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Spitsbergen Landscape under 20th Century
Climate Change: Sørkapp Land
A reaction of the European Arctic landscape to a climate
change on the scale of a typical middle-sized region is outlined.
A wide scope of the methods was used, ﬁrst of all ﬁeld mapping and observations. Glaciers are important in the Sørkapp
Land landscape because they cover the majority of its territory
and undergo quick recessions as a result of the 20th century
warming. Glacial recession inﬂuence intensively: relief with
Quaternary deposits, waters, animals, vegetation and soils.
The most important landscape changes in the 20th century are:
uplift of the equilibrium line altitude on glaciers by 100–200 m;
large glacial recession in both surface and volume; signiﬁcant
decrease of the land area due to recession of tidewater glaciers; lengthening of the coastline, and especially of glacial
cliffs; development of the land water network; start of the plant
succession in areas abandoned by glaciers. No isostatic uplift has taken place in Sørkapp Land since the Little Ice Age.

INTRODUCTION
The principal aim of this paper is to outline the reaction of a
middle-sized region of the European Arctic landscape to climate
change during the 20th century. That reaction has been described
most often for comparatively small areas (such as single glaciers,
coastal fragments, etc.) or very extensive areas (such as large
Arctic lands, tundra or periglacial zones, etc.). However, a large
part of the European Arctic lands (north of the continental foresttundra) consists of middle-sized (a few hundred to several thousand km2) regions: the islands or peninsulas of Svalbard. Their
common environmental features are signiﬁcant surface glaciation
and hilly or mountainous terrain. The effect of climate change on
the landscape is unique and worthy of a thorough study. Hence,
Sørkapp Land, the southernmost peninsula of Spitsbergen covering approx. 1400 km2, has been chosen as the subject of this
study.
The course and rate of the climatic change has been similar
in all parts of the archipelago, according to the results of investigations obtained hitherto and referred to below. Climatic
change inﬂuences all elements of the Arctic landscape of Svalbard, but the most important for landscape transformation are
changes resulting from deglaciation.
However, the landscape transformation conditioned by climatic change is signiﬁcantly differentiated, according to a regional
differentiation of the climatic conditions. There is a landscape difference between the central Spitsbergen and the rest of the Svalbard Archipelago, which is much colder. Most of Sørkapp Land
is still covered with glaciers, like other parts of south, east, and
north Svalbard. The number of glaciers and total glaciated area
were even larger during the Little Ice Age maximum, covering up
to 80% of Sørkapp Land. Most of central Spitsbergen (west and
central Nordenskiöld Land) was ice-free even during the Little
Ice Age, with mountain glaciers, situated above 300-400 m a.s.l.,
predominating. Transformation of the Spitsbergen landscape elements is spatially differentiated according to the rate and course of
deglaciation.
A cold sea current ﬂows along the eastern coast of south
Spitsbergen to the south, whereas warmer Atlantic waters reach
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Figure 1. Map of Sørkapp Land, showing the extent of glaciation in
1990–1991 (1), land areas abandoned by glaciers between 1936 and
1990–1991 (2), deglaciated areas transgressed by the sea between
1936 and 1990–1991 (3), areas unglaciated in both 1936 and 1990–
1991 (4), new, nonglacial coast formed between 1936 and 1990 (5),
coastline undergoing intensive accumulation (6), and coastline undergoing intensive abrasion (7). Proﬁle a on the Gåsbreen Glacier
shown in Figure 3.

the western coast. Air masses often ﬂow from the east to the
west and undergo the foehn effect, warming, additionally, the
western part of Sørkapp Land. As a result, there are exceptionally high gradients of variability in Sørkapp Land’s different
environmental and landscape features from east to west, which
will be described in detail later.
Because of the strong foehn effect there are no glaciers in
northwestern Sørkapp Land. However, the greater the distance
we move to the south the weaker the foehn effect and the more
extensive the glaciation, due to the lowering altitude and the narrowing of the land mass. This contrasts markedly with the eastern
coast of the peninsula, which is almost completely glaciated in the
northern part. The southernmost part of the peninsula is free of ice
owing to its exposures (southern mountain slopes) and low altitudes (coastal plains). The interior is almost completely glaciated
(apart from nunataks), because of higher altitudes (Fig. 1).
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METHODS AND MATERIALS
Physicogeographical ﬁeld mapping at a 1:25 000 scale was the
basic method of determining the environment and landscape
conditions. Contemporary topographic maps at 1:100 000 scale
(current for 1936), enlarged up to 1:25 000 scale, were used as a
map base (Markhambreen and Sørkapp sheets, edited by Norsk
Polarinstitutt). In sum, 9% of Sørkapp Land’s territory, i.e. ca.
128 km2, with the most heterogenous landscape were mapped
during six summer seasons in the period from 1982 to 1991.
2228 small landscape units (geocomplexes) were mapped in the
area. The main criteria for their delimitation were spatial changes
of altitude, slope gradient and exposure, lithostratigraphy, dip of
the rock strata, Quaternary deposits (genesis, granulation, thickness), morphogenesis, micro-relief, geomorphic processes, mesoclimate (on the basis of exposures, shadowing, the persistence
of snow patches), water conditions and vegetation (composition,
density, continuity). Information on those landscape features,
collected on special sheets made separately for each individual
geocomplex, created a main landscape data bank, necessary for
the effective use of the next (supplementary) research methods.
The second basic method was the interpretation of air photos of
Norsk Polarinstitutt, from 1936, 1960–1961, 1970–1971 and 1990
(the latter are infrared). The GIS computer programs made it possible to make thematic maps, hypsometric proﬁles and superﬁcial
measurements of the peninsula. Radiocarbon dating of organic
material from the Quaternary deposits and analysis of the historical remains of seasonal settlements were important in recognizing
a sequence to the changes in the landscape. Analysis of satellite
data (LANDSAT MSS, 20 August 1985), made in Norsk Polarinstitutt, constituted a supplement to the photo-interpretation, giving
the one comprehensive picture of the whole Sørkapp Land in a
small sheet, especially useful for recognition of the extent of dense
vegetation and glaciers in 1985. Determining the most frequent
species of vascular plants and birds was also very important.
The glacier ice extents after 1936 were elaborated on the basis
of the ﬁeld mapping, vertical photos of 1960–1990, and satellite
images. More recent topographic maps, 1:25 000 scale (1983–
1984), were also very useful for the northwestern Sørkapp Land
(Hornsund, Bungebreen, and Gåsbreen sheets, edited by Institute
of Geophysics of the Polish Academy of Sciences). In addition,
results of the all meteorological observations made in Sørkapp
Land were analyzed.
The summer ﬁeld investigations in 2000 were focused on observations of the rate and trend of the persisting landscape changes
and veriﬁcation of the conclusions on the topic, drawn previously.

1980s was probably about 4°C higher than in the 1890s (Fig.
2). The mean annual temperatures in Spitsbergen during the
20th century has been recorded and certiﬁed in the more detailed
works (3–5), and during current meteorological observations (6).
As a result, the mean length of the summer season (i.e. a period with mean daily temperature ≥ 2.5°C) has increased by approximately 2–3 weeks since the end of the 1950s. The increase
is shown by comparison of meteorological data from the northern shore of Hornsund, north of Sørkapp Land, in 1957–1960
(7), 1978–1983 (8) and 1978–1996 (9).
There are no continuous temperature records from Sørkapp
Land, only sparse measurements have been made during the
warmer periods of the year. Nevertheless, according to Table
1, the warmest month of the year (July) was much colder in
1909, 1912 and 1915 (mean daily temperature 2.5–2.8°C) than
in the 1950s, 1970s and 1980s (mean daily temperature approx. 4–5°C, apart from 1982).
Table 1. Mean daily temperatures measured in Sørkapp Land.
(Refs 10–16).
Site, if not on the sea – altitude in m a.s.l., period Mean temp. in °C
Sørkappøya, July 1909
Sørkappøya, July 1912
Sørkappøya, August 1911–July 1912
Sørkappøya, September 1914–August 1915
Sørkappøya, July–August 1915
Sørkappøya, July 1915
Gåshamna, July 1958
Gåshamna, July 1959
Gåshamna, 6-31 July 1978
Gåshamna, August 1978
Gåshamna, 2–31 July 1979
Gåshamna, August 1979
Palffyodden, 16 July–10 August 1980
Hohenlohefjellet, 150 m, 16 July–10 August 1980
Hohenlohefjellet, 380 m, 16 July–10 August 1980
Palffyodden, 1–27 August 1981
Palffyodden, 7 July–24 August 1982
Palffyodden, 7–31 July 1982
Hohenlohefjellet, 380 m, 7 July–24 August 1982
Palffyodden, 11 July–21 August 1983
Palffyodden, 11–31 July 1983
Lisbetdalen, 100 m, 11 July–21 August 1983

2.5
2.5
-8.1
-7.2
2.7
2.8
4.0
4.1
3.9
4.3
5.7
4.1
4.1
3.5
1.4
4.5
2.7
2.5
2.7
4.1
4.9
3.9

IMPACT OF CLIMATE CHANGE ON LANDSCAPE
COMPONENTS IN THE 20TH CENTURY
The landscape changes described below are mainly based on results from the author’s investigations. Other sources of data are
cited in the references.
Glacial Recession

Figure 2. Course of mean annual temperature at central-west
Spitsbergen smoothed by 10-year running averages: A, according to data by Markin for the period 1873–1912 and from the station Isfjord Radio for the period 1913–1977 (2), B, according to
data for the station Svalbard Airport from 1912 to 2002, delivered
by the Norwegian Meteorological Institute.

CLIMATE CHANGE
The ﬁnal cold phase of the Little Ice Age occurred in the 1890s
(1) with a decrease in mean annual temperature down to minus
9°C (2). The 1930s were the warmest period in the 20th century.
This period was followed by a slight cooling in the 1940s, a
warming in the 1950s, followed by cooling before a signiﬁcant
warming which started in the 1970s and is ongoing. The mean
annual temperature on the western coast of Spitsbergen in the
296

The recession of glaciers in south Spitsbergen (south of Bellsund)
is estimated to have caused a 20% reduction of their volume and
a 12% reduction of their surface between 1900 and 1980 (17).
Glacial recession has been noticeably larger in Sørkapp Land,
where the glaciated area decreased by 18%, from 1095 to 901
km2, in the period from 1936 to 1991. 58% of the deglaciated
area has been inundated by the sea. Hence, the land mass decreased by 7%, from 1544 to 1436 km2. The surface glaciation
of Sørkapp Land decreased from 71% in 1936 to 63% in 1991, a
total reduction of 8% (18).
The largest changes occur in the northern part of the region,
where the tidewater glaciers Hornbreen and Hambergbreen form
a glacial pass between Hornsund and Hambergbukta. The extensive foreﬁelds of these glaciers were inundated by the sea
after their recession. The mean annual rate of the recession of
the front of Hornbreen was approx. 40 m from 1900 to 1918, approx. 220 m from 1918 to 1936, and approx. 130 m from 1936 to
1960, approx. 100 m from 1961 to 1990 (estimated on the basis of 1:100 000 topographic maps and on the ﬁndings of other
researchers (19–21)). In total, the recession of Hornbreen was
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approx. 11 km from west to east in the period from 1900 to 1990.
The period of fastest recession corresponds to the time of the biggest climate warming, 1918–1936. The recession of Hornbreen
continued in 1990s. A similar recession of Samarinbreen formed
a small lateral fjord on the southern coast of Hornsund (Fig. 1).
There were probably no signiﬁcant changes in winter precipitation during the 20th century (5). Hence, the increase in temperature (both the mean annual and summer temperatures) seems to
be the main climatic process controlling glacial recession.
The mean recession of Hambergbreen (the shorter and steeper glacier ﬂowing east in the glacial pass) was 240–250 m yr–1
in the period from 1900 to 1957, after the surge at the end of
the 19th century. During the next surge, between 1961 and 1970,
the glacier front advanced more than 5 km while the upper, accumulation part of the glacier decreased. Subsequently, the front
of the glacier receded from 1985 to 1990, after which its extent
was 1 km shorter than in 1961 (20, 22). A large recession of the
glacier took place between 1990 and 1995, ca. 2 km to the west
or roughly 400 m yr–1 (Fig. 1).
The glacial pass connecting Sørkapp Land with the rest of
Spitsbergen is at its most narrow since the discovery of the island. Maps of Spitsbergen are evidence, especially the oldest
one published in London in 1625 (23), the one elaborated by W.
Scoresby in 1820, summing up the 17th and 18th century investigations, and the ﬁrst modern topographical map published by
Dunér and Nordenskiöld in 1865 (24). The pass was only 10 km
wide in 1995.
Rapid deglaciation is also taking place in southeast and south
Sørkapp Land. The ice cliff of Vasilievbreen on Isbukta (the eastern coast) underwent a recession of about 3 km in the period 1936
to 1990, i.e. about 55 m yr–1. The retreat of the ice coast of Olsokbreen in Stormbukta (the western coast) was more than 2 km
during that time. The front of Keilhaubreen, which had formed a
glacial promontory on the eastern coast in 1900 (22), is situated
at least 2 km from the present coastline. The front of Randbreen,
situated on the land since at least 1960, is 0.5–1.5 km distant from
the present coastline. All other glaciers in the southern part of the
peninsula are undergoing recession (Fig. 1).
Several dozen small mountain glaciers (in cirques, on slopes,
at the foot of slopes) exposed to the south or west and situated
below 600 m a.s.l. are in the advanced process of transformation into so-called black glaciers covered by debris, then into
rock glaciers, or will diminish completely. The analysis of maps
and air photos from 1936 until today allows one to estimate the
rapid progression of this process everywhere in Sørkapp Land
except for the northern coast and the interior of the peninsula.
The transformation is almost terminated for 20–30 such glaciers
in the west and south, due to a combination of low altitude and
exposure to sunshine and warm summer winds.
However, on the northern coast and the interior of the peninsula, all the glaciers of similar size and altitude exposed to the
north and in shade have survived so far.
The rock glaciers, formed mainly in the 20th century, are very
young in comparison with those from the rest of Spitsbergen.
The surface recession of glaciers follows strictly on a decrease
in their thickness. The most detailed and reliable maps allow us to
see the magnitude of that process in Gåsbreen. The thickness of
that glacier (apart from the unexplored highest part) was reduced
by an average of approx. 30 m between 1899 and 1938, i.e. during the warmest climatic period in the 20th century. This process
was less intense from 1938 to 2000, when up to 20 m disappeared
on average. The lowest part of the glacier was reduced by 90 m
and the highest part increased in thickness by 10–20 m (Fig. 3). A
transversal position of the lower part of Gåsbreen in the valley resulted in a very small surface recession of the glacier, contrary to
the other glaciers. All the nunataks are becoming more extensive
and due to this some of them are being transformed into mountain
ridges. Only three small glaciers, Körberbreen, Bastionbreen and
Garwoodbreen, are exceptions. Their thickness has been increasAmbio Vol. 33 No. 6, August 2004

Figure 3. Change in thickness of the Gåsbreen Glacier from 1899
to 2000, based on the maps made in 1899 (25), 1938 (26), 1983–
84 (27), the map current for 1990 (28), and the authorʼs observations from 1983, 1984 and 2000. The proﬁle a in Figure 1.

ing owing to their location in deep valleys, well shaded by the
mountains of the Hornsundtind group (925–1431 m a.s.l.), and
their exposure to snow precipitation from the west.
Field mapping and comparative interpretation of aerial photographs from 1936 and 1990 show that the slowest deglaciation
has taken place in the interior of the peninsula, presumably because of higher altitudes and its distance to the warmer Atlantic
waters.
In 1936, as shown by air photos and topographic maps, the
altitude of the mean equilibrium line varied from 100 to 400 m
a.s.l. An analysis of the present glaciers shows that the equilibrium line altitude has risen by 100–200 m. The speciﬁc value of
this rise depends on the local environment of the glaciers.
Landform Development
Glacial and glaciﬂuvial features and deposits prevail in the landscape of areas where glaciers have disappeared during the 20th
century, i.e. since the maximum extention of the Little Ice Age.
This area is approximately 10% of the Sørkapp Land’s territory.
The marginal zones of glaciers are the most extensive in the west
and south. They are small in the north and east because here the
main deglaciated areas have been ﬂooded by the sea.
All proglacial areas have been formed in the 20th century.
Their extents are outlined by the external, front and lateral, morainic ridges from the Little Ice Age, situated on marine terraces
raised isostaticly at the end of the Pleistocene and during the
Holocene (Fig. 4). The outer ridges reach down to 20 m a.s.l.
in the northwest (Gåsbreen), 5–15 m a.s.l. in the central west
and south (Vitkovskibreen, Bungebreen, Bjelopolskibreen, Lyngebreen and Mathiasbreen). Olsokbreen ﬂows to the sea. The
ridges are 20–60 m high and consist of an ice core covered with
moraine up to about 2 m thick. A few glaciers, e.g. Randbreen,
located over a bedrock resistant to erosion, consist of clean ice
and do not built up any morainic ridges.
Coastline Changes
Following the retreat of tide-water fronts of glaciers, a new
coastline is exposed to active marine processes, which increase
both the abrasion and accumulation.
In 1936, the coastline of Sørkapp Land was about 200 km
long and 22% (44 km) of it consisted of ice cliffs. The 1990–
1991 coastline is about 243 km long and 28% (69 km) of it consists of ice. All ice cliffs have undergone recession. New coasts
have then formed in their place (Figs 1 and 5).
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up just along the shore not earlier than in the 17th century, are now
situated 100–130 m from the sea due to the accumulation of marine deposits since their construction (Fig. 6). The most intensive
accumulation took place in the 20th century, as is evidenced by the
large size of the contemporary storm ridges, consisting of gravel
mixed with a large amount of driftwood (Fig. 4). An intensive accumulation of driftwood also takes place in the lower section of
the southern coast, 5 km long, east of Sørneset. The land has also
widened on Sommerfeldtbukta, due to accumulation of suspended
material delivered by glacial rivers.
Some sections of the northeastern coast were cut by the sea
after 1936. Davislaguna, a nearby coastal lake, has been narrowed because of marine abrasion. Rocky coasts have been
newly shaped in the inner Hornsund and in the recently ice-free
lateral fjords on its south side. In sum, about 30 km of the new
nonglacial coasts were created or reshaped since 1936 (Fig. 1).
Figure 4. The youngest (20th century), widest (up to 60 m) and highest (up to 3–3.5 m) storm ridge composing ca. 50% of the new accumulation coast of Bettybukta built after the 17th century. In the
background: Dumskoltbreen undergoing an intensive regression
(the ice-cored morainic ridges, showing its extent in the Little Ice
Age, are visible) and the massif of Dumskolten (625 m) with the
terraced marine plain of Skoltsletta at the foot. The photo was taken from the south in 1991. Photo: W. Ziaja.

Figure 5. New coast of Isbukta: the accumulation one in the foreground and the glacial one in the background. The photo was
taken from the south in 1991. Photo: W. Ziaja.

Changes in Water Drainage Pattern
The warming after the Little Ice Age probably intensiﬁed water
circulation (compared to the LIA) because of increased ablation
of glaciers, deeper melting of the active layer on permafrost, and
earlier thawing of snow in the summer. These phenomena were
recorded during the ﬁeld investigations mentioned above. Higher quantities of water produced by increased melting, may have
ﬂowed out at the glacier surface, in and under glaciers, through
rock ﬁssures and karst canals. The evidence for this is a rapid development of numerous landforms as a result of ﬂuvial erosion
and accumulation. Then the waters inﬂuence the other landscape
components more than before.
The recession of the glaciers has produced various changes in
the water network of glacial origin. Several new rivers, up to 2 km
long, were created in the land foreﬁelds of seven glaciers in the
east, reaching the sea in 1936. Rivers ﬂowing from the glaciers
that have never reached the sea were lengthened as the glaciers
receded, by the distance within new marginal zones. This is the
case, for example, for seven large glaciers in the west and south
(Gåsbreen, Wiederbreen, Bungebreen, Vitkovskibreen, Bjelopolskibreen, Lyngebreen and Mathiasbreen) and several smaller ones
in the same area and in the east. In sum, those rivers were lengthened twice, by 20–25 km.
Some rivers have almost disappeared because of morphological-hydrological changes resulting from the recession of glaciers
(e.g. Vinda, 5–6 km long, in the western foreﬁeld of Bungebreen
and an unnamed river, approx. 3 km long, in the southwestern
foreﬁeld of Mathiasbreen). A number of new lakes have been
formed in the wider foreﬁelds of Bungebreen, Vitkovskibreen and
Mathiasbreen. Glacier-dammed lakes have declined because of
the decrease in thickness of the glaciers. For example, the highest
level of Goësvatnet, the largest lake of that origin, has decreased
from about 150 m in 1899 (25) to about 63 m a.s.l. in 2000.
Changes of Biotic Landscape Components

Figure 6. Coast of Bettybukta. Protected remains of one of the
Russian trappersʼ (Pomor) huts at the foreground and the youngest belt of the coast, 100–130 m wide, accumulated since the 17th
or 18th century, with the 20th century storm ridge in the background.
The photo was taken from the west in 1991. Photo: W. Ziaja.

Accumulation coasts were formed mainly in the east (Figs 4
and 5) and south. A few new lagoon lakes have been formed in the
foreﬁelds of glaciers in the east. The lowest marine terrace (2–3
m a.s.l.) has been widened on Bettybukta during the past 2–3 centuries. Numerous traces of Russian trappers’ (Pomor) huts, built
298

Soil, vegetation and even fauna distribution are extremely irregular in Sørkapp Land, occurring in isolated pockets throughout
the landscape. Continuous tundra, covering 9–10% of the peninsula’s territory, occurs along the western and southern coast of
Sørkapp Land.
In areas abandoned by glaciers, the colonization starts with
single plants just after deglaciation, long before the total ablation of the dead ice, stabilizing the relief, developing soils, etc.
The plants belong to the most resistant, i.e. with wide life amplitudes. Vascular plants and mosses usually appear earlier than
lichens after deglaciation (29, 30).
Plant succession is most rapid in the lowest and most stabilized marginal zones with climatologically optimum exposures.
For example numerous and comparatively large clumps of
plants, taking a few percent of the ground surface, have grown
in places near sea level in the marginal zone of Keilhaubreen,
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covered by a glacier as late as 1936. This is the only marginal zone
with visible vegetation on infrared air photos (scale 1:50 000).
However, just nearby, only small and sparse clumps of a few
vascular plants and mosses grow in the marginal zone of Randbreen, which is located at higher elevation, is more shaded, and
was free of ice about 20 years later.
A denser tundra has attracted animal species that feed on
plants, e.g. reindeer (Rangifer tarandus). Their constant presence in south Sørkapp Land in the 1990s is a new phenomenon,
not observed there in the 1980s. The same occurred to some bird
species like ptarmigan (Lagopus mutus hyperboreus) and wild
geese (Branta leucopsis) not observed before (31). Both reindeer and ptarmigan depend on plants. According to the author’s
ﬁeld observations, the birth-rate of reindeers increased greatly in
the west Sørkapp Land between 1982–1986 (1 or 2 animals met
during a summer) to 2000 (more than 100 animals, with a large
part of the young ones, met during 2 summer weeks).
DISCUSSION AND CONCLUSIONS
The 20th century climate warming has initiated the following landscape changes in Sørkapp Land:
– uplift of the equilibrium line altitude on glaciers by 100–200 m;
– large glacial recession in both surface and volume, and current transformation of many small glaciers into rock glaciers
or diminishing;
– signiﬁcant decrease of the land area due to recession of tidewater glaciers;
– lengthening of the coastline, and especially of glacial cliffs;
– increase of the morphogenetic activity of the sea;
– development of the land-water network;
– start of the plant succession in areas that have lost glaciers, and
development of vegetation favored by the warming and lengthening of the summer season.
No isostatic uplift took place in Sørkapp Land both in the Little
Ice Age and afterwards, as is testiﬁed by radiocarbon dating of the
lowest marine terraces (32) and the lowest possible situation of the
ruins of old huts (from the 17th to 20th century) at the coastline.
According to Wüthrich (33), the expansion of richer plant communities in areas previously occupied by poorer ones is possible
after a long-term warming by 2–4°C. He formulates a prognosis
of that expansion in the form of a modiﬁcation of the old map
showing the extents of four plant communities (Inner Fjord Zone,
Cassiope Zone, Dryas Zone, Barren Zone) in Spitsbergen (34).
However, in his new, modiﬁed map, showing the state of vegetation after a warming by 2–4°C, the entire coast of Sørkapp Land
remains within the Barren Zone, i.e. having sparse vegetation
which covers less than 50% of the ground. Hence, his prognosis is
pointless because the main part of the western and southern coasts
of the peninsula is already covered with continuous tundra. Moreover, the present rate of the colonization suggests a future increase
in vegetation.
The passage from the Little Ice Age to the present warmer
period led to an increase in the landscape heterogenity. During
the cold period of the LIA, the development of glaciation was
followed by a diminished signiﬁcance of the relief and all of
the dependent landscape components (relief, waters, vegetation,
fauna, soils) resulting in a relatively homogenous landscape. Inversely, the contemporary warmer period, with a fairly high rate
of deglaciation, generated a quick superﬁcial development of the
ﬁve nonglacial landscape components mentioned above and thus
the increase of the heterogenity. However, the biotic components
(animals, vegetation and soils) play a relatively weak role in the
described landscape and a very weak role when compared to their
efﬁciency in temperate landscapes for example, due to their sparse
distribution in the High Arctic regions.
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