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Glacier tourism, a multimillion-dollar industry in New Zealand,

is potentially under threat by ongoing glacial retreat. Surface

morphology changes associated with retreat and thinning

result in increasingly difficult access for guided walks on

the Franz Josef Glacier, but simultaneously, an enlarging

proglacial lake is increasing tourism opportunities at Tasman

Glacier. Steepening ice slopes, increased debris cover, and

an increase in the rockfall hazard are just some of the

challenges glacier tourism operators face as glaciers around

the world retreat. To date in New Zealand, glacier tourism has

kept pace with ongoing glaciological change, often by

increasing mechanized access. Focusing scientific research

on short-term process studies—for example, determining

thinning rates and assessing hazards—will help tour

operators and policy-makers make decisions about future

glacier utilization and accessibility.
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Introduction

Glaciers are well-recognized indicators of changing
climate (eg Solomon et al 2007; WGMS 2011), and,
although glaciers in general have been retreating since
the end of the Little Ice Age, from the mid-1980s glaciers
worldwide have undergone ‘‘drastic’’ retreat (WGMS 2008:
24). Reference glaciers from 10 different mountain ranges
around the world are recording increased melt rates and
cumulative loss in ice thickness and length (WGMS 2011).
Currently, a major focus of glaciological research is trying
to determine the impact that shrinking ice will have on
global sea levels (eg Pfeffer et al 2008; Hock et al 2009;
Rohling et al 2009; Pritchard et al 2012) and future water
resources (eg Nolin et al 2010; Bury et al 2011; Baraer et al
2012; Beniston 2012). In many countries, glaciers are also
intimately linked to the tourism industry, yet to date, only
a few studies have explored the potential impact that
glacier recession will have on this often important
economic earner (eg Wang et al 2010; Ritter et al 2012);
this research focuses mainly on the ski industry (eg Bürki
et al 2005; Fischer et al 2011; Hendrikx et al 2012) and
potential changes to visitor numbers and experiences (eg
Scott et al 2007).

New Zealand has over 3100 glaciers (Chinn 1999), and
although fewer than 1% of these glaciers are utilized
for tourism operations, 3 are intensively utilized: the
Tasman, Fox, and Franz Josef Glaciers (Figure 1).
Glacier-related tourism in New Zealand dates back to the
late 1880s. With the establishment of the Hermitage
Hotel at Aoraki/Mount Cook, visitors began going for
guided glacier walks on the then very accessible Tasman
Glacier (Figure 2), and guiding services were first
advertised in a local newspaper in February 1884 (Pearce

1980; Tourism New Zealand 2001; Langton 2011).
Initially, guiding operations on the western glaciers were
less formal. Peter Graham (who would later become lead
guide at Mount Cook) started exploring the broken ice
of the Franz Josef Glacier with his brother Alex, cutting
steps with a prospecting (miner’s) pick around 1902.
These personal excursions evolved into taking visitors
onto the glacier, initially free of charge because ‘‘it was
such a pleasure to do so’’ (Graham 1965: 53). It was not
until 1929 that commercial glacier guiding began on Fox
Glacier when then hotel owner Mick Sullivan set up
operations to provide some competition to guiding at
Franz Josef (New Zealand Mountain Guides Association
2012).

Today tourism is big business in New Zealand. For the
year ending March 2012, total tourism expenditure was
NZD 23.4 billion (US$ 18.8 billion), and the tourism
industry employed 100,000 people (Statistics New
Zealand 2012). In terms of export earnings, international
tourism is surpassed only by the dairy industry, bringing
in NZD 9.6 billion (US$ 7.7 billion) in revenue, and since
the turn of the century, total expenditure in tourism
has risen by 60% (Statistics New Zealand 2012). The
spectacular alpine scenery around the Southern Alps
draws tourists to the South Island’s West Coast and
McKenzie Country. New Zealand glaciers are reported to
have high tourist appeal due to their accessibility and
natural beauty, and they convey a sense of adventure
(Hay and Elliot 2008). Tourists can not only view but also
walk on glaciers.

Of the 2.5 million annual visitors to New Zealand,
around 700,000 travel to the glacier region on the West
Coast, termed Glacier Country by Development West
Coast, and it is estimated that direct economic
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contributions from this glacier-related tourism exceeds
NZD 100 million (US$ 81 million) per year (Tourism
Resource Consultants 2007). The Fox and Franz Josef
Glaciers are central to the ongoing success and

development of the west coast region. Likewise, on the
eastern side of the Southern Alps in Aoraki/Mount Cook
National Park, glacier-related tourism is booming, with a
number of companies selling glacier-reliant products.

FIGURE 1 Location map of the Fox, Franz Josef, and Tasman Glaciers in relation to the Southern Alps and the South Island of New
Zealand (insert). (Map by author)
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This article investigates the impact of climate-driven
glacial retreat on glacier-related tourism in New Zealand.
It identifies recent glaciological change and considers
how such change impacts glacier tourism. It explores past

and potential future adaptations in consideration of the
sustainability of the glacier-tourism industry. Finally, it
calls for glaciological research to focus on short-term
process studies, which could assist in future glacier-

FIGURE 2 Glacier tourism in New Zealand. (A) Guided walk on Tasman Glacier overlooking the Hochstetter icefall ,1920s (photo courtesy of Railways Collection, G-
3837-1/1, Alexander Turnbull Library, Wellington, New Zealand); (B) Fox Glacier Guides conducting a day walk on Fox Glacier (photo courtesy of Fox Glacier Guides);
(C) Glacier Explorers boat tour on Tasman Glacier Lake (photo courtesy of Glacier Explorers).
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tourism management. Although the discussion focuses
on New Zealand, it is situated within the broader
international experience.

Recent glaciological change

Glaciological investigations on the Tasman, Fox, and
Franz Josef Glaciers date back to the late 1800s (Haast
1864; Brodrick 1891; Douglas 1894; Wilson 1896); over the
years, monitoring has been sporadic. Since those initial
surveys, Tasman Glacier, New Zealand’s largest, has been
undergoing retreat. Initially, retreat was dominated
by surface thinning (down-wasting), but after the
development of a proglacial lake in 1990, retreat became
more rapid because of a combination of down-wasting
and calving (Kirkbride 1993; Kirkbride and Warren 1999;
Röhl 2006; Dykes et al 2010). Analysis of Landsat satellite
images reveals that the Tasman Lake has increased in area
from ,1.65 km2 in 1990 to ,6.73 km2 in 2011, equating to
a rate of increase of 0.24 km2 per year (Figure 3). The rate
of lake expansion has varied temporally, with a turning
point identified by Dykes et al (2011) around 2006, when
retreat rates increased, due in part to increasing lake
depth and buoyancy-driven calving.

Unlike the continual retreat recorded at Tasman
Glacier, the Fox and Franz Josef Glaciers have undergone
a number of retreat/advance phases, with the most recent
advance culminating in 2008 (Anderson et al 2008; Purdie
et al 2008, 2013). During these cycles, the terminus
position of the glaciers can vary by as much as 1 km
(Figure 4).

As glaciers advance and retreat, there is also a change
in ice volume, which can have a profound effect on
surface morphology. The surface morphology of a glacier
is influenced by the stress regime of the ice, which is in
part determined by the underlying bed topography

(Paterson 1994). As a glacier thins, underlying
structures—for example, a rock step or protuberance—
will result in slope steepening, which in turn increases
tensile stress and crevassing. Geophysical studies of New
Zealand glaciers are few (eg Watson 1995), so little is
known about underlying structures on these high-use
glaciers. However, observing surface morphology changes
between advance/retreat phases can provide an indication
of what lies below. On the lower tongue of the Fox
Glacier, crevassing increases during advance, when the
terminus is steep and glacier velocity increases. During
retreat phases the surface mellows, indicating that at least
under the lower tongue, the underlying bed topography

FIGURE 3 Growth and dynamics of the Tasman Glacier Lake. (A) 1990 (satellite images from Landsat 4); (B) 2011 (satellite images from Landsat 5; Landsat images
are available from the United States Geological Survey at http://earthexplorer.usgs.gov/); (C) icebergs in the lake after an exceptional calving event in December
2008; the Murchison River (seen entering the lake photo right) used to flow parallel to the moraine wall, but broke through into the lake after flooding and a landslide
in January 1994; the input of relatively warm water changed lake dynamics and increased down-cutting at the outlet (Röhl 2005; Wakelin 2012). (Photo by
Julian Thomson)

FIGURE 4 Length changes at Fox and Franz Josef Glaciers, 1950 to present.
Both glaciers are currently rapidly retreating toward their previous minimum
extents. (Unpublished Franz Josef Glacier data supplied by Brian Anderson, Ian
Owens, and Trevor Chinn; Fox Glacier data supplied by Heather Purdie and
Trevor Chinn)
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appears relatively smooth. However, there is a noticeable
elevation step in the glacier tongue associated with the
lower icefall (Figure 5). During retreat, the ice slopes in
this region steepen as the glacier thins.

Also during retreat, the overall decrease in surface
elevation of the glacier tongue results in increased melt
rates due to increased temperatures at lower elevation.
Enhanced melting accelerates the delivery of englacial
debris to the surface, and the ongoing thinning exposes
moraine walls; combined, these trends result in an
increase in surface debris (Kirkbride 2002). This increased
surface debris is not evacuated as quickly because of the
lower velocity. The thicker debris coating in turn reduces
melt rates (Nakawo and Young 1981), resulting in
differing surface elevation between the ‘‘clean’’ and
debris-covered ice. All these changes can be observed by
comparing photographs of the lower Fox and Franz Josef
Glaciers between advance and retreat phases (Figure 5).
Such changes can potentially reduce the aesthetic
properties of the glaciers.

Glacier-related tourism in New Zealand

Today around 300,000 people visit the Franz Josef Glacier
annually; in 2005, when the glacier was advancing, visitor
numbers reached ,346,000. The busiest months are
December through March, when on average 36,000
people visit the glacier each month (Department of
Conservation 2012a). One of the most popular glacier-
related tourism activities is guided glacier walks. The
geometry of the Fox and Franz Josef Glaciers means that
their ice tongues descend into very accessible low-
elevation valleys. Commercial operators at both Fox and
Franz Josef Glaciers offer a variety of products, including
terminus walks, half- and full-day walks, helicopter-
assisted walks (heli-hikes), and ice climbing (Figure 2).
This range of products caters to tourists with a variety
of budgets, fitness levels, and time commitments;
importantly, it can be undertaken without previous
experience in technical alpine terrain. In addition to
providing the thrill of walking on the ice, interpretation

FIGURE 5 Changes in length, volume, and surface morphology at the Fox and Franz Josef Glaciers between an advance phase in 2008 and a retreat phase in 2012.
During retreat, the glaciers thin, debris cover increases, and crevassing generally decreases, but slope angles tend to increase—for example, in the icefall region on
the true right side of Fox Glacier (left side of Fox 2012 photo). (Fox Glacier photos by Heather Purdie; Franz Josef Glacier photos by Blair Campbell)
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provided during guided trips educates participants about
glacier dynamics and how rapid changes can occur.

In Aoraki/Mount Cook National Park, the dominance
of down-wasting retreat on the large debris-covered
glaciers (Chinn et al 2012) has destabilized moraine walls
(Blair 1994), making access to the glacier surface
increasingly difficult and dangerous. By 1956 the
traditional guided glacier walks (Figure 2A) were
abandoned (Bowie 1969). However, the development of
proglacial lakes at the termini of these debris-covered
glaciers provided new opportunities for glacier tourism—
in particular, the development of the Glacier Explorers
boat tours on Tasman Glacier Lake in the summer of
1992–1993 (Wakelin 2012). These trips give tourists the
opportunity to view the impressive terminal face of the
Tasman Glacier and get close to large icebergs that have
calved off the glacier into the lake (Figure 2). Originally a
small family business, Glacier Explorers is now a major
attraction to visitors, but unlike the year-round
operations on the west coast glaciers, its boat trips cease
during winter when the lake freezes over.

In addition to boat and sea kayak trips on the
proglacial lake, Tasman Glacier supports ski-plane
landings, heli-skiing, alpine climbing courses, and vehicle/
walking tours to view the glacier. Although the Tasman
Glacier is the main venue for glacier tourism in Aoraki/
Mount Cook National Park, the adjacent Hooker Glacier
is popular for guided and self-guided walkers, and the
smaller proglacial lake of Mueller Glacier also hosts kayak
tours.

In addition to commercial activities, many people
choose to visit and view the glaciers independently
(Wilson 2012). These visitors also make important
economic contributions to local communities by paying
for accommodations and other goods and services
(Tourism Resource Consultants 2007). The Department of
Conservation maintains public-access tracks and regularly
modifies glacier-viewing points based on current
terminus position and safety considerations; in doing so,
it helps to look after the experience of the independent
visitor.

Glacial recession and glacier tourism

Glacial recession in the early 1980s saw Fox and Franz
Josef Glaciers at their smallest recorded extent (Figure 4).
This recession spawned the development of heli-hikes.
The lower tongue of the Franz Josef Glacier is very steep.
As the glacier thins and shortens, it retracts into a region
of complex bed topography, and the lower ice slopes,
commonly used for guided walks, become increasingly
difficult and dangerous for inexperienced walkers. Air
access enables walkers to be flown up to regions of the
glacier that are less steep and broken. Current (2012)
rapid retreat has meant that yet again the terminus area
of Franz Josef Glacier has become treacherous for guided

walks. This presents a significant challenge for the local
guiding company, Franz Josef Glacier Guides (Buckland
2012). Heli-hikes are more expensive, so they attract
fewer customers, and restricted guiding terrain could
potentially lead to crowding issues. To adapt to this, Franz
Josef Glacier Guides launched a new product, a heli-hike
that lands lower on the glacier, avoiding problems
associated with walking access up the unstable terminal
face. This trip has a shorter flight time and is therefore
less expensive than their normal 3-hour heli-hike, but still
more expensive than previous foot-access tours. In
addition, it required negotiation with the Department of
Conservation for an extension to the existing landing
permit in order to land helicopters at lower elevations on
the glacier. Both excitement and safety are emphasized in
the marketing of this new tour (Franz Josef Glacier Guides
2012).

In contrast, for the Fox Glacier (left side of Figure 5),
because of morphological differences between the Fox
and Franz Josef glacier valleys, recession tends to ease
access. When the glacier is advanced, the increased ice
volume and crevassing force guided groups to climb high
on tracks through forest on the northern side of the valley
to safely access the ice. As the glacier shrinks, access can
swiftly be gained from the valley floor by traversing
moraine exposed between the valley side and the glacier,
resulting in a quicker, less strenuous walk for tourists. In
addition, the mellowing of the ice surface means that Fox
Glacier Guides can safely take groups further up the
glacier, so although the glacier tongue is shorter, more of
it is passable (Bron 2012). The flip side to increasingly
mellow terrain is that there is less topography to hide
groups from one another. To avoid clients’ feeling
crowded, guides need to adapt by creatively utilizing
smaller surface features and moving into more technical
terrain at glacier margins, all of which requires them to
have a higher level of skill and experience (Bron 2012).

Unlike at Fox and Franz Josef Glaciers, where tourism
operators are faced with a generally shrinking resource,
the expanding Tasman proglacial lake is increasing
tourism opportunities. Kylie Wakelin, cofounder of
Glacier Explorers, said, ‘‘As the lake grew so did public
interest . . . the calvings got larger and created more
publicity’’ (Wakelin 2012). With the ongoing increase in
lake size, the new owners of Glacier Explorers (Aoraki
Mount Cook Alpine Village Ltd) have moved to larger,
faster boats, to ensure that tourists still get close to the
glacier terminus during a 3-hour tour. Their operational
season has also increased, because of delays in winter
freezing of the larger lake; the lake now remains frozen
for only a few weeks each year, usually late June to early
August. Increasingly large calving events, coupled with
more aggressive marketing (eg Daly 2012), have seen
visitor numbers on the Glacier Explorers boat trip
increase by ,730%, and visitor numbers exceeded 25,000
in the 2011–2012 season (Knights 2012).
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Hazards and glacier tourism

Not only can glacier access be a challenge during
recession, but certain hazards also increase. Of particular
importance at valley glaciers is the increased risk of
rockfall. Erosional processes at the ice–valley interface
result in oversteepening of valley walls (Bennett and
Glasser 2009). Debuttressing of these slopes when the ice
retreats makes glacially eroded valleys prone to rockfall
(Ballantyne 2002). The threat of rockfall increases after
heavy rainfall (Purdie et al 2008), and at higher elevations,
melting ice and permafrost are also increasing the
frequency of rockfall in many mountain regions,
including the New Zealand Southern Alps (eg Allen et al
2009, 2011), the Swiss Alps (eg Bürki et al 2005), and the
Austrian Alps (eg Ritter et al 2012). In addition, rocks
previously caught in gullies between the glacier and valley
wall can, as a glacier thins, cascade out onto the ice,
further reducing safe guiding corridors (Nolan 2011;
Buckland 2012).

Iceberg calving into proglacial lakes at shrinking
glacier termini has become a significant tourist attraction.
At Miage Glacier Lake in Italy, tourist numbers peak in
summer during the early afternoons when calving activity
peaks (Smiraglia et al 2008). Tourists crowd the lake shore
and try and get as close as possible to the calving face,
putting themselves at risk from waves triggered by large
calving events (Smiraglia et al 2008). Tourist accounts
from Alaska and Greenland report close calls when large
waves initiated by calving events destabilize tour boats (eg
Downey and Klint 2011; Peddie 2012). The hazards of
operating vessels in iceberg-infested waters have been
well illustrated by a number of high-profile incidents in
the Antarctic region (Jaincill 2009). At Tasman Glacier,
prolific iceberg calving, when coupled with down-valley
winds, can result in icebergs physically blocking the boat
jetty. Trips have to be postponed until winds from the
opposite quarter move the icebergs back up the lake
(Wakelin 2012).

In society today, there appear to be increased
expectations of safety, diminished tolerance of risk, and
yet an increased desire by tourists to experience
controlled risk or thrills (eg Espiner 2001; Carter 2006). At
Fox and Franz Josef Glaciers, the rockfall hazard is
actively managed in the glacial valleys by the guiding
companies and by the Department of Conservation. This
management includes ground and aerial surveys to
identify and map areas that are prone to rockfall; using
this information, the guiding companies can then plan
routes that minimize client exposure (Bron 2012;
Buckland 2012). Carter (2006) highlights how tourist
operators need to undertake a balancing act, managing
risk while maintaining the thrill. As glaciers continue to
retreat, this balancing act between safe access and client
satisfaction will be a constant challenge.

The future of glacier-related tourism

Estimated changes to glacier volume from projected
climate warming vary greatly around the world. A recent
modeling study found that in terms of percentage loss of
volume, greatest loss is likely to be experienced in New
Zealand (72%) and the European Alps (75%), even though
the contribution from glaciers in these regions to sea level
rise would be relatively small (Radic and Hock 2011). The
Intergovernmental Panel on Climate Change noted that
predicted glacier shrinkage and retreat would reduce
visitor numbers in tourism-dependent towns like Fox
Glacier and Franz Josef/Waiau (Hennessy et al 2007).

However, despite the challenges of maintaining
glacier-related tourism, as glaciers worldwide retreat, the
interest in glacier tourism is increasing. At Jostedalsbreen
in Norway, information and discussion about climate
change is seen as a catalyst for increasing visitor numbers
(Aall and Høyer 2005). This response to glacier retreat
can be understood in terms of last-chance tourism, a
phenomenon defined in part as ‘‘tourists explicitly
seeking vanishing landscapes’’ (Lemelin et al 2010: 478).
Increasingly, tourists appear drawn to locations where
particular landscapes, species, or social heritages are
disappearing (eg Lemelin et al 2012). Indeed, such
motivations may be contributing to increasing visitor
numbers on the Tasman Glacier boat tours.

However, such a response to glacial retreat will put
increased pressure on the few remaining accessible
glaciers (Hay and Elliot 2008). At Baishui Glacier No. 1 in
China, there are calls to restrict glacier access to keep the
diminishing resource as pristine as possible, and to
develop other tourism opportunities like telescope tours
and a glacier museum (Wang et al 2010). Conversely,
increasing infrastructure to maintain glacier access—for
example, extending roads up valleys as glacier termini
retreat—has already occurred at Athabasca Glacier,
Canada (Luckman and Kavanagh 2000), and such
adaptation measures are currently under debate in New
Zealand.

As Fox and Franz Josef Glaciers retreat, the
Department of Conservation (2012b) is reviewing its
management plan that governs activities on and around
the west coast glaciers, seeking feedback on issues like
increasing aircraft access, extending road access, and
increasing the number of people on guided walks. A
proposal to construct new private roads for the use of
tour operators has sparked an outcry from recreational
and environmental groups (eg Federated Mountain Clubs
of New Zealand 2012; Mussen 2013). Interestingly, a survey
on the impacts of climate change on tourism in the
Canadian Rocky Mountains found that although tourist
numbers are expected to increase with warmer
temperatures extending the summer tourist season, they
are then expected to diminish as natural assets like glaciers
diminish (Scott et al 2007). In addition, perceptions of
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crowding at the few remaining glaciers could cause tourists
to go elsewhere (eg Kearsley and Coughlan 1999; Hall
2006).

While adaptation measures addressing glacier retreat
and tourism are gaining momentum, internationally, the
ski industry has already been proactive (eg Bürki et al
2005; Price 2010; Fischer et al 2011). This is not
surprising given the economic value of the industry; in
New Zealand, skier days can exceed 1.4 million per year
(Price 2010). It has even been postulated that climate
change may positively impact the New Zealand ski
industry, as skiing options diminish in neighboring
Australia (Craig-Smith and Ruhanen 2005; Carroll 2010).
Climate change adaptation in the ski industry focuses
strongly on snowmaking technology and the
development of higher-elevation terrain (Scott et al
2003; Bürki et al 2005; Hendrikx and Hreinsson 2012).
Although advances in snowmaking technology will help
offset reductions in winter snow cover, such
interventions come at a cost in both monetary and
environmental terms (Steiger and Mayer 2008; Pickering
and Buckley 2010).

More extreme adaptation measures have been trialed
in the Austrian Alps, where textile covers have been
applied to the snow surface, reducing summer melting by
up to 60% (Olefs and Fischer 2008; Olefs and Lehning
2010). Deteriorating glacier access, which threatens the
summer ski industry at Vedretta Piana in the Italian Alps,
has prompted the removal of snow from the accumulation
area of the glacier to be used to fill crevasses and make
trails in the ablation area (Smiraglia et al 2008). These last
two examples clearly disrupt natural glacier mass balance
processes, and in the case of Vedretta Piana, the
transported snow will likely melt in the ablation area,
further reducing mass balance on a glacier already in
retreat.

Clearly, in order to make sound decisions about the
future of glacier tourism, there needs to be more
collaboration between the scientific community and
those involved with the management and delivery of
glacier tourism. Inherent glacier–climate relationships
mean that glacier length can be modeled based on future
estimates of temperature and precipitation under
various warming scenarios (Anderson et al 2008).
However, because of large interannual climate variability
and a lag between climate change and glacier response
(Johannesson et al 1989), studies of this nature usually
consider change on multidecadal timescales, for
example, estimated sea level rise. Yet tour operators and
those responsible for policy and management of tourism
ideally want to know where a glacier terminus will be in
1–5 years, how access may change, and how hazards and
risks may change.

This current mismatch between science and industry
could in part be addressed by focusing on short-term
process studies—for example, geophysical surveys to

determine bed topography and possible surface
morphology changes, calculations of thinning/retreat
rates from field measurement and remote sensing,
analysis of feedbacks associated with surface melting and
increased debris cover (eg Brook and Winkler 2013;
Purdie et al 2013), and, perhaps most pressingly, hazard
analysis. Studies such as these will improve our
understanding of how glaciers retreat, providing
estimation of where a terminus might be, what the glacier
surface may be like, and how safely the glacier can be
accessed.

The termini of the Fox and Franz Josef Glaciers are
drawing increasingly close to their previous minimum,
which, coupled with observed thinning, indicates that
retreat will continue into the near future. Adaptation to
changes associated with retreat, like steepening ice slopes
and increased rockfall, includes the increased use of
helicopters to access flatter parts of the glacier, and
shortening glacier length can be compensated by
extending access roads up valleys. But such solutions
come at a cost, not only in monetary terms, but also in
terms of increased environmental disturbance, and
negotiation to establish acceptable degrees of adaptation
will be ongoing.

Despite dramatic changes in glacier length and
thickness, glacier tourism has been maintained in New
Zealand. The introduction of boat tours instead of
walking tours on Tasman Glacier means that a century on,
tourists can still visit the glacier. Likewise, mechanized
access will ensure tourism on the Fox and Franz Josef
Glaciers. If tourist demand increases with trends like last-
chance tourism, this could be managed through policy
changes and price adjustment. However, it is likely that
the greatest impact will be felt by self-guided tourists,
with access and viewing points becoming increasingly
unsatisfactory as glaciers retreat into steeper, more
inaccessible terrain. Scientists, policy makers, and tour
operators need to work together, sharing knowledge,
ideas, and experience, to find a balance between
utilization, safety, and conservation.

Conclusion

Glacier-related tourism, an important part of the New
Zealand economy, is experiencing increasing challenge
from ongoing glacial retreat. However, while some glacial
resources are shrinking, others are increasing. As glaciers
worldwide retreat beyond previous minima, tourism
operators and tourists will need to adapt. Utilizing
expanding proglacial lakes and helicopter access are
options that tourism providers have already embraced in
order to maintain glacier access. Scientists can assist
adaptation by focusing glaciological research on shorter
temporal scales and contributing knowledge to the
development and review of environmental policy.
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