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Current changes
in the south Spitsbergen landscape:
a comparison of the Sørkappland
eastern and western coasts
Abstract: A complex process of environmental and landscape changes has persisted
in south Spitsbergen since the beginning of the 20th century, due to climate warming
after the Little Ice Age (LIA). Although their general direction is the same in the
whole region, its eastern and western coasts differ significantly in the intensity of
changes. That has been evidenced by the results of the Jagiellonian University investigations (first of all physico-geographical mapping, interpretation of aerial photos,
analysis of satellite data) carried out in Sørkappland – the southern Spitsbergen peninsula – since 1980. An extraordinary climate warming from 1980–1989 to
2000–2009 has resulted in intensified glacial recession, appearance of new landforms and deposits, changes in water drainage and network, and plant succession in
the eastern peninsula’s coast. This narrow coast has become released from the majority of (former) tide-water glaciers and exposed to sea action, much more intensive
due to a shortened sea-ice season. Its coastline has changed dramatically: a large
coastal plain with a lake has declined, the Hambergbukta new fjord and new coastal
plains with lakes have appeared. Hence, a completely new coastal landscape has been
formed there. The western peninsula coast, which consists of wide coastal plains
vegetated by tundra, has not undergone such a significant transformation. Its coastline has been slightly translocated by sea abrasion or accumulation, apart from its
section at only the tide-water glacier’s front, where a large bay with a new coastline
appeared as a result of the glacier’s recession.
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Introduction: study area, climate warming
and aim of the paper
Sørkappland is the southern Spitsbergen peninsula, being the end of a land wedge
composed by the whole island between two seas, the Barents in the east and the
Greenland in the west. A cold sea current flows along the Spitsbergen eastern coast
to the south, whereas a warmer sea current influences its western coast from the
south. Hence, the whole eastern Spitsbergen (and Sørkappland) coast is much
more glaciated than the western one. Animals and plants are very sparse in the east
due to much more severe climatic conditions there than in the west (Fig. 1). Moreover, there is a big difference in bedrock and landforms between the eastern (Fig.
2) and western (Fig. 3) coasts.
Changes in the Spitsbergen climate reflect global climate fluctuations. The final
cold phase of the Little Ice Age (LIA) occurred on the island in the 1890s. A contemporary warm period began at the beginning of the 20th century. Its cool phases
during the 1940s and 1960s were of secondary significance, being temporary and
not as cold as the LIA (Brázdil 1988, Førland et al. 1997, Ziaja 2004). The current
climate fluctuation which has started in the 1980s is really warm (Styszyńska
2005, Marsz, Styszyńska 2007). The mean annual and summer temperatures in the
southwestern Spitsbergen coast have increased from the 1980s to 2000–2009, the
former ones by 2°C. The precipitation totals also increased significantly during that
period (Table 1).
Glaciers and snow fields have reacted to the climate warming, most quickly of
all the landscape components (Jania 1988, Ziaja 2001, Błaszczyk et al. 2009). The
increase in temperature and lengthening of the summer season due to climate
warming has resulted in rising altitudes of the snow line and the equilibrium (of
the mass balance) line of the glaciers by at least 150 m (Ziaja 2001). That is why accumulative zones (or firn fields) of the glaciers became smaller and thus deliver
less ice to their ablation zones, which has resulted in wide areas being abandoned
by glaciers. About half of these areas (where glacier bottoms were below sea level)
th
st
was transgressed by the sea. Sørkappland areas submerged during the 20 and 21
centuries became mostly new fjords or other bays. The latter differ from fjords in
the relation of their length (or an incision into land) to their width: the length exceeds the width in fjords.
Table 1. Changes in temperature and precipitation at the Polish Polar Station in Horsund,
according to data from the Institute of Geophysics, Polish Academy of Sciences, published in part by Styszyńska (2007)
1980–1989

2000–2009

Mean annual temperature

–5.2°C

–3.15°C

Mean summer, i.e. July and August, temperature

+3.9°C

+4.5°C

390.5 mm

451.3 mm

78.1 mm

94.4 mm

Mean annual sum of precipitation
Mean summer, i.e. July and August, sum of precipitation
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Of course, the areas which had been free of glaciers during the LIA were also
transformed under the influence of climate warming but more progressively (not
rapidly) and later, by several dozen years.
Differentiation of landscape transformation under the warming process has depended on the degree and type of glaciation (determined by landforms and earlier
climate). There is a big difference in the course and results of deglaciation between
the eastern and western Spitsbergen coasts, because extensive areas in the west
were free of ice during all of the Holocene.
The Sørkappland peninsula lies between 76.5 and 77°N and is strictly separated
from the rest of Spitsbergen (in the north) by two fjords, Hambergbukta in the east
and Hornsund in the west, and a narrow glacial isthmus between them (Fig. 1).
The distance between the open sea eastern and western peninsula coasts lessens
from 40 km in the north (15°28’–17°20’E) to 12–17 km in the south. The interior
of the peninsula is almost completely glaciated. There are no glaciers in northwest-

Fig 1. Comparison of Sørkappland coastline and glacier extent in 1985 (to the left) and 2004
(to the right): a significant recession of all the glaciers is visible.

To the left: satellite image from August 20th, 1985: Landsat 5, MSS-421 (part of one scene). Color
scheme: white – glaciers, red or reddish – vegetation cover, beige and blue-gray – unglaciated areas
without vegetation cover, black – seawater, blue-and-black – glacial water mixed with seawater.
To the right: satellite image consisting of four Terra ASTER scenes from 2003–2005 (majority of
the image is current for summer 2004). Color scheme: blue with white – glaciers, red or reddish –
vegetation cover, gray-greenish – land areas without vegetation cover, blue stripes or dots against a
dark background – ice-pack on the sea, black with greenish stripes – seawater with admixtures of
glacial water.
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ern Sørkappland due to the strong foehn effect there, and only several in the rest of
the western coast. The southern edge of the peninsula is free of glaciers due to its
(mainly southern) exposures. However, northern Sørkappland is mostly glaciated
due to its (mainly northern) exposures. As a result, the Sørkappland landscape is
exceptionally varied.
It is worth noting that the coastal landscape contrast between the east and west
is the same in Sørkappland as in the rest of Spitsbergen, and thus typical for the island (like the glaciated interior too). Moreover, this contrast is most visible and
easiest to investigate in Sørkappland because the distance in the east–west direction is the smallest there. This contrast persists in spite of rapid changes in environment and landscape under current climate warming.
Hence, the main aim of this paper is to compare the current landscape transformation in the eastern Sørkappland coast with that of its western coast.

Material and method
The maximum stage (extent and altitude) of glaciers just at the end of the LIA, in
1899–1900, was surveyed by Wassiliew (1925) in the entire Sørkappland, and De
Geer (1923) in the Gåshamna area (NW Sørkappland), who were members of the
Russian-Swedish expedition organized for measurement of the length of the meridian running near the Spitsbergen eastern coast. Afterwards, i.e. since the beginning of the 20th century, a process of glacier recession has taken place, even during
the secondary climate cooling periods in the 1940s and 1960s, except for the
surges of some glaciers. Apart from Wassiliew’s and De Geer’s maps, the best materials for studies of landscape dynamics in all the territory of Sørkappland were:
topographic maps 1:100,000 valid for 1936 and 1961–2002 (edited by Norsk
Polarinstitutt), black-and-white aerial photos from 1961, infrared aerial photos
1:50,000 from 1990 (from Norsk Polarinstitutt), and Landsat MSS and Terra
ASTER satellite data (from NASA) since 1973 and 2000 respectively (Fig. 1). The
other papers referred to below and that of the authors’ summer field research results, were found to be also of great importance in outlining this issue.
Various Sørkappland areas were investigated in the field by the author during
nine summer expeditions of the Jagiellonian University in the period 1982–2008.
Physico-geographical (or landscape) field mapping of mostly unglaciated areas
at a 1:25,000 scale was the basic method of distinguishing 1,641 small basic landscape units (so-called geo-complexes): 1,514 in the west covering approx. 94 km2,
2
and 127 in the east covering approx. 13 km . Each individual unit was drawn on the
map, numbered and described on a special separate form, divided into points
which comprise all the landscape components. These landscape units were grouped subsequently into several dozen types, which enabled the author (and his
co-authors) to recognize the landscape structure in both (eastern and western)
coastal areas. In addition, the extent of glaciers and their marginal zones, as well as
the sea coastline were mapped via a traditional method (using a Paulin altimeter) in
the 1980s, and using more modern methods (GPS 12 Garmin) in 2005 and 2008.
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The interpretation of the aforementioned maps and aerial photos, as well as the
analysis of satellite data were combined with the results of field investigations.
Identification and localization of plant and animal species or their communities
were also carried out by members of the Jagiellonian University expeditions (Ziaja
et al. 2009, Ziaja 2010, 2011).

Results and evaluation – eastern Sørkappland
coast
The eastern Sørkappland coastal landscape – mountainous and without any continuous belt of wider coastal plains (Fig. 2), built of low-resistant Cretaceous and
Tertiary sedimentary rocks (Dallmann 1999) – is typical for the entire eastern
Spitsbergen coast. The glaciers which have predominated on the land up to modern times were much thicker and extensive during the LIA. During that period, the
limited areas of unglaciated valleys and mountain slopes were much smaller than
today because more glaciers extended as far as the sea. The tongues of big glaciers
were lobe-shaped or fan-shaped (Wassiliew 1925, Lefauconnier, Hagen 1991).
These lobes and fans have completely disappeared. Since the beginning of the 20th

Fig. 2. New northeastern Sørkappland coast abandoned by the Hambergbreen glacier and its
tributary glaciers (from the right side) after 1900. The lack of wider coastal plains on the
Barents Sea is visible there. This coastal zone appeared in the 20th century and continues
to form to this very day. Remains of the Hambergbreen glacier lateral moraine are visible
just above the high tide level. Vegetation cover is not visible because plant succession is
still in an initial stage. Photo looking southeast, taken by W. Maciejowski in 2005
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century, a progressive glacial recession (Pälli et al. 2003, Błaszczyk et al. 2009) has
influenced the landscape, mainly along the coast, first of all by uncovering the following areas from glaciers: (1) areas (below sea level today) inundated by the sea,
which had once been covered by the lowest parts of tide-water glaciers, (2) narrow
and low coastal plains, and also coastal shallows, some of which began to transform into new coastal plains, and (3) valleys in the coastal mountains, which had
once been filled by glaciers and now are glaciated only in their upper parts (Ziaja
2010, Table 2).
All the eastern Sørkappland tidewater glaciers had protruded into the Barents
Sea during the LIA, and have recessed afterwards. Some of them (in NE and SE
Sørkappland) recessed to the land without a larger coastline retreat because their
bottoms were situated (on bedrock) near the sea level. Of course, there the coastline type has changed completely: from ice cliffs into beaches or rock cliffs. Recession of the confluent glaciers has resulted in the appearance and widening of a new
(now extensive) bay (Isbukta) in the peninsula’s central east. The second bay,
Hambergbukta, appeared initially (just after the LIA) at the outlet of the long and
deep glacial valley, was transformed into the new fjord in NE Sørkappland (Fig. 1),
which has been undergoing permanent lengthening. The coastline contour has
been changed, more or less, along the majority of its entire length and stable sequences occupy less than half of the eastern Sørkappland coastline (Ziaja et al.
2009, Ziaja 2010).
Seven tidewater glaciers have retreated to the land since 1936, and one inland
glacier (Sykorabreen, formerly a tributary to Hambergbreen, in NE Sørkappland)
has become the new tidewater glacier after 1985 (Fig. 1, Table 2).
After abandonment of a large part of the coastal zone by glaciers, flat or slightly
inclined accumulative coasts (Fig. 2) or coastal shallows have undergone much
more intensive transformation than rocky cliffs or slopes. Consequently, new low
coastal plains have appeared on the new Hambergbukta fjord since the 1990s (and
continue to develop until this very day). Successive storm ridges have adhered to
Table 2. The most extensive changes in the eastern Sørkappland coastal landscape
Landscape change

Number
from 1900
to the 1980s

since
the 1980s

7

–

Change of an inland glacier into a new tidewater glacier

–

1

Disappearance of a (former) coastal plain

1

–

Appearance of a new coastal plain

–

2

Disappearance of a (former) coastal lagoon

1

–

Appearance of a new coastal lagoon

5*

–

Origin of a new extensive bay

2

–

Origin of a new fjord

–

1

Retreat of a (former) tidewater glacier to the land

*without 2 small lagoons, which are the remains of the aforementioned lagoon that disappeared, and without taking
into account a division of 2 lagoons into two parts by the alluvial cones formed after their origin.
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some old coastal plains or new beaches, widening the land, e.g. on the Bettybukta
th
bay (in SE Sørkappland), since the beginning of the 20 century. A few small and
narrow coastal plains have been destroyed by marine abrasion in other places
(Ziaja 2004, Ziaja et al. 2009). The largest of them was the coastal plain that contained the Davislaguna lake (in NE Sørkappland). The sea transgressed there due
to the displacement of the gravel bar between the lake and the sea (by approx. 400
m from 1936 to 2005) to the foot of the coastal mountain steep slopes. This happened due to disappearance of the Hambergbreen lobe (protruding to the sea),
which functioned as a huge wave-breaker protecting the coast situated south of it
(Ziaja 2010) at the end of the 19th and early 20th century (Wassiliew 1925).
Eastern Sørkappland landscape changes have been minimum in nature outside
the coast, i.e. at the distance further than 1 km from the sea, apart from a clear decrease in glacier thickness, for example by approx. 50 m in the lower part of the
Sykorabreen glacier from 1936 to 2005. Most of the moraine material (remaining after the glaciers’ recession) does not cover dead ice due to a slight thickness (generally less than 1 m) and discontinuity. A large right lateral ice-cored moraine of the
Hambergbreen glacier (being a trace of the glacier’s extent at the beginning of the
20th century) has undergone rapid degradation (Fig. 2, Ziaja et al. 2009, Ziaja 2010).
In 2005, there was a general lack of typical solifluction microforms in less inclined areas of the eastern Sørkappland coast. Classical solifluction (congelifluction) is rare there due to the common presence of other processes (sheet wash
or fluvial), steep slopes, lack of continuous vegetation, a great permeability and
slight thickness of the discontinuous Quaternary deposits (Ziaja 2010).
It is possible to observe plant succession in the field, both in the areas abandoned by glaciers and in the areas which were not glaciated, but were devoid of
plants because of more severe climatic conditions in the past. However, the plants
are very rare and low, growing in small patches or clumps. There are only a few
sites with a continuous or dense vegetation in the eastern Sørkappland coast, e.g.,
the Daudbjørnpynten promontory with a patch 0.06 ha (Ziaja 2004, Ziaja et al.
2009). These few sites were not glaciated and did not undergo intensive slope processes both during the LIA and afterwards (Ziaja 2004, 2010, Ziaja et al. 2009).
Such poor and initial vegetation is not visible in the satellite images (Fig. 1).

Results and evaluation – western Sørkappland
coast
The landscape of the western Sørkappland coast is typical for the entire open Greenland Sea coast in the west of Spitsbergen (without internal parts of the long western
Spitsbergen fjords), built mainly of high-resistant Precambrian and Paleozoic, partly
metamorphic, rocks (Dallmann 1999). This coast has been much warmer and less
glaciated than the eastern coast both in the LIA and at present. Terraced coastal
plains, which form a continuous belt up to 4–5 km wide, have been mostly covered
by a low and comparatively dense tundra, even during the LIA (Fig. 3).
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The northwestern part of Sørkappland (containing two mountain ridges and a
large valley between them, apart from coastal plains) is completely devoid of glaciers (the one small glacier disappeared before 1982). The peninsula’s interior,
with numerous glaciers, begins further to the east, i.e. east of the Wurmbrandegga-Gavrilovjellet mountain ridge (Fig. 1). The recession of these glaciers has
been intensified after the LIA, i.e. since the beginning of the 20th century. The westernmost, Gåsbreen, has been surveyed since 1899 (De Geer 1923). Its front
leaned against the Wurmbrandegga-Gavrilovjellet mountain ridge, creating a dam
for the Göesvatnet lake. The dam decreased in height due to the decrease of the glacier’s thickness during the 20th century. The lake disappeared after a significant
shortening, by approx. 200 m, of the glacier just after 2000 (Pillewizer 1939, Ziaja,
Ostafin 2007, Ziaja 2010).
South of the completely unglaciated mountains of northwestern Sørkappland,
the mountain slopes facing the Greenland Sea are unglaciated (the one small glacier disappeared before 1982), whereas from the land side the mountain slopes are
partly covered by glaciers. These glaciers – and also several large glaciers which
flow in wide valleys to coastal plains – have greatly regressed (thinned and retreated) since the beginning of the 20th century, forming new marginal zones (Fig.
1, Ziaja 1999, 2004, 2010).

Fig. 3. Northwestern Sørkappland coast on the Greenland Sea, abandoned by the Barents Ice
Sheet at the end of the Pleistocene (view from the Struvefjella slopes to the Hornsundneset lowland between two promontories: Suffolkpynten in the south, to the left,
and Palffyodden in the north). The lowland, 3 km wide, is overgrown by a comparatively
dense tundra. Photo looking southwest taken by W. Ziaja in 2008
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The retreat of the Olsokbreen front (the only tidewater glacier in western
Sørkappland, both in the LIA and today) allowed the Stormbukta bay to appear by
the 1930s and lengthen in an inland direction afterwards. The new coast of this
large bay is intensively transformed and the majority of the western Sørkappland
coastline is rather stable (Fig. 1). Nevertheless, some sequences of the coast are
undergoing increased sea action, i.e. accumulation or abrasion, due to a significant
shortening of the sea-ice season since the 1980s (Ziaja 2010, 2011).
The marginal zones of the western Sørkappland glaciers are built of dead ice
covered by a continuous layer of moraine material, mostly up to 1 m thick. These
zones are being permanently widened due to glacier recession. Transformation of
the zones is driven by the ablation of dead ice (which still remained unfinished everywhere) and influence of pro-glacial rivers where the area of ice-cored moraines
has been decreasing, while the area of intra-marginal sandurs has been increasing.
The steep slopes have been abandoned by glaciers due to a decrease of ice thickness
in their upper parts. These slopes are usually not covered by moraine and have undergone weathering and gravitational processes (Ziaja 2010).
Solifluction is a very common process due to the high humidity and varied granulation of the continuous Quaternary deposits overgrown often by plants (Ziaja
2010).
Plant succession is intensified in areas both abandoned by glaciers and permanently unglaciated, due to both the warming and the proximity of the relatively
dense tundra.
Re-colonization of the western Sørkappland by reindeer in the 1990s (after
their extinction due to the trapper activity by 1973) is clearly visible in the landscape (there were approx. 170 animals in the area north of Olsokbreen in 2008).
Their number is too high because they are not threatened by any predators. They
have destroyed some plant communities, stimulated expansion of others, and initiated or intensified erosion processes due to overgrazing and trampling. Their activity, especially trampling, has strongly limited birds’ nesting in the coastal plains
(Ziaja 2010, 2011).
Hornsund was the only fjord between Sørkappland and the rest of Spitsbergen
until at least 1936. It has been lengthened twice since 1900 and has undergone a
permanent lengthening until this very day. One big lateral fjord appeared on the
southern Hornsund coast by 1985, and a few successive fiords have begun to develop there afterwards (Wassiliew 1925, Fig. 1).

Conclusions
The landscape complexity has been increasing under climate warming and in this
respect the Sørkappland landscape is becoming more diversified. As a result, components of the landscape mosaic are becoming smaller and smaller.
The Sørkappland landscape transformation has recently been intensified by a
positive feedback in this very process (persisting since the beginning of the 20th
century) and a significant current warming since the 1980s, evidenced in Table 1.
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The timing of this transformation varies from west to east: the greatest changes
on the eastern coast have occurred since the 1980s to the present, whereas on the
western coast, the tempo of landscape changes has been more even since the beth
ginning of the 20 century.
The spatial aspect of this transformation is also completely different in both
coasts. The landscape of the eastern coast has changed radically in its type (from almost completely glaciated to mostly unglaciated), albeit in a narrow stretch
(approx. 1 km wide, apart from areas submerged by the sea). Whereas in the much
wider (several km) western coast, the landscape types remain generally the same
with significant internal changes and displacements of landscape boundaries.
Hence, the main differentiation of the Sørkappland landscape transformation
occurs between the eastern (narrow) and western (wide) coastal zones, separated
by the mountainous and glaciated peninsula interior.
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