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ABSTRACT
Rapid growth in tourism to Antarctica has led the Antarctic Treaty 
Consultative Parties to launch a multi-year process to develop a frame-
work for managing Antarctic tourism. Managing tourism in this region 
poses particular challenges, given the remoteness, ecological sensitivity 
and complex institutional systems. Approximately 65% of the current 
120,000+ Antarctic cruise tourists travel on ‘expedition’ vessels that allow 
landfall. Landings are concentrated in relatively few locations, with poten-
tial for localised impacts. All vessels, including larger ‘cruise-only’ vessels 
that do not land passengers, generate carbon emissions, thus indirectly 
impacting the region. Using historical data, we forecast that tourist num-
bers could quadruple from current levels in ten years, with the largest 
growth occurring within the ‘landed’ sector. With these forecasts in mind, 
we consider a variety of price-based, quantity-based, and ‘market-friction’ 
economic instruments and assess their potential effectiveness (curtailing 
impacts or slowing growth in landings) and their potential acceptability/
suitability (within existing governance systems) in this unique place. Our 
analysis suggests that it may be possible to forestall impacts by com-
plementing existing regulations and guidelines with a combination of 
quantity-based instruments, nudging, and tighter certification. There are, 
nonetheless, practical difficulties, including the contrasting interests, 
values and political priorities of the twenty-nine Consultative Parties.

Introduction

Antarctica and the adjacent Southern Ocean (A&SO) are remote and relatively pristine areas of 
the planet. The region provides a range of important ecosystem services (Cavanagh et  al., 2021; 
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Deininger et  al., 2016; Pertierra et  al., 2021) that have been conservatively estimated to con-
tribute ~ USD$180 billion annually to the welfare of global populations (Stoeckl et al., 2024). 
However, the growth of the tourism market in the region has raised alarm in the media and 
the academic literature (Clemence, 2023), with visitor numbers rising rapidly from just under 
8,000 in 1993–1994 to over 120,000 in 2023–2024 (International Association of Antarctica Tour 
Operators, 2024). A core concern is that the cumulative impacts of tourism (such as soil com-
paction, pollution, and the increased risk of establishment and spread of invasive species and 
wildlife diseases such as avian flu (Wong, 2024) will interact with climate-change-induced shifts 
in weather patterns, ice melt, ocean currents and nutrient cycling, resulting in widespread 
habitat degradation and declines in wildlife populations and diversity (Huddart et al., 2020; 
Pirotta et  al., 2015). Put more bluntly, Antarctica may be in danger of joining other globally 
iconic destinations which have been reportedly loved to death (Morella, 2018; Nainar, 2018).

Worldwide, limiting tourism impacts has sometimes proven challenging, with self-regulation 
or limited enforcement of official regulation resulting in a cascade of environmental and social 
impacts (Brenner et  al., 2018; Burbano and Meredith, 2021), especially in locations where tourism 
expanded rapidly. Tourism in the Galapagos Islands experienced a rapid expansion since the 
early 1990s at an annual rate of 9%. While this growth has boosted the Islands’ economy and 
generated support for conservation projects, overtourism has generated negative impacts 
including overpopulation, increased socioeconomic stratification, congestion/excess demand for 
scarce infrastructure, increases in invasive species, and growing conflict between conservation 
objectives and visitor satisfaction (Benitez-Capistros et  al., 2014; Mathis and Rose, 2016). The 
constant pressures that tourism has imposed on the fragile, insular ecosystems prompted the 
Ecuadorian government to introduce boat permits to transport passengers, entrance fees, and 
zoning to limit vessel numbers (Epler, 2007). The net impact has been to increase local revenue 
and marginally slow the growth in visitor numbers. The Galapagos Islands case provides salient 
warning for Antarctica: intensive tourism development raises the risk of invasive species and 
other negative impacts if not managed carefully (Mathis and Rose, 2016).

Concerns about the potential negative environmental impacts of tourism in Antarctica have 
been widely discussed for at least three decades (Hall, 1992). The observed growth in tourist 
numbers, the diversity of activities undertaken, and the diversity of sites visited all increase the 
chance that this industry could negatively impact the Antarctic region. In response to these 
rising concerns, in 2023 the twenty-nine states with decision-making power in the Antarctic 
region—the Antarctic Treaty Consultative Parties (ATCPs)—agreed to work towards a “compre-
hensive and consistent framework for Antarctic tourism and other non-governmental activities” 
(ATCM, 2023).

Our paper aims to contribute to this process by outlining and evaluating a range of economic 
instruments that could potentially augment regulatory and legal frameworks. Our primary goal 
is to identify practical ways to manage for the potential impacts of this rapidly growing and 
diversifying Antarctic tourism industry before reaching a tipping point of irreparable change 
(Butler and Dodds, 2022). This is a non-trivial challenge, given the remoteness of the region 
and the complex institutional arrangements (outlined below) in which the industry operates 
(Cajiao et  al., 2021). We take an interdisciplinary approach, which we argue is necessary to face 
the challenges of a rapidly expanding industry in a period of human-induced environmental 
change that is already having significant impact in this and connected regions (Auger et  al., 
2021; Convey and Peck, 2019; Constable, 2023; Siegert et  al., 2023).

Globally an array of policy/management instruments have been used to control or mitigate 
the (potential) impacts of tourism (Atkins and Macpherson, 2019; Haase et  al., 2009; Ostrom, 
2008), with varying degrees of success. When a robust governance structure is not in place and 
a comprehensive plan for integrated management of human activities is lacking, options for 
managing tourism may be limited to site-specific codes of conduct and guidelines. The effec-
tiveness of such guidelines relies on the commitment of the tourism industry to adherence. 
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The validity of such regulations can be challenged if the measures are not deemed to be 
worthwhile or legitimate across institutions and users (Llausàs et  al., 2019). In the Antarctic 
context, the use of economic instruments alongside and in support of existing arrangements 
is likely to be necessary. If well-designed and administered, these instruments can alter behaviours 
without stifling the potential to innovate technologies to mitigate environmental impacts (Kalkuhl 
et  al., 2012). Different instruments are suited to addressing different problems, so it is important 
to select carefully. It is likewise important to recognise that economic instruments are not a 
substitute for regulation, treaties, or agreements but in fact rely on a working set of legal and 
institutional arrangements.

Effective management of Antarctic tourism requires understanding both the destination and 
the institutional setting, a context we briefly describe in section two of this paper. In Methods, 
we present our approach to mapping historical visitation data, forecasting tourism numbers 
and evaluating the existing suite of economic instruments available that could be used in this 
setting. In Results, we present a map of where most visitors land and identify tourism hotspots 
and forecasts of projected visitor numbers based on historical trends. Having established the 
need for new tools to manage tourism numbers, particularly in hotspots, we identify and discuss 
in section four a variety of price-based, quantity-based, and ‘market-friction’ economic instru-
ments that have been successfully implemented in other tourism settings and assess their 
potential effectiveness (curtailing impacts or slowing growth in ecologically sensitive areas) and 
their potential acceptability/suitability (within existing governance systems). In section five, we 
synthesise insights from our assessment of instruments and identify a mix of tools most suited 
to the unique geographic, ecological and institutional features of the region.

Background

Tourism and tourism impacts in the Antarctic region

Antarctic tourism arguably began in the late nineteenth century, depending on definition of 
tourism and the Antarctic region. Regular expeditions, however, began in the late 1960s. From 
the early 1990s, with the availability of ex-Soviet icebreakers, the industry began to burgeon. 
Shipborne tourism predominates, with 98% of voyages visiting the Antarctic Peninsula and 
departing from ports in South America, primarily Ushuaia in Argentina. They travel only in the 
summer and shoulder months (October-April) (Cajiao et  al., 2022; Picard and Zuev, 2014; Stoeckl 
et  al., 2025; Vila et  al., 2016).

In 2023/24, over 120,000 cruise tourists travelled to the region, with about 65% travelling 
on vessels that enable landfall and participating in a diverse range of activities (International 
Association of Antarctic Tourism Operators, 2023a, 2023b). The number of tourists undertaking 
deep-field experiences, such as skiing, mountaineering, and skydiving, has more than doubled 
in the last decade, reaching just under 800 visitors in the 2023–24 summer season, with over 
1000 predicted for 2024–25 (International Association of Antarctic Tourism Operator, 2023b). 
Potential impacts from tourists landing on the continent include: soil compaction, vegetation 
disruption, introduction of non-native soils/microbes/plants, disturbance of bird or seal breeding 
colonies (Erbe et  al., 2019; Leaper and Miller, 2011), non-scientific collecting (Luck et  al., 2010), 
damage to heritage sites, the risk of introducing invasive species or wildlife diseases (from shoes 
and clothing or ship discharges) (Wong, 2024), landscape disturbance, and pollution (Liggett 
et  al., 2023; Tejedo et  al., 2022). A relatively large number of visitors are cruise-only, with poten-
tial environmental impacts from seaborne tourism that include: waste disposal/fuel leaks 
(Amelung and Lamers, 2007), anchoring, air pollution (e.g. black carbon), anti-fouling agents 
from ship hulls (Woehler et  al., 2014), noise (Tin et al., 2014), and congestion.

Like other motorised forms of travel, vessels traveling to the Antarctic produce a series of 
carbon and carbon equivalent emissions. In 2011, the average, single Antarctic tourist voyage 
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(including travel to the departure port) was estimated to entail more carbon than the average 
person in the world for the whole year (Farreny et  al., 2011). Some operators apply carbon 
offsets and others have introduced hybrid ships. Emissions per capita also depend on other 
factors, such as occupancy rates (Li et al., 2022). Recently, operators belonging to the International 
Association of Antarctica Tour Operators (IAATO) pledged to reduce emissions (compared with 
2008) by 50% by 2050. This goal is still short of the pledge of many countries and the 
International Maritime Organization to reach Carbon Net Zero emission by 2050 (and some by 
2040, e.g. British Antarctic Survey). Such goals may not be realistic for vessels without significant 
advances in technologies, ship redesign and fuel substitutions towards technologies such as 
hydrogen (Ramírez, 2022). Despite IAATO’s goal, the cumulative carbon emission of ship-borne 
tourism in Antarctica is increasing, with emissions per passenger-trip estimated between 3.2t 
and 4.1t (Li et  al., 2022). Ultimately the challenging conditions, distances involved and lack of 
infrastructure in the Antarctic region may place limits on decarbonisation in terms of fuels used 
in vessels.

Antarctic tourism may also create opportunities for positive outcomes. For example, operators 
frequently provide logistical support for scientists or undertake data collection that feeds into 
scientific research. Citizen science is a popular activity, with the potential for providing useful 
data and giving tourists a greater awareness of scientific activity and a sense of investment in 
Antarctica’s protection. Antarctic tourism can thus increase environmental awareness and support 
for researchers (Liggett et  al., 2023), although there is scant data with which to assess tangible 
impacts from these activities (Eijgelaar et  al., 2010). The concept of “Antarctic ambassadorship”—
the idea that an Antarctic voyage can transform tourists into advocates for the continent 
(Alexander et  al., 2019)—is strongly and explicitly promoted by IAATO (International Association 
of Antarctic Tourism Operators, 2025), although existing research suggests the effect is at best 
short-term (Cajiao et  al., 2022). Studies of what factors might increase or inhibit this effect, and 
how it manifests over the long term, are similarly lacking. We note also that Antarctic tourism 
can have both negative and positive effects on the ‘gateway’ ports which operators use as a 
base (Herbert et  al., 2020)—however, we are primarily interested in impacts on the Antarctic 
continent, so do not discuss those broader impacts further.

Current tourism governance

For over sixty years, human activity in Antarctica has been governed by the Antarctic Treaty 
System (ATS), an evolving collection of legal instruments with the 1959 Antarctic Treaty at its 
heart. A core part of the ATS is the 1991 Protocol on Environmental Protection to the Antarctic 
Treaty (Madrid Protocol), which applies to all human activities in Antarctica, explicitly including 
tourism. The Protocol requires an environmental impact assessment (Guix et  al., 2022) to be 
conducted prior to initiating any activity in Antarctica—although results and recommendations 
from these assessments are not subject to further international decision-making (Bastmeijer 
et  al., 2023).

Further environmental protections have also been established through IAATO, to which all 
commercial passenger vessels covered under to the International Convention for the Safety of 
Life at Sea (SOLAS) belong (International Association of Antarctic Tourism Operators, 2023a). 
IAATO’s mission is “to advocate and promote the practice of safe and environmentally friendly 
private-sector travel to the Antarctic (International Association of Antarctic Tourism Operators, 
2025).” IAATO has a series of bylaws (some of which have been adopted by the ATCPs), tools 
and practices that seek to minimise environmental harms and maximise wilderness experience. 
These include restricting the size of ships that can land passengers; imposing biosecurity mea-
sures and guide-training requirements; coordinating ship movements to prevent congestion 
and overuse; and providing guidelines for commonly visited sites. As an industry association, 
IAATO cannot itself limit travel, but rather aims to promote safe and sustainable options.
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The issue of tourism was first raised in a regulatory context in 1966 at the fourth Antarctic 
Treaty Consultative Meeting (ATCM IV). Since 1968, a range of tourism management options 
have been discussed within ATCMs (Bastmeijer et  al., 2023), with a recent literature review 
by Cajiao et  al. (2021) reporting over 169 different recommendations relevant to Antarctic 
tourism discussed across 72 articles published in the scientific literature. Some economic 
instruments (including a tourism tax, caps on tourism numbers and the development of an 
accreditation scheme) have been mentioned, but not fully explored, as options to manage 
impacts (Bastmeijer et  al., 2023). The consensus-based approach to decision-making inherent 
to the ATS, combined with states’ differing views on Antarctic tourism, means that progress 
is slow. Thus far, no binding measures to regulate tourism have occurred since 1998, when 
the Environmental Protocol did so. The current system thus largely relies on the industry to 
self-regulate.

In recognition of this problematic situation, the ATCPs recently committed to developing a 
systematic framework for regulating tourism and other non-governmental activities. A 2024 
ATCM Decision identified a number of focal topics, including managing growth and diversifica-
tion, and explicitly identified one economic instrument (fees) as a possible point of discussion 
(ATCM, 2024). As yet, however, there has been no public debate on the advantages and disad-
vantages of including different economic instruments in this framework. Section four provides 
a basis for such a debate.

Methods

We use historical visitation data to develop a map that shows where most visitors land and 
generate forecasting models that allow us to project visitor numbers into the future. We then 
consider a variety of price-based, quantity-based, and ‘market-friction’ instruments that have 
been successfully implemented in other tourism settings. We identify specific issues that need 
to be addressed prior to use in an Antarctic setting.

Mapping tourist visitation

Quantifying tourism impacts in Antarctica and developing robust impact indices is challenging, 
as data are scarce for some areas and numerous changes are impacting the region. Further, we 
do not know if combined impacts are additive, synergistic, or antagonistic (Gillingham, 2016; 
Pirotta et  al., 2019). Adaptive behaviours in both the natural and human environment add 
further complexity to the assessment problem, making it infeasible to rapidly assess the cumu-
lative impact of multiple stressors (Murray et  al., 2021; Willsteed et  al., 2023). While global 
cumulative mapping exists and is a useful management tool, it is necessarily focused on all 
human uses and thus has limited inferences specific to tourism management (Halpern, 2008).

Lacking sufficient data to accurately map impact, we used two decades of industry data 
(International Association of Antarctic Tourism Operator, 2023b) to visualise tourism hotspots, 
highlighting which regions are most visited and/or have a wide range of activities offered to 
tourism and thus, potentially, a greater impact. IAATO provided digitalized data files based on 
post-visit reports. Per visited site on Antarctica, data about the number of activities is provided 
for 47 different activity types (e.g. small boat landing, polar plunge, kayaking). ArcGIS and 
PowerBI were used to visualize the data.

We also included the current and proposed Antarctic Special Protection Areas and Antarctic 
Special Management Areas (established by the ATCPs through the Protocol on Environmental 
Protection to the Antarctic Treaty) and Marine Protected Areas (established by the Commission 
on the Conservation of Antarctic Marine Living Resources) as a way of identifying sites that are 
considered either already impacted, at risk, or particularly sensitive and thus in need of 
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protection. Geographical coordinates for these areas are provided publicly by the Australian 
Antarctic Program and downloadable from https://data.aad.gov.au/metadata/aspas_asmas_aat.

Forecast of tourism growth

We used 30 years of historical data on visitors in Antarctica. The visitor data up to the 2022–2023 
season were downloaded from https://iaato.org/information-resources/data-statistics/
visitor-statistics/visitor-statistics-downloads/ on 8th January 2024, but the data are no longer 
available at that site. Interested persons are now asked to email the secretariat if wanting to 
access the data. The visitor data for the recent 2023–2024 season were retrieved from the IAATO 
report (International Association of Antarctica Tour Operators, 2024). This data was used to 
forecast the annual visitors’ tally over the next ten years. Due to the limited information available 
and the lack of data on influencing factors (i.e. tourists’ income, demographics, etc.), we applied 
a non-causal time series modelling framework to generate forecasts (Song and Li, 2008). This 
analysis represents a potential scenario if no additional tourism management actions are 
undertaken.

Preliminary data exploration revealed an exponential trend in the raw data describing total 
visits V  at time t (V

t
), so we linearized the visitation data prior to modelling by taking the natural 

logarithm values multiplied by 100. We then estimate integrated autoregressive moving average 
models (ARIMA) and used the Bayesian Information Criteria (Kreibich and Hermwille, 2021) to 
select the best fitted models, which we employed to generate forecasts. We then used that 
model to generate forecasts for different groups of visitors:

1.	 All visitors
2.	 Visitors travelling on ships with > 500 passengers (not permitted to land)
3.	 Visitors travelling on ships with ≤ 500 passengers (who are permitted to land).

For each group of visitors, we also used different subsets of data to allow for the effect of 
the lockdown during the COVID-19 pandemic. Further details are provided in Supplementary 
Appendix A.

Categorising economic instruments

Through desk research we identified a wide range of economic instruments that are available 
to manage tourism. We categorized them primarily as price-based or quantity-based, but also 
included an additional category of instruments that are designed to reduce market-frictions 
(Weitzman, 1974)—see Figure 1.

Price-based instruments are numerous and diversely named. Some change prices in existing 
markets (through taxes or subsidies) and some ‘create’ prices and markets which did not pre-
viously exist (e.g. creating carbon markets, biodiversity offsets, payments for ecosystem services). 
Price-based instruments essentially tax (increase the price of ) undesirable behaviours and reward 
(subsidise) desirable behaviours. These instruments have been successfully employed for con-
serving migratory species in the face of coordination and jurisdictional challenges similar to 
those of Antarctic tourism (López-Hoffman et  al., 2017). Price-based instruments can be applied 
temporally (per season or part thereof ); spatially (at sea or on land); or according to the activ-
ities of the tour operators (e.g. anchoring, landing, helicopters, etc.). In general, the goal for 
taxes is to set the rate that effectively ensures people ‘pay’ for the incremental damage done 
(or that they are ‘rewarded’ for incremental benefits). The intention is to make visible otherwise 
invisible costs (or benefits), so that people take these factors into consideration when making 
decisions.

https://data.aad.gov.au/metadata/aspas_asmas_aat
https://iaato.org/information-resources/data-statistics/visitor-statistics/visitor-statistics-downloads/
https://iaato.org/information-resources/data-statistics/visitor-statistics/visitor-statistics-downloads/
https://doi.org/10.1080/09669582.2025.2488958
https://doi.org/10.1080/09669582.2025.2488958
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Offsets are often categorized as a price-based instrument (with an offset bank or offset 
providers categorised as reducing market-frictions). In this context, tourism operators would 
make a series of payments to an offset bank to fund projects, in other locations, to compensate 
for damages caused by their activities. The aim is to avoid damage where possible, and then 
to identify unavoidable damages and find another location or situation to offset (using a ‘like 
for like’ principle). Offsets can be used to manage impacts that are indirect (e.g. climate change) 
or direct (e.g. marine pollution).

Quantity-based instruments work by first setting an overall cap on quantity—e.g. the total 
number of tourists allowed to land at a particular site—and then providing some flexibility 
about the way in which the allowances/permits are distributed and managed (e.g. on the 
number of tourists and/or operators). Allocating overall tourist/ship permits and/or allocating 
overall market permits can be facilitated once an appropriate binding cap on the number of 
tourists is agreed upon with the aim of minimizing the human footprint. Although not used 
as frequently as taxes and subsidies, quotas/caps and permits have been trialled in locations 
such as Bhutan (World Economic Forum, 2023) and various lower-latitude tourist settings such 
as Lord Howe Island (Allman, 2021).

Market-friction tools comprise a varied set of instruments which improve flows of information, 
reduce transaction costs, or make it ‘easier’ for people to undertake desired environmental 
behaviours. Certification schemes and product labels help to improve market performance by 
providing better information—the overall aim being to make it easy for customers to identify, 
and select, ethical operators. They have long been used in tourism; one of the first, Blue Flag, 
started in France in 1985 and there are now more than 200 distinct ecolabels in the tourism 
industry (Bučar et  al., 2019). Simplistically, tourism operators apply for certification, and are 
independently assessed on their ability to meet certain standards and when these standards 
have been met, operators are provided with a certification logo (Font, 2002). This is intended 
to help tourists identify ‘responsible’ operators, so they can make ethical choices (Chamorro and 
Bañegil, 2006; WTO, 2005); the logo thus helps tourism operators with branding.

Nudging is another type of market-friction tool—one that explicitly leverages the knowledge 
that people do not always behave ‘rationally’, even when they have all required information. 
Nudging aims to steer people’s behaviour in a desired direction (Thaler and Sunstein, 2009). In 
some cases, the nudge works by making the desired behaviours the status quo or at least an 
easy option while preserving the right of the individual to make choices. Examples of nudges 

Figure 1. T ypes of economic instruments available and how they should be implemented within the governance of treaties, 
codes of conduct and agreements.
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in the tourism industry include reuse of towels (Goldstein et  al., 2008), water conservation and 
more sustainable eating options (Souza-Neto et al., 2022).

In the Antarctic context, some or all of these economic instruments could be used alongside 
and in support of existing arrangements, providing the parties with an expanded set of options. 
If well-designed and administered, these instruments can alter behaviours without stifling the 
potential to innovate in mitigating environmental impacts (Kalkuhl et  al., 2012). Different instru-
ments are, however, suited to redressing different problems, so it is important to select carefully. 
It is likewise important to recognise that economic instruments are not a substitute for regu-
lation, treaties, or agreements but in fact rely on a working set of legal and institutional 
arrangements. These tools should be used in conjunction with effective monitoring and enforce-
ment as well as a comprehensive management plan (Agrawal, 2003). In ‘Assessment of economic 
instruments for Antarctica’ section, we consider those issues, outlining how each instrument 
would need to work, and identifying implementation issues, if used in the Antarctic. Supplementary 
Appendix B presents definitions of economic instruments from a broader international context.

Results

Tourist visitation

Currently, tourism in Antarctica is mainly concentrated around the Antarctic Peninsula with a 
small percentage in the Ross Sea region and parts of the continent’s interior. Many of the most 
sought-after tourism sites (with potentially high tourism impact) lie near established or proposed 
protected areas, including Marine Protected Areas, Antarctic Specially Protected Areas and 
Antarctic Specially Managed Areas (Figure 2). While tourism and other activities may be allowed 
under certain conditions, the designation of these areas as protected highlights their importance 
and suggests the need for in-depth impact assessment, especially in light of increasing utilisation 
and diversification of activity types. Figure 2 provides a map of activities to point locations for 
the 2022/2023 season (and is thus best interpreted as spatially coarse filter mapping). This map 
could be further refined to take into account the type of ecosystems and species present at 
each site and their sensitivity to different activities as cumulative impacts (Ostwald et  al., 2021). 
The latter is particularly important as various activities can have a multitude of effects, and 
these can be species- or location-specific. Figures 3 and 4 represent the temporal evolution 
and diversification of touristic activities within a decade, from 2003/2004 to 2022/2023.

Forecast of tourism growth

The selected model is a random walk process that shows if visitor numbers grow at the average 
annual growth rate from the 1992–1993 season to the 2023–24 season (a constant annual growth 
rate of 14.0%), total visitor numbers are expected to nearly quadruple in 10 years (Figure 5), 
tallying to approximately 452,000 by the 2033–2034 season (see Supplementary Appendix A for 
more detail).

Assessment of economic instruments for Antarctica

The instruments identified in Figure 1 (‘Categorising economic instruments’ section) help redress 
or mitigate third-party impacts or costs imposed outside the market transaction, whether these 
‘externalities’ are imposed on others or the environment. Economic instruments are not a sub-
stitute for existing Antarctic policy and planning processes of the parties. Instead, an instrument 
should augment and work within the existing regulatory frameworks providing additional positive 
or negative incentives to change production and consumption behaviour (Morin and Richard, 2021).

https://doi.org/10.1080/09669582.2025.2488958
https://doi.org/10.1080/09669582.2025.2488958
https://doi.org/10.1080/09669582.2025.2488958
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Price-based instruments
Changing prices (e.g. using taxes or subsidies).  In the Antarctic context, a tourism tax would 
need to be designed to cover costs associated with negative impacts (e.g. soil compaction, 
congestion associated with ships, acoustic pollution and impacts on wildlife). These costs would 
presumably be highest for activities that generate the most negative impacts (e.g. helicopter 
trips, compared to travel on hybrid ships). Also, subsidies could be designed to encourage 
positive impacts (e.g. investment in green energy). Critically, taxes/subsidies can punish/reward 
certain behaviours, but one cannot be certain that behaviours will change (not all cigarette 
smokers quit when prices increase).

Responding to an ATCM Information Paper submitted by the Netherlands in 2012 which 
mooted the idea of tourists or tourist organizations making “voluntary or obligatory payments” 
(Bastmeijer, 2012), Verbitsky (2018, 2015) has examined the challenges and opportunities of an 
Antarctic tourism tax. We concur with Verbitsky that a tax scheme would be beneficial to 

Figure 2. T ourism site impacts in Antarctica. Size and colour of bubbles show estimated relative number of land-based 
activities occurring across the continent and more specifically along the Antarctic Peninsula.
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manage tourism in Antarctica and that it should be made clear that the establishment of an 
ATS institution to administer such a tax will not pose a threat to sovereignty claims. Implementing 
a tourism tax might additionally be facilitated by the cooperation of parties such as the IAATO, 
International Maritime Organization, and International Civil Aviation organization.

However, even with in-principle cooperation, imposing taxes at a level sufficient to induce 
large changes in behaviour could be challenging. Antarctic tourism is characterised by different 
market segments, with some more likely to be more responsive to price signals than others. 
Some emerging Antarctic tourism segments, such as the more budget-orientated market, could 
be responsive to price signals and substitute other destinations. With more price responsive 
segments, if the tax is set too low, tourist numbers will continue to increase, perhaps at a 
slower rate. If the tax is set too high, tourist numbers may plummet in the short term, with 
the potential for rogue operators basing themselves in states that are not signatories to the 
Environmental Protocol. Key is setting the tax at the right level to attain a sustainable level of 
tourism. This may require setting and readjusting the level of the tax, noting that this creates 

Figure 3. T he figures visualise the diversification of tourism after two decades of tourism development in Antarctica, based 
on numbers of activity types per location comparing across 20 years.

Figure 4. T he figures represent the growth of touristic hotspots as the sum of all activities taking place at each location–
regardless of activity types. Note that a single tourist can participate in multiple activities.
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uncertainty for tourist operators about how many tourists will arrive each year, especially if the 
types of tourists are changing.

Unique experience tourism is thought to be largely unresponsive to changes in price, as is 
nature-based tourism (Farr et  al., 2011; Knapman and Stoeckl, 1995; Lindberg and Aylward, 
1999; Miller et  al., 2018). In this sense, tourism taxes may be an effective way to raise revenue 
but may not be effective in reducing visitor numbers to Antarctica. If taxes are unable to reduce 
visitation and/or if subsidies are unable to encourage visitors to make more sustainable tourism 
choices, then the question of whether or not tourist taxes/subsidies are able to ‘deliver’ on the 
promise of improved sustainability will depend on the way in which revenues are invested 
(McCartney, 2020).

‘Creating’ prices and markets (e.g. environmental offsets for purchase).  It is straightforward 
to meet the ‘like-for-like’ principle with the indirect impacts of carbon as this can be sequestered 
to achieve zero net gain globally. Carbon [offset] markets are well established, and the industry 
and travellers to Antarctica frequently purchase carbon credits to offset the impacts of their 
travel (Denton et al., 2020; Guix et al., 2022). However, the voluntary carbon market is controversial, 
as the major certification schemes have failed to supply carbon credits of sufficient quality that 
satisfy the architecture of the Paris agreement (Kreibich and Hermwille, 2021).

Biodiversity [offset] markets are becoming more common, although they are arguably more 
challenging to effectively implement than carbon markets and face widespread critique (Devictor, 
2015; Griffiths et  al., 2019; Peterson et  al., 2018; Tarabon et  al., 2021). The UN recommends that 
direct (localised) impacts need to be mitigated within the region of impact, but the uniqueness 
of Antarctica would make it exceedingly difficult (perhaps impossible) to meet the like-for-like 
principle in this regard. Where else on the planet, for example, could one undertake compen-
satory restorative works to offset harm to Adélie penguin nesting sites? Some biodiversity 
researchers have claimed that the strict like-for-like principle could be relaxed (Bull et  al., 2015), 
but this is controversial (Zu Ermgassen et  al., 2020). An alternative way of approaching offsets 
might be for the Consultative Parties to agree that any expansion of landing sites (or visitor 
numbers) would be contingent on meeting all existing obligations as well as investing in 

Figure 5. T he observations and forecasts of the total number of visitors to Antarctica: from 1992–1993 to 2033–2034.
Note: Pink lines represent forecasts using all past observed data, including the significant growth in the 2022–2023 seasons due to the 
recovery from the COVID period. The blue line represents forecasts using the average annual growth rate during all the pre-COVID seasons, 
which was 8.9%. The purple line represents forecasts made in a hypothetical scenario where COVID-19 never occurred. These forecasts are 
computed for the seasons starting from 2020–2021 using an estimate annual growth rate of 8.9%.
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additional projects which address past environmental harm in the region or pressing environ-
mental problems. The approach allows for some new development while improving biodiversity 
outcomes—although there would be jurisdictional challenges to navigate.

Quantity-based instruments
If used in Antarctica, visitor caps would ideally be established based on proper assessment of 
the environmental resilience with respect to cumulative impact from anthropogenic activities 
and natural stochasticity. In Antarctica, a precise estimate of environmental resilience is not 
available. Figure 2 can be used as a prioritisation tool for further research and cap estimation, 
but research should explore spatial vulnerability indices, ensuring a cap on tourism numbers 
that minimises disturbance and ensures the long-term sustainability of the industry.

Once a suitable spatial cap on tourists and permitted tourist activities has been established, 
the challenge then lies in developing a way to allocate permits. Several means of allocating 
permits can be envisioned for Antarctica. If signatories to the Protocol on Environmental 
Protection to the Antarctic Treaty were awarded a share of the tourist cap, these states could 
then independently determine how best to distribute permits under their Environmental Impact 
Assessment system. The risk of this approach is that it excludes non-signatories from a cap-and-
trade system, which could attract criticism of a closed club. It could also provide an incentive 
to operate outside of the ATS, using ship flags and basing companies in nations that are not 
signatories to relevant instruments. The risk of incentivising illegal, unreported and unregulated 
(IUU) tourism (Nielsen and Hodgson-Johnson, 2024) must be a serious consideration when 
proposing any new model. Alternatively, permits can be allocated equally among existing oper-
ators or based on historical patterns (‘grandfathering’), employment levels, auction, lottery or 
some combination of the above. If the ‘tourist permit’ could be traded among the operators in 
the tourism industry, there would be some flexibility in how the industry responds to the overall 
cap on tourist numbers. If allocations are held by tourism operators and an operator decides 
to leave the industry, they could sell/rent their share to others. This flexibility could, however, 
result in concentration of ownership within the industry and reduce choice and competitiveness 
for tourists.

Experience of existing cap-and-trade systems such as the Hunter River Salinity Trading Scheme 
suggests that there is merit in designing the system such that there is periodic retirement of 
the existing permits, with permits re-issued and auctioned. For example, auctions could be 
scheduled every two years with (Hemming et  al., 2022) 20% of the permits retiring and re-issued 
permits auctioned. This approach allows periodic opportunities for new entrants to the industry. 
Moreover, annual permits re-evaluation could be conducted to address compliance, as permits 
should be allocated or removed based on adherence to regulatory measures to minimize envi-
ronmental impact. One of the main benefits of this scheme is its adaptability to newly acquired 
knowledge. If the overall cap is found to be unsustainable, the pool of permits can be decreased 
based on evolving scientific evidence, as operators receive a defined share of the permits.

If permits were distributed directly to tourists, allocation processes could include waitlists, 
lotteries, or markets. Introduction of tradeable permits creates a valuable asset for the holder. 
Experience from environmental permit markets suggest schemes work best when there are 
easily accessible information, trading platforms available with minimal transaction costs, and 
frequent trading. Ideally trading systems are designed to avoid permit hoarding and strategic 
behaviour that can reduce the efficiency gains of any permit trading system. Recent experience 
with capping number of tourists on ships to the Galapagos Islands resulted in more ships on 
shorter tours, demonstrating the care that needs to be taken in designing such systems (Burbano 
and Meredith, 2021; Benitez-Capistros et  al., 2014).

Geopolitics presents a challenge to both the introduction and management of any cap on 
tourism in Antarctica. The creation of an institution responsible for exclusively managing tourism 
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and thus distributing permits has been already suggested by some ATCPs. The proposal has 
failed to reach consensus (India, 2015). The same barriers that Verbitsky (Agrawal, 2003; Ostwald 
et  al., 2021) identifies regarding the establishment of an ATS institution to manage taxes would 
presumably apply, with the same need to reassure claimants that their sovereignty claims are 
not threatened, and non-claimants that the new institution does not threaten the status quo. 
Here, we re-emphasise the need for a centralised coordinating body which can undertake 
multiple functions in a fair and objective manner. In the Antarctic context, care would need to 
be taken in the initial allocation of permits, given the dominance of the industry by Western-based 
operators. The risk of a resurgence of the “Antarctic Question,” which was debated in the 1980s 
in the UN and revolved around the perceived domination of decision-making in the region by 
an exclusive group of nations, would need to be addressed. Moreover, with new regional geo-
political tensions, any institution charged with governing a cap-and-trade system must be 
equipped to navigate differing views and agendas. More positively, the revenue from auctions 
of permits might be directed to research, monitoring, mediation, education, and repair of 
tourist-related damages, or held in trust for the future of Antarctica. However, the questions of 
how to manage such a trust, how funds might be distributed and where the administering 
institution would be located geographically would need to be settled.

Market-friction tools
Certification schemes.  While membership of IAATO is not a legal requirement within the 
Antarctic Treaty System, almost all current Antarctic tour operators belong to this organisation, 
which imposes strict standards upon its members. However, if the Antarctic Treaty Consultative 
Parties aim to reduce visitor numbers and/or to reduce the impact of current visitors beyond 
the status quo, then a certification standard would need to be tightened beyond current levels 
for product differentiation to occur. Whatever standards are imposed, the literature clearly 
suggests that there must be monitoring and enforcement (which raises the question of by 
whom); otherwise, the certification could become meaningless to the consumer. Research also 
suggests there can be program and membership attrition (Buckley, 2020; Dunk et  al., 2016), as 
early adopters choose not to renew. This is partially because of financial and time costs required 
to maintain certification, and partially because some operators obtain certification but do not 
stringently adhere to standards, thus lowering the value/benefits of membership for other 
operators (Buckley, 2020; Dunk et  al., 2016).

Nudging.  Globally, tourism operators have implemented a range of nudges relating to the use 
of bed linen, water conservation and sustainable eating options. It is not clear, however, whether 
such nudges—or nudging more generally—would be able to moderate tourist (or tourism 
operator) behaviour in a substantive way within the Antarctic.

Discussion

Distribution of tourists

Landing sites are limited in Antarctica and so increasing the potential for impact. Most current 
destinations are concentrated on or in the vicinity of the Peninsula, mainly due to its proximity 
to mainland Argentina. However, tourism also occurs in other more remote areas (Figure 2). 
Diversification of activity types (Figure 3), intensification of tourism (Figure 4), along with 
increased geographical dispersal over time (Figures 3 and 4) are cause for concern. Tourism 
diversification with the potential of new, negative impacts requires consideration of cumulative 
environmental impacts. Activities can have markedly different impacts depending on whether 
they are marine or land-based, the level of associated noise pollution, the length of the activities 
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(i.e. snow-shoeing, remote camping trip, etc.). Moreover, the sensitivity of the area (e.g. IUCN 
classification of species) and the total individual exposure to disturbance play a role in deter-
mining the environmental impact of human activities. The map provides a useful visualisation 
tool. Future research could usefully develop indices (or other) that capture information about 
tourist activities and impacts at particular sites, thus transforming this figure into one that 
better depicts actual impact. Such map would ultimately provide the necessary data for the 
development of a comprehensive conservation planning framework which, in turn, can better 
identify the most relevant combination of economic instruments and regulatory measure for 
site-specific conservation.

Forecasts

Rapidly growing numbers and diversification of activities are two of the main concerns expressed 
by the Antarctic Treaty Consultative Parties (ATCM, 2024). Each year IAATO provides an estimate 
of the total number of visitors expected in the following season, but predictions over a longer 
timescale are not attempted. We provided a forecast of the trend in visitor numbers over the 
next decade that can be anticipated if trips continue on the current trajectory. While forecasting 
models are subject to error, our results are not improbably high; in fact, is worth noticing that 
Woehler et  al. (2014) forecasted that Antarctic visitors would tally at 120,000 by 2060, a figure 
that was reached, and surpassed, in the 2023–2024 season (International Association of Antarctica 
Tour Operators, 2024).

We acknowledge that tourism growth is subject to a variety of broader factors. For instance, 
longer Austral summers, as a result of climate change, could lengthen the tourist season and 
shrinking sea ice could open up new areas for cruise vessels (although ice instability could also 
present safety concerns), potentially further increase visitors’ number (Liggett et  al., 2017). 
Alternative theories suggest there may be a gradual decline in accordance with the destination 
lifecycle hypothesis of Butler (Butler, 2006). A qualitative analysis of Antarctic tourism by Liggett 
et  al. (2017) hypothesized four different scenarios in relation to the future of Antarctic tourism. 
In the most optimistic scenario, Liggett et  al. hypothesize that Antarctic tourism will continue 
to increase and reach a peak around 2030, in line with our predictions of a growing number 
of visitors in the next decade. In the other three Liggett et  al scenarios, tourism results in 
environmental degradation, reduced regulation (which attracts more competition across oper-
ators) or the development of land-based permanent facilities. The risk is that anthropogenic 
impact from the industry would represent a tipping point when combined with threats from 
climate change, a more severe and more complex challenge to address. If our predictions were 
to actualise, a management instrument that could curb number of tourists, would be a more 
amenable choice to ensure tourism sustainability (Kubiszewski et  al., 2025).

Economic instruments to support Antarctic tourism management

Price-based instruments such as taxes and quantity-based instruments such as cap-and-trade 
have been shown to yield similar results under strict theoretical assumptions (Weitzman, 1977)—
but contextual considerations have been shown to be important in determining actual outcomes 
on the ground. In wildlife tourism, for example, Mancini et  al. (2017) found that, when applied 
in isolation, codes of conduct and licensing were largely ineffective and inefficient at preventing 
negative impact on wildlife. In another wildlife-tourism study, Pirotta et  al. (2015) found that 
instruments such as cap-and-trade and time quotas, when supported by taxes and subsidies, 
were effective tools for minimising tourism impact on wildlife and thus promoting sustainable 
wildlife tourism.
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‘Assessment of economic instruments for Antarctica’ section highlights the importance of 
those considerations in Antarctica. Table 1 summarises core insights, providing a contextual 
overview of both the potential effectiveness and the potential acceptability/suitability of different 
economic instruments in the Antarctic. It also identifies core benefits and implementation 
challenges. Most evident is that no single economic instrument is able to address every issue 
related to tourism and thus is not likely to succeed in isolation. We thus suggest that a suite 
of instruments within the context of the development of a tourism management plan be con-
sidered in ATCP discussions, including:

•	 Quantity-based mechanisms to restrict visitor numbers to the region and to sensitive 
areas in order to control/predict outcomes;

•	 Targeted tourism taxes on tourism activities;
•	 Nudges to raise awareness, and to deeply involve tourists and operators in the devel-

opment and maintenance of a socially, economically and environmentally sustainable 
industry, most likely achieved via IAATO;

•	 Industry-based discussions within IAATO membership about whether it is necessary, or 
desirable, to impose tighter (certification) requirements on operators who take visitors 
to high impact, or near potentially vulnerable, sites. Rewarding operators who go above 
and beyond the current requirements is a non-mutually exclusive alternative.

These instruments can complement and/or be instigated by the ATS, but should be developed 
as part of a more comprehensive ecosystem-based approach, which includes a precautionary 
approach to prevent serious and irreversible damage (Bastmeijer and Roma, 2004; Fennell and Ebert, 

Table 1.  Suitability of each economic instruments in the Antarctic environment in relation to their effectiveness and 
likelihood to be implemented by ATCM members.

Regulatory 
instrument

Reduce adverse 
environmental 

impact

Curb 
visitors’ 
growth

Efficient 
management 

of diverse 
activities and 
site-specific 

impact
Ease of 

implementation Main benefit Main challenge

Taxes & 
subsidies

✓ ✗ ✓ Medium Generates funds to 
invest in 
monitoring and 
green technology

Need of 
additional 
institution to 
manage 
revenue

Environmental 
offsets

No net 
reduction

✗ ✓ Hard Compensates 
environmental 
harm in one area, 
by improving 
other areas to 
ensure no net 
(environmental) 
loss.

Hard to find 
alternative 
places to 
restore similar 
ecosystem 
services

Cap-and-trade ✓ ✓ ✗ Hard Caps the number of 
tourists in 
sensitive areas

Might incentivise 
IUU tourism 
and 
unfairness in 
allocation

Certification 
scheme

✓ ✗ ✗ Medium Ensures 
co-management 
with industry

Need agreement 
on 
certification 
body

Nudging ✓ ✗ Maybe Easy Raises awareness Requires 
monitoring 
and 
enforcement
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2004). Additional management tools such as spatial and temporal area management, codes of 
conduct and regulations, applied to IAATO and non-IAATO members alike, and nudging should also 
be employed to encompass the range of human activities in the region.

Conclusions

A range of economic instruments have been presented that could conceivably be used in the 
management of Antarctic tourism, as part of a broader strategy. This paper highlights some of 
their strengths and weaknesses, considering both the potential ability to control or mitigate 
negative impacts the potential suitability/acceptability within the Antarctic Treaty System. 
Research suggests that there can be considerable uncertainty about the ability of economic 
instruments to effect change. We cannot be sure, for example, that price-based mechanisms 
will alter tourist numbers and/or tourist behaviours. However, price may aid in raising revenue 
useful in covering the cost of changing administrative/management processes as well as mon-
itoring and enforcement activities. ‘Nudging’, a ‘softer’ instrument, may be deemed most accept-
able by industry, but may not, in the end, be able to invoke the substantial changes, required 
to protect Antarctica from the cumulative impacts of tourism.

Finally, we acknowledge that while our preferred solution—a combination of quantity-based 
instruments, nudging and tighter certification—may be the most effective strategy, it faces 
practical difficulties, including the different and possibly contrasting interests, values and political 
priorities of the Antarctic Treaty Consultative Parties. It is challenging to reconcile environmental 
conservation with a profitable and fast-growing tourism industry. Natural site-specific vulnera-
bilities, global environmental phenomena (e.g. climate change), a lack of monitoring and the 
limitations around the implementation of ATCM resolutions within domestic legislation all 
contribute to the difficulties of effective tourism management in the Antarctic region. Nonetheless, 
with Treaty parties recently launching a multi-year process of developing a systematic framework 
for managing Antarctic tourism, a nuanced understanding of the advantages and disadvantages 
of various economic instruments will support productive negotiations.

Author contributions

CRediT: V. Senigaglia: Conceptualization, Data curation, Formal analysis, Methodology, Resources, Writing – original 
draft, Writing – review & editing; D. Hatton MacDonald: Conceptualization, Formal analysis, Methodology, Project 
administration, Writing – original draft, Writing – review & editing; N. Stoeckl: Conceptualization, Methodology, 
Resources, Writing – original draft, Writing – review & editing; J. Tian: Data curation, Formal analysis, Resources, 
Writing – original draft, Writing – review & editing; E. Leane: Conceptualization, Resources, Writing – original 
draft, Writing – review & editing; V. Adams: Data curation, Formal analysis, Methodology, Writing – review & 
editing; R. Baird: Resources, Writing – review & editing; A. Boothroyd: Data curation, Formal analysis, Resources, 
Writing – original draft, Writing – review & editing; R. Costanza: Conceptualization, Resources, Writing – original 
draft, Writing – review & editing; E.A. Fulton: Conceptualization, Resources, Writing – review & editing; S. Hartman: 
Data curation, Formal analysis, Resources, Writing – review & editing; I. Kubiszewski: Conceptualization, Resources, 
Writing – original draft, Writing – review & editing; H. Nielsen: Resources, Writing – review & editing; C.-S. Ooi: 
Conceptualization, Resources, Writing – review & editing.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by Australian Research Council Special Research Initiative, Australian Centre for Excellence 
in Antarctic Science.



Journal of Sustainable Tourism 17

References

Adedoyin, F. F., Seetaram, N., Disegna, M., & Filis, G. (2023). The effect of tourism taxation on international arriv-
als to a small tourism-dependent economy. Journal of Travel Research, 62(1), 135–153. https://doi.org/10. 
1177/00472875211053658

Agrawal, A. (2003). Sustainable governance of common-pool resources: Context, methods, and politics. Annual 
Review of Anthropology, 32(1), 243–262. https://doi.org/10.1146/annurev.anthro.32.061002.093112

Alexander, K. A., Liggett, D., Leane, E., Nielsen, H. E. F., Bailey, J. L., Brasier, M. J., & Haward, M. (2019). What and 
who is an Antarctic ambassador? Polar Record, 55(6), 497–506. https://doi.org/10.1017/S0032247420000194

Allman, K. (2021). Travel and lifestyle: Lord Howe Island. LSJ: Law Society of NSW Journal, (78), 56–58.
Amelung, B., & Lamers, M. (2007). Estimating the greenhouse gas emissions from Antarctic tourism. Tourism in 

Marine Environments, 4(2), 121–133. https://doi.org/10.3727/154427307784772020
ATCM. (2023). Final report of the Forty-fifth Antarctic Treaty Consultative Meeting. Helsinki, Finland. Antarctic Treaty 

Consultative Meeting (ATCM) 45 Secretariat of the Antarctic Treaty. https://documents.ats.aq/ATCM45/fr/ATCM45_
fr001_e.pdf

ATCM. (2024). Final report of the Forty-sixth Antarctic Treaty Consultative Meeting. Kochi, India, in Antarctic Treaty 
Consultative Meeting (ATCM) 46. Antarctic Treaty Secretariat.

Atkins, J. F., & Macpherson, M. (2019). Developing a species protection action plan–An integrated approach for tax-
onomies, reporting and engagement for the financial services sector. Reporting and Engagement for the Financial 
Services Sector (May 29, 2019).

Auger, M., Morrow, R., Kestenare, E., Sallée, J.-B., & Cowley, R. (2021). Southern Ocean in-situ temperature trends 
over 25 years emerge from interannual variability. Nature Communications, 12(1), 514. https://doi.org/10.1038/
s41467-020-20781-1

Bastmeijer, K. (2012). Outstanding questions on Antarctic Tourism: An inventory and discussion [Paper presentation]. 
Information Paper (IP67) for the XXXVth, Antarctic Treaty Consultative Meeting (ATCM), Hobart.

Bastmeijer, K., & Roma, R. (2004). Regulating Antarctic tourism and the precautionary principle. American Journal 
of International Law, 98(4), 763–781. https://doi.org/10.2307/3216699

Bastmeijer, K., Shibata, A., Steinhage, I., Ferrada, L. V., & Bloom, E. T. (2023). Regulating Antarctic tourism: The 
challenge of consensus-based decision making. American Journal of International Law, 117(4), 651–676. https://
doi.org/10.1017/ajil.2023.34

Benitez-Capistros, F., Hugé, J., & Koedam, N. (2014). Environmental impacts on the Galapagos Islands: Identification 
of interactions, perceptions and steps ahead. Ecological Indicators, 38, 113–123. https://doi.org/10.1016/j.ecolind. 
2013.10.019

Biagi, B., Brandano, M. G., & Pulina, M. (2021). Tourism taxation: Good or bad for cities?. In M. Ferrante, O. Fritz, 
and Ö. Öner (Eds.), Regional science perspectives on tourism and hospitality (pp. 477–505). Springer International 
Publishing.

Box, G. E. P., & Jenkins, G. M. (1970). Time series analysis: Forecasting and control. Holden-Day.
Brenner, L., Engelbauer, M., & Job, H. (2018). Mitigating tourism-driven impacts on mangroves in Cancún and the 

Riviera Maya, Mexico: An evaluation of conservation policy strategies and environmental planning instruments. 
Journal of Coastal Conservation, 22(4), 755–767. https://doi.org/10.1007/s11852-018-0606-0

Bučar, K., Van Rheenen, D., & Hendija, Z. (2019). Ecolabelling in tourism: The disconnect between theory and 
practice. Tourism: An International Interdisciplinary Journal, 67(4), 365–374.

Buckley, R. (2002). Surf tourism and sustainable development in Indo-Pacific Islands. II. Recreational capacity 
management and case study. Journal of Sustainable Tourism, 10(5), 425–442. https://doi.org/10.1080/ 
09669580208667177

Buckley, R. (2020). Limited take-up of ecocertification by tourism firms: A goldilocks effect? Journal of Sustainable 
Tourism, 28(11), 1905–1910. https://doi.org/10.1080/09669582.2020.1770773

Bull, J. W., Hardy, M. J., Moilanen, A., & Gordon, A. (2015). Categories of flexibility in biodiversity offsetting, and 
their implications for conservation. Biological Conservation, 192, 522–532. https://doi.org/10.1016/j.biocon. 
2015.08.003

Burbano, D. V., & Meredith, T. C. (2021). Effects of tourism growth in a UNESCO World Heritage Site: Resource-based 
livelihood diversification in the Galapagos Islands, Ecuador. Journal of Sustainable Tourism, 29(8), 1270–1289. 
https://doi.org/10.1080/09669582.2020.1832101

Butler, R. W. (2006). The tourism area life cycle, Vol.1 applications and modifications (Vol. 1). Channel View Publications.
Butler, R. W., & Dodds, R. (2022). Overcoming overtourism: A review of failure. Tourism Review, 77(1), 35–53. https://

doi.org/10.1108/TR-04-2021-0215
Cajiao, D., Benayas, J., Tejedo, P., & Leung, Y.-F. (2021). Adaptive management of sustainable tourism in Antarctica: 

A rhetoric or working progress? Sustainability, 13(14), 7649. https://doi.org/10.3390/su13147649
Cajiao, D., Leung, Y.-F., Larson, L. R., Tejedo, P., & Benayas, J. (2022). Tourists’ motivations, learning, and trip satis-

faction facilitate pro-environmental outcomes of the Antarctic tourist experience. Journal of Outdoor Recreation 
and Tourism, 37, 100454. https://doi.org/10.1016/j.jort.2021.100454

https://doi.org/10.1177/00472875211053658
https://doi.org/10.1177/00472875211053658
https://doi.org/10.1146/annurev.anthro.32.061002.093112
https://doi.org/10.1017/S0032247420000194
https://doi.org/10.3727/154427307784772020
https://documents.ats.aq/ATCM45/fr/ATCM45_fr001_e.pdf
https://documents.ats.aq/ATCM45/fr/ATCM45_fr001_e.pdf
https://doi.org/10.1038/s41467-020-20781-1
https://doi.org/10.1038/s41467-020-20781-1
https://doi.org/10.2307/3216699
https://doi.org/10.1017/ajil.2023.34
https://doi.org/10.1017/ajil.2023.34
https://doi.org/10.1016/j.ecolind.2013.10.019
https://doi.org/10.1016/j.ecolind.2013.10.019
https://doi.org/10.1007/s11852-018-0606-0
https://doi.org/10.1080/09669580208667177
https://doi.org/10.1080/09669580208667177
https://doi.org/10.1080/09669582.2020.1770773
https://doi.org/10.1016/j.biocon.2015.08.003
https://doi.org/10.1016/j.biocon.2015.08.003
https://doi.org/10.1080/09669582.2020.1832101
https://doi.org/10.1108/TR-04-2021-0215
https://doi.org/10.1108/TR-04-2021-0215
https://doi.org/10.3390/su13147649
https://doi.org/10.1016/j.jort.2021.100454


18 V. SENIGAGLIA ET AL.

Cárdenas‐García, P. J., Pulido‐Fernández, J. I., Durán‐Román, J. L., & Carrillo‐Hidalgo, I. (2022). Tourist taxation as 
a sustainability financing mechanism for mass tourism destinations. International Journal of Tourism Research, 
24(4), 577–592. https://doi.org/10.1002/jtr.2523

Cavanagh, R. D., Melbourne-Thomas, J., Grant, S. M., Barnes, D. K. A., Hughes, K. A., Halfter, S., Meredith, M. P., 
Murphy, E. J., Trebilco, R., & Hill, S. L. (2021). Future risk for Southern Ocean ecosystem services under climate 
change. Frontiers in Marine Science, 7, 615214. https://doi.org/10.3389/fmars.2020.615214

Chamorro, A., & Bañegil, T. M. (2006). Green marketing philosophy: A study of Spanish firms with ecolabels. 
Corporate Social Responsibility and Environmental Management, 13(1), 11–24. https://doi.org/10.1002/csr.83

Clemence, S. (2023). The last place on earth any tourist should go. The Atlantic. https://www.theatlantic.com/science/
archive/2023/07/antarctica-tourism-overcrowding-environmental-threat/674600/.

Constable, A. (2023). Summary for policymakers-marine ecosystem assessment for the Southern Ocean.
Convey, P., & Peck, L. S. (2019). Antarctic environmental change and biological responses. Science Advances, 5(11), 

eaaz0888. https://doi.org/10.1126/sciadv.aaz0888
Deininger, M., Koellner, T., Brey, T., & Teschke, K. (2016). Towards mapping and assessing Antarctic marine ecosystem 

services–The Weddell Sea case study. Ecosystem Services, 22, 174–192. https://doi.org/10.1016/j.ecoser.2016.11.001
Denton, G., Chi, O. H., & Gursoy, D. (2020). An examination of the gap between carbon offsetting attitudes and 

behaviors: Role of knowledge, credibility and trust. International Journal of Hospitality Management, 90, 102608. 
https://doi.org/10.1016/j.ijhm.2020.102608

Devictor, V. (2015). When conservation challenges biodiversity offsetting (pp. 483–484). Elsevier.
Dunk, R. M., Gillespie, S. A., & MacLeod, D. (2016). Participation and retention in a green tourism certification 

scheme. Journal of Sustainable Tourism, 24(12), 1585–1603. https://doi.org/10.1080/09669582.2015.1134558
Durán Román, J. L., Cárdenas García, P. J., & Pulido Fernández, J. I. (2020). Taxation of tourism activities: A review 

of the top 50 tourism destinations.
Eijgelaar, E., Thaper, C., & Peeters, P. (2010). Antarctic cruise tourism: The paradoxes of ambassadorship, “last chance 

tourism” and greenhouse gas emissions. Journal of Sustainable Tourism, 18(3), 337–354. https://doi.org/10.1080/ 
09669581003653534

Epler, B. (2007). Tourism, the economy, population growth, and conservation in Galapagos. Charles Darwin 
Foundation, 55(3), 103–132.

Erbe, C., Dähne, M., Gordon, J., Herata, H., Houser, D. S., Koschinski, S., Leaper, R., McCauley, R., Miller, B., Müller, 
M., Murray, A., Oswald, J. N., Scholik-Schlomer, A. R., Schuster, M., Van Opzeeland, I. C., & Janik, V. M. (2019). 
Managing the effects of noise from ship traffic, seismic surveying and construction on marine mammals in 
Antarctica. Frontiers in Marine Science, 6, 647. https://doi.org/10.3389/fmars.2019.00647

Farr, M., Stoeckl, N., & Beg, R. A. (2011). The efficiency of the environmental management charge in the cairns 
management area of the Great Barrier Reef Marine Park. Australian Journal of Agricultural and Resource Economics, 
55(3), 322–341. https://doi.org/10.1111/j.1467-8489.2011.00548.x

Farreny, R., Oliver-Solà, J., Lamers, M., Amelung, B., Gabarrell, X., Rieradevall, J., Boada, M., & Benayas, J. (2011). 
Carbon dioxide emissions of Antarctic tourism. Antarctic Science, 23(6), 556–566. https://doi.org/10.1017/
S0954102011000435

Fennell, D. A., & Ebert, K. (2004). Tourism and the precautionary principle. Journal of Sustainable Tourism, 12(6), 
461–479. https://doi.org/10.1080/09669580408667249

Font, X. (2002). Environmental certification in tourism and hospitality: Progress, process and prospects. Tourism 
Management, 23(3), 197–205. https://doi.org/10.1016/S0261-5177(01)00084-X

Gillingham, M. P. (2016). The integration imperative: Cumulative environmental, community and health effects of 
multiple natural resource developments. Springer.

Goldstein, N. J., Cialdini, R. B., & Griskevicius, V. (2008). A room with a viewpoint: Using social norms to motivate 
environmental conservation in hotels. Journal of Consumer Research, 35(3), 472–482. https://doi.org/10.1086/ 
586910

Griffiths, V. F., Sheremet, O., Hanley, N., Baker, J., Bull, J. W., & Milner-Gulland, E. J. (2019). Local people’s prefer-
ences for biodiversity offsets to achieve ‘no net loss’ for economic developments. Biological Conservation, 236, 
162–170. https://doi.org/10.1016/j.biocon.2019.05.049

Guix, M., Ollé, C., & Font, X. (2022). Trustworthy or misleading communication of voluntary carbon offsets in the 
aviation industry. Tourism Management, 88, 104430. https://doi.org/10.1016/j.tourman.2021.104430

Haase, D., Lamers, M., & Amelung, B. (2009). Heading into uncharted territory? Exploring the institutional robust-
ness of self-regulation in the Antarctic tourism sector. Journal of Sustainable Tourism, 17(4), 411–430. https://
doi.org/10.1080/09669580802495717

Hall, C. M. (1992). Tourism in Antarctica: Activities, impacts, and management. Journal of Travel Research, 30(4), 
2–9. https://doi.org/10.1177/004728759203000401

Halpern, B. S. (2008). A global map of human impact on marine ecosystems. Science, 319(5865), 948–952.
Heffer-Flaata, H., Voltes-Dorta, A., & Suau-Sanchez, P. (2021). The impact of accommodation taxes on outbound 

travel demand from the United Kingdom to European destinations. Journal of Travel Research, 60(4), 749–760. 
https://doi.org/10.1177/0047287520908931

https://doi.org/10.1002/jtr.2523
https://doi.org/10.3389/fmars.2020.615214
https://doi.org/10.1002/csr.83
https://www.theatlantic.com/science/archive/2023/07/antarctica-tourism-overcrowding-environmental-threat/674600/
https://www.theatlantic.com/science/archive/2023/07/antarctica-tourism-overcrowding-environmental-threat/674600/
https://doi.org/10.1126/sciadv.aaz0888
https://doi.org/10.1016/j.ecoser.2016.11.001
https://doi.org/10.1016/j.ijhm.2020.102608
https://doi.org/10.1080/09669582.2015.1134558
https://doi.org/10.1080/09669581003653534
https://doi.org/10.1080/09669581003653534
https://doi.org/10.3389/fmars.2019.00647
https://doi.org/10.1111/j.1467-8489.2011.00548.x
https://doi.org/10.1017/S0954102011000435
https://doi.org/10.1017/S0954102011000435
https://doi.org/10.1080/09669580408667249
https://doi.org/10.1016/S0261-5177(01)00084-X
https://doi.org/10.1086/586910
https://doi.org/10.1086/586910
https://doi.org/10.1016/j.biocon.2019.05.049
https://doi.org/10.1016/j.tourman.2021.104430
https://doi.org/10.1080/09669580802495717
https://doi.org/10.1080/09669580802495717
https://doi.org/10.1177/004728759203000401
https://doi.org/10.1177/0047287520908931


Journal of Sustainable Tourism 19

Hemming, V., Camaclang, A. E., Adams, M. S., Burgman, M., Carbeck, K., Carwardine, J., Chadès, I., Chalifour, L., 
Converse, S. J., Davidson, L. N. K., Garrard, G. E., Finn, R., Fleri, J. R., Huard, J., Mayfield, H. J., Madden, E. M., 
Naujokaitis-Lewis, I., Possingham, H. P., Rumpff, L., … Martin, T. G. (2022). An introduction to decision science 
for conservation. Conservation Biology: The Journal of the Society for Conservation Biology, 36(1), e13868. https://
doi.org/10.1111/cobi.13868

Herbert, A., Liggett, D., & Frame, B. (2020). Polarising Ushuaia: Informal settlements and tourism in an Antarctic 
gateway city. Local Environment, 25(11–12), 849–871. https://doi.org/10.1080/13549839.2020.1843420

Huddart, D. (2020). Adventure tourism in Antarctica. In: Adventure Tourism: Environmental Impacts and Management, 
Palgrave Macmillan, 11–50. https://doi.org/10.1007/978-3-030-18623-4_2

India. (2015). INFORMATION PAPER 104 rev.1 towards a comprehensive, proactive and effective Antarctic tourism pol-
icy: Turning recommendations into action, in Antarctic Treaty Consultative Meeting (ATCM) 11. https://documents.
ats.aq/ATCM38/ip/ATCM38_ip104_rev1_e.doc

International Association of Antarctic Tourism Operators. (2023a). IAATO overview of Antarctic Tourism: The 2022-23 
season, and preliminary estimates for 2023-24, IP 56, ATCM XLIV – CEP XXIV, Berlin (2023). https://www.ats.aq/
devAS/Meetings/DocDatabase?lang=e. 2023.

International Association of Antarctic Tourism Operators. (2023b). IAATO deep field and air overview of Antarctic 
Tourism: The 2022-23 season, and preliminary estimates for 2023-24, IP 57, ATCM XLIV – CEP XXIV, Berlin (2023). 
https://www.ats.aq/devAS/Meetings/DocDatabase?lang=e

International Association of Antarctic Tourism Operators. (2025). Welcome to Antarctic ambassadors. https://iaato.
org/antarctic-ambassadors/

International Association of Antarctic Tourism Operators. (2025). IAATO: Our mission. https://iaato.org/about-iaato/
our-mission/

International Association of Antarctica Tour Operators. (2024). IAATO overview of Antarctic Vessel: The 2022-23 sea-
son, and preliminary estimates for 2023-24. IP 102 rev.1. ATCM XLVI– CEP XXVI, Kochi (2024). https://www.ats.
aq/devAS/Meetings/DocDatabase?lang=e

Kalkuhl, M., Edenhofer, O., & Lessmann, K. (2012). Learning or lock-in: Optimal technology policies to support 
mitigation. Resource and Energy Economics, 34(1), 1–23. https://doi.org/10.1016/j.reseneeco.2011.08.001

Knapman, B., & Stoeckl, N. (1995). Recreation user fees: An Australian empirical investigation. Tourism Economics, 
1(1), 5–15. https://doi.org/10.1177/135481669500100102

Kreibich, N., & Hermwille, L. (2021). Caught in between: Credibility and feasibility of the voluntary carbon market 
post-2020. Climate Policy, 21(7), 939–957. https://doi.org/10.1080/14693062.2021.1948384

Kubiszewski, I., Adams, V. M., Baird, R., Boothroyd, A., Costanza, R., MacDonald, D. H., Finau, G., Fulton, E. A., King, 
C. K., King, M. A., Lannuzel, D., Leane, E., Melbourne-Thomas, J., Ooi, C.-S., Raghavan, M., Senigaglia, V., Stoeckl, 
N., Tian, J., & Yamazaki, S. (2025). Cascading tipping points of Antarctica and the Southern Ocean. Ambio, 54(4), 
642–659. https://doi.org/10.1007/s13280-024-02101-9

Leaper, R., & Miller, C. (2011). Management of Antarctic baleen whales amid past exploitation, current threats and 
complex marine ecosystems. Antarctic Science, 23(6), 503–529. https://doi.org/10.1017/S0954102011000708

Li, G., Li, W., Dou, Y., & Wei, Y. (2022). Antarctic shipborne tourism: Carbon emission and mitigation path. Energies, 
15(21), 7837. https://doi.org/10.3390/en15217837

Liggett, D., Cajiao, D., Lamers, M., Leung, Y.-F., & Stewart, E. J. (2023). The future of sustainable polar ship-based 
tourism. Cambridge Prisms: Coastal Futures, 1, e21. https://doi.org/10.1017/cft.2023.10

Liggett, D., Frame, B., Gilbert, N., & Morgan, F. (2017). Is it all going south? Four future scenarios for Antarctica. 
Polar Record, 53(5), 459–478. https://doi.org/10.1017/S0032247417000390

Lindberg, K., & Aylward, B. (1999). Price responsiveness in the developing country nature tourism context: Review and 
Costa Rican case study. Journal of Leisure Research, 31(3), 281–299. https://doi.org/10.1080/00222216.1999.11949868

Little, J. M., & Berrens, R. P. (2008). The Southwestern market for big-game hunting permits and services: A he-
donic pricing analysis. Human Dimensions of Wildlife, 13(3), 143–157. https://doi.org/10.1080/10871200701883580

Llausàs, A., Vila-Subirós, J., Pueyo-Ros, J., & Fraguell, R. (2019). Carrying capacity as a tourism management strat-
egy in a Marine Protected Area: A political ecology analysis. Conservation and Society, 17(4), 366–376. https://
doi.org/10.4103/cs.cs_18_154

López-Hoffman, L., Chester, C. C., Semmens, D. J., Thogmartin, W. E., Rodríguez-McGoffin, M. S., Merideth, R., & 
Diffendorfer, J. E. (2017). Ecosystem services from transborder migratory species: Implications for conservation 
governance. Annual Review of Environment and Resources, 42(1), 509–539. https://doi.org/10.1146/annurev- 
environ-110615-090119

Luck, M., Maher, P. T., & Stewart, E. J. (2010). Cruise tourism in polar regions: Promoting environmental and social 
sustainability?. Routledge.

Mancini, F., Coghill, G. M., & Lusseau, D. (2017). Using qualitative models to define sustainable management  
for the commons in data poor conditions. Environmental Science & Policy, 67, 52–60. https://doi.org/10.1016/ 
j.envsci.2016.11.002

Mathis, A., & Rose, J. (2016). Balancing tourism, conservation, and development: A political ecology of ecotourism 
on the Galapagos Islands. Journal of Ecotourism, 15(1), 64–77. https://doi.org/10.1080/14724049.2015.1131283

https://doi.org/10.1111/cobi.13868
https://doi.org/10.1111/cobi.13868
https://doi.org/10.1080/13549839.2020.1843420
https://doi.org/10.1007/978-3-030-18623-4_2
https://documents.ats.aq/ATCM38/ip/ATCM38_ip104_rev1_e.doc
https://documents.ats.aq/ATCM38/ip/ATCM38_ip104_rev1_e.doc
https://www.ats.aq/devAS/Meetings/DocDatabase?lang=e
https://www.ats.aq/devAS/Meetings/DocDatabase?lang=e
https://www.ats.aq/devAS/Meetings/DocDatabase?lang=e
https://iaato.org/antarctic-ambassadors/
https://iaato.org/antarctic-ambassadors/
https://iaato.org/about-iaato/our-mission/
https://iaato.org/about-iaato/our-mission/
https://www.ats.aq/devAS/Meetings/DocDatabase?lang=e
https://www.ats.aq/devAS/Meetings/DocDatabase?lang=e
https://doi.org/10.1016/j.reseneeco.2011.08.001
https://doi.org/10.1177/135481669500100102
https://doi.org/10.1080/14693062.2021.1948384
https://doi.org/10.1007/s13280-024-02101-9
https://doi.org/10.1017/S0954102011000708
https://doi.org/10.3390/en15217837
https://doi.org/10.1017/cft.2023.10
https://doi.org/10.1017/S0032247417000390
https://doi.org/10.1080/00222216.1999.11949868
https://doi.org/10.1080/10871200701883580
https://doi.org/10.4103/cs.cs_18_154
https://doi.org/10.4103/cs.cs_18_154
https://doi.org/10.1146/annurev-environ-110615-090119
https://doi.org/10.1146/annurev-environ-110615-090119
https://doi.org/10.1016/j.envsci.2016.11.002
https://doi.org/10.1016/j.envsci.2016.11.002
https://doi.org/10.1080/14724049.2015.1131283


20 V. SENIGAGLIA ET AL.

McCartney, G. (2020). Taxing tourists to manage mass tourism: A case study of Macao. Current Issues in Tourism, 
23(15), 1840–1844. https://doi.org/10.1080/13683500.2019.1633282

Miller, Z. D., Jorgenson, J., Nickerson, N. P., & Pitas, N. A. (2018). A cognitive hierarchy approach to understanding 
fee increases in the national parks of the United States. Journal of Outdoor Recreation and Tourism, 22, 18–25. 
https://doi.org/10.1016/j.jort.2018.02.001

Morella, C. (2018). Paradise lost: Tourist spots in danger of being loved to death. Phys.org.
Morin, J. F., & Richard, B. (2021). Astro‐environmentalism: Towards a polycentric governance of space debris. Global 

Policy, 12(4), 568–573. https://doi.org/10.1111/1758-5899.12950
Murray, C. C., Hannah, L. C., Doniol-Valcroze, T., Wright, B. M., Stredulinsky, E. H., Nelson, J. C., Locke, A., & Lacy, 

R. C. (2021). A cumulative effects model for population trajectories of resident killer whales in the Northeast 
Pacific. Biological Conservation, 257, 109124. https://doi.org/10.1016/j.biocon.2021.109124

Nainar, N. (2018). Over-tourism: When places are ‘loved to death’. Daily Sun.
Nielsen, H. E., & Hodgson-Johnson, I. (2024). Managing Antarctic tourism: Cooperation between industry and 

consultative parties. In S. Scott, T. Stephens, & J. McGee (Eds.), Geopolitical change and the Antarctic treaty 
system: Historical lessons, current challenges. Springer.

Ostrom, E. (2008). The challenge of common-pool resources. Environment: Science and Policy for Sustainable 
Development, 50(4), 8–21. https://doi.org/10.3200/ENVT.50.4.8-21

Ostwald, A., Tulloch, V. J. D., Kyne, P. M., Bax, N. J., Dunstan, P. K., Ferreira, L. C., Thums, M., Upston, J., & Adams, 
V. M. (2021). Mapping threats to species: Method matters. Marine Policy, 131, 104614. https://doi.org/10.1016/ 
j.marpol.2021.104614

Pertierra, L. R., Santos-Martin, F., Hughes, K. A., Avila, C., Caceres, J. O., De Filippo, D., Gonzalez, S., Grant, S. M., 
Lynch, H., Marina-Montes, C., Quesada, A., Tejedo, P., Tin, T., & Benayas, J. (2021). Ecosystem services in Antarctica: 
Global assessment of the current state, future challenges and managing opportunities. Ecosystem Services, 49, 
101299. https://doi.org/10.1016/j.ecoser.2021.101299

Peterson, I., Maron, M., Moillanen, A., Bekessy, S., & Gordon, A. (2018). A quantitative framework for evaluating 
the impact of biodiversity offset policies. Biological Conservation, 224, 162–169. https://doi.org/10.1016/j.biocon. 
2018.05.005

Picard, D., & Zuev, D. (2014). The tourist plot: Antarctica and the modernity of nature. Annals of Tourism Research, 
45, 102–115. https://doi.org/10.1016/j.annals.2013.12.002

Pirotta, E., Mangel, M., Costa, D. P., Goldbogen, J., Harwood, J., Hin, V., Irvine, L. M., Mate, B. R., McHuron, E. A., 
Palacios, D. M., Schwarz, L. K., & New, L. (2019). Anthropogenic disturbance in a changing environment: Modelling 
lifetime reproductive success to predict the consequences of multiple stressors on a migratory population. 
Oikos, 128(9), 1340–1357. https://doi.org/10.1111/oik.06146

Pirotta, E., Merchant, N. D., Thompson, P. M., Barton, T. R., & Lusseau, D. (2015). Quantifying the effect of boat 
disturbance on bottlenose dolphin foraging activity. Biological Conservation, 181, 82–89. https://doi.org/10.1016/ 
j.biocon.2014.11.003

Ramírez, H. (2022). The course of the South Eastern Pacific, development and opportunities. In Pan American 
congress of naval engineering, maritime transport and port engineering. Springer.

Siegert, M. J., Bentley, M. J., Atkinson, A., Bracegirdle, T. J., Convey, P., Davies, B., Downie, R., Hogg, A. E., Holmes, 
C., Hughes, K. A., Meredith, M. P., Ross, N., Rumble, J., & Wilkinson, J. (2023). Antarctic extreme events. Frontiers 
in Environmental Science, 11, p.1229283. https://doi.org/10.3389/fenvs.2023.1229283

Solstrand, M. V. (2013). Marine angling tourism in Norway and Iceland: Finding balance in management policy 
for sustainability. In Natural resources forum. Wiley Online Library.

Song, H., & Li, G. (2008). Tourism demand modelling and forecasting—A review of recent research. Tourism 
Management, 29(2), 203–220. https://doi.org/10.1016/j.tourman.2007.07.016

Song, H., Seetaram, N., & Ye, S. (2019). The effect of tourism taxation on tourists’ budget allocation. Journal of 
Destination Marketing & Management, 11, 32–39. https://doi.org/10.1016/j.jdmm.2018.12.001

Souza-Neto, V., Marques, O., Mayer, V.F. and Lohmann, G.  (2022). Lowering the harm of tourist activities: A sys-
tematic literature review on nudges. Journal of Sustainable Tourism, 31(9), pp.2173–2194

Stoeckl, N., Adams, V., Baird, R., Boothroyd, A., Costanza, R., Hatton MacDonald, D., Finau, G., Fulton, E.A., King, 
M.A., Kubiszewski, I. and Lannuzel, D., Leane, E., Melbourne-Thomas, J., Neilsen, H., Ooi, C.-S., Raghavan, M., 
Senigaglia, V., Tian, J., Yamazaki, S. (2024). The value of Antarctic and Southern Ocean ecosystem services. 
Nature Reviews Earth & Environment, 5, 1–3.

Stoeckl, N., Adams, V., Baird, R., Boothroyd, A., Costanza, R., Finau, G., Fulton, E. A., Hatton MacDonald, D., King, 
M. A., Kubiszewski, I., Leane, E., Melbourne-Thomas, J., Nielsen, H. E. F., Ooi, C.-S., Raghavan, M., Senigaglia, V., 
Tian, J., & Yamazaki, S. (2025). Governance challenges to protect globally important ecosystem services of the 
Antarctic and Southern Ocean. ICES Journal of Marine Science, 82(1), p.fsae163 https://doi.org/10.1093/icesjms/
fsae163

Tarabon, S., Dutoit, T., & Isselin-Nondedeu, F. (2021). Pooling biodiversity offsets to improve habitat connectivity 
and species conservation. Journal of Environmental Management, 277, 111425. https://doi.org/10.1016/j.jenvman. 
2020.111425

https://doi.org/10.1080/13683500.2019.1633282
https://doi.org/10.1016/j.jort.2018.02.001
https://doi.org/10.1111/1758-5899.12950
https://doi.org/10.1016/j.biocon.2021.109124
https://doi.org/10.3200/ENVT.50.4.8-21
https://doi.org/10.1016/j.marpol.2021.104614
https://doi.org/10.1016/j.marpol.2021.104614
https://doi.org/10.1016/j.ecoser.2021.101299
https://doi.org/10.1016/j.biocon.2018.05.005
https://doi.org/10.1016/j.biocon.2018.05.005
https://doi.org/10.1016/j.annals.2013.12.002
https://doi.org/10.1111/oik.06146
https://doi.org/10.1016/j.biocon.2014.11.003
https://doi.org/10.1016/j.biocon.2014.11.003
https://doi.org/10.3389/fenvs.2023.1229283
https://doi.org/10.1016/j.tourman.2007.07.016
https://doi.org/10.1016/j.jdmm.2018.12.001
https://doi.org/10.1093/icesjms/fsae163
https://doi.org/10.1093/icesjms/fsae163
https://doi.org/10.1016/j.jenvman.2020.111425
https://doi.org/10.1016/j.jenvman.2020.111425


Journal of Sustainable Tourism 21

Tejedo, P., Benayas, J., Cajiao, D., Leung, Y.-F., De Filippo, D., & Liggett, D. (2022). What are the real environmental 
impacts of Antarctic tourism? Unveiling their importance through a comprehensive meta-analysis. Journal of 
Environmental Management, 308, 114634. https://doi.org/10.1016/j.jenvman.2022.114634

Thaler, R. H., & Sunstein, C. R. (2009). Nudge: Improving decisions about health, wealth, and happiness. Penguin.
Tin, T.,Lamers, M., Liggett, D., Maher, P.T., Hughes, K.A. (2014). Setting the scene: Human activities, environmental 

impacts and governance arrangements in Antarctica. In: Tin, T., Liggett, D., Maher, P., Lamers, M. (eds). Antarctic 
Futures: Human Engagement with the Antarctic Environment, 1–24. Springer, Dordrecht. https://doi.
org/10.1007/978-94-007-6582-5_1

Verbitsky, J. (2015). South Africa, Antarctica, and the ATS: An unrealized foreign policy leadership opportunity. 
Politikon, 42(2), 195–218. https://doi.org/10.1080/02589346.2015.1041670

Verbitsky, J. (2018). Ecosystem services and Antarctica: The time has come? Ecosystem Services, 29, 381–394. https://
doi.org/10.1016/j.ecoser.2017.10.015

Vila, M., Costa, G., Angulo-Preckler, C., Sarda, R., & Avila, C. (2016). Contrasting views on Antarctic tourism: ‘last 
chance tourism’ or ‘ambassadorship’ in the last of the wild. Journal of Cleaner Production, 111, 451–460. https://
doi.org/10.1016/j.jclepro.2014.12.061

Weitzman, M. L. (1974). Prices vs quantities. The Review of Economic Studies, 41(4), 477–491. https://doi.
org/10.2307/2296698

Weitzman, M. L. (1977). Is the price system or rationing more effective in getting a commodity to those who 
need it most? Bell Journal of Economics, 8(2), 517–524. https://doi.org/10.2307/3003300

Willsteed, E. A., New, L., Ansong, J. O., Hin, V., Searle, K. R., & Cook, A. S. C. P. (2023). Advances in cumulative 
effects assessment and application in marine and coastal management. Cambridge Prisms: Coastal Futures, 1, 
e18. https://doi.org/10.1017/cft.2023.6

Woehler, E. J., Ainley, D., & Jabour, J. (2014). Human impacts to Antarctic wildlife: Predictions and speculations 
for 2060. In: Tin, T., Liggett, D., Maher, P., Lamers, M. (eds). Antarctic Futures: Human Engagement with the Antarctic 
Environment, 27–60. Springer, Dordrecht. https://doi.org/10.1007/978-94-007-6582-5_2

Wong, C. (2024). Bird-flu threat disrupts Antarctic penguin studies. Nature. Published online March 15, 2024. 
https://doi.org/10.1038/d41586-024-00807-0

World Economic Forum. (2023). How Bhutan aims to balance economy and environment through tourism. https://
www.weforum.org/stories/2023/09/bhutan-sustainable-tourist-destination/#:~:text=Bhutan%2C%20a%20tiny%20
Himalayan%20kingdom,become%20carbon%20neutral%20by%202025

WTO. (2005). Making tourism more sustainable: A guide for policy makers. United Nations Environment Programme, 
Division of Technology, Industry and Economics.

Zu Ermgassen, S. O., Maron, M., Corlet Walker, C. M., Gordon, A., Simmonds, J. S., Strange, N., Robertson, M., & 
Bull, J. W. (2020). The hidden biodiversity risks of increasing flexibility in biodiversity offset trades. Biological 
Conservation, 252, 108861. https://doi.org/10.1016/j.biocon.2020.108861

https://doi.org/10.1016/j.jenvman.2022.114634
https://doi.org/10.1007/978-94-007-6582-5_1
https://doi.org/10.1007/978-94-007-6582-5_1
https://doi.org/10.1080/02589346.2015.1041670
https://doi.org/10.1016/j.ecoser.2017.10.015
https://doi.org/10.1016/j.ecoser.2017.10.015
https://doi.org/10.1016/j.jclepro.2014.12.061
https://doi.org/10.1016/j.jclepro.2014.12.061
https://doi.org/10.2307/2296698
https://doi.org/10.2307/2296698
https://doi.org/10.2307/3003300
https://doi.org/10.1017/cft.2023.6
https://doi.org/10.1007/978-94-007-6582-5_2
https://doi.org/10.1038/d41586-024-00807-0
https://www.weforum.org/stories/2023/09/bhutan-sustainable-tourist-destination/#::text=Bhutan%2C%20a%20tiny%20Himalayan%20kingdom,become%20carbon%20neutral%20by%202025
https://www.weforum.org/stories/2023/09/bhutan-sustainable-tourist-destination/#::text=Bhutan%2C%20a%20tiny%20Himalayan%20kingdom,become%20carbon%20neutral%20by%202025
https://www.weforum.org/stories/2023/09/bhutan-sustainable-tourist-destination/#::text=Bhutan%2C%20a%20tiny%20Himalayan%20kingdom,become%20carbon%20neutral%20by%202025
https://doi.org/10.1016/j.biocon.2020.108861

	Managing tourism in Antarctica: impacts, forecasts, and suitable economic instruments
	ABSTRACT
	Introduction
	Background
	Tourism and tourism impacts in the Antarctic region
	Current tourism governance

	Methods
	Mapping tourist visitation
	Forecast of tourism growth
	Categorising economic instruments

	Results
	Tourist visitation
	Forecast of tourism growth
	Assessment of economic instruments for Antarctica
	Price-based instruments
	Quantity-based instruments
	Market-friction tools


	Discussion
	Distribution of tourists
	Forecasts
	Economic instruments to support Antarctic tourism management

	Conclusions
	Author contributions
	Disclosure statement
	Funding
	References


