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  ____________________________________________________________________________ 

Abstract: Spatial differentiation of the Spitsbergen landscape is not determined by its geographical latitude and longitude 
due to the island’s location and influence of the sea-currents around the island. There is a clear landscape contrast between 
the eastern and western Spitsbergen coast. Horizontal and vertical landscape differentiation and its temporal development 
are outlined. There are three landscape vertical zones in Spitsbergen (glacial-nival, sub-nival, and the continuous 
Arctic tundra), apart from its eastern coast where there are only two of them (without the continuous tundra). However, 
the continuous tundra zone, absent in the east until today, may develop due to contemporary climate warming and its 
environmental implications there.
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Introduction

The Spitsbergen landscape has (of course) four dimensions: two horizontal, i.e. length and width (which can 
be measured using the geographical longitude and latitude), one vertical, i.e. height or thickness (which can be 
measured using the altitude above the sea level), and time (of development). The first three of the mentioned 
dimensions cause landscape to be a solid figure. Its shape and volume may be different: from a flattened one 
(easy to show in a map) to a vertically expanded (best to show in a so-called 3-dimensional model). This figure 
is also changeable in the course of time. Each dimension is more or less visible in the landscape differentiation 
of particular parts of the island. The importance of particular dimensions in the landscape differentiation may 
vary in different areas, in respect of not only their location but also their size, according to a scale.
The main objective of the paper is to show the four dimensions (longitude, latitude, altitude, and time) in the 
whole Spitsbergen landscape, which enables to outline the Spitsbergen landscape general differentiation.

Materials and method

A systematic description of the contemporary Spitsbergen landscape dimensions does not exist. There is 
no full study of the landscape (i.e. physico-geographical, or geoecological, or climate-and-vegetation) zonal 
differentiation, either horizontal or vertical, in Spitsbergen. However, there are very good descriptions of some 
particular zones, first of all of the latitudinal tundra zone (Elvebakk 1997) or boundaries between zones, first of 
all of the equilibrium (in mass balance) line altitude on glaciers (Hagen et al. 1993, Lefauconnier, Hagen 1991), 
which is connected with the snow and firn lines. However, these data on the equilibrium line altitude are not up-
to-date due to a significant climate warming and intensive glacial recession for the past several dozen years. A 
lot of authors described a polar (Arctic) desert zone as a contradiction of the tundra zone (e.g. Hisdal 1985), or 
a periglacial zone in a contrast to the glacial zone (e.g. Jahn 1975, Różycki 1957). The best synthetic pictures 
of the Spitsbergen landscape components’ differentiation are contained in the thematic maps of the Svalbard 
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archipelago: glaciological (Krintiansen, Sollid 1986), geomorphological (Klemsdal 1989), of superficial materials 
(Krintiansen, Sollid 1987), of soils (Låg 1993), of vegetation (Elvebakk 2005), of animal life (Fjeld, Mehlum 
1988), and others. Landscape structure of some areas in the southern, southeastern and middle-western parts 
of Spitsbergen was described as a result of a detailed field landscape mapping carried out by the author during 
12 summer seasons between 1982 and 2008 (e.g. Ziaja 1991, 1992, Ziaja et al. 2007, 2009). 
An analysis of the aforementioned papers and maps together with the results of the author’s field observations 
carried out in different parts of Spitsbergen (apart from its northern part) was the main method leading to the 
shortest outline of the Spitsbergen landscape dimensions, presented below.

Results

Horizontal landscape dimensions

The geographical latitude of Spitsbergen (fig. 1) determines the following basic common features of the island’s 
natural environment and landscape: (1) small delivery of the sun energy, (2) long polar night and day, (3) 
permanent glaciation in the form of permafrost and glaciers, (4) short stature and species scantiness of the 
tundra vegetation, even in optimal habitats, with a lack of tundra on the majority of the island’s territory.
However, the latitude does not determine the internal variety of Spitsbergen landscape because its climate 
differentiation depends much more on the sea-currents around the island than on the island’s north–south 
extension. The spatial arrangement of the currents results from the continents’ distribution around the oceans 
and the location and shape of the island. 
The island’s eastern coast is being cooled by the cold East Spitsbergen Current which flows from the Arctic 
interior to the south, whereas the western coast is affected by the warm West Spitsbergen Current from the 
south. The cold current’s water goes round the southern cape of Spitsbergen and is often pushed between the 
warm current’s water and the western coast (Klungsøyr et al. 1995), under the pressure of the southern and 
southeastern winds. Presence or absence and intensity of this phenomenon depend on the power and duration 
of the mentioned winds. The longer distance along the western coast to the north, the more seldom and in a 
shorter time this coast is affected by this cold water. Hence, the southwestern part of Spitsbergen coast is colder 
than the northwestern part and especially the middle-western one (the more colder climate the bigger glaciation 
in the same altitude, and the smaller density and biodiversity of the terrestrial vegetation).
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Fig. 1. Location of Spitsbergen in the Svalbard archipelago

The geographical longitude (fig. 1) – the coordinate 
whose essence is to be perpendicular to the latitude, 
with a conventional choice of the 0° meridian – does 
not influence neither features of the Spitsbergen 
landscape and environment nor their differentiation.
The aforementioned climatic differentiation overlaps a 
geological-structural variety which has its reflection in 
terrain relief (landforms).
Old tectonic structures, which consist of very resistant, 
more or less methamorphic, Proterozoic and Lower 
Paleozoic rocks, predominate at the western edge 
of the island (Dallmann 1999). Mountain ranges built 
of them (with sharp peaks which gave the island’s 
name: Spitsbergen means “the pointed mountains”) 
are separated from the Greenland See by lowlands, 
mostly several km wide, which form a belt (so-called 
strandflat) interrupted by huge fjords. These fjords cut 
the island from the west to the east up to two thirds 
of its width. The lowlands consists of marine terraces 
which have been raised up to several dozen m above 
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the sea level during the Quaternary and mostly preserved due to a high resistance of their bedrock. The terraces 
have been mostly free of glaciers since the end of the Weichselian (Salvigsen, Elgersma 1993) due to the 
aforementioned warm current.
The eastern Spitsbergen is built of low-resistant Mesozoic and Tertiary sedimentary rocks (Dallmann 1999). 
Thus the mountains are lower and their culminations are more flat there. However, they are mostly glaciated 
under the impact of the aforementioned cold current. Their slopes fall steeply to the Barents Sea. In many 
places, they are being cut at their base directly by the sea. There is no belt of coastal lowlands there, and low 
(up to a few dozen m high) and narrow (below 1 km wide) plains occur only in places, often newly abandoned 
by glaciers which have recessed since the beginning of the 20th century. The eastern coast is much less 
developed than the western one, with a few short fjords which have appeared recently (since the end of the 
20th century). 
The co-existence of the warmer climate (limiting glaciation) and extensive flat areas (with a stable bedrock 
enabling plants to root) had resulted in the appearance of the continuous (though low and scanty in species) 
Arctic tundra (fig. 2) in the Holocene before the Little Ice Age. 
On the other hand, in the east, vegetation is very dispersed, in a form of single individuals or small patches, due 
to both the more severe climate and the lack of wider flat areas free of glaciers before, what was a barrier for the 
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Fig. 2. Satellite image of south Spitsbergen (south of Van 
Mijenfjorden) from August 20th, 1985: Landsat 5, MSS-421 
(elaborated by the author in Norsk Polarinstitutt), shows the 
contrast between the eastern and western coasts. Color 
scheme: white – glaciers; red or reddish – continuous 
vegetation cover; beige and blue-grey – unglaciated areas 
without vegetation cover; black – seawater; blue-and-black 
– glacial water mixed with seawater

development of a denser vegetation (fig. 2).
This contrast in vegetation between the western 
and eastern Spitsbergen coast was ignored by 
Wüthrich (1991).
There is a similar contrast between the western 
and eastern Spitsbergen in the animal life. The 
lack of continuous tundra determines a virtual 
absence of herbivores in the eastern coast 
(both mammals, like reindeer, as well as birds, 
like gees). In addition, there is a much smaller 
number of birds feeding in the sea there, 
probably because of a longer sea-ice season 
and colder sea-water. 
The eastern coast and the western coast are 
divided by the mountainous island’s interior 
which is almost completely glaciated until 
today, apart from the middle mountainous part 
of Spitsbergen (Nordenskiöld Land) which is 
mostly ice-free.
A short southern coast (ca. 20 km long), with 
the strandflat a few km wide, overgrown with a 
continuous tundra, is a connection between the 
long (about 500 km without bays) eastern and 
western coasts. The landscape of this coast is 
similar to the western coastal landscape.

Vertical landscape dimensions

All the interrelations between the afore-
mentioned features of the geological structure, 
climate, glaciation and terrain relief have led 
to a bigger vertical (determined by the altitude 
above the sea level) landscape differentiation in 
the west coast than in the east coast (fig. 3).



In the west (and south) Spitsbergen coast, there are three following landscape vertical zones (from top to 
bottom): 
1) glacial-nival, with glaciers and perennial snow-patches, 
2) sub-nival, with numerous snow patches disappearing shortly before the end of summer, 
3) the Arctic tundra (more or less continuous vegetation). 
Only the two upper vertical zones (glacial-nival and sub-nival) are visible in the east Spitsbergen coastal 
landscape (fig. 3). 

336

Ziaja W.

Fig. 3. Vertical landscape zones in the southern Spitsbergen lower their altitude above sea level from the west to the east: a 
typical example from the northern Sørkapp Land. That results in the lack of the continuous Arctic tundra in the eastern 
coast. The glacial-nival vertical zone, with accumulation parts of glaciers and perennial snow patches, is located near 
the snow line (or equilibrium line of the mass balance on glaciers) and above these lines. The sub-nival vertical zone, 
with glacier tongues and numerous snow patches which disappear shortly before the end of the summer season, and 
sparse plants in places, is located above the upper extent of continuous vegetation and below the aforementioned 
lines. The Arctic tundra vertical zone includes areas with more or less continuous vegetation

Hence, contrary to Wüthrich (1991), vegetation of the lowest 
landscape zone is not the same in the western and eastern 
Spitsbergen open coast.
The continuous Arctic tundra does not exist even just above the 
sea level in the east. It can not be excluded – after the period of 
contemporary climate warming since the beginning of the 20th 
century, and especially the current climate warming for the past 
30 years – that climatic conditions for the development of the 
tundra have recently  appeared. However, such a development 
demands (centuries of) time, the more so as the non-climatic 
environmental conditions are rather poor. 

Time dimension: temporal landscape 
development

No landscape remains unaffected by the passage of time. 
Landscape development (evolution) is obviously permanent. 
However, it accelerates or slows down from time to time. 
Nowadays, it is the time of its acceleration. The acceleration 
of landscape development in Spitsbergen has occurred due to 
the climate warming after the end of the Little Ice Age, i.e. since 
the beginning of the 20th century. That was observed earlier in 
the western Spitsbergen (since the middle of the 20th century) 
and later in the eastern Spitsbergen (for the past 30 years). 

Fig. 4. A typical Spitsbergen landscape change: in 
the Gåshamna area, the Goësvatnet glacial-
dammed lake (which still existed in 2000) 
disappeared before 2005 because of the 
glacier’s recession. The Gåsbreen glacier is 
much shorter now and does not dam up the 
valley. View from the south. Upper photo: W. 
Ziaja. Lower photo: J. Niedźwiecki
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Of course, the east Spitsbergen coastal landscape changed slowly until the 1980s, but the intensive current 
warming since the 1980s (Ziaja 2012) was necessary to speed up this landscape development. 
Dramatic landscape changes have occurred in Spitsbergen during the past century due to the climate warming 
and recession of glaciers, including the development of completely new landscape in areas abandoned by 
glaciers (e.g. wide marginal zones with different types of moraines as well was other accumulation and erosion 
landforms), or a sea transgression on areas in which the basement of recessing glaciers was situated below the 
sea level. Due to the latter, a lot of new gulfs, including fjords, and sounds appeared, and some peninsulas or 
headlands were transformed into islands or islets. Less dramatic but clearly visible changes which affected the 
environment functioning have occurred almost everywhere (fig. 4), maybe apart from some highest parts of the 
island’s interior. Some of these changes in the middle-western and southeastern Spitsbergen were described 
by the author (Ziaja  2001, 2004, 2010, 2012; Ziaja, Pipała 2007; Ziaja et al. 2007, 2009). 

General remarks and conclusions

The differentiation of the Spitsbergen landscape depends mainly on the geological structure, distribution of 
peninsulas and fjords (shoreline course), and sea currents’ system. Three landscape vertical zones: glacial-nival, 
sub-nival, and the Arctic tundra, occur on the west Spitsbergen coast (with a relatively wide belt of lowlands, cut 
by long fjords, under the warm West-Spitsbergen Current), which can be distinguished after field observations 
and according to hitherto referred research results. Their boundaries rise up from both the north and south 
to the warmest middle of the island. These three zones occur also on a very short south coast. Only the two 
upper vertical zones (glacial-nival and sub-nival) are visible in the east Spitsbergen coastal landscape (without 
any lowland belt, with a much shorter shoreline, under the cold East-Spitsbergen Current) because plants are 
absent or very dispersed there. However, plant succession may result in the appearance of the tundra there in 
future. According to the aforementioned thematic maps and explorers’ reports (e.g. Schramm 1996), the author 
(who has not visited the north Spitsbergen coast) supposes that the number of vertical zones in the north is in 
places the same as in the west and in places the same as in the east.
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