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Impacts of increased tourism on polar environment — case
studies from Svalbard and Iceland
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Abstract

The increasing number of visitors in polar regions and demand for outdoor extreme ac-
tivities create a pressure on local fragile ecosystems. Two examples of mechanical dis-
turbances of the glacier forefields are presented in this study to demonstrate the impacts
of different frequencies of visits on the local environment. Foxfonna study site expe-
rience only minor disturbances in comparison with the Langjokull study site on Iceland.
This is due to the number of tourists visiting the two localities and also the means of
transportation used for reaching the ice caps. It is likely that with still ongoing increase
of number of tourists coming to these localities, the anthropogenic pressure will continue
to grow. The combination of human pressure and ongoing climate change can have irre-
versible effects on sensitive local environment especially in places easily accessible for
tourists.
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Introduction

During the last decades, polar regions
experienced high increase of visitors and
related tourism activities. The quest for ex-
ploring the polar wilderness pushes the
tourist agencies to go further in offering
diverse outdoor activities and continue to
explore new territories. These activities are
necessary to meet the tourists” demands.
With increasing number of arriving tour-
ists and rise in the offer of local tourist

agencies, negative impacts on local environ-
ment start to occur (e.g. Tverijonaite et al.
2018, Runge et al. 2020). The human pres-
sure together with the effects of climate
change can have significant impacts on an-
imal species, vegetation and the landscape
as a whole. For the moment, most of the
studies dealing with tourism in the Arctic
take into account the possible effect of cli-
mate change on tourism (e.g. Hewer and
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Gough 2018, Wang and Zhou 2019, Schrot
et al. 2019). Less studied is the opposite,
i.e. the effect of tourism on local environ-
ment which, however, often amplifies the
negative effect of climate change. Some
examples are represented in e.g. Wang et
al. (2019) or Czortek et al. (2018). One of
the recent impacts on local environment is
certainly the use of off-road or all-terrain
vehicles for access to the distant localities
(Hinkel et al. 2017). The importance of
transportation and its effect on reshaping
the local surface was identified long time
ago (e.g. Abele et al. 1984). In the 80ies,
only local inhabitants and local industrial
companies were moving around the settle-
ments. This has, however, changed in the
last decade and tourism related transporta-
tion became the leading sector using off-
road vehicles.

The number of tourists has been con-
stantly increasing in Svalbard. This trend is
well illustrated on the Fig. 1A, where num-
ber of incoming passengers to the Long-
yearbyen airport is plotted. The number al-
most doubled in last decade from 53 000
in 2009 to 90 000 in 2018 ([1]-SSB 2019).
The same trend is obvious from the num-
ber of guests’ nights in local hotels, where
increase from less than 50 000 in late 90ies
to more than 150 000 in 2015 is apparent
(Eeg-Henriksen and Sjemaling 2016).

Similar trend could be observed in case

Study sites

Two study sites of glacier forefields
were investigated during July and August
2019. Their positions are marked in Fig. 2.
Svalbard is located in High Arctic envi-
ronment with rather low precipitation and
long-term average temperatures in nearby
Adventdalen reaching approximately -7°C
(Nordli et al. 2014). On the other hand,
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of Iceland (Fig. 1B, C), where detailed sta-
tistics on arriving foreign passengers to
Keflavik airport is available since 50ies.
The increasing number of arriving tourists
is even more pronounced in comparison to
Svalbard. In 2009 the number of incoming
foreign passengers was 494 000 whereas
in 2018 the number has increased up to
2 344 000. Such enormous increase in num-
ber of tourists was accompanied by conse-
quent increase in tourist activities, travel
agencies offers and increase in accom-
modation capacities. The importance of in-
creasing tourism on the state of the local
environment was obviously recognized in
Iceland as well, Olafsdéttir and Runnstrom
(2013) examined the state of hiking trails
and its impact on enhanced erosion in Ice-
landic highlands for example. The climatic
conditions of Iceland, especially strong
winds and precipitation lead to intensive
wind and water erosion (Arnalds et al.
2012), that might enhance the negative ef-
fects of increased tourism.

The objective of the study is to describe
the physical damage on local environment
in means of terrain alterations caused by
heavy transportation directlyrelated to tour-
ism activities. Such damage is described
with use of UAV photography and pub-
licly available aerial photos together with
direct land-based observation.

Iceland can be considered as subarctic en-
vironment with higher temperatures and
especially higher precipitation. However,
both localities are rather similar with re-
spect to their landscape context. Both are
located in the vicinity of the ice caps, both
localities are experiencing rather important
glacier retreat in last decades.
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Fig. 1. Number of incoming passengers to Svalbard (A, ([1] - SSB 2019) and number of arriving
foreign passengers to Keflavik airport (Iceland) (B) for 2009-2018 with a long-term trend for
Iceland 1949-2018 (C, Asgeirsdottir and Karlsson 2016).

Foxfonna, Svalbard

The study site is located about 2 km in
front of Foxfonna, one of the most easily
accessible ice caps on Svalbard, not far
away from the archipelagos” capital, Long-
yearbyen. The site is frequently visited by
organised groups of tourists, usually with
use of off-road vehicles to reach the ice
cap summit. Even though the Governor of
Svalbard office is rather strict regarding the
environmental protection, substantial dam-
age of ground surface is visible. The study
site itself is located in the northern fore-
field about 2 km off the ice cap edge on
therelatively flat plateau where ice wedged
polygonsare very well developed. The Fox-

fonna site represents a remote locality ac-
cessible only for few visitors especially
because of the need to walk for relatively
long distance and be in a good physical
shape. The local tourist agencies advertise
the summer guided trip as moderate to dif-
ficult with necessity to walk approximate-
ly 11 km in rugged terrain and limit the
minimum age of 12 years to attend the trip.
The winter trips are however more acces-
sible due to the use of snowmobiles, all-
terrain vehicles or dog sledges. It is there-
fore especially the winter activities caus-
ing the terrain alterations.
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Fig. 2. Locations of the two study sites with close-up of Foxfonna site in Svalbard (A) and
Langjokull in Iceland (B).
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Langjokull, Iceland

Langjokull is the second largest Iceland-
ic ice cap (953 km?®) located not far from
the capital, Reykjavik. This position makes
it a perfect touristic spot. Number of tour-
ists reaching Langjokull is much higher in
comparison to Foxfonna study site in Sval-
bard. The Foxfonna site is visited by maxi-
mum of tens persons per day, whereas
Langokull can be reached by hundreds or
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even thousands per day. This corresponds
also to the infrastructure which has been
recently developed. On contrary to still rath-
er untouched environment of Foxfonna,
Langjokull is easily accessible by car. Or-
ganised groups are then transported on the
edge of the ice cap with off road buses and
further on the ice cap summit with snow
scooters (Fig. 3).

Fig. 3. Transportation means used for moving to the Langjokull glacier and on its surface.

Material and Methods

Unmanned aerial vehicle (UAV) was used
for mapping of the Foxfonna study site.
The Yuneec MantisQ drone has recorded
30 minutes 4k video from which 76 select-
ed photographs were used. Structure from
Motion (SfM) technique was used for con-
structing orthophoto and digital elevation
model (DEM). Orthophoto and DEM was
processed in Photoscan Agisoft software. 4
reference points were recorded in the field

with Trimble dGPS device for the period
of 120 seconds for each point. Horizontal
precision of the dGPS reference points was
in average 0.175 m and vertical precision
0.35 m after the postprocessing. The spatial
error of the reference points after align-
ment within the Agisoft environment was
0.82 m. The resulting orthophoto was ex-
ported with 0.03 m resolution and DEM in
0.1 m resolution.
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Publicly available aerial photos ([2]) and
direct land-based observation were used to
illustrate the impact of transportation on
the terrain at the Langjokull study site. The
old aerial photo ([3] - National Land Survey
of Iceland database 2019) from August

Results and Discussion

Substantial terrain alterations were found
in both studied localities. The disturbances
found at Foxfonna site were considerably
smaller in comparison with the Langjokull
site. This is no surprise with regard to the
much lower number of tourists visiting
Svalbard and the locality itself.

The Foxfonna study site and the level
of disturbance is presented in Fig. 4. The
tracks from the off-road vehicles are well
visible crossing the high plateau with well-
developed sorted polygons. The high water
content in the active layer leading to rather
soft and vulnerable surface contributed to
relatively deep impacts of just few vehi-
cles crossing the area. Even though the
tracks are clearly visible on the orthophoto,
the spatial impact on the surface is not de-
tectable on the DEM with 0.1 m resolu-
tion. On the other hand, such tracks persist
for several decades in the bare soil surface
ecosystem of the high elevated plateau.
These tracks are visible for several decades
even on the vegetated tundra surface, where
the potential to recover is much higher,
which could be shown on examples of off-
road operations in the vicinity of polar sta-
tions or nearby the old Russian settlements
on Svalbard.

In case of the Langjokull study site, the
imprints of the transportation are more per-
sistent, especially because of construction
of transportation and logistics infrastruc-
ture directly at the site and relatively high
frequency of visits. 12.9-17.7% of tourists
visiting Iceland has paid for glacier/snow-
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14™ 1986 was used for comparison of the
study site before construction of the trans-
portation infrastructure (photo ID J-7886).
The recent aerial photograph was taken in
August 2018.

mobile guided tours between 2011 and 2016
(Asgeirsdottir and Karlsson 2016), which
means approximately 300 000 visitors of
Icelandic glaciers. Considering that Lang-
jokull is the glacier closest to the country’s
capital, where large part of the visitors is
going and have two principal access sites,
it can be estimated that several tens of
thousands of visitros per year can use this
infrastructure. As shown on Fig. 5, the site
near Langjokull glacier haven’t been ac-
cessible by car in late 80ies and the trans-
port facilities have been constructed only
in late 90ies, when the local tourist agency
started to organize the tours on the glacier
surface. Even though the agency stated its
carbon dioxide neutral footprint on envi-
ronment through supporting reforestation
programmes, its impact on the local gla-
cier forefield is inevitable. The footprint
on the landscape is obvious as well as the
tracks on glacier surface. The question of
chemical contamination of the glacier it-
self through the emissions from snowmo-
biles and other vehicles arises apart the
mechanical disturbances. The important im-
pact of snowmobile emissions on Svalbard
environment was reported e.g. by Reimann
et al. (2009) or Aamaas et al. (2011). Apart
the direct emissions ranging from 2.5 g/km
to 69 g/km depending on type of engine,
Reimann et al. (2009) also reported that
large part of the fuel leaves the engine un-
burned and contaminates the surface direct-
ly with the fuel.
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Fig. 4. Orthophotograph of Foxfonna study site (A) and the DEM produced with SfM technique
(B) with an oblique close up focused on disturbed ice wedged polygons on the high elevated
plateau and Adventfjord with Longyearbyen, the Svalbards’ capital, in the background (C).

Burning huge amount of fossil fuels
(the average consumption of a snowmobile
ranges from 13.1 to 18.1 I/km according to
the survey of Reimann et al. 2011) direct-
ly on the glacier surface might contribute
to elevated levels of certain chemical com-
pounds (i.e. aromatic hydrocarbons) but al-
so increase the glacier albedo by deposi-
tion of dust particles directly related to fos-
sil fuel burning.

The effects of transportation on surface
layer of tundra soils was found to be im-
portant even several decades ago (see e.g.
Abele et al. 1984, Buchkina et al. 1998).
The artificial deepening of certain zones

due to deep trails of the vehicles can
change the surface hydrology of the flat
Foxfonna study site. This may have sig-
nificant effect on reshaping the ice wedge
polygons as described in similar condi-
tions by Hinkel et al. (2017). Use of off-
road vehicles has been identified to have
extensive impacts on the landscape also
by Eisner et al. (2008) in Alaska. Land-
scape degradation directly related to tour-
ism activities was identified by several
studies from polar or high-mountainous re-
gions (e.g. Hawes et al. 2006, Tomczyk and
Ewertowski 2011).
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Fig. 5. Comparison of 1986 and 2018 aerial photos from the Langjokull study site with visible
road coming to the study site from east and the tourism infrastructure close to the lake constructed
in 90ies; the Langjokull ice cap is located approximately 1 km to the west from the site (modified
from photos at [3] - National Land Survey of Iceland database and [2]) .
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Conclusions

It is obvious that with massive increase
of tourism in polar regions, there are in-
evitable consequences for local environ-
ment. These impacts are often concentrated
in few areas, that are widely used by
groups of tourists organized by local travel
agencies. It is the case of both studied lo-
calities — Foxfonna in Svalbard and Lang-
jokull in Iceland. In correspondence with
much higher number of tourists arriving to
Iceland, the effects on terrain disturbances
are more pronounced in the Langjokull
site. New transportation infrastructure has
been developed in last two decades espe-
cially for the purpose of facilitating access
on the ice cap for tourists. The infrastruc-
ture and number of vehicles have direct
impact on the forefield of the ice cap but
also on the glacier surface itself. The nega-
tive effects of off-road transportation are
visible in case of Foxfonna site as well.
These disturbances are, however, present
in much smaller scale and are probably a
result of individual breaking of environ-
mental law restricting in general off-road
activities.

Asgeirsdottir and Karlsson (2016) dem-
onstrated that 12.9-17.7% of tourists visit-
ing Iceland has paid for glacier/snowmo-
bile guided tours between 2011 and 2016.
This percentage suggests several tens of
thousands of visitors per year in the Lang-
jokull locality. The high concentration of
tourists to the most famous Icelandic natu-
ral sites have been recognized as the big-
gest problem for natural conservation and
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