a similar trend is also valid for the post-AR5 era, with the most case coverage
on the four Arctic countries Norway (36), Canada (33), Greenland (22) and Finland (21) and the
climate risk sub-themes (impacts: 58, adaptation: 55) versus the carbon risk sub-themes (emis-
sions: 7, mitigation: 18). Below we elaborate the recurring themes on both risk categories, and
finally discuss the regional and the thematic gaps and an agenda for future research.

Climate risk

Climate risk is the most studied main theme within the polar tourism and climate change
domain, and it is almost evenly broken down between its two sub-themes “impacts” (45 pub-
lications and 88 cases in total, and 28 publications and 58 cases in the post-AR5 era) and
adaptation (49 publications and 83 cases, and 32 publications and 55 cases in the post-AR5
era). Regarding the distribution of impact studies (Table 1), whilst most studies are integrated
assessments, some impact types are underrepresented and almost no study exists for the
Antarctic, especially in the latter period, except for some studies on rebound effects and com-
bined impacts, where, for instance, seabird populations, including the iconic penguins, are found
to be affected both negatively and positively by increasing temperatures and touristic visits
(Dunn et al.,, 2019; Petry et al., 2016; Raya Rey et al., 2014), while in the Arctic, the combined

Table 1. Regional and temporal distribution of climate risk publications by impact types.

Region Arctic Antarctic
Period Pre-AR5 Post-AR5 Pre-AR5 Post-AR5
Average & extreme temperatures 7 10 0 0
Altered precipitation patterns 1 14 3 0
Extreme weather 5 6 0 0
Sea level rise and coastal change 1 1 1 0
Ecosystem/biodiversity change 5 3 1 0
Ocean temperatures & acidification 0 0 0 0
Human health risks 1 1 0 0
Social disruption/security 2 6 0 0
Economic development/growth 6 13 0 0
Integrated assessments 13 27 1 0
Total 14 28 4 0
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impacts of climate change and tourism development tend to cause detrimental effects for
biodiversity (Tolvanen & Kangas, 2016), especially the polar bears (Rode et al., 2018). Consequently,
a debate also rises on the potential environmental stewardship/ambassadorship of the “last
chance tourists” to the Antarctic (Vila et al., 2016) and the Arctic (Abrahams et al., 2022; Groulx
et al., 2019; Miller et al., 2020), since such transformation at times turns out to be much of a
wishful thinking, leaving behind no real changes but combined local climate and tourism impacts
and the high footprints of air- and/or cruise-based long-haul travels to the polar regions (see
Carbon Risk).

In the Arctic, post-AR5 research on impacts has doubled itself with 28 publications (58 cases)
on and after 2014, compared to the 14 publications (26 cases) before. Some authors have
studied single impacts on multiple sites and tourism types, e.g.; precipitation effects on ski
tourism in Greenland (Schrot et al., 2019) and (Arctic) Norway (Scott et al., 2020). There is even
a couple of pan-Arctic cases of temperature impacts on summer tourism (Huang et al., 2021)
and increased summer Arctic cyclone activity risks on cruise tourism (Day & Hodges, 2018),
which, along with yacht tourism (Johnston et al., 2017a), is expected to become more popular
not only because of last chance tourists but also thanks to increased navigational opportunities
with less sea ice, yet at a cost of decreased attractiveness (Bystrowska, 2019). Another study
(Denstadli & Jacobsen, 2014) on summer sightseeing tourism in Svalbard (Norway), has looked
into how the combined effects of changing temperature, precipitation and extreme weather
patterns impact visitor perceptions and responses, finding out that reduced visibility in the
future, as a consequence of projected increases in precipitation and overcast skies, could become
a problem for the destination. Among the other post-AR5 integrated impact assessments; Lépy
et al. (2016) found evident increases in changing weather and slippery conditions and tourist
safety issues against accidents at a nature-based tourism destination in Arctic Finland, whereas
Teryutina (2021) highlighted the demographic and the economic challenges posed by a changing
climate to the indigeneous peoples of the Russian Arctic.

As with impact assessments, adaptation research has also almost doubled itself with 32
publications (55 cases) after the release of the IPCC’s Fifth Assessment Report, compared to the
17 publications (28 cases) before. This era has witnessed more presence of the “fourth gener-
ation” studies that deal with the actual performances of the adaptation efforts on the field,
seeking after performance measurement and knowledge gaps (Klein et al., 2017). Here the
studies focused on ski tourism in Finland (Kajan, 2014, Tervo-Kankare et al., 2018), Norway
(Dannevig et al,, 2021) and Greenland (Schrot et al., 2019), cruise tourism in Canada (Dawson
et al., 2014, 2016; Lasserre & Tetu, 2015) and Norway (Lamers et al., 2018), Christmas tourism
in USA and Finland (Hall, 2014), and glacier tourism in Iceland (Welling & Abegg, 2021).

The series of papers on Icelandic glacier tourism and climate change provide a good example
on the generational evolution of adaptation research, where, as a second generation study,
Welling et al. (2019) made use of a case study of bréng and organized workshops to find out
about the best practices against potential impacts. Then Welling et al. (2020) went on to admin-
ister a consumer survey to inform the practitioners and the decisionmakers about future needs
for a sustainable glacier tourism, reflecting a third generation study, as the focus on governance
with the involvement of businesses and policymakers is typical of this generation. Finally, Welling
and Abegg (2021) interviewed Icelandic glacier tour operators to reveal their ongoing adaptation
efforts and future needs, in line with the purposes of the fourth generation studies men-
tioned above.

During the post-AR5 era, the few first generation studies that explored potential risks included
those on nature-based tourism in USA (Sisneros-Kidd et al., 2019), Finland (Lépy et al., 2014),
Norway and Russia (Koenigstein et al., 2016), and Antarctic cruise tourism (Liggett et al., 2017).
Second generation research encompassed marine tourism in Canada (Johnston et al., 20173,
2017b; Olsen et al., 2019; Stewart et al., 2015), Russia and Norway (Olsen et al., 2019), and the
lodging sector in Greenland (Qu et al.,, 2015) and Russia (Sarvut, 2018). As for the third
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generation; the prominent studies were about ski tourism in Norway (Scott et al., 2020), cruise
tourism in Canada (Palma et al., 2019) and Norway (Kaltenborn et al., 2020), and nature-based
tourism in Sweden (Nikodinoska et al., 2015) and Canada (Erickson, 2021). Such state of coverage
indicates that adaptation research has not equally evolved around the regions and for different
tourism types, and, that, while some areas and sectors can still require an initial assessment of
potential risks, other may already be at a level of improving their current adaptation efforts.

Carbon risk

Estimations of and responses to the carbon risks of tourism in the polar regions has scholarly
been less covered, despite the widespread general decarbonization ambition of the polar nations
(UNFCCC., 2024). Regarding the most up-to-date estimations since the release of the AR5, there
are only a few national scale studies on Iceland (Saviolidis et al., 2021; Sharp et al., 2016), as
well as its outbound tourism (Czepkiewicz et al., 2019), a black carbon analysis for Antarctic
tourism (Cordero et al., 2022), and a carbon footprint study for Finnish second home tourism
(Adamiak et al., 2016) - and another one from a non-Arctic region of Finland (Koivula & Tuominen,
2019). The Icelandic analyses have assessed an average inbound tourist’s carbon footprint as
1.35 tCO2e in 2013, with the total tourism emissions jumping from 600,000 tCO2e in 2010 to
1,800,000 tCO2e in 2015 (Sharp et al,, 2016), and a young Reykjavik resident’s outbound foot-
print in 2017 as 2.96 tCO2e against much lower emissions resulting from local (1.08 tCO2e per
capita) and domestic (0.45 tCO2e per capita) trips (Czepkiewicz et al., 2019). In the Finnish case,
an average household’s leisure footprint was estimated as 1.09 tCO2e for outbound tourism,
0.27 tCO2e for domestic second home tourism and 0.18 tCO2e for other domestic tourism for
the year 2012 (Adamiak et al., 2016). In the case of the Antarctic (Cordero et al., 2022), black
carbon concentration has been found to be relatively higher at the popular cruise spots and
the Union Glacier, which also hosts a runway, causing negative effects on the snow cover and
its albedo.

On the mitigation side, most recent studies have focused on the “myth” of polar tourism to
promote pro-environmental behavior. Font and Hindley (2017) and Hindley and Font (2017,
2018) highlight the psychological complexities behind achieving pro-environmental transforma-
tions among last chance tourists to Svalbard, Johnston et al. (2014) show that a student trip
to the Antarctic has had almost no influence on their environmental behavior, and Arnadéttir
et al. (2021) survey with Icelanders illustrates how physical geography can be a major deter-
minant of air travel dependency, and a high footprint, even if people have high awareness.
Groulx et al. (2019) and Miller et al. (2020), on the other hand, show positive pro-environmental
outcomes of last chance tourism among polar bear tourists to Churchill and Alaska, especially
at the presence of place bonding or onsite education. These studies also link back to the last
chance tourism paradox debates covered in the Climate Risk section, as, besides failures in
transformations towards visitors' climate-friendliness, additional emissions are also contributed
through the rather long-haul trips needed for polar tourism.

Discussion and conclusions

Whilst the IPCC's Sixth Assessment Report (AR6) has improved its spatial coverage of tourism
issues, compared to that of the AR5 (Scott et al., 2015), still some regions have been less
included and destination-specific vulnerabilities as well as tourism’s contribution the global
carbon footprint have received limited discussions (Scott et al., 2023). As emphasized by Scott
et al. (2023); “(w)ith only 21% of published climate change and tourism literature in the AR6
review period cited, tourism academics should elevate tourism content and engagement in
future assessments.” Accordingly, this study presented an update of Demiroglu and Hall (2020)
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review on tourism and climate change in the polar regions, focusing on the latest research
since the release of the AR5 and inclusive of the studies besides the Anglophone articles. The
review concluded that the climate risk, rather than the carbon risk, of polar tourism is much
widely covered by the literature, and more studies emerge at the intersections of these two
risk categories, indicating the complexities and the significance of the adaptation-mitigation
interplays. The amount of integrated impact assessments was also quite high, yet some impact
types relevant to the region, such as extreme weather (e.g. at a time when Arctic cyclones
and cruise tourism are expected to rise), sea-level rise and coastal change, biodiversity change
(e.g. at the presence of iconic animals such as the polar bear and the penguin), oceanic
changes, human health risks, and even social disruptions (at a time where tourism will need
to co-exist with an ever-growing climate mobility in general), and their adaptations were barely
covered.

On the carbon risk side, there was very little emission estimation studies across all scales
and scopes (Gossling et al., 2023), and the need for a consensus on tourism’s carbon accounting
methodologies largely remains for a better understanding of its footprint and mitigation urgen-
cies (UNWTO, 2023). Our review also pointed out a certain lack of research on decarbonization
in terms of technological advancements and policies, the latter of which is also reflected in the
NDCs of the polar nations. These highest-level, yet limited or non-existing, commitments in the
tourism context are also a major gap from a climate risk perspective for the polar nations,
except partially for Chile and Argentina, despite tourism being one of the key economic sectors
for adaptation priority according to a global assessment of the 164 NDCs by the UNFCCC (2021).
The supranational governance and the extra-continental system of Antarctic tourism makes such
policy needs even more challenging, with almost no coverage of tourism vulnerabilities under
the Helsinki Declaration (Antarctic Treaty, 2023).

Regarding regional coverage, besides the need for destination and tourism sub-sector specific
studies, some polar nations are almost completely missing from the post-AR5 climate change
and tourism literature. While this may be due to the relatively less polar relevance in terms of
the tourism offer, some may be lacking the capacity to yield research. For instance, the reason
for a minimal coverage on Sweden could be due to its relatively less polar attractivity, despite
the country’s recent Arctification efforts and trends including the tourism industry (Marjavaara
et al., 2022). On the other hand, the almost non-existing research for the Faroe Islands could
be due to its own limited scholarship capacity, but its physically and socioeconomically
climate-vulnerable position and fossil-intensive air/sea-based touristic accessibility call for research
and outreach. Likewise, although recently emerging and relatively small-scale (Boekstein, 2014),
South African gateways to the Antarctic also need further academic attention, especially given
the carbon risks.

As for the geobibliography methodology used in this study, more standards, especially in
terms of the “spatialization” challenges, need to be introduced to ease a universal adoption.
The POLTOUR app, on the other hand, will be collaboratively updated as new research arrives
and upgraded in line with the rapidly evolving technologies in GIS and Al, the latter of which
can also help serve with a more enhanced and seamless survey on the research domain.
Moreover the experience design is to be improved for a broader user typology beyond the
research community. In this respect, the VR component will be one main focus to better serve
for edutainment to the wider public. Ultimately, the tool is intended for the use of academic
research as well as to benefit the policymakers and businesses in exploring comparative cases
of climate change risks and taking on sustainable development actions that can help all com-
ponents of the tourism system.
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