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ABSTRACT 

Abstract 

Data for the detailed glacier inventory of the Svalbard archipelago were com­
piled from topographical maps, aerial photographs, Landsat satellite images 
and radio-echo soundings . The work was carried out at the Norwegian Polar 
Institute where all the background information is available. 

Most of the work was done in 1980-81 .  The topographical maps used are on a 
scale of 1:100,000 and were made by the cartographical section of the Norwe­
gian Polar Institute for the Svalbard map series project. Many have been upda­
ted or totally revised during the past ten years. However, some which had 
been constructed from aerial photographs dating from 1 936 showed glacier 
areas and glacier fronts that had not been updated. Because most glacier areas 
have been shrinking since the 1 930's, aerial photographs on a 1:50,000 scale 
taken in 1960, 1966 and 1 969-71  have been used to update the extent of the 
glaciers and investigate the moraine morphology associated with them. Land­
sat satellite images from August 1980 which show glacier front positions on 
calving glaciers were also used in the compilation. The new aerial photography 
carried out in the summer of 1990, which covers the whole of Svalbard, was 
not used for this inventory. These photos would most likely have confirmed 
the general retreat of the glaciers because of the negative mass balance on 
most glaciers during the present century. Consequently, the volurnes and areas 
given in this inventory are probably slightly overestimated compared to the 
1 990 situation. 

Treating each drainage bas in separately, the inventory gives information about 
every glacier that exceeds 1 km2 in area. Small er ones were also measured, but 
are not listed or tabulated individually. Although the se comprise as much as 
56% of the total number, they cover only 1 . 1  % of the glaciated area. 

Radio-echo soundings were carried out by Russian, Norwegian and British 
scientists . An empirical form ula based on these soundings has been used to 
estimate the depths and volum es of most of the glaciers. 
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Introduction 

The secretariat of the World Glacier Inventory (WGI) was established 
in the mid-1970's at the Department of Geography, Swiss Federal 
Institute of Technology (ETH), Ziirich. The WGI was set up by 
UNESCO under the auspices of the United Nations Environment Pro­
gramme (UNEP) and supported by the International Commission on 
Snow and Ice (ICSI), affiliated with the International Association of 
Hydrological Sciences (lAHS). Its aim was to collect standardized data 
on the extent of glaciers in glaciated regions of the world. It has pre­
pared Instructions for Compilation and Assemblage of Data for a 

Fig. 1. Landsat satellite image 

of Svalbard from 1980 gives a 

good impression of the glaeier 

coverage. 
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INTRODUCTION 

World Glacier Inventory. This gives general instructions which should 
be used for a wide variety of glacier types and glaciated areas. We have 
tried to follow these instructions in this Glader Atlas of Svalbard and 
Jan Mayen. 

The main objective of the atlas is to obtain a data base of all the glad­
ers of Svalbard and Jan Mayen using reference numbering that follows 
the WGI system. Thus, the tables and maps comprise the bulk of this 
inventory. Some general information is given first about the gladers in 
Svalbard, briefly referring to some investigations of them. 

In the WGI identification system, each continent is given a reference 
number and is subdivided into regions indicated by letters. Europe has 
been assigned number 4, and Svalbard is identified by W. The Svalbard 
region (4W) is again divided into regions, as explained in the text. Jan 
Mayen, although outside the Svalbard archipelago, has been included 
by WGI in the 4W region and is therefore included in this inventory. 

A selected bibliography is given that covers works referred to in the 
text as well as key publications which may be of interest to people 
involved in studying gladers or related features in Svalbard. 

The Svalbard inventory was started in 1980 by Olav Liestøi, and the 
bulk of the work was carried out in 1980-1981 by Erik Roland who 
compiled the geographical information in the main tables. The work 
then stopped until 1989, when the Norwegian National Committee for 
Hydrology funded its completion. Torild Jørgensen was engaged for six 
months and Jon Ove Hagen was in charge of the final phase. The work 
has been carried out at the Norwegian Polar Institute, Oslo, where all 
the background information is available. Much of the text has also 
been published in the Satellite Image Atlas of Gladers of the World 
(edited by Williams & Ferrigno 1993) in the chapter entitled "Glaciers 
of Svalbard, Norway" by Olav LiestøI. 
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Comments on the Glaeier Inventory 

I nstructions 

According to the instructions, all perennial snow and ice masses 
should be recorded in the World Glacier Inventory. Measurements of 
glacier dimensions should be made with respect to the carefully deline­
ated drainage area of each ice stream. Tributaries should be inc1uded 
with the main streams when they are not differentiated from one an­
other. If no flow takes place between separate parts of a continuous 
ice mass, each ice stream should be treated as a separate unit. 

The extent to which visible ice, firn and snow are distinguished from 
rock and debris surfaces will affect the inventory measurements of 
individual glaciers. Inactive ice must be inc1uded in the inventory for 
hydrological purposes. Marginal and terminal moraines should be 
inc1uded if they contain ice. Glacierets and snow patches that are suffi­
ciently large, and perennial, should be inc1uded. Rock glaciers should 
be inc1uded if there is evidence of large ice content. 

The instructions seem to have important consequences for the Sval­
bard inventory and need commenting upon. They always divide the 
land into drainage basins. In Svalbard, many small ice caps drain in 
different directions and thus support a number of drainage areas. It 
would often be more logical to treat these ice caps as one glacier, but 
in accordance with the instructions we have divided them into sepa­
rate drainage basins. Examples of this can be seen at Glitnefonna on 
Nordaustlandet and Digerfonna on Edgeøya. This will sometimes com­
plicate the use of the atlas. 

Many ice streams have tributaries that could have been treated as indi­
vidual glaciers. Hence, it is often the subjective decision of an investi­
gator that determines which glacier qualifies for an individual refe­
rence number. This problem can be c1early seen when a surge takes 
place on one ice stream of a composite accumulation area, as for 
example on Osbornebreen and Hinlopenbreen. Osbornebreen started 
to surge during the winter of 1986/87, but only its western branch was 
affected. Hinlopenbreen has many tributaries in its area, but some of 
them could readily have be en recorded separately. 

aur inventory inc1udes all glaciers larger than 1 km2 in each drainage 
basin, and information is given about each one. Glaciers that are smal­
ler than 1 km2 are not given reference numbers. They have been count­
ed and their total area was calculated, but they are not treated as indi­
viduals. The number and the total area of these small glaciers are given 
in the tab les at the end of every drainage basin. They cover only 1. 1 % 
of the glaciated area, but comprise as much as 56% of the total num­
ber. Many are just perennial snow patches and not real glaciers, but 
the instructions require them to be counted. 

The inventory was mainly drawn up in 1980-81 and many of the small 
glaciers may have melted away since then. Svalbard glaciers in general 
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have had a negative mass balance during this period (see the section 
on mass balance investigations), especially those having a low mean 
elevation dose to the coast. Thus, many small patches have disintegra­
ted, especially on the flat-Iying islands of Kong Karls Land in the east. 

The topographical maps used for this inventory in 1980-81 belonged to 
the main series of maps of Svalbard on the scale of 1:100,000. All the 
Svalbard maps used in this inventory have been produced by the carto­
graphical section of the Norwegian Polar Institute. Many of them have 
been revised and re-constructed during the last ten years. The inven­
tory for Edgeøya, Barentsøya, and Nordaustlandet was therefore revi­
sed in 1989-90. Some of the maps were constructed from aerial photo­
graphs taken in 1936, and the area taken up by a glacier and the 
position of glacier fronts have not been updated. Because most glacier 
are as have been shrinking since the 1930's, aerial photographs on a 
1:50,000 scale taken in 1960, 1966, 1969, 1970, 1971 and a few from 
1977 have been used to update the extent of gladers and investigate 
the moraine morphology associated with them. These photographs are 
available at the Norwegian Polar Institute. Observations on the posi­
tion of glacier fronts on calving glaciers using Landsat satellite images 
from August 1980 have als o been used in the compilation. Aerial pho­
tographs were taken of the whole of Svalbard in summer 1990. These 
were not used for this inventory, but would probably have confirmed 
the general retreat of the glaciers because of the negative mass balance 
on most glaciers this century. The volumes and areas given in this 
inventory are thus probably slightly overestimated compared to the 
1990 situation. 

COMMENTS ON THE GLACIER INVENTORY INSTRUCTIONS 9 



Climate in Svalbard 

The mean temperature in winter is remarkably high considering Sval­
bard's northern position. Temperatures above freezing can even occur 
in mid-winter. 

Ocean currents and general air circulation explain the relatively mild 
climate. Part of the warm Norwegian Current, a branch of the Gulf 
Stream, flows into the Barents Sea and part towards the western coast 
of Spitsbergen where it creates the northernmost area of open water in 
the Arctic in winter. 

The general large-scale air currents are determined by the low pressure 
area near Iceland and the relatively high pressure area over Greenland 
and the Arctic Ocean. The result is transport of mild air from lower 
latitudes towards Svalbard. Further north, the circulation is mostly 
anticyclonic with prevailing easterly or northeasterly winds. Large tem­
perature differences occur between the two a.ir masses originating from 
the southwest and northeast, causing extreme fluctuations in weather 
and temperature. The greatest variations occur in winter when the 
contrasts between the two air masses are most marked. When snow 
accumulation is measured on the glaciers in spring, traces of mild peri­
ods can often be seen as ice layers in the snow pits. On the other hand, 
snow may fall at any time during the summer months. 

On the western coast of Spitsbergen, the ave rage annual temperature is 
about -6°C, and it is slightly colder and more continental further 
inland. The ave rage temperature on the west coast in the warmest 
month, July, is about S-6°C, while in the coldest period, January­
March, it is about -15°C. 

Precipitation is normally low in the Arctic, about 400 mm annually on 
the western coast of Spitsbergen and half as much in central inland 
areas. Precipitation is higher on the glaciers due to the orographic 
effect, but seldom exceeds 2-4 m of snow. The frequent easterly winds 
caused by troughs of low pressure passing across the Barents Sea bring 
the highest precipitation to the eastern parts of the islands. The distri­
bution of precipitation on Svalbard is shown in Fig. 2. This figure is 
based on observations of mass balance on selected glaciers, a few 
meteorological stations in settlements along the west coast and obser­
vations of the altitude of the equilibrium line on the glaciers as shown 
in Fig. 8. 
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Fig. 2. Precipitation in Svalbard 

in mm per year, mainly based on 

indirect measurements. 
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Glaeiers in Svalbard 

About 60% of Svalbard is covered by glaciers of various types. Most 
dominant are the huge, continuous ice masses divided into individual 
ice streams by mountain ridges and nunatak areas. Ahlmann (1933) 
called this type of glacier the Spitsbergen type. There are also nume­
rous small cirque glaciers, especially in the high alpine mountain re­
gions in western parts of Spitsbergen. Several large ice caps are located 
in the relatively flat are as of eastern Spitsbergen, Edgeøya, Barentsøya, 
and Nordaustlandet. Some typical piedmont glaciers are found along 
the west coast, resting on the strandflat of Prince Karls Forland. lee 
shelves do not exist because all glacier fronts terminating in the sea 
are grounded. Some examples of different glacier types are given in 
Figs. 3-6. 

The majority of the glaciers belong to the subpolar type. The margins 
and parts of the ablation area are below the freezing point and are 
partly frozen to the ground, while the accumulation area and the deep-

Fig. 3. Northeast Spits­

bergen is characterized by 

large continuous ice masses 

divided into individual ice 

streams by mountain ridges 

and nunataks. The main 

stream is Hinlopenbreen. 

Oslobreen partly drains 

from Ursafonna in the back­

ground. 
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Fig. 4. There are numerous 

cirque and valley glaciers in 

central Spitsbergen. The 

main glacier is Paulabreen 

which ends in the inner part 

of Van Mijenfjorden. 

GLACIERS IN SVALBARD 

er part of the ablation area are at the pressure melting point (see the 
next section). Many of the small cirque glaciers could be classified as 
polar glaciers because the entire ice mass is below the melting point. 

The largest ice caps, ice fields, outlet glaciers, and ice streams in Sval­
bard are listed in Tables 1 and 2. 

TEMPERATURE CONDITIONS 

Ice-free land are as have continuous permafrost to depths varying from 
about 100 m near sea level up to more than 400 m in the higher moun­
tains (Liestøi 1977). However, taliks (bodies of unfrozen ground in 
permafrost) are found under most glaciers. This is due to the thermal 
regime in subpolar glaciers, the most common glacier type in Svalbard. 
In the accumulation area of the glaciers, water penetrates into the per­
meable snow and fim layers. The water refreezes because of subzero 
temperatures in the snow pack at the beginning of the melting season. 
Release of latent heat when refreezing takes place raises the tempera­
ture to melting point. Deeper layers down to the bottom of the glacier 
stay at the pressure melting point all year. In the ablation area, most 
meltwater runs off at the surface of the glacier or in channels or mou­
lins cut into the ice. No effective refreezing occurs then, and negative 
temperatures are accumulated in the ice mass from one winter to the 
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next. Temperature measurements in drill hales on Kongsvegen showed 
this temperature regime clearly (Fig. 7). The measurements from 
Kongsvegen and in drill hales on Brøggerbreen and Lovenbreen sho­
wed that the glaciers usually are cold in the ablation area down to a 
depth of 80-100 m. This was confirmed by high frequency radio-echo 
soundings giving internal reflections from the interface between cold 
and temperate ice. The two-Iayered temperature regime on the Sval­
bard glaciers has been observed on other glaciers, for example on 
Fridtjovbreen (Glazovsky & Maskalevsky 1989). Same of the small, 
thin glaciers with thicknesses less than 100 m are cold through the 
entire ice mass, while thicker glaciers are cold in the thin outer parts 
and tempe rate in the deepest, central parts of the ablation area and 
most of the accumulation area. 

The cold or polar glaciers can be distinguished from subpolar glaciers 
because large icings are formed during the winter in front of most sub­
polar glaciers. These icings can cover same square kilometres in front 
of glaciers ending on land. The ice is formed as subglacial water drains 
from the glacier during the winter. 

HYDROLOGY 

The low temperatures and the low balance gradients cause low flow 
rate on the glaciers. Thus, few crevasses are formed and surface melt­
water drainage is characteristic for these glaciers. Thick layers of 
superimposed ice may be formed as the meltwater drains at the co Id 
snow/ice interface. Great areas of slush and superimposed ice are 
aften formed in the lower part of the temporary snow line on the gla-

Fig. 5. Ahlmanfonna on the 

northern part of Nordaust­

landet, here seen looking 

east, is a typical example of 

a small ice cap. 
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Fig. 6. Aldousbreen is an 

outlet glaeier from the Vest­

fonna ice cap in Nordaust­

landet. The glacier margins 

are weU defined and indi­

cate that the f10w is signifi­

cantly higher than on the 

almost stagnant surround­

ing ice cap. 

GLACIERS IN SVALBARD 

eier. Numerous meltwater channels are formed on the surface. They 
gradually melt down into the gla eier, and englaeial meltwater channels 
can be forrned in this way (Liestøi et al. 1980). Crevasses are also clo­
sed by meltwater refreezing along the cold crevasse sides. In some pla­
ces, moulins are forrned which le ad the water into an englaeial or sub­
glaeial drainage system. Dye tracer studies indicate that water from the 
lower parts of the glaeiers drains through the same, well-developed 
drainage system year after year. 

Glaeier-dammed lakes are readily formed, both on the surface and 
laterally. These lakes vary in size, and most of them are short-lived. 
They are usually emptied during the summer either by reopening of a 
supraglaeial channel or of a moulin at the bottom of the lake. At most 
glaeier fronts the water drains subglaeially and contains large amounts 
of suspended sediment. 

The taliks in the accumulation areas allow the meltwater to drain into 
the subpermafrost ground-water reservoir. This is probably the most 
important source for the ground water, though little is known of the 
amount of water draining into the ground. This drainage is also an 
important source for the artesian water pressure which forms springs 
and pingos in many places in Svalbard (LiestøI 1976). 

THE EQUILIBRIUM LINE 

The equilibrium line on a glacier is the boundary between the accumu­
lation area, where there is an excess of snow accumulation over abla­
tion during one year, and the ablation area where ablation exceeds 
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Kongsvegen 
-6 -5 -4 -3 -2 -1 DOC Glaeier surface 

/ 

-6-

Glacier bed at T1 

Glaeier bed at T2 

T1 (375m a.s.L) 

T2 (625m a.s.L) 

Fig. 7. Temperature measurements from 

the ablation (Tl) and accumulation (T2) 

areas on Kongsvegen show the temperature 

regime that is typical for subpolar glaciers 

in Svalbard. 

accumulation. Thus, at the equilibrium line the accumulation equals 
the ablation, and the net mass balance is zero. The equilibrium line al­
titude (ELA) on the glaciers is a good indicator of climatic conditions 
throughout Svalbard. Fig. 8 shows a map of the height of the equili­
brium line and is based on data derived from satellite images, aerial 
photographs, maps and mass balance measurements. This map indi­
cates an altitude of the ELA that keeps the glaciers in balance with 
their present volume and area. The temperature, and thereby the abla­
tion, varies less than the precipitation from one region to another. The 
ELA therefore more or less reflects the precipitation pattern that was 
shown in Fig. 2. Figs. 2 and 8 show that most of the precipitation is 
brought by southeasterly winds. The ELA is only 200 m a.s.l. in south­
eastern Spitsbergen, but more than 800 m a.s.l. in the central-northern 
part, reflecting a more continental type of climate. 

However, the glaciers are not in balance with the existing climate. The 
ice masses are shrinking, and the actual ELA is up to 100 m higher 
than is shown in Fig. 8. The general pattern is, nevertheless, the same, 
and thus reflects the precipitation pattern. The higher the ELA, the 
lower the snow accumulation. 
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Fig. 8. The estimated equi­

Iibrium line altitude (ELA) 

on Svalbard glaeiers for 

zero net balance, when the 

glaeiers are in balanee with 

their present volurne and 

area. 

GLACIERS IN SVALBARD 

<:l 
300 

MASS BALANCE INVESTIGATIONS 

In 1950, the Norwegian Polar Institute started the first systematic mass 
balanee studies on Finsterwalderbreen on the south side of Van Keu­
lenfjorden. Since the work was carried out every other year from 1950 
to 1966, we only have net mass balanee data given as mean values 
for every other year during this period. The measurements showed a 
steady decrease of the glaciers with a mean net balanee of -0.25 m/year 
in water equivalents. 

Investigations in the Kongsfjord area started in 1966 on Brøggerbreen 
and a year later on Lovenbreen, and have been carried out every year 
since. Accumulation and ablation have been measured by direct glaci­
ological methods: snow-sounding profiles, density measurements, and 
stake readings. The results are given in Table 3. The results for Brøg­
gerbreen are shown in Fig. 9. As mentioned before, the glaciers are 
not in balanee with the existing c1imate, the ice masses having steadily 
decreased, with a mean net balanee of about -0.40 m/year on Brøgger­
breen. A positive net balanee has only been recorded in two years 
(1987 and 1991). The average equilibrium line is about 100 m higher 
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than the level that gives zero net balance. Steady state would be attai­
ned if the average summer temperature was lowered by 1°C, or if win­
ter precipitation increased by about 50% (Hagen & Liestøi 1990). 

The annual net mass balance correlates well with the equilibrium line 
altitude (ELA), and with the mean summer temperature or the sum of 
positive degree days during the melting season. Based on temperatures 
recorded in Svalbard since 1912, this high correlation has been used to 
reconstruct the net mass balance on Brøggerbreen since 1912 (Fig. 10) 
(Lefauconnier & Hagen 1990). The total ice mass lost in the period 
1912-1988 was 34.35 m of water equivalents, corresponding to a mean 
value of -0.45 m/year. This is almost 30% of the total ice volume of 
Brøggerbreen . 

Russian glaciologists started systematic annual mass balance measure­
ments in 1966 on Vøringbreen in Grønfjorden. In 1973-1976, they 
extended the programme to three other glaciers, two in central-west 
Spitsbergen and one on the east coast. The results, given in Table 2, 
are in good agreement with the Norwegian recordings. 

Polish scientists have studied the mass balance on Hansbreen in Horn­
sund on southern Spitsbergen since 1988, and the front position has 
been mapped for 30 years. 

Both the Norwegian and the Russian mass balance measurements 
have been carried out on relatively small (2-6 km2), isolated cirque or 
valley glaciers close to the coast. These glaciers are mainly below 500 

Fig. 9. Specific mass 

balanee on Brøggerbreen 

in the period 1967-1991. 

Winter, summer and net balanee on Brøggerbreen 
• bw � bs • bn 
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-20 

-30 

m a.s.l. Only sporadie measurements were made on large glaeiers and 
ice caps. Mass balanee investigations were therefore started on Kongs­
vegen (105 km2) in 1987. The results after five years indicate that gla­
eiers covering higher accumulation areas are doser to a steady state 
than the lower cirque glaeiers doser to the coast. 

19121915 1920 1930 1940 1950 1960 1970 1980 
I 

1990 [ I  I I ! I I I I I I years 

... observed 

Fig. 10. Cumulative net 

mass balance on Brøgger­

breen since 1912. The result 

is representative for small 

glaciers at low altitudes. 

GLACIERS IN SVALBARD 

GLACIER FRONT FLUCTUATIONS 

Most glaeiers in Svalbard are of the surge type. It is therefore difficult 
to use the front position of a single glaeier as a dimate indicator. Since 
the motion of most glaeiers in Svalbard is very slow, the front will 
shrink and retreat in periods between surges. The front position there­
fore gives little information on whether the ice mass is growing or 
shrinking. Mass balanee measurements are therefore necessary to tell 
the true story about the volume change. However, when averaged over 
many different glaeiers, even the front positions can give some infor­
mation about the variations in dimate. On the other hand, reports of 
rapid changes in front positions can also give information about the 
surge proeesses and periods. 

Some information on glaeier extent is available from rather early 
observations by sailors. In the 17th and 18th centuries, Dutch and 
English whalers plotted glaeier fronts or Ysbergs on their maps. These 
maps are often poor, but they provide some evidence that many gla­
eiers were not much larger than today. 

Observation of front positions during this century indicate a general 
retreat of the ice masses in Svalbard during the last 80 years. The main 
exceptions are surging glaeiers. This is in good agreement with mass 
balanee reconstructions based on temperature recordings since 1912 
(see above). Old maps and descriptions provide fairly good informa­
tion about the front positions in Kongsfjorden on the northwest coast 
(Fig. 11) (Liestøi 1988). Because the sailors were obviously mainly 
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interested in glacier fronts in the sea, less old information is available 
for the small glaciers ending on land. 

When direct observations and photographs from the beginning of this 
century are compared with more re cent photographs, it is obvious that 
most Svalbard glaciers have decreased considerably during this period. 
Lefauconnier & Hagen (1991) mapped all front positions of calving 
and surging glaciers in eastern Svalbard since the beginning of this 
century. Their results confirmed this general retreat. 

leE FLOW MEASUREMENTS 

The permafrost conditions cause large parts of the glaciers to be at 
temperatures below freezing. At least the margins are frozen to the 
ground. Accumulation is fairly low, usually less than 3 m of snow. In 
addition, the internal deformation rate is lowered by the negative tem­
peratures. Because of these factors, the flow rate is usually low. 

Velocity measurements have been carried out on some glaciers. The 
most extensive a.nd detailed work was carried out by German Demo­
cratic Republic (GDR) scientists in 1962-65 in the Kongsfjorden area. 
Velocities of up to 4 m/d were recorded on Kronebreen, and a mean 
velocity of 1.5 m/d was even found during the winter (Voigt 1965). 
These velocities are much greater than those found elsewhere in Sval­
bard for glaciers of similar size. In a large drainage basin (Basin 5) 
from Austfonna on Nordaustlandet, a maximum mean velocity of 0.13 
m/d was recorded during the period May 1986 to May 1987 (Dowdes­
well & Drewry 1989). 

Small valley glaciers ending on land usually have very low velocities. 
Velocity measurements have been carried out for many years on Brøg­
gerbreen and Lovenbreen. On Brøggerbreen, the maximum velocity 
dose to the equilibrium line was less than 0.01 m/d (2 m/a), whereas it 
was dose to 0.02 m/d (4.5 m/a) on Lovenbreen (Liestøi 1988). Many 
of these glaciers have a flow pattern that shows very low velocities in 
the lower part of the ablation area and considerably higher ones in the 
middle and upper parts. This is a characteristic pattern of a surge gla­
cler. 

The low velocity of most of the glaciers is unable to transport all the 
snow accumulating in the upper areas. A steady-state profile cannot be 
maintained. Thus, the gradient gradually increases and the result may 
be a surge advance. 

SURGE 

Glacier surge is a dramatic increase in glacier velocity, up to one hun­
dred times the normal flow rate, and results in a great volume of ice 
being transported from higher to lower parts of the glacier, usually 
accompanied by a rapid advance of the glacier front. Surges recur peri­
odically. Intervals between them vary from 30 to more than 100 years, 
and each glacier is characterized by a particular interval, a surge last­
ing on ave rage 1-3 years in roughly constant periods (Meier & Post 
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Fig. 11. Glaeier front tluctuations in Kongsfjorden showing the general retreat during this century. 
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Lett: 

Fig. 12. Freemanbreen on 

Barentsøya before (1936) 

and immediately after a 

surge (1956). 

Fig. 13. The front of Usher­

breen in 1985 after a surge 

that started in 1978. Note 

the folded, pushed moraine 

ridge system. 

GLACIERS IN SVALBARD 

1969). Surges seem to take plaee most eommonly in subpolar gladers 
(with temperate and eold parts) and are eharaeteristic for Svalbard gla­
eIers. 

Glacier surges oeeur independently of c1imatic variation, whieh only 
affeets the length of the period between surges. In a normal non-surg­
ing glacier there is a balanee between snow aeeumulation in the upper 
part and iee transport/ice flux down to the ablation area. Henee, the 
glacier maintains a eonstant (steady-state) longitudinal profile. In a 
surging glader, however, the flow rate, and henee the ice flux, is too 
low to maintain the steady-state profile. When ice flux is significantly 
less than aeeumulation, the possibility for a surge exists. The surfaee 
gradient gradually inereases, eausing the basal shear stress to inerease, 
too. When the shear stress reaehes a eritieal, but unknown, value, the 
surge begins and the sliding velocity inereases rapidly (Meier & Post 
1969). The triggering meehanism of a surge is not c1ear, but is probably 
a eombination of inereasing basal shear stress and inereasing subgla­
cial water pressure (Kamb et al. 1985). 

The ice velodty in a surge varies from one glaeier to another; 2-5 ml d 
is eommon, but up to 100 m/d has been reeorded at Bruarjøkulen in 
Ieeland (Thorarinsson 1969). The high sliding veloeities require that 

the basal ice is at melting point during the surge (Paterson 1981). 
Inereased heat produeed from friction results in an inereased produe­
tion of water which in turn provides lubrieation, maintaining the high 
sliding velodty and lowering the gradient even more than to the 
steady-state profile. The upper part of the glacier is usually lowered 50-
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100 m, the lower part being thickened by the same amount or even 
slightly more. After the surge, the lower part stagnates and becomes 
thinner through melting while the up per part becomes thicker through 
accumulation. 

Records show that 90% of Svalbard glaeiers are surging. Surges have 
been dated on nearly 100 glaciers from 1860 to 1992 (Table 2), but 
severai surges may have occurred which have not been recorded. 
Changes in the longitudinal profile and the position of the front have 
been recorded on some of these glaeiers. Surges occur on all types of 
glaeier, from small inland ones to large calving, tidewater glaeiers 
(Figs. 12-16). 

A characteristic difference in behaviour has been observed between 
large glaciers ending on land and those ending in the sea. In the latter 

Fig. 14. Folded moraines on 

Battybreen many years after 

a surge. 

24 GLACIER ATLAS OF SVALBARD AND JAN MAYEN 



Fig. 15. Longitudinal profile 

changes during a surge. 

A is a sketch of a calving 

glaeier and B is measured 

changes on a glaeier ending 

on land. 

A: a) pre-surge surface, A 
b) post-surge surface, 

c) concentric crevasses 

in the upper basin close 

to a cliff. 

B: a) pre-surge surface 

b) post-surge surface, 

c) marked convex front. 
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case, the entire glaeier system is usually affected, the main stream trig­
gering the surge of many minor tributaries. On glaciers ending on land, 
however, only the surging stream is involved, resulting in the forma­
tion of the complicated, folded, moraine systems frequently observed 
on Svalbard glaeiers. 

A number of descriptions of surge events have been published from 
Svalbard, inc1uding observations recorded by various expeditions. In 
1839, the French Recherche Expedition described the Recherchebreen 
glaeier in Bellsund as being heavily crevassed, with the ice front extend­
ing 3 km beyond its present position. Fridtjovbreen on the north side 
of Bellsund surged in 1858-61. The glaeier advanced 6 km, filling the 
entire Fridtjov Harbour. Some of the sea floor was pushed up in front 
of the glaeier and banks of shell-bearing c1ay were observed. 

The two largest surges known in Svalbard occurred at approximately 
the same time, Negribreen in 1935-36 and Bråsvellbreen in 1937-38. 
During one year, Negribreen advanced 12 km into the fjord along a 15 
km wide section of the front. Bråsvellbreen advanced 20 km into the 
sea along a 30 km wide front (Liestøl1969). 

Detailed observations have been made on Hessbreen in Van Keulen­
fjorden (Liestøi 1974), Usherbreen in Storfjorden (Hagen 1987) and 
Bakaninbreen, a tributary glacier of Paulabreen in the inner part of 
Van Mijenfjorden (Dowdeswell et al. 1991). 

When a glaeier surges into the sea, it becomes heavily crevassed and 
numerous, but relative ly small, icebergs are produced during the active 
advance period. However, during the years following the advance, 
when glaeier activity decreases, fewer, but larger, icebergs are pro­
duced. 

The duration of the active phase is significantly longer on Svalbard gla­
eiers than for surge-type glaeiers observed elsewhere (Dowdeswell et 
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al. 1991). In Svalbard, the active phase may last as long as 3-10 years, 
while a duration of 1-2 years is more typical in other regions, such as 
Alaska. lee velocities during the active phase are also considerably 
slower; mass is transferred down-glacier more slowly, over a longer 
period, and the termination of the active phase is not very abrupt. 

When a glaeier surges, characteristic features remain on the glacier 
itself and on the landscape, and when they are preserved these forma­
tions provide evidence of earlier surges. Folded medial moraines and 
frontal changes are typical. Folded frontal moraines after a strong push 
may occur on glaciers ending on a sandur plain dose to sea leve!, as 
on Vsherbreen. 

Examples of surges are shown in Figs. 12-16. 

RADIO-ECHO SOUNDINGS 

In 1972, radio-echo sounding using spot measurements were carried 
out on Foxfonna above a coal deposit that was being assessed, and a 
subsurface map was made (LiestøI1974). 

Russian scientists were the first to carry out extensive radio-echo sound­
ings on glaciers in Svalbard. They used ultra high frequency (VHF) 
radar of 440 MHz and 620 MHz. Most of their work was carried out 
from helicopters, but they als o performed detailed over-snow sound­
ings on selected glaciers (Macharet & Zhuravlev 1982). In 1980 and 
1983, the Scott Polar Research Institute (SPRI), England, and the Nor­
wegian Polar Institute carried out soundings from aircraft, using very 
high frequency radar (VHF) at 60 MHz (Dowdeswell et al. 1984a, b). 
In many cases, the VHF equipment seemed to underestimate the ice 
thickness. The SPRI system at 60 MHz recorded depths that were 2-3 

Fig. 16. Marmorbreen just 

after its surge in 1965-70. 

The convex front is typical 

for surging glaeiers ending 

on land. 
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Fig. 17. Surface and subgla­

cial topography derived 

from radio-echo soundings 

on Kongsvegen (after Hagen 

& Sætrang 1991). 

times greater on many glaciers. Compared with various gravity­
surveyed beds, the 60 MHz results seemed to be most correct, within 
± 10%. 

Absorption and scattering of radio signals by meltwater, soaked firn 
and ice lenses increase with radio frequency. Dowdeswell et al. 
(1984a) suggested that this is probably the main reason why both Rus­
sian and SPRI equipment seid om received any bed echoes from accu­
mulation areas. Therefore, no data are recorded from large areas of the 
glaciers. Bamber (1987a, b, 1988, 1989) has investigated the problems 
of scattering from internal discontinuities in ice masses dose to the 
melting point and used Svalbard glaciers as examples. Dowdeswell et 
al. (1984a) recommended the use of radio-echo soundings below 10 
MHz for bed sounding in the accumulation areas. In 1988, 8 MHz 
ground-operated radar equipment was used for detailed mapping of 
the subglacial topography on Brøggerbreen, Lovenbreen and Kongsve­
gen (Hagen & Sætrang 1991). This equipment gave de ar bottom 
returns even in the accumulation areas. The echoes showed that the 
bed of Kongsvegen was at sea level as far as 12 km upstream from the 
front (Fig. 17). 

The most extensive radio-echo mapping was carried out on Austfonna 
(8105 km2) using aircraft-based soundings in 1983 (Dowdeswell et al. 
1986). Profiles were taken 5 km apart and maps of the subglacial, 
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bedrock topography and ice thickness were produced (Figs. 18, 19 and 
20). 28% of the bedrock area beneath Austfonna was below sea level. 

In 1990, newly-developed multi-frequency radar was used to map the 
temperature regime of the glaciers. This radar can operate on different 
frequencies just by changing the antennae (Hamran 1989). At low fre­
quencies (5-20 MHz), the signals penetrate both co Id and temperate 
ice and are reflected from the bedrock. At higher frequencies (320-370 
MHz), they are reflected from the interface between cold and tempe-

�. 
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Fig. 18. lee surface eleva­

tions on Austfonna. Contour 

interval 50 m. Ice-free land 

is dotted. After Dowdeswell 

et al. (1986). 

Fig. 19. Subglacial bedrock 

elevations beneath Aust­

fonna. Contour intervallOO 

m. After Dowdeswell et al. 

(1986). 
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Fig. 20. Thickness of ice 

making up Austfonna. Con­

tour intervall00 m. After 

Dowdeswell et aJ. (1986). 
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rate ice. On Kongsvegen, this radar gave inner reflections that showed 
an 80-100 m thick cold, upper layer in the ablation area, and a tempe­
rate accumulation area, which is in good agreement with temperature 
measurements in drill hoIes (Fig. 7). 

CORE DRILLINGS 

Shallow core drillings have been carried out on a number of glaciers to 
detect the radioactive layers from the Chemobyl accident in 1986 and 
from nuclear tests in 1961-62. The depth of the layers has been deter­
mined for mean annual mass balance studies. 

Deep core drillings have been carried out on severai glaciers, mainly 
by Russian scientists, but recently als o by Japanese glaciologists. The 
Japanese team drilled down to 85.6 m on the Høghetta ice dome in 
northem Spitsbergen. The ice was dated us ing the C14 method, volca­
nic layers and tritium reference layers (Fujii et al. 1990). The interpre­
tation of the core discussed by Dowdeswell et al. (1990) was rather 
complicated. 

Russian scientists have drilled severai glaciers. They started in 1975 on 
the divide between Grønfjordbreen and Fridtjovbreen, drilling a 213 m 
deep core at a drill site 450 m a.s.l. They used b-activity from the 1961-
62 reference layers to detect the annual accumulation rate. Because of 
the warm fim with meltwater percolation, they had problems separa­
ting the core into annuallseasonal layers. However, oxygen isotopes 
(8018) were analysed and presented as lO-year mean values illustra­
ting the general trend of the variations. These were used to interpret 
mean annual air temperature variations (Vaykmyae et al. 1977). 

In 1976, the same groups drilled on the Lomonosovfonna ice plateau 
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in central-northem Spitsbergen. The drill site was at 1000 m a.s. l. and 
the core depth was 200 m (Gordiyenko et al. 1981). Here, cold fim 
was measured by using surface melting during the summer. A seasonal 
variation of oxygen isotopes was observed. The accumulation rate deri­
ved from b-activity in reference layers was found to be 0.90 m of ice 
per year. The Russian scientists concluded that the climatic variations 
in the North Atlantic had not been synchronous with climatic fluctua­
tions in Europe and North America. In particular, they found that 
long-term changes in Svalbard lagged behind those in Europe. 

In 1980, a Russian-Polish group driUed in south Spitsbergen, at 700 m 
a.s.l. on Amundsenisen. A thermal core drill reached the bedrock at a 
depth of 580 m. lee core samples were taken to a depth of 380 m. The 
drill site was located in a warm fim zone (Kotlyakov 1985). 

In 1981, a Russian team drilled to the bedrock at a depth of 208 m in 
the Vestfonna ice dome in Nordaustlandet. The drill site was at 580 m 
a.s.l. in a cold fim zone. Variations in Cl concentrations enabled sea­
sonal layers to be distinguished at different depths. It was found that 
the accumulation rate had been fairly constant for 500-600 years (Pun­
ning et al. 1985; Vaykmyae et al. 1985). 

Another core has been drilled on the summit of Austfonna (700 m 
a.s.l.) in Nordaustlandet to a depth of 204 m. The drill site was located 
in warm fim and was stopped mainly because water percolated into 
the drill hole (Arkhipov et al. 1987). 

These core drillings have shown that on many glaciers in Svalbard per­
colation is too high to give reliable climatic interpretations from oxy­
gen isotope variations, but that there are are as with very little melting 
and cold fim. On glaciers in these areas at high altitudes (1000-1200 m 
a.s. l.), the seasonal layers are probably not completely disturbed. Thus, 
core drillings in these glaciers may provide valuable information for 
monitoring air-transported poUution in this part of the Arctic, as weU 
as data on climatic history during the last 2000 years. 
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DATA ORGANIZATION 

Data organization 

Data for the detailed glacier inventory of the various islands making up 
Svalbard were compiled on the basis of topographical maps, aerial 
photographs, Landsat satellite images and radio-echo soundings. The 
work was carried out at the Norwegian Polar Institute where all the 
background information is available. 

A standard data sheet has been completed for each glacier. These 
sheets are not inc1uded in this publication, but the information they 
contain is in the main data tables. 

A table has been prepared for each region, summarizing the main data 
from each drainage basin. Details about the content are given in the 
explanations to the main tables. An alphabetical list gives all named 
glaciers and their reference numbers. 

Additional tables provide information about surging glaciers, the lar­
gest ice caps and ice fields, and the largest oudet glaciers. 

All the glaciers and their reference numbers are also shown on the 
maps, which are on a scale of 1:500,000. There is one map for each 
major drainage area. 

An empirical formula based on the radio-echo soundings has been 
used to estimate the mean depths and volumes of most of the glaciers. 
The mean depth (D) of glaciers with area A was given by: 

D = 33 . In A + 25 for oudet glaciers where A > 1 km2 
D = 28· In A + 10 for ice caps 
D = 25 where A < 1 km2 

Since many of the VHF radio-echo soundings on which this form ula 
is based have underestimated the ice thicknesses, these formulae 
probably als o underestimate the thicknesses slightly. 
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TABLE 1. Area of the largest ice caps and ice fields in Svalbard 

SPITSBERGEN: EDGE0YA: 
Olav V Land Icefield 4150 km2 Edgeøyjøkulen 1365 km2 

Holtedalfonna 1375 " Digerfonna 270 " 

Åsgårdsfonna 1230 " Storskavelen 190 " 

Lomonosovfonna 600 " Kvitisen/Langjøkulen 1 00 " 

Isachsenfonna 505 " Kvalpyntfonna 85 " 

Balderfonna 345 " Kvitkåpa 80 " 

Fimbulisen 320 " 

Sørkappfonna 265 " BARENTS0YA: 
Løvenskioldfonna 265 " Barentsjøkulen 570 km2 
Nordmannsfonna 250 " 

Fi1chnerfonna 203 " KVIT0YA: 
Ursafonna 125 " Kvitøyjøkulen 705 km2 

Hellefonna 122 " 

NORDAUSTLANDET: 
Austfonna m/Vegafonna 8450 km2 
Vestfonna 2455 " 

Glitnefonna 1 74 " 

TABLE 2. Area of the largest outlet glaciers and ice streams in Svalbard 

Hinlopenbreen 1250 km2 
Negribreen 1 180 
Bråsvellbreen 1 1 1 0 
Leighbreen 715  
Stonebreen 7 1 0  

Kronebreen 690 
Etonbreen 665 
Hochstatterbreen 580 
Nathorstbreen 490 
Monacobreen 410  
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TABLE 3. Specific mass balanee in m/y water equivalent, annual equilibrium line 
(ELA) given in m and accumulation area ratio (AAR) in % for Austre Brøggerbreen 
(6.1 km2) and Midre Lovenbreen (5.5 km2) 1967-1991. 

AUSTRE BR0GGERBREEN MIDRE LOVENBREEN 
Balanee bw bs bn ELA AAR bw bs bn ELA AAR 
year 

1966/67 0 .77 1 .42 -0.65 450 7 

1967/68 0 .57 0 .67 -0. 10  250 65 0.48 0 .5 1 -0 .03 295 6 1  

1 968/69 0.40 1 .33  -0 .93 650 O 0.41 1 .25 -0 .84 650 O 
1 969/70 0 .37 0 .91  -0.54 490 7 0.36 0 .89 -0.53 500 6 

1970/71 0 .65 1 .23 -0.58 400 23 0 .70 1 . 16 -0.46 385 3 7  

197 1/72 0 .95 1 .26 -0.3 1 360 32 0 .98 1 .20 -0.22 350 46 

1972/73 0 .74 0 .82 -0.08 270 60 0 .82 0 .84 -0 .02 3 1 0  5 8  

1973/74 0 .75 1 .67 -0.92 550 2 0 .70 1 .59 -0.89 550 2 

1974/75 0 .78 1 .09 -0.3 1 340 35 0 .83 1 . 04 -0.2 1 340 48 

1975/76 0 .72 1 . 1 7  -0.45 410  20 0 .75 1 . 10 -0 .35 420 29 

1976/77 0 .76 0 .87 -0. 1 1  320 45 0.80 0 .84 -0 .04 300 60 

1977/78 0 .75 1 .3 1  -0.56 4 1 0  20 0 .81  1 .29 -0.48 420 29 

1978/79 0 .77 1 .48 -0. 7 1  550 2 0.80 1 .46 -0.66 480 9 

1 979/80 0 .75 1 .27 -0.52 430 1 7  0 .83 1 .26 -0.43 4 1 5  30  

1980/81 0 .46 1 .0 1  -0.55 450 14 0.5 1 0.97 -0.46 435 23 

1981/82 0 .64 0 .68 -0 .04 280 56 0 .66 0 .64 0 .02 290 62 

1 982/83 0 .70 0 .97 -0.27 345 34 0 .75 0 .92 -0 . 1 7  330 52 

1983/84 0 .69 1 .42 -0. 73 500 6 0 .74 1 .42 -0.68 440 2 1  

1984/85 0 .93 1 .48 -0.55 450 14 0 .98 1 .46 -0.48 445 20 

1985/86 0.98 1 .30  -0.32 380 25 1 . 06 1 .27 -0.21  3 70 42 

1986/87 0 .82 0 .60 +0.22 200 83 0 .82 0.58 +0.24 225 77 

1987/88 0 .61  1 . 1 3  -0.52 440 15 0.56 1 . 05 -0.49 425 27 

1988/89 0.56 1 . 0 1  -0.45 420 18  0 .63 0 .87 -0.24 375 4 1  

1989/90 0 .75 1 .4 1  -0.66 500 8 0.87 1 .38 -0.5 1 450 19 

1990/91 0 .92 0 .79 +0. 13 275 58 0.98 0 .88 +0 . 1 0  265 68 

1967/91 0 .72 1 . 14 -0.42 (4 13) ( 1 8) 0 .75 1 . 08 -0 .33 (395) (35)  
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TABLE 4 Registered surges in Svalbard (C: circa, B: between, p .o . :  part of) 

IDENTIFICATION No. SURGE YEAR 

1 1 1  01  PEDASJENKOBREEN B . 1925 - 1935 

1 1 1 02 GANSKIJBREEN B . 1925 - 1935 

1 1 1 03 SONKLARBREEN C . 1910  

1 1 1 05 NEGRIBREEN 1 935 - 36 

1 12 01  HAYESBREEN 190 1  

1 12 04 USHERBREEN 1978-85 

1 12 06 ULVEBREEN B. 1896- 1 900 

1 13 07 ELFENBEINBREEN 1903 

1 13 08 SKRUISBREEN 1 920 

1 13 09 SVElGBREEN 1960 

1 14 06 INGLEFIELDBREEN 1952 

1 14 07 ARNESENBREEN B.1925 - 1935 

1 14 12 THOMSONBREEN B.1950 - 1960 

1 15 02 STRONGBREEN B.1870 - 1876 

1 15 05 JEMELIANOVBREEN 1 97 1  

1 15 06 ANNA MARGRETHEBREEN 1970 

1 15 08 ISKOLLBREEN p.o. Skimbreen 1 970 

1 15 09 DAVISBREEN C . 1960 

121 02 MARKHAMBREEN B.1930 - 1936 

121 03 STAUPBREEN C . 1 960 

121 04 HAMBERGBREEN C .1890 and C. 1 960 

122 02 V ASILIEVBREEN (tributary) C. 1961 

124 04 KORBERBREEN 1 938 

13 1 1 1  SCOTTBREEN C. 1880 

1 3 1 16 RECHERCHEBREEN 1838 and 1945 

132 01 HESSBREEN 1974 

132 02 FINSTERWALDERBREEN C. 1900 

13207 SIEGERBREEN 1940 
132 26 MARTINBREEN B. 1898 - 1936 

132 27 CHARPENTIERBREEN C.1890 

134 10 BAKANINBREEN 1 985 - 90 
1 05 HYLLINGEBREEN 1970 - 80 

135 12 SKUTBREEN 1 930 

135 13 u/STORKNAUSEN E 1960 

135 14 u/SLOTTSM0YA SW 1 960 

136 13 MARTHABREEN C. 1925 

136 15 LUNCKEBREEN C. 1930 

136 18 AREBREEN 1985 

137 08 FRIDTJOVBREEN 1861 

142 1 1  SCOTT TURNERBREEN C. 1930 

142 16 M0YSALBREEN p.o. Gløttfjellbreen C. 1925 

142 17  DR0NBREEN 1 900 
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143 12 VENDOMBREEN C.1934 

143 18  MARMORBREEN 1965-70 

144 02 VON POSTBREEN 1870 

144 02 BOGEBREEN p.o .  Von Postbreen 1980 

144 03 TUNABREEN 1930 and 1 970 

145 22 SKANSDALSBREEN p.o .  Frostisen C . 1930 

146 1 7  FYRISBREEN 1960 

146 22 UlBRENNA NW C.1937 

147 16 SEFSTROMBREEN 1896 

148 05 WAHLENBERGBREEN 1908 

149 02 NANSENBREEN 1947 

153 13 OSBORNEBREEN 1987 

155 04 AU BRØGGERBREEN C.1890 

155 06 MIDRE LOVENBREEN C .1890 

155 10  KONGSVEGEN 1948 

155 1 1  KRONEBREEN 1869 

155 15 BLOMSTRANDBREEN 1960 

164 1 1  ELNABREEN C.1930 

164 17  ABRAHAMSENBREEN 1978 

164 26 UlSVELGFJELLET S 1969 

169 10  LONGSTAFFBR. p.o .  Åsgårdsfonna 1960 

172 14 Unnamed p.o .  Odinjøkulen B .1965 - 1970 

1 73 05 KOSTERBREEN C.1930 

1 73 10  HINLOPENBREEN 1969 - 72 

174 02 N /Karpinskifjellet B . 1970 - 1980 

1 74 06 HOCHSTETTERBREEN B.1895 - 1900 

2 1 1  08 p.o .  AUSTFONNA B. 1850 - 1873 

2 1 1 10 BRÅSVELLBREEN 1 937  - 38 

22 1 01  CLASEBREEN p .o .  GLITNEFONNA 1938 

221 02 PALANDERBREEN 1 969 - 70 

222 03 ETONBREEN 1938 

222 06 BODLEYBREEN 1973 - 80 

232 03 SØRE FRANKLINBREEN 1956 

242 0 1  RIJPBREEN 1938 and 1 992 

3 1 1  01  KVITKÅPA SW C.1965 

3 1 2 27 KVITISEN E 1936 

3 1 3  06 BERGFONNA SE C . 1930 

3 1 3 12 MARSJØBREEN B. 1936 - 197 1 

3 1 3 18 STONEBREEN B. 1936 - 1971  

3 1 3  19  KONG JOHANS BRE B.1925 - 1930 

3 1 3 22 PETTERSENBREEN C . 1925 

321 01  FREEMANBREEN 1955 - 56 

321 02 DUCKWITZBREEN 1918 

322 07 REYMONDBREEN 1956 

322 08 HUBNERBREEN B.1930 -1936 
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Explanation to the main data tables 

This Atlas has be en compiled according to the instructions for the World Glacier 
Inventory, where each continent is given a number, Europe being no . 4. The continents are 
divided into regions denoted by letters, Svalbard being denoted by W. A country co de letter 
is often put in front of the regional code; N is for Norway. Hence, Svalbard is referred to as 
N 4W. 

The archipelago has been divided into five regions: 1 .  Spitsbergen, 2 .  Nordaustlandet, 3 .  
Svalbard SE, 4 .  Svalbard E,  and 5 .  Svalbard NE. The WGI system includes Jan Mayen with 
the Svalbard archipelago; we have therefore given this island the regional code number O .  
Each region is  divided into major drainage basins, which in  turn are divided into secondary 
drainage basins. In the latter, each ice stream is given a number, usually in counter­
clockwise sequence. For example , if a glacier is denoted by N4W142 04, N4W indicates 
that it is located in Svalbard, 1 that it is in region 1 - Spitsbergen , 4 that it is in major 
drainage basin 4 - Isfjorden , 2 that it is in secondary drainage basin 2 - Adventdalen ,  and 
04 that it is glacier number 04. Longyearbreen . 

The heading and content of the tables are explained as follows : 

IDENT 

GLACIER NAME 

LAT/LONG 

ASPECT 

CLASS 
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The identification number for each ice stream. The first digit gives 
the region, the second the major drainage bas in, the third the 
secondary drainage basin and the fourth and fifth give the ice 
streams. 

The name of the glacier unit, if it has one; long names are 
abbreviated,  see the alphabetical list for unabbreviated names . 
When abbreviated compass directions are used (English) ,  they 
denote the northern, southern, etc. parts of the glacier unit. These 
letters are placed after the name. Norwegian compass directions 
precede the name of the glacier unit and are part of it. A glacier 
name may cover more than one ice stream. 

The geographical latitude and longitude coordinates indicate the 
location of the glacier unit . The coordinates refer to the equilibrium 
line altitude (ELA) on the glacier. The ELA has been determined to 
about ± 100 m. 

Mean directions for the slope of the accumulation area (AC) and 
ablation area (AB) are given for each glacier unit. 

The classification system used by the World Glacier Inventory. 
The instructions recommend six digits, but two of these have been 
omitted in our inventory: 1 .  Longitudinal profile ,  interpreted as 
being even and regular for all Svalbard glaciers; 2. Major sources of 
nourishment; in Svalbard these are only snow and/or drifting snow. 
Our classification therefore consists of four digits, which conform 
with the following WG I explanation. 
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1st digit: 

2nd digit: 

3rd digit: 

TYPE OF GLACIER 

o Uncertain or difficult to c1assify. 
1 Continental ice sheet. An ice mass covering areas of continental 

size. 
2 lee field. A more or less horizontal ice mass of sheet or blankettype 

whose thickness is insufficient to obscure the subsurface 
topography. Varies from features just larger than glacierets to those 
of continental size. 

3 Ice cap . A dome-shaped ice mass having radial flow. 
4 Outlet glader. A glacier draining an ice field or ice cap, usually of 

valley-glacier type;  the catchment area may not be clearly delineated. 
5 Valley glader. The catchment area is usually well defined and often 

originates in a cirque. 
6 Mountain glader. Any shape, sometimes similar to a valley glader, 

but much smaller; frequently located in a cirque. 
7 Glacieret and snow field . A small ice mass which only with some 

doubt can be c1assified as a glader. 
8 lee shelf. A floating and calving glad er front. None are found in 

Svalbard. 
9 Rock glacier. Rock gladers are present in Svalbard, but are usually 

small and of the talus-terrace type. They are not included in this 
inventory. The location of rock gladers is shown on the map 
published by Kristiansen & Sollid ( 1986) . 

GLACIER FORM 

o Uncertain or difficult to c1assify 
1 Glader with more than one composite fim area. 
2 Glader with a composite fim area. 
3 Glader with a single fim area. 
4 Cirque glader. 
5 Niche. Small glad er formed in initially V-shaped gulley or 

depression on a mountain slope. 
6 Crater. Gladers occurring in and/or on volcanic craters . 
7 Ice apron. An irregular, usually thin, ice mass plastered along a 

mountain slope. 
8 Group . A number of similar ice masses occurring in close proximity 

and too small to be assessed individually. 
9 Remnant. An inactive, usually small, ice mass left by a receding 

glacier. 

FRONTAL CHARACTERISTIC 

o Normal glad er front terminating on land. 
1 Piedmont. An ice field formed on a lowland by the lateral expansion 

of one glader or the coalescence of severai gladers. 
2 Expanded foot. A lobe or fan of ice formed where the lower portion 

of the glader leaves the confining wall of a valley and extends on to 
a less restricted and more level surface. Lateral expansion is 
markedly less than for a piedmont. 

3 Lobed. A tongue-like form of an ice field or ice cap . 
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4th digit: 

MOR 

1st digit: 
2nd digit: 

PHOTO 

AREA 
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4 Calving. A glacier front ending in the sea, but grounded. Icebergs are 
produced. 

5 Confluent. Glaciers whose tongues come together and flow parallei 
to each other without coalescing. 

ACTIVITY OF TONGUE. 

Generally, the period between 1936/38 and 1980 is used when evaluating 
the front variations. 

o Uncertain 
1 Marked retreat 
2 Slight retreat 
3 Stationary 
4 Slight advance 
5 Marked advance 
6 Possible surge 
7 Known surge 
8 Oscillating 

MORAINES. Two digits to be given 

MORAINES IN CONTACT WITH PRESENT-DA Y GLACIER 
MORAINES FARTHER DOWNSTREAM 

o Moraines 
1 Terminal moraine 
2 Lateral and/or medial moraine 
3 Push moraine 
4 Combination of 1 and 2 
5 Combination of 1 and 3 
6 Combination of 2 and 3 
7 Combination 1 ,  2 and 3 
8 Debris, uncertain if morainic 
9 Moraines, type uncertain or not listed. 

T TYpe of photo coverage of the largest fraction of the surface area. 

E: Vertical aerial photographs Mp < 25 000 analysed stereoscopically 
F: Vertical aerial photographs Mp > 25 000 analysed stereoscopically 
I :  Vertical aerial photographs Mp < 25 000 not analysed 

stereoscopically 
J: Vertical aerial photographs Mp > 25 000 not analysed 

stereoscopically 
N: Specified resolution significantly better than 79 x 79 m 

(e .g .  LANDSAT 3)  

(Mp = photoscale denominator) 
YR: Year of photo coverage of the largest fraction of the surface area. 

The glacier surface area is given in km2, based on measurments made on 
topographical maps. Consequently, it is the horizontal projection of the 
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LENGTH 

ELEVATIONS 

EST VOL 

NOTE 

Spitsbergen: 

YR 

glacier surface. The area was found by planimetry on maps on a 
scale of 1 : 100,000. The accuracy should therefore be good. An 
accuracy rating (A) has been estimated and the numbers indicate the 
following accuracy: 

1 .  0 - 5 %  
2. 5 - 10  % 
3 .  1 0  - 15 % 

This is the length in km along a centre line of the glaeier. It is 
measured on topographical maps and expresses the horizontal 
component of this line . 
is the year when area and length measurements were made, i .e .  the 
year when the glacier extensions were updated on the maps.  

MASL Elevations in metres above sea level taken from topographical maps. 
MAX Altitude of the highest point of the glacier. 
MED Altitude of the contour line which divides the glacier surface in half. 
MIN Altitude of the lowest point of the glaeier. 
EQL Altitude of the equilibrium line . The system is shown by an example: 

EQL = 500 m. 
500 Highest point of lateral moraine . 
X500 Estimated by other means than lateral moraines . 
Y500 Highest point of the lateral moraine, but the equilibrium line is 

higher. 
A Accuracy. This is a subjective evaluation of the accuracy of the 

elevation information given above. The following figures indicate the 
accuracy: 

BAF: 
FIF: 
FIl: 
HEF: 
HOF: 
ISF: 
LOF: 
L0F: 
NOF: 
OIF: 

1 .  U ncertainty 
2 .  
3 .  
4 .  
5 .  

0 - 25 m 
25 - 50 m 
50 - 1 00 m 

1 00 -200 m 
> 200 m 

Estimated volurne in km3 ca1culated from the vol urne formula given 
in the paragraph entitled Data Organization. 

The first three letters indicate ice caps and ice fields which constitute 
the main portion of the accumulation area. The explanations are as 
follows : 

Balderfonna 
Fi1chnerfonna 
Fimbulisen 
Hellefonna 
Holtedalfonna 
Isachsenfonna 
Lomonosovfonna 
Løvenskioldfonna 
Nordmannsfonna 
Olav V Land lee field 
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SKF: Sørkappfonna 
URF: Ursafonna 
ÅSF: Åsgårdsfonna 

Nordaustlandet: 

Edgeøya: 

Barentsøya: 

Jan Mayen: 

AUF: Austfonna 
GLF: Glitnefonna 
VEF: Vestfonna 
VGF: Vegafonna 

BEF: 
BLI: 

DGF: 
EØJ: 
KVF: 
KVK: 
KVL: 
STS: 

Bergfonna 
Blåisen, mainly because of using old 
topographical maps . 
Digerfonna 
Edgeøyjøkulen 
Kvalpyntfonna 
Kvitkåpa 
Kvitisen/Langjøkulen 
Storskavelen 

BAJ: Barentsjøkulen 

KMB: Kronprinsesse Marthas Bre 
KOB: Kronprins Olavs Bre 

Explanation of the last terms under NOTE: 

46 

M: Measured glacier. Some kind of field 
investigation has be en carried out (mass 
balance, ice flow, front survey, etc. ) .  

S: Surge . Surges have been recorded or there is 
evidence for them according to Table 4. 

2, 3, 4 or 5 indicate the number of drainage basins 
feeding the glaeier stream. No number 
means 1 drainage basin. 

+ after estimated volurne means that radio­
echo soundings have been carried out on the 

* 
glacier 
means that the information is based on poor 
data 
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Beerenberg viewed from the 

northwest on 23 August 

1949. VVeyprechtbreen, the 

outlet glaeier that emanates 

from a breach in the summit 

crater, has the largest calv­

ing front of all the Jan 

Mayen glaeiers. Oblique 

aerial photograph No. 

JM490811 from Norsk 

Polarinstitutt, Oslo. 

GLACIERS OF JAN MAYEN 

G LACIERS O F  JAN MAYE N 

Jan Mayen is the northernmost island on the Mid-Atlantic Ridge, 
located at 7 1  ON, 8°W. The island covers an area of 381  km2 and 
consists of two types of landscape:  Nord-Jan with the 2277 m high 
Beerenberg volcano cone, and Sør-Jan which is fairly flat and 
where the highest mountain is 769 m a.s . l .  Jan Mayen is situated on 
the boundary between the co Id East Greenland Current and the 
warm Atlantic currents in the Norwegian Sea. Meteorological 
observations since 1922 show that the c1imate is cool oceanic with 
a mean ( 1 95 1- 1980) annual temperature of - 1 .2°C ne ar sea level 
and a mean ( 1963-1980) precipitation of 685 mm (Steffensen 
1982) . The island consists of young volcanic rocks . The most recent 
eruption occurred in 1 970 when 3 .6  km2 of new land were formed 
in the sea (Siggerud 1972) . 
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The glaciers are eoneentrated on the slopes of Beerenberg (Map 1 7) 
and eover 1 14 km2, whieh is nearly 30% of the whole island. They 
ean be divided into 20 separate iee streams. Some of the northwest­
facing glaciers extend to sea level and ealve into the sea. The mean 
glacier elevation is 850 m a.s . l .  Mass balanee investigations (Orheim 
1976; Anda 1 980) indieate that the equilibrium line altitude varies 
from about 600 m a.s . l .  on the northwest-facing glaciers to about 
900 m a.s . l .  on southward-facing ones, probably due mainly to 
variations in the winter aeeumulation sinee precipitation is mostly 
earried on north-northwesterly winds (Steffensen 1 982) . The mass 
balanee measurements were mainly earried out on Sørbreen and 
showed a winter balanee of 1 -2 m of water equivalents . There are 
large loeal variations resulting from wind drift and undulating 
surfaee topography. The high equilibrium line also explains why 
there are no glaciers on Sør-Jan. Supraglaeial material eovers large 
parts of the lower ablation areas of many of the glaciers on Nord­
Jan. 

The glaciers on Jan Mayen were first deseribed by Vogt ( 1 863) .  
Later, Mohn ( 1 878, 1 882) published some deseriptions o f  the 
glaciers . The first scientific expedition to Jan Mayen was earried out 
by Austria in 1 882/83 . Many of the glaeiers were mapped and 
deseribed and some flow measurements were made (Boldva 1886) . 
In 1937,  Sørbreen was mapped (Flint 1948) ,  and in 1 938 most of 
the gla eier front positions were surveyed Gennings 1939, 1948) . 
The glaciers were later studied by Kinsman & Sheard ( 1963) ,  
Sheard ( 1965) , and Dibben( 1 965) .  More reeent investigations have 
been earried out by Orheim ( 1 976) and Anda ( 1980) . 

Late Holoeene glaeier variations have been deseribed by Fiteh et al. 
( 1 962) ,  Lamb et al. ( 1962) and Anda, Orheim & Mangerud ( 1985 ) .  
Aeeording to  these authors, the glaciers seem to  have reaehed their 
maximum extension during the Little lee Age around A.D. 1 850.  
Glader retreat began around 19 10 ,  whieh eorresponds with the 
start of the reeent retreat of the glaeiers in Svalbard. The retreat 
eeased around 1950, when the glacier fronts were probably at their 
minimum positions in historie times. After 1 950,  the glaeiers have 
advaneed, but their aetivity eulminated around 1 960-65 . Sinee 
then, the fronts seem to have been almost stable . 
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Major d ra i n a g e - b a s i n  n u m ber.  
T h e  l i rst  d l g i t  1 re l e rs to S p i t s b e rg e n .  
T h e  s e c o n d  d i g l t  2 relers t o  a n e  o l  t h e  
m a j o r  d ra i n ag e · bas ins i n  S p i tsberg e n .  

M a j o r  d r a i n a g e - ba s i n  bou n d a r y. 

_ _ _  -2 Secon d a r y  d ra i n ag e - b a s i n  bo u n d ­
a r y ;  n u m ber .  

---- 0 3 Glaeier  bo u nd a r y ; n u m be r. 
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Base map : Sva l ba rd 1 : 500 000 1979. 
G l a e i e r  fronts in  the sea 1980. 
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Major d ra i nage-basin number. 
The f i rst  d i g i t  1 refers to S p i tsberg e n . 
The s e c o n d  d i g i t  3 refers to ane of t h e  
m aj o r  d r a i n age-bas i n s  i n  S p i t s b e rg e n .  

Major d ra i nage-basin boundary. 

Secondary d ra inage-basin bou nd­
arv ;  number. 

---- 03 Glaeier boundary; number. 
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Base map : Sva lbard 1 : 500 000 1979. 
7 7 0 Glaeier fronts in the sea 1980. 
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2 1  Major d ra i nage-bas in  number. 
The f i rst d i g i t  2 refe rs to N o r d a u s t ·  
l a n d et .  T h e  s e c o n d  d i g i t  1 refers t o  
o n e  of t h e  m aj o r  d ra i n age·bas i n s  i n  
N o r d a u s t l a n det.  

Major dra inage-basin bounda ry. 

Secondary d ra inage-basin bou nd­
a rv ;  n u mber. 

---- 03 Glaeier boundary ; number. 

SCALE 1 : 500 000 
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1 0  20 
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Base map:  Sva lba rd 1 : 500 000 1987. 
Glaeier fronts in the sea 1976 . 
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2 3  

B U K T A  

Major d ra i nage-basin number. 
The f i rst d i g i t  2 refers to N o r d a u s t ­
l a n det The second d i g i l  3 refers l o  
one of t h e  maj o r  d ra i nag e - b as i ns i n  
N o rdaust l a n d et 

Major d ra inage-basin bounda ry. 2 Secondary d ra i nage-basin bound-
- - - - ary;  n umber. 

<:::> c;§, 03 Glaeier boundary ; number_ 

SCALE 1 : 500000 
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Base map : Sva lbard 1 : 500 000 1987. 
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Major d ra i nage-bas in number. 
Th e f i rst d i g i t  2 refe rs to N o r d a u st .. 
l a n d e t .  T h e  second d i g i t  4 rele rs to 
one ol t h e  m a j o r  d r a i n age-bas i n s  i n  
N o r d a u s t l a n d et .  

Major dra inage-basin boundary. 

_ _ _  -2 Secondary d ra inage-basin bound­
arv ;  number. 

--- 03 Glaeier boundary ; number. 
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Base map :  Sva lbard 1 : 500 000 1987. 
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2 5  
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Major d ra i nage-bas in  number. 
The f i rst d i g i t  2 refe rs to N o r d a u s t ·  
l a n d et .  T h e  s e c o n d  d i g i t  5 refe rs to o n e  
of t h e  m aj o r  d ra i n ag e· basi n s  i n  N o r d ·  
a u s t l a n det .  

Major d ra i nage-basin bounda ry. 

Secondary d ra i nage -basin bou nd­
a rv ;  number. 

Glaeier boundary ; number. 

SCALE 1 : 500000 

o 1 0 20 30 km 
LI ____ � ____ �I ____ � ____ JI ____ � ____ �I 

Base map : Sva lba rd 1 : 500 000 1 987. 
Glaeier fronts in the sea 1971 . 
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LEG E N D :  

3 1  Major d ra i n age-bas i n  n u mber. 
T h e  f i r st  d i g i t  3 r e f e rs to Ed g e ø y a  a n d  
B a r e n t s øya . T h e  s e c o n d  d i g i t  1 r ef e rs 
to Ed g e øy a .  

Major d ra i nage-basi n bounda ry. 

- - - -2 Secondary d ra i nage-basin bou nd­
a rv ;  n umber. 

---- 03 Glaeier boundary ; nu mber. 

SCALE 1 :  500000 

o 1 0  20 30 km 
L' ____ � ____ L' ____ � ____ �, ____ � ____ �I 

Base map : Sva lba rd 1 : 500 000 1 9 88. 
Glaeier fronts in the sea 1971. 
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Major d ra i nage-basin n u m b e r. 
The l i rst  d i g i t  3 rele rs to Ed g e ø y a  a n d  
B a r e n t søya. T h e  s e c o n d  d i g i t  2 relers 
to B a re n t s øya . 

Major d ra i nage-basin bounda ry.  

Secondary d ra inage-basin bound­
a rY j  number. 

---- 03 Glaeier boundarY j number. 

SCALE 1 : 500000 
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Base map : Sva lbard 1 : 500 000 1987/1988. 
Glaeier fronts in the sea 1970. 

2 O o E A S T  G R E E N W I C H  

\ I I l 

I 
I 

'" 
� 

-r 
'" 

C-
..". -" ����������� '���--- 7 -----. 



MAP 1 5  
MAJOR DRAINAGE-BASIN 4 1  

-- 7 9  

LEG E N D :  

4 1  
Major d ra i n a g e - b a s i n  n u m be r. 
T h e  f i r st  d i g i t  4 refe rs to Kon g K a r l s  
L a n d  T h e  s e c o n d  d i g i t 1 refe rs t o  t h e  
d ra i n age-bas i n .  

---- 03 Glae ier  bou ndary ; number. 
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Base map : Sva lbard 1 : 500 000 1987. 
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Glaeier fronts in the sea 1980. 
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