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Preface 
This report is a new volume in the series "Glaciological investigations in Norway", which 
has been published since 1963. 

The report is based on investigations of several Norwegian glaciers. Measurements of mass 
balance, glacier length change, glacier velocity, meteorology and other glaciological 
investigations are presented. Most of the investigations were ordered by private companies 
and have been published previously as reports to the respective companies. The annual 
results from mass balance and glacier length changes are also reported to the World Glacier 
Monitoring Service (WGMS) in Switzerland. 

The report is published in English with a summary in Norwegian. The purpose of this report 
is to provide a joint presentation of the investigations and calculations made mainly by 
NVEôs Section for Glaciers, Ice and Snow during 2017. The chapters are written by 
different authors with different objectives, but are presented in a uniform format. The 
individual authors hold the professional responsibility for the contents of each chapter. The 
fieldwork is mainly the result of co-operative work amongst the personnel at NVE. 

Bjarne Kjßllmoen was editor and Miriam Jackson made many corrections and 
improvements to the text. 

 

 

Oslo, October 2018 

Morten Johnsrud 
Director, 
Hydrology Department 

Rune V. Engeset 
Head of section, 
Section for Glaciers, Ice and Snow 
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Summary 
Mass balance 
Mass balance investigations were performed on fifteen glaciers in Norway in 2017. 

The winter balance for five of the reference glaciers (those with a mass balance series back 
to at least 1981) was lower than the 1981-2010 average, and two were greater than average. 
Engabreen had the greatest relative winter balance with 142 % of the reference period and 
Gr¬subreen had the lowest with 33 %. 

The summer balance was lower than the 1981-2010 average for six of the reference 
glaciers. Only ¡lfotbreen had a greater than average summer balance with 105 %. Nigards-
breen had the lowest relative summer balance with 72 % of the reference period. 

Consequently, the annual balance was negative for four of the reference glaciers 
(¡lfotbreen, Storbreen, Hellstugubreen and Gr¬subreen) and positive for three of the 
reference glaciers (Nigardsbreen, Rembesdalsk¬ka and Engabreen). 

Glacier length change 
Glacier length changes were measured at 24 glaciers in southern Norway and 7 glaciers in 
northern Norway. Twenty-one of the glaciers had a decrease in length, nine were 
unchanged and one had a small advance. The greatest retreats were observed at 
Nigardsbreen (54 m), an outlet from Jostedalsbreen ice cap, Gr¬fjellsbrea (43 m), an outlet 
from southern Folgefonna ice cap and Koppangsbreen (32 m), a valley glacier in Troms, 
northern Norway. 
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Sammendrag 
Massebalanse 
I 2017 ble det utfßrt massebalansem¬linger p¬ 15 breer i Norge ï tre i Nord-Norge og tolv 
i Sßr-Norge. 

Av referansebreene (de breene som har massebalanseserie tilbake til 1981 eller lengre) ble 
vinterbalansen mindre enn gjennomsnittet for referanseperioden 1981-2010 for fem breer 
og stßrre enn gjennomsnittet for to breer. Engabreen hadde relativt stßrst vinterbalanse med 
142 % av referanseperioden og Gr¬subreen hadde relativt minst med 33%. 

Sommerbalansen ble mindre enn gjennomsnittet for seks av referansebreene. Bare 
¡lfotbreen hadde stßrre sommerbalanse enn gjennomsnittet med 105 %. Nigardsbreen 
hadde relativt minst sommerbalanse med 72 % av referanseperioden. 

For de sju referansebreene ble det negativ massebalanse p¬ fire av dem (¡lfotbreen, 
Storbreen, Hellstugubreen og Gr¬subreen) og positiv balanse p¬ tre (Nigardsbreen, 
Rembesdalsk¬ka og Engabreen). 

Lengdeendringer 
Lengdeendringer ble m¬lt p¬ 24 breer i Sßr-Norge og 7 breer i Nord-Norge. Tjueen av bre-
utlßperne hadde tilbakegang, ni var uendret og ®n hadde litt framgang. Stßrst tilbakegang 
ble m¬lt p¬ Nigardsbreen (54 m), Gr¬fjellsbrea (43 m) og Koppangsbreen (32 m).
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1. Glacier investigations in 
Norway 2017 
1.1 Mass balance 
Surface mass balance is the sum of surface accumulation and surface ablation and includes 
loss due to calving. The surface mass-balance series of the Norwegian Water Resources 
and Energy Directorate (NVE) contains annual (net), winter and summer balances. If the 
winter balance is greater than the summer balance, the annual balance is positive and the 
glacier increases in volume. Alternatively, if the melting of snow and ice during the summer 
is larger than the winter balance, the annual balance is negative and the glacier volume 
decreases. 

Acronyms and terminology 
Many acronyms and terminologies are used in this report. Mass balance terms are in 
accordance with Cogley et al. (2011) and Ïstrem and Brugman (1991). 

AAR 
Accumulation-area ratio. The ratio (expressed as a percentage) of the area of the 
accumulation zone to the area of the entire glacier. 

Ablation 
All processes that reduce the mass of the glacier, mainly caused by melting. Other 
processes of ablation can be calving, sublimation, windborne snow and avalanching. 

Accumulation 
All processes that add to the mass of the glacier, mainly caused by snowfall. Other 
processes of accumulation can be deposition of hoar, freezing rain, windborne snow and 
avalanching. 

Airborne laser scanning (Lidar) 
Airborne laser scanning or Lidar (Light Detection And Ranging) is an optical remote 
sensing technique used for measuring position and altitude of the earth surface. For the 
purpose of mapping glaciers airborne laser scanning is most useful. 

Annual balance (ba/Ba) 
The sum of accumulation and ablation over the mass-balance year calculated for a single 
point (bw + bs = ba) and for a glacier (Bw + Bs = Ba). 

AO 
The Arctic Oscillation is a climate index of the state of the atmosphere circulation over 
the Arctic. 

Area-altitude distribution 
The glacier is classified in height intervals (50 or 100 m) and the areas within all intervals 
give the Area-altitude distribution. 

Density 
In this report density means the ratio of the mass of snow, firn or ice to the volume that it 
occupies. The snow density is measured annually during snow measurements in 
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April/May. Firn density is measured occasionally during ablation measurements in 
September/October. Ice density is not measured but estimated as 900 kg mī3. 

DTM 
Digital terrain model. A digital model of a terrain surface created from terrain elevation 
data. 

ELA 
Equilibrium-line altitude. The spatially averaged altitude (m a.s.l.) where accumulation 
and ablation are equal. 

Firn 
Snow which is older than one year and has gone through an ablation period. 

GNSS/dGNSS 
Global Navigation Satellite System/differential. A generic term for all satellite-based 
navigation systems, e.g. the American GPS, the Russian GLONASS, the Chinese BeiDou 
and the European Galileo. Differential GNSS (dGNSS) makes use of data from at least 
one reference station which is located in a precise, known location. The purpose of the 
dGNSS technique is to enhance the accuracy of the measurements. 

Homogenisation of mass balance series 
A procedure to correct for errors, non-conformity and biases that are not a result of real 
changes in the mass balance, but are due to variations in methodology or changes in 
observation pattern or method of calculation. 

Jßkulhlaup 
A jßkulhlaup or Glacier Lake Outburst Flood (GLOF) is a sudden release of water from a 
glacier. The water source can be a glacier-dammed lake, a pro-glacial moraine-dammed 
lake or water stored within, under or on the glacier. 

Mass balance (also called Glaciological mass balance or Surface mass balance) 
The ratio between the accumulation and the ablation for a glacier. In this report the term 
mass balance is equal to çGlaciological mass balanceè or çSurface mass balanceè, which 
means that internal melting is not taken into account. 

NAO 
The North Atlantic Oscillation is the anomaly in sea level pressure difference between the 
Icelandic low pressure system and the Azores high pressure system in the Atlantic Ocean. 
When positive (that is, Azores pressure greater than Iceland pressure, winds from the 
west are strong, and snow accumulation in Scandinavia is high). 

Orthophoto 
An aerial photograph which is geometrically adjusted such that the scale is uniform. The 
orthophoto has the same characteristics and lack of distortion as a map. 

Probing/sounding 
Measuring method for snow depth measurements using thin metal rods. 

Snow coring 
Use of a coring auger to obtain cylindrical samples of snow and firn. The purpose is to 
measure the density of the snow or to identify the summer surface. 
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Stake 
Aluminum poles inserted in the glacier for measuring snow accumulation (depth) and 
melting. 

Stratigraphic system 
A method for calculating the glacier mass balance. In principal the method describes the 
annual balance between two successive summer surfaces. 

Summer balance (bs/Bs) 
The sum of accumulation and ablation over the summer season. Internal melting is not 
included. The summer balance can be calculated for a single point (bs) and for a glacier 
(Bs). 

Summer surface (S.S.) 
The surface on which the first snow, that does not melt immediately, of the new balance 
year falls. 

TLA 
Transient Snow Line Altitude. The average snow line altitude at any instant, particularly 
during the ablation season. 

Tower 
Galvanised steel towers installed on the glacier for measuring snow depth and melting. A 
tower can survive greater snow accumulation than a stake. 

UAV 
Unmanned aerial vehicle. An aircraft (commonly a drone) without a human pilot. 

Water equivalent/Snow water Equivalent (SWE) 
The amount of snow, firn and ice (m) converted to the amount of water expressed as 
çmetres water equivalentè (m w.e.). 

Winter balance (bw/Bw) 
The sum of accumulation and ablation over the winter season. The winter balance can be 
calculated for a single point (bw) and for a glacier (Bw). 

www.senorge.no 
An open web portal showing daily updated maps of snow, weather and water conditions, 
and climate for Norway. 
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Method 
Methods used to measure mass balance in the field have in principle remained unchanged 
over the years, although the number of measurements has varied (Andreassen et al., 2005; 
2016). With the experience gained from many years of measurements, the measurement 
network was simplified on individual glaciers at the beginning of the 1990s. 

Winter balance 
The winter balance is normally measured in April or May by probing to the previous yearôs 
summer surface along regular profiles or grids. Stake readings are used to verify the 
soundings where possible. Since the stakes can disappear during particularly snow-rich 
winters, and since it is often difficult to distinguish the summer surface (S.S.) by sounding 
alone, snow coring is also used to confirm the sounding results. Snow density is measured 
in pits at one or two locations at different elevations on each glacier. 

Summer and annual balance 
Summer and annual balances are obtained from measurements of stakes and towers (Fig. 
1-1), usually performed in September or October. Below the glacierôs equilibrium line the 
annual balance is negative, meaning that more snow and ice melts during a given summer 
than accumulates during the winter. Above the equilibrium line, in the accumulation area, 
the annual balance is positive. Based on past experience, snow density of the remaining 
snow in the accumulation area is typically assumed to be 600 kg mҍ3. After especially cold 
summers, or if there is more snow than usual remaining at the end of the summer, snow 
density is either measured using snow-cores or is assumed to be 650 kg mҍ3. The density 
of melted firn is, depending on the age, assumed to be between 650 and 800 kg mҍ3. The 
density of melted ice is taken as 900 kg mҍ3. 

Figure 1-1 
Tower used for summer and annual balance on Engabreen in August 2017. Photo: Jostein Aasen. 

Stratigraphic method 
The mass balance is usually calculated using the stratigraphic method, which means the 
balance between two successive ñsummer surfacesò (i.e. surface minima). Consequently, 
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the measurements describe the state of the glacier after the end of melting and before fresh 
snow has fallen. On some occasions ablation after the final measurements in 
September/October can occur. Measuring this additional ablation can sometimes be done 
later in the autumn, and then will be included in that yearôs summer balance. However, 
often measuring and calculating the additional ablation cannot be done until the following 
winter or spring. Thus, it is counted as a negative contribution to the next yearôs winter 
balance. 

Uncertainty 
The uncertainty of the mass balance measurements depends on the uncertainty in the point 
measurements themselves, the uncertainty in spatial integration of the point measurements 
to glacier averaged values (representativeness, number of points and uncovered parts) and 
the uncertainty of the glacier reference area (uncertainties in area-altitude changes and ice-
divides) (Zemp et al., 2013). The uncertainty of the point measurements are related to 
uncertainties in identifying the previous summer surface, in measurements of stakes and 
towers, in the density measurements and estimates and conversion to snow water 
equivalents. 

As most of the factors are not easily quantified from independent measurements, a best 
qualified estimate is used to quantify the uncertainties (Andreassen et al., 2016). The 
determined values of uncertainties are therefore based on subjective estimates. 

Mass balance programme 
In 2017 mass balance measurements were performed on fifteen glaciers in Norway - twelve 
in southern Norway and three in northern Norway (Fig. 1-2). Included in this number is 
one small ice mass, Juvfonne, which can be characterised as an ice patch rather than a 
glacier (chap. 8). In southern Norway, six of the glaciers (¡lfotbreen, Nigardsbreen, 
Rembesdalsk¬ka, Storbreen, Hellstugubreen and Gr¬subreen) have been measured for 55 
consecutive years or more. They constitute a west-east profile extending from the maritime 
¡lfotbreen glacier with an average winter balance of 3.6 m w.e. to the continental 
Gr¬subreen with an average winter balance of 0.8 m w.e. Storbreen in Jotunheimen has the 
longest series of all glaciers in Norway with 69 years of measurements, while Engabreen 
at Svartisen has the longest series (48 years) in northern Norway. The six long-term glaciers 
in southern Norway together with Engabreen in northern Norway, constitute the so-called 
reference glaciers. For the seven reference glaciers a reference period (1981-2010) is 
defined and the balance values for 2017 are compared with the average of the reference 
period. A comprehensive review of the glacier mass balance and length measurements in 
Norway is given in Andreassen et al. (2005). 



11 

Figure 1-2 
Location of the glaciers on which mass balance studies were performed in 2017. 

Mass balance studies performed on Norwegian glaciers in 2017 are reported in the chapters 
following. 

The mass balance (winter, summer and annual balance) is given both in volume 
(m3 water) and specific water equivalent (m w.e.) for each 50 or 100 m height interval. The 
results are presented in tables and diagrams. All diagrams have the same ratio between 
units on the x- and y-axes in order to make comparison straightforward. Finally, histograms 
showing the complete mass balance results for each glacier are presented. 

Weather conditions and mass balance results for the reference 
glaciers 

Winter weather 
The winter season 2016/17 started with mild and dry weather in northern Norway and cool 
and dry weather in southern Norway. At the end of 2016 the weather changed and 
December and January were snow-rich in northern and western Norway. February was 
quite normal, while March and April were rather mild and snow-rich. 
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Snow accumulation and winter balance 
The winter balance for five of the reference glaciers was lower than the average of the 
reference period 1981-2010, and two glaciers were greater than average. Engabreen had 
the greatest relative winter balance with 142 % of the reference period and Gr¬subreen had 
the lowest with 33 %. 

Summer weather 
The summer season started with cool weather in south and normal temperatures in north. 
July and August continued with normal temperatures over the whole country. The summer 
season finished with a warm September in northern and western Norway. 

Ablation and summer balance 
The summer balance was lower than the average for six of the reference glaciers. Only 
¡lfotbreen had greater summer balance than average with 105 %. Nigardsbreen had the 
lowest relative summer balance with 72 % of the reference period. 

Annual balance 
The annual balance was negative for four of the seven reference glaciers (¡lfotbreen, Stor-
breen, Hellstugubreen and Gr¬subreen) and positive for three of the glaciers (Nigardsbreen, 
Rembesdalsk¬ka and Engabreen). ¡lfotbreen had the greatest deficit with ī0.8 m w.e. and 
Engabreen the greatest surplus with +1.3 m w.e. 

The results from the mass balance measurements in Norway in 2017 are shown in Table 1-
1. Winter (Bw), summer (Bs) and annual balance (Ba) are given in metres water equivalent 
(m w.e.) averaged over the entire glacier area. The figures in the ñ% of ref.ò column show 
the current results as a percentage of the average for the period 1981-2010. The annual 
balance results are compared with the mean annual balance in the same way. ELA is the 
equilibrium line altitude (m a.s.l.) and AAR is the accumulation area ratio (%). 

Circulation patterns AO and NAO 
Norwayôs climate is strongly influenced by large-scale circulation patterns and westerly 
winds are dominant. Much of the variation in weather from year to year, in particular the 
winter precipitation, may be attributed to variations in circulation and wind patterns in the 
North Atlantic Ocean. Indices such as the North Atlantic Oscillation (NAO) and the Arctic 
Oscillation (AO) are used to describe the variation in the pressure gradients in the northern 
latitudes, and the resulting effects on temperature and storm tracks. When the NAO or AO 
is positive, the coast of Norway experiences warm and wet winters resulting in high winter 
precipitation on the glaciers. When the NAO or AO is negative, the winters are colder and 
drier with less precipitation on the glaciers (Hanssen-Bauer and Fßrland, 1998; Nesje et al., 
2000). Although NAO is more commonly used, Rasmussen (2007) found better 
correlations for winter balance with AO than NAO for nine of the 10 longest mass balance 
glaciers in Norway. In winter 2016/2017 (October-April) NAO and AO were positive 
overall (0.67 and 0.26 calculated from monthly means, source: 
http://www.cpc.ncep.noaa.gov/), resulting in above normal winter precipitation for most 
glaciers. All months had positive NAO indices except for November (NAO and AO) and 
April (AO). The large-scale circulation indices NAO and AO are in units of standard 
deviations from the mean, in which both statistics are calculated from multi-year records 
of the two indices. 
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Table 1-1 
Summary of results from mass balance measurements performed in Norway in 2017. The glaciers in 
southern Norway are listed from west to east. The figures in the % of ref. column show the current 
results as a percentage of the average for the period 1981-2010. 

 
Glacier 

 
Period 

 
Area 
(km2) 

 
Altitude 
(m a.s.l.) 

 
Bw 
(m) 

 
% of 
ref. 

 
Bs 
(m) 

 
% of 
ref. 

 
Ba 
(m) 

 
Ba  
ref. 

 
 ELA 

(m a.s.l.) 

 
AAR 
(%) 

¡lfotbreen 1963-17 4.0 890-1368 3.26 87 ī4.01 105 ī0.75 ī0.08 1305 21 

Hansebreen 1986-17 2.8 927-1310 3.48 1)101 ī4.66 1)116 ī1.18 1)ī0.59 >1310 0 

Mßsevassbreen 2017 15.5 873-1617 3,13  -3,00  0,13  1335 63 

Svelgjabreen 2007-17 22.3 829-1634 2.97 2)96 ī2.90 2)99 0.06 2)0.15 1325 61 

Blomstßlskardsbreen 2007-17 22.5 1011-1634 3.02 2)93 ī2.80 2)106 0.22 2)0.60 1405 68 

Nigardsbreen 1962-17 46.6 330-1952 2.17 96 ī1.58 72 0.59 0.06 1440 84 

Austdalsbreen 1988-17 10.6 1200-1747 2.42 3)111 4)ī2.23 3)82 0.19 3)ī0.54 1410 74 

Rembesdalsk¬ka 1963-17 17.3 1066-1854 2.26 106 ī1.62 75 0.64 ī0.02 1612 83 

Storbreen 1949-17 5.1 1400-2102 1.17 79 ī1.69 93 ҍ0.52 -0.33 1800 41 

Juvfonne5) 2010-17 0.2 1840-1998 1.69  ī1.43  0.25    

Hellstugubreen 1962-17 2.9 1482-2229 0.73 65 ī1.32 87 ҍ0.59 ī0.39 1960 27 

Gr¬subreen 1962-17 2.1 1833-2283 0.26 33 ī0.97 83 ҍ0.71 ī0.37 undef.  

Engabreen 1970-17 36.2 111-1544 3.67 142 ī2.42 93 1.25 ī0.01 1025 84 

Rundvassbreen 2002-04 
2011-17 

11.6 
10.8 

788-1537 
853-1527 

 
2.01 

 
6)109 

 
ī1.57 

 
6)60 

 
0.44 

ī0.78 
6)ī0.78 

 
1155 

 
69 

Langfjordjßkelen 1989-93 
1996-17 

3.7 
3.2 

280-1050 
302-1050 

 
2.08 

 
7)101 

 
ī2.35 

 
7)77 

 
ī0.27 

 
7)ī0.98 

 
810 

 
56 

 

1)Calculated for the measured period 1986-2016 
2)Calculated for the measured period 2007-2016 
3)Calculated for the measured period 1988-2016 
4)Contribution from calving amounts to ī0.17 m for Ba 
5)Calculated for a point only, bw, bs and ba 
6)Calculated for the measured periods 2002-04 and 2011-2016 
7)Calculated for the measured periods 1989-93 and 1996-2016 
 
Figure 1-3 gives a graphical presentation of the mass balance results in southern Norway 
for 2017. The west-east gradient is evident for both winter and summer balances. The 
results for 2017 show positive mass balance for eight of the fifteen measured glaciers in 
Norway. 
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Figure 1-3 
Mass balance in 2017 in southern Norway. The glaciers are listed from west to east. 

The cumulative annual balance for the six reference glaciers in southern Norway for the 
period 1963-2017 is shown in Figure 1-4. The maritime glaciers, ¡lfotbreen, Nigardsbreen 
and Rembesdalsk¬ka, showed a marked increase in volume during the period 1989-95. The 
surplus was mainly the result of several winters with heavy snowfall. Nigardsbreen is the 
only glacier with a mass surplus over the period 1963-2017. 

Figure 1-4 
Cumulative mass balance for the six reference glaciers ¡lfotbreen, Nigardsbreen, Rembesdalsk¬ka, 
Storbreen, Hellstugubreen and Gr¬subreen for the period 1963-2017. 
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1.3 Other investigations 
Glacier length change measurements were performed at 31 glaciers in Norway in 2017. 
Some of the glaciers have a measurement series going back to about 1900. The length 
changes are described in chapter 14. 

Glacier dynamics (velocity) have been studied at Austdalsbreen since 1987 (chap. 5). The 
measurements continued in 2017. Glacier velocity was also measured at Storbreen from 
2016 to 2017 (chap. 7). 

Meteorological observations have been performed at Engabreen (chap. 11). 

Svartisen Subglacial Laboratory was initiated in 1992 and has since been used by 
researchers from several different countries (Jackson, 2000). An overview of pressure 
measurements in the laboratory is given in chapter 11. 

A few jßkulhlaups occurred in 2017 and these are described in chapter 14. 
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2. ¡lfotbreen (Bjarne Kjßllmoen) 
¡lfotbreen ice cap (61Á45ᾳN, 5Á40ᾳE) has an area of 10.6 km2 (2010) and is, together with 
Bl¬breen (Fig. 2-1), one of the westernmost and most maritime glacier in Norway. Mass 
balance studies have been carried out on two adjacent north-facing outlet glaciers ï 
¡lfotbreen (4.0 km2,) and Hansebreen (2.8 km2). The westernmost of these two has been 
the subject of mass balance investigations since 1963, and has always been reported as 
¡lfotbreen. The adjacent glacier east of ¡lfotbreen has been given the name Hansebreen 
(Fig. 2-1), and has been measured since 1986. None of the outlet glaciers from the icecap 
are given names on the official maps. 

Figure 2-1 
¡lfotbreen ice cap to the right and Bl¬breen to the left photographed on 29th September 2010 by Blom 
AS. Map source: Norgeibilder.no. 

2.1 Mass balance 2017 
Fieldwork 
Snow accumulation measurements were performed on 10th and 11th May and the calculation 
of winter balance was based on measurement of stakes in seven different positions and 73 
snow depth soundings on ¡lfotbreen, and stakes in six different positions and 55 snow 
depth soundings on Hansebreen (Fig. 2-2). Comparison of stake readings and snow 
soundings indicated no significant melting after the ablation measurements in October 
2016. Generally the sounding conditions were good over the whole glacier. A solid ice 
layer was detected at 4.5 m depth. The snow depth varied from 3.1 m to 8.2 m on 
¡lfotbreen, and from 4.5 m to 10.0 m on Hansebreen. Snow density was measured in one 
location (1229 m a.s.l.), applicable for both glaciers. The mean snow density of 6.4 m snow 
was 533 kg mī3. 

)ƭŦƻǘōǊŜŜƴ 

IŀƴǎŜōǊŜŜƴ 

.ƭňōǊŜŜƴ )ƭŦƻǘōǊŜŜƴ ƛŎŜ ŎŀǇ 
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The locations of stakes, snow pit and soundings are shown in Figure 2-2. 

Figure 2-2 
Location of stakes, soundings and snow pit at ¡lfotbreen (left) and Hansebreen (right) in 2017. 

Adjustment of snow depths 
In 2017 there were some differences between snow depths measured by stake readings and 
by soundings in the same position on ¡lfotbreen. The most significant differences were 
measured at stake 28 (2.20 m diff.), stake 49 (1.23 m) and stake 30 (0.75 m), where the 
sounded snow depths were greatest. The measured snow depths in all stake positions are 
shown in Figure 2-3. 

Figure 2-3 
Snow depths measured by stake readings (red font) and by soundings (blue font) on ¡lfotbreen and 
Hansebreen in 2017. The greatest differences were at stakes 28, 49 and 30. 

900

1000
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00
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Generally snow depth measured by stake readings are considered as most reliable provided 
that the stakes were not curved or had not sunk. The snow depth differences for the three 
stakes 28, 49 and 30 are significant and all indicate that the sounded snow depths were 
overestimated. It is reasonable to assume that other sounded snow depths close to these 
three stakes were overestimated as well. Consequently the sounded snow depths in the 
upper areas of ¡lfotbeen were adjusted. The adjustment was done by using the snow depth 
differences at stakes 37, 13, 30, 28, 49 and 90 (Fig. 2-3) as input data for an area-weighted 
adjustment of 43 snow depth soundings south of stake 37 (Fig. 2-4). Adjustments were 
performed for ¡lfotbreen only because there were no significant differences between stake 
readings and soundings on Hansebreen.  

Figure 2-4 
Original snow depth soundings (grey) and adjusted snow depths (black) at ¡lfotbreen. 

Ablation was measured on 19th October (Fig. 2-5). The annual balance was measured at 
stakes in eight positions on ¡lfotbreen and six positions on Hansebreen (Fig. 2-2). At the 
time of the ablation measurements up to 30 cm of fresh snow had fallen. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2-5 
Stake reading and GNSS positioning of stake 90 during the 
ablation measurements on 19th October. 
Photo: Bjarne Kjßllmoen.  
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Results 
The calculations are based on the DTM from 2010. 

All height intervals are well-represented with point measurements (bw) for both glaciers 
except the very lowest interval (890-950 m a.s.l.) at ¡lfotbreen. As a consequence of the 
adjusted snow depths the accuracy of winter balance at ¡lfotbreen is somewhat higher 
this year. 

The winter balance was calculated as a mean value for each 50 m height interval and was 
3.3 Ñ0.3 m w.e. at ¡lfotbreen, which is 87 % of the mean winter balance for the reference 
period 1981-2010. The winter balance on Hansebreen was calculated as 3.5 Ñ0.2 m w.e., 
which is 101 % of the mean winter balance for the measurement period 1986-2016. Spatial 
distribution of the winter balance at ¡lfotbreen and Hansebreen is shown in Figure 2-6. 

Based on estimated density and stake measurements the summer balance was also 
calculated as a mean value for each 50 m height interval and was ī4.0 Ñ0.3 m w.e. on 
¡lfotbreen, which is 105 % of the reference period. The summer balance on Hansebreen 
was ī4.7 Ñ0.3 m w.e., which is 116 % of the mean winter balance for 1986-2016. 

Hence, the annual balance was negative for both glaciers. ¡lfotbreen had a deficit of ī0.8 
Ñ0.4 m w.e. The mean annual balance for the reference period 1981-2010 is ī0.08 m w.e. 
However, over the last ten years (2008-2017), the mean annual balance was ī0.46 m w.e. 
and seven of these years had a negative annual balance. The annual balance at Hansebreen 
was ī1.2 Ñ0.4 m w.e. The mean value for the measurement period 1986-2016 is ī0.59 m 
w.e. Over the last ten years the mean annual balance was ī0.92 m w.e. 

The mass balance results are shown in Table 2-1 and the corresponding curves for specific 
and volume balance are shown in Figure 2-7. 

Figure 2-6 
Spatial distribution of winter balance at ¡lfotbreen and Hansebreen in 2017. 
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Figure 2-7 
Mass balance diagram for ¡lfotbreen (upper) and Hansebreen (lower) in 2017 showing altitudinal 
distribution of specific (left) and volumetric (right) winter, summer and annual balance. Specific summer 
balance at each stake is shown (ƺ). 

Table 2-1 
Winter, summer and annual balance for ¡lfotbreen (upper) and Hansebreen (lower) in 2017. 
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Mass balance ¡lfotbreen 2016/17 ï stratigraphic system

AreaSpecific Volume Specific Volume Specific Volume
(km2) (m w.e.) (106 m3) (m w.e.) (106 m3) (m w.e.) (106 m3)

1300 - 1368 0.90 3.15 2.8 -3.08 -2.8 0.07 0.1
1250 - 1300 0.78 3.28 2.6 -3.38 -2.6 -0.10 -0.1
1200 - 1250 0.70 3.38 2.4 -3.78 -2.6 -0.40 -0.3
1150 - 1200 0.58 3.48 2.0 -4.30 -2.5 -0.83 -0.5
1100 - 1150 0.45 3.50 1.6 -4.85 -2.2 -1.35 -0.6
1050 - 1100 0.30 3.35 1.0 -5.40 -1.6 -2.05 -0.6
1000 - 1050 0.18 2.73 0.5 -5.90 -1.1 -3.18 -0.6
950 - 1000 0.08 1.85 0.1 -6.38 -0.5 -4.53 -0.3
890 - 950 0.01 0.80 0.0 -6.90 -0.1 -6.10 -0.1

3.98 3.26 13.0 -4.01 -16.0 -0.75 -3.0

Annual mass balance
Summer surface 2016 - 2017

Winter mass balance
Measured 10th May 2017

Summer mass balance
Measured 19th Oct 2017

890 - 1368

Altitude
(m a.s.l.)

Mass balance Hansebreen 2016/17 ï stratigraphic system

AreaSpecific Volume Specific Volume Specific Volume
(km2) (m w.e.) (106 m3) (m w.e.) (106 m3) (m w.e.) (106 m3)

1250 - 1310 0.50 3.78 1.87 -3.88 -1.92 -0.10 -0.05
1200 - 1250 0.42 3.95 1.65 -4.23 -1.77 -0.27 -0.11
1150 - 1200 0.47 3.88 1.84 -4.55 -2.16 -0.68 -0.32
1100 - 1150 0.54 3.48 1.89 -4.88 -2.65 -1.40 -0.76
1050 - 1100 0.50 2.80 1.39 -5.15 -2.55 -2.35 -1.16
1000 - 1050 0.21 2.80 0.58 -5.38 -1.11 -2.58 -0.53
950 - 1000 0.10 3.00 0.29 -5.58 -0.55 -2.58 -0.25
927 - 950 0.02 3.20 0.06 -5.73 -0.11 -2.53 -0.05

2.75 3.48 9.6 -4.66 -12.8 -1.18 -3.2

Annual mass balance
Summer surface 2016 - 2017

Winter mass balance
Measured 10th May 2017

Summer mass balance
Measured 19th Oct 2017

927 - 1310

Altitude
(m a.s.l.)
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According to Figure 2-7 the ELA lies at 1305 m a.s.l. on ¡lfotbreen and above the highest 
point (>1310 m a.s.l.) on Hansebreen. Consequently the AAR is 21 % for ¡lfotbreen and 
0 % for Hansebreen. 

2.2 Mass balance 1963(86)-2017 
The historical mass balance results for ¡lfotbreen and Hansebreen are presented in Figure 
2-8. The cumulative annual balance for ¡lfotbreen over 1963-2017 is ī3.2 m w.e., which 
gives a mean annual balance of ī0.06 m w.e. aī1. The cumulative annual balance for 
Hansebreen for 1986-2017 is ҍ19.4 m w.e., which gives a mean annual balance of ҍ0.61 m 
w.e. aī1. 

Figure 2-8 
Mass balance at ¡lfotbreen (upper) 1963-2017 and Hansebreen (lower) 1986-2017. Cumulative mass 
balance is given on the axis to the right. 
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3. Folgefonna (Bjarne Kjßllmoen) 
Folgefonna is situated in the south-western part of Norway between Hardangerfjorden to 
the west and the mountain plateau Hardangervidda to the east. It is divided into three 
separate ice caps - Northern, Middle and Southern Folgefonna. Southern Folgefonna 
(60Á1ᾳN, 6Á20ᾳE) is the third largest (158 km2 in 2013) ice cap in Norway. In 2007 mass 
balance measurements began on two adjacent south-facing outlet glaciers of Southern 
Folgefonna ï Svelgjabreen (22.3 km2) (Fig. 3-1) and Blomstßlskardsbreen (22.5 km2). In 
2017, mass balance was measured also at the neighbouring glacier to the west, 
Mßsevassbreen (Fig. 3-1). 

Mass balance measurements were previously carried out at Svelgjabreen/Blomstßlskards-
breen (then called Blomsterskardsbreen) in 1971 (Tvede, 1973), and annual balance only 
was measured in 1970 and in the period 1972-77 (Tvede and Liestßl, 1977). 

3.1 Mapping 
A new survey of Mßsevassbreen, Svelgjabreen and Blomstßlskardsbreen was performed in 
2017. The glacier surface was mapped by aerial photographs and airborne laser scanning 
on 27th and 31st August (Fig. 3-1) (Terratec, 2017). 

A Digital Terrain Model (DTM) was calculated based on the laser scanning data. The 
glacier boundary was determined from an orthophoto composed of the aerial photos. The 
ice divides between the different glaciers were calculated using GIS and compared with the 
ice divides from 2007 and 2013. The ice divides from 2017 were similar to the 2007 and 
2013 divides. Hence the 2007 ice divides are used here. 

Figure 3-1 
Orthophoto of Mßsevassbreen (left), Svelgjabreen (middle) and Blomstßlskardsbreen (right) from aerial 
photographs on 31st August 2017. Photo: Terratec AS. 
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3.2 Mass balance 2017 
Fieldwork 
Snow accumulation measurements were performed on 2nd May and the calculation of 
winter balance was based on measurement of five stakes and 37 snow depth probings on 
Mßsevassbreen, five stakes and 39 snow depth probings on Svelgjabreen, and three stakes 
and 34 snow depth probings on Blomstßlskardsbreen (Fig. 3-2). Comparison of stake 
readings and probings indicated no significant melting after the ablation measurements in 
October 2016. Overall the sounding conditions were good, however the summer surface 
was somewhat difficult to identify in the accumulation area. The snow depth varied from 
3.5 m to 7.9 m at Mßsevassbreen, from 3.4 m to 8.0 m at Svelgjabreen, and from 2.8 m to 
7.9 m at Blomstßlskardsbreen. Snow density was measured in one location (1517 m a.s.l.) 
applicable for all three glaciers. The mean density of 6.1 m snow was 467 kg mī3. Ablation 
was measured on 9th October. The annual balance was measured directly at stakes in six 
positions on Mßsevassbreen, seven positions on Svelgjabreen and seven positions on 
Blomstßlskardsbreen (Fig. 3-2). There was 2-3 m of snow remaining in the uppermost areas 
from the winter season 2016/2017. At the time of the ablation measurements up to 1.25 m 
of fresh snow had fallen. 

Figure 3-2 
Location of stakes, soundings and density pit on Mßsevassbreen, Svelgjabreen and 
Blomstßlskardsbreen in 2017. 
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Results 
The calculations are based on the DTM from 2017. 

Stake measurements in position 71 are included in the mass balance calculations for both 
Mßsevassbreen and Svelgjabreen, and measurements in position 70 are included for both 
Svelgjabreen and Blomstßlskardsbreen. All height intervals are well-represented with 
point measurements (bw) for both glaciers except the lowest intervals at Mßsevassbreen 
(873-1000 m a.s.l.) and Svelgjabreen (829-900 m a.s.l.). 

The winter balance was calculated as a mean value for each 50 m height interval and was 
3.1 Ñ0.2 m w.e. at Mßsevassbreen, and 3.0 Ñ0.2 m w.e. at both Svelgjabreen and Blomstßl-
skardsbreen. Spatial distribution of the winter balance is shown in Figure 3-3. 

Based on estimated density and stake measurements the summer balance was calculated as 
ī3.0 Ñ0.3 m w.e. at Mßsevassbreen, ī2.9 Ñ0.3 m w.e. at Svelgjabreen and ī2.8 Ñ0.3 m w.e. 
at Blomstßlskardsbreen. 

Hence, the annual balance was calculated as +0.1 Ñ0.4 m w.e. at Mßsevassbreen and 
Svelgjabreen, and +0.2 Ñ0.4 m w.e. at Blomstßlskardsbreen. 

The mass balance results are shown in Table 3-1 and the corresponding curves for specific 
and volume balance are shown in Figures 3-4 and 3-5. 

Figure 3-3 
Spatial distribution of winter balance at Mßsevassbreen, Svelgjabreen and Blomstßlskardsbreen in 
2017. 
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According to Figure 3-4, the ELA lies at 1325 m a.s.l. on Svelgjabreen and at 1320 m a.s.l. 
on Blomstßlskardsbreen. Accordingly the AAR is 60 % for Svelgjabreen and 81 % for 
Blomstßlskardsbreen. 

Figure 3-4 
Mass balance diagrams for Mßsevassbreen (upper), Svelgjabreen (middle) and Blomstßlskardsbreen 
(lower) in 2017. Specific summer balance at the stake positions is shown as circles (ƺ). 
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Table 3-1 
Winter, summer and annual balances for Mßsevassbreen (upper), Svelgjabreen (middle) and 
Blomstßlskardsbreen (lower) in 2017. 

 Mass balance Mßsevassbreen 2016/17 ï stratigraphic system

Area Specific Volume Specific Volume Specific Volume
(km2) (m w.e.) (106 m3) (m w.e.) (106 m3) (m w.e.) (106 m3)

1600 - 1617 0.53 3.40 1.8 -2.05 -1.1 1.35 0.7
1550 - 1600 1.57 3.53 5.5 -2.13 -3.3 1.40 2.2
1500 - 1550 1.41 3.70 5.2 -2.25 -3.2 1.45 2.0
1450 - 1500 1.61 3.65 5.9 -2.43 -3.9 1.23 2.0
1400 - 1450 1.83 3.48 6.4 -2.63 -4.8 0.85 1.6
1350 - 1400 2.25 3.23 7.2 -2.85 -6.4 0.38 0.8
1300 - 1350 2.06 2.98 6.1 -3.10 -6.4 -0.13 -0.3
1250 - 1300 1.57 2.78 4.3 -3.43 -5.4 -0.65 -1.0
1200 - 1250 0.80 2.60 2.1 -3.80 -3.0 -1.20 -1.0
1150 - 1200 0.63 2.45 1.5 -4.25 -2.7 -1.80 -1.1
1100 - 1150 0.54 2.28 1.2 -4.70 -2.5 -2.43 -1.3
1050 - 1100 0.32 2.05 0.7 -5.08 -1.6 -3.03 -1.0
1000 - 1050 0.28 1.73 0.5 -5.40 -1.5 -3.68 -1.0
950 - 1000 0.06 1.20 0.1 -5.68 -0.4 -4.48 -0.3
873 - 950 0.05 0.50 0.0 -6.00 -0.3 -5.50 -0.3

15.49 3.13 48.5 -3.00 -46.5 0.14 2.1873 - 1617

(m a.s.l.)
Altitude

Annual mass balance
Summer surface 2016 - 2017

Winter mass balance
Measured 2nd May 2017

Summer mass balance
Measured 9th Oct 2017

 Mass balance Svelgjabreen 2016/17 ï stratigraphic system

Area Specific Volume Specific Volume Specific Volume
(km2) (m w.e.)(106 m3) (m w.e.)(106 m3) (m w.e.)(106 m3)

1600 - 1634 1.24 3.48 4.3 -2.00 -2.5 1.48 1.8
1550 - 1600 1.87 3.53 6.6 -2.08 -3.9 1.45 2.7
1500 - 1550 2.87 3.58 10.3 -2.20 -6.3 1.38 3.9
1450 - 1500 2.11 3.60 7.6 -2.35 -5.0 1.25 2.6
1400 - 1450 1.75 3.48 6.1 -2.53 -4.4 0.95 1.7
1350 - 1400 2.73 3.20 8.7 -2.70 -7.4 0.50 1.4
1300 - 1350 1.94 2.95 5.7 -2.93 -5.7 0.03 0.0
1250 - 1300 1.52 2.68 4.1 -3.18 -4.8 -0.50 -0.8
1200 - 1250 1.52 2.43 3.7 -3.45 -5.2 -1.03 -1.6
1150 - 1200 1.47 2.20 3.2 -3.73 -5.5 -1.53 -2.2
1100 - 1150 0.92 2.03 1.9 -4.00 -3.7 -1.98 -1.8
1050 - 1100 1.18 1.88 2.2 -4.23 -5.0 -2.35 -2.8
1000 - 1050 0.65 1.73 1.1 -4.45 -2.9 -2.73 -1.8
950 - 1000 0.34 1.55 0.5 -4.65 -1.6 -3.10 -1.1
900 - 950 0.14 1.38 0.2 -4.85 -0.7 -3.48 -0.5
829 - 900 0.07 1.15 0.1 -5.05 -0.4 -3.90 -0.3

22.34 2.97 66.3 -2.90 -64.9 0.06 1.4829 - 1634

(m a.s.l.)

Altitude

Annual mass balance
Summer surface 2016 - 2017

Winter mass balance
Measured 2nd May 2017

Summer mass balance
Measured 9th Oct 2017

Mass balance Blomstßlskardsbreen 2016/17 ï stratigraphic system

Area Specific Volume Specific Volume Specific Volume
(km2) (m w.e.)(106 m3) (m w.e.)(106 m3) (m w.e.)(106 m3)

1600 - 1634 1.27 3.60 4.6 -2.05 -2.6 1.55 2.0
1550 - 1600 6.47 3.40 22.0 -2.20 -14.2 1.20 7.8
1500 - 1550 4.08 3.30 13.5 -2.40 -9.8 0.90 3.7
1450 - 1500 2.12 3.23 6.8 -2.63 -5.6 0.60 1.3
1400 - 1450 1.55 3.10 4.8 -2.90 -4.5 0.20 0.3
1350 - 1400 1.79 2.88 5.2 -3.20 -5.7 -0.33 -0.6
1300 - 1350 1.41 2.58 3.6 -3.50 -4.9 -0.93 -1.3
1250 - 1300 0.81 2.38 1.9 -3.78 -3.0 -1.40 -1.1
1200 - 1250 1.26 2.20 2.8 -4.00 -5.1 -1.80 -2.3
1150 - 1200 1.00 1.93 1.9 -4.18 -4.2 -2.25 -2.3
1100 - 1150 0.46 1.55 0.7 -4.35 -2.0 -2.80 -1.3
1011 - 1100 0.32 0.93 0.3 -4.55 -1.4 -3.63 -1.2

22.54 3.02 68.1 -2.80 -63.1 0.22 5.01011 - 1634

Altitude
(m a.s.l.)

Annual mass balance
Summer surfaces 2016 - 2017

Winter mass balance
Measured 2nd May 2017

Summer mass balance
Measured 9th Oct 2017
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3.2 Mass balance 2007-2017 
The historical mass balance results for Svelgjabreen and Blomstßlskardsbreen are 
presented in Figure 3-5. The cumulative annual balance for Svelgjabreen for 2007-17 is 
+1.5 m w.e., which gives a mean annual balance of +0.14 m w.e. aī1. The cumulative annual 
balance for Blomstßlskardsbreen for 2007-17 is +6.2 m w.e., which gives a mean annual 
balance of +0.56 m w.e. aī1. 

Figure 3-5 
Winter, summer and annual balance at Svelgjabreen (upper) and Blomstßlskardsbreen (lower) for 2007-
2017. Cumulative mass balance is given on the right axis. 
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4. Nigardsbreen (Bjarne Kjßllmoen) 
Nigardsbreen (61Á42ᾳN, 7Á08ᾳE) is one of the largest and best known outlet glaciers from 
Jostedalsbreen. It has an area of 46.6 km2 (2013) and flows south-east from the centre of 
the ice cap. Nigardsbreen accounts for approximately 10 % of the total area of 
Jostedalsbreen, and extends from 1952 m a.s.l. down to 330 m a.s.l. (Fig. 4-1). 

Glaciological investigations in 2017 include mass balance and glacier length change. 
Nigardsbreen has been the subject of mass balance investigations since 1962. A re-analysed 
mass balance series for Nigardsbreen 1962-2013 is presented in Kjßllmoen (2016). 

Figure 4-1 
The upper part of the outlet of Nigardsbreen photographed in August 2017. Photo: Hallgeir Elvehßy. 

4.1 Mass balance 2017 
Fieldwork 
Snow accumulation measurements were performed on 21st June and the calculation of 
winter balance is based on measurement of seven stakes and 74 snow depth soundings (Fig. 
4-2). Comparison of sounded snow depth and stake readings indicated no melting after the 
ablation measurements in October 2016. The sounding conditions were good and the 
summer surface was easy to identify over the whole glacier area. The snow depth varied 
between 2.4 and 6.1 m on the plateau. On the tongue, there was no snow in position 600 
(588 m a.s.l.). The snow depth was not measured in position 1000 (965 m a.s.l.). Snow 
density was measured in position 94 (1683 m a.s.l.), and the mean density of 4.1 m snow 
was 541 kg mī3. 

Ablation was measured on 18th October. Measurements were made at stakes and towers in 
nine locations (Fig. 4-2). In the accumulation area there was between 1.0 and 3.5 m of snow 
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remaining from winter 2016/17. At the time of measurement, there was between 0.7 and 
1.7 m of fresh snow at stakes on the glacier plateau. 
 

Figure 4-2 
Location of towers, stakes, snow pit and soundings on Nigardsbreen in 2017. 

Results 
The calculations are based on the DTM from 2013. 

The elevations above 1350 m a.s.l., which cover about 90 % of the catchment area, were 
well-represented with point measurements. Below this altitude the curve pattern was based 
on point measurements at 965 and 588 m altitude. 

The winter balance was calculated as a mean value for each 100 m height interval and was 
2.2 Ñ0.2 m w.e., which is 96 % of the mean winter balance for the reference period 1981-
2010. Spatial distribution of the winter balance is shown in Figure 4-3. 

Based on estimated density and stake measurements the summer balance was also 
calculated as a mean value for each 100 m height interval and was ī1.6 Ñ0.3 m w.e., which 
is 72 % of the reference period. 

Hence the annual balance was positive, at 0.6 m Ñ0.4 m w.e. The mean annual balance for 
the reference period 1981-2010 is +0.06 m w.e. Over the past ten years (2008-2017), the 
mean annual balance was +0.13 m w.e. 

The mass balance results are shown in Table 4-1 and the corresponding curves for specific 
and volume balance are shown in Figure 4-4. 
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Figure 4-3 
Spatial distribution of winter balance at Nigardsbreen in 2017. In areas with insufficient measurements 
seven simulated points were inserted based on previous measurements. 

Figure 4-4 
Mass balance diagram showing specific balance (left) and volume balance (right) for Nigardsbreen in 
2017. Specific summer balance at ten stake positions is shown as circles (ƺ). 
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According to Figure 4-4, the Equilibrium Line Altitude was 1440 m a.s.l. Consequently the 
Accumulation Area Ratio was 84 %. 

Table 4-1 
Winter, summer and annual balance for Nigardsbreen in 2017. 

4.2 Mass balance 1962-2017 
The historical mass balance results for Nigardsbreen are presented in Figure 4-5. The 
cumulative annual balance for 1962-2017 is +6.2 m w.e., which gives a mean annual 
balance of +0.11 m w.e. aī1. 

Figure 4-5 
Winter, summer and annual balance at Nigardsbreen for 1962-2017. Cumulative mass balance is given 
on the right axis. 
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 Mass balance Nigardsbreen 2016/17 ï stratigraphic system

AreaSpecific Volume Specific Volume Specific Volume
(km2) (m w.e.) (106 m3) (m w.e.) (106 m3) (m w.e.) (106 m3)

1900 - 1952 0.28 2.53 0.7 -0.58 -0.2 1.95 0.5
1800 - 1900 4.58 2.75 12.6 -0.75 -3.4 2.00 9.2
1700 - 1800 9.05 2.50 22.6 -1.00 -9.1 1.50 13.6
1600 - 1700 12.72 2.43 30.9 -1.28 -16.2 1.15 14.6
1500 - 1600 8.72 2.20 19.2 -1.58 -13.7 0.63 5.5
1400 - 1500 5.61 2.03 11.4 -1.95 -10.9 0.08 0.4
1300 - 1400 2.02 1.78 3.6 -2.43 -4.9 -0.65 -1.3
1200 - 1300 0.75 1.45 1.1 -2.90 -2.2 -1.45 -1.1
1100 - 1200 0.35 1.05 0.4 -3.35 -1.2 -2.30 -0.8
1000 - 1100 0.50 0.60 0.3 -3.80 -1.9 -3.20 -1.6
900 - 1000 0.42 0.13 0.1 -4.23 -1.8 -4.10 -1.7
800 - 900 0.48 -0.33 -0.2 -4.58 -2.2 -4.90 -2.4
700 - 800 0.29 -0.80 -0.2 -4.90 -1.4 -5.70 -1.7
600 - 700 0.39 -1.25 -0.5 -5.20 -2.0 -6.45 -2.5
500 - 600 0.27 -1.70 -0.5 -5.48 -1.5 -7.18 -1.9
400 - 500 0.12 -2.13 -0.3 -5.75 -0.7 -7.88 -1.0
330 - 400 0.06 -2.50 -0.1 -5.98 -0.3 -8.48 -0.5

46.61 2.17 101.0 -1.58 -73.6 0.59 27.4

Winter mass balance
Measured 21st June 2017

Summer mass balance

330 - 1952

(m a.s.l.)
Altitude

Annual mass balance
Measured 18th Oct 2017 Summer surface 2016 - 2017
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5. Austdalsbreen (Hallgeir Elvehßy)  
Austdalsbreen (61Á45ᾳN, 7Á20ᾳE) is an eastern outlet of the northern part of Jostedalsbreen, 
ranging in altitude from 1200 to 1747 m a.s.l. The glacier terminates in Austdalsvatnet, 
which has been part of the hydropower reservoir Styggevatnet since 1988. Glaciological 
investigations at Austdalsbreen started in 1986 in connection with the construction of the 
hydropower reservoir. 

The glaciological investigations in 2017 included mass balance, front position change and 
glacier velocity. The mass balance has been measured at Austdalsbreen since 1988. 

5.1 Mass balance 2017 
Fieldwork 
Stakes were maintained through the winter in four of eight stake locations. Comparison of 
stake readings and snow depth soundings on 27th January 2017 indicated 
15 cm and 5 cm of ice melt at stakes A92 and A90, respectively, after the measurement on 
5th October 2016. This melting was included in the mass balance for 2015/16. 

Snow accumulation measurements were performed on 10th May. The calculation of winter 
balance was based on measurement of four stakes, two corings and 40 snow depth 
soundings (Fig. 5-2). Detecting the summer surface was relatively easy. The snow depth 
varied from 3.65 to 6.40 m. Snow density was measured in one location (1490 m a.s.l.). 
The mean snow density of 5.0 m snow was 461 kg mī3. 

The stakes below 1400 m a.s.l. were measured on 23rd August, and two stakes were redrilled 
(Fig. 5-1). Stake heights were 4 to 4.5 m longer than measured on 10th May. 

Figure 5-1 
Stake A06 (see Fig. 5-2 for location) is positioned using dGNSS on 23rd August 2017. 
Photo: Hallgeir Elvehßy. 
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Summer and annual balance measurements were carried out on 18th October. There was up 
to 0.75 m of new snow on the glacier. Thirteen stakes in eight locations were found. The 
stakes were 1 to 1.5 m longer than in August. Based on stake observations, the temporary 
snow line altitude was approximately 1400 m a.s.l. 

Results 
The calculations are based on a DTM from 17th October 2009. The winter balance was 
calculated from snow depth and snow density measurements on 10th May. A function 
correlating snow depth with water equivalent was calculated based on snow density 
measurements at stake A60 (1490 m a.s.l.). The winter balance was 26 °2 mill. m3 water 
or 2.4  Ñ0.2 m w.e., which is 111 % of the 1988-2016 average (2.18 m w.e.). The winter 
balance was calculated from the spatial distribution of the 46 point measurements as 2.55 
m w.e. (Fig. 5-2). 

Figure 5-2 
Location of stakes, density pit and snow depth soundings, and winter balance at Austdalsbreen in 2017 
from 46 water equivalent values calculated from snow depth measurements. 

The summer balance was calculated for ten stakes in eight stake locations between 1250 
and 1720 m a.s.l. The summer balance curve was drawn from these ten point values (Fig. 
5-3). 

Calving from the glacier terminus was calculated as the annual volume of ice (in water 
equivalent) transported through a cross section close to the terminus, and adjusted for the 
volume change related to the annual front position change. This volume is calculated as: 
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Qk = rice * (uice ï uf) * W * H 

where rice is 900 kg mҍ3, uice is annual glacier velocity (34 °10 m aҍ1, chap. 5.3), uf is front 
position change averaged across the terminus (ī11 °5 m aҍ1, chap. 5.2), W is terminus 
width (930 °20 m) and H is mean ice thickness at the terminus (47 °5 m). The mean ice 
thickness was calculated from mean surface elevations along the calving terminus surveyed 
on 5th October 2016 (1222 m a.s.l.) and 18th October 2017 (1227 m a.s.l.), and mean bottom 
elevation along the terminus (1178 m a.s.l.) calculated from a bottom topography map 
compiled from radar ice thickness measurements (1986), hot water drilling (1987) and lake 
depth surveying (1988 and 1989). The resulting calving volume was 1.8 °0.8 mill. m3 water 
equivalent. 

The summer balance including calving was calculated as ī24 °3 mill. m3 of water, which 
corresponds to ī2.2 Ñ0.3 m w.e. The result is 82 % of the 1988-2016 average (ī2.71 m 
w.e.). The calving volume was 8 % of the summer balance. 

The annual balance at Austdalsbreen was calculated as +2 °3 mill. m3 water, corresponding 
to 0.2 °0.3 m w.e. The average annual balance for the measurement period 1988-2017 is 
ī0.54 m w.e. The ELA in 2017 was at 1408 m a.s.l., which corresponds to an AAR of 
74 %. The altitudinal distribution of winter, summer and annual balance is shown in Figure 
5-3 and Table 5-1. Results from 1988-2017 are shown in Figure 5-4. 

Table 5-1 
Altitudinal distribution of winter, summer and annual balances for Austdalsbreen in 2017. 

 

Mass balance Austdalsbreen 2016/17 ï stratigraphic system

AreaSpecific Volume Specific Volume Specific Volume
(km2) (m w.e.) (106 m3) (m w.e.) (106 m3) (m w.e.) (106 m3)

1700 - 1747 0.126 1.70 0.2 -1.25 -0.2 0.45 0.1
1650 - 1700 0.139 1.90 0.3 -1.35 -0.2 0.55 0.1
1600 - 1650 0.182 2.20 0.4 -1.50 -0.3 0.70 0.1
1550 - 1600 1.892 2.65 5.0 -1.60 -3.0 1.05 2.0
1500 - 1550 2.792 2.70 7.5 -1.70 -4.7 1.00 2.8
1450 - 1500 1.604 2.60 4.2 -1.80 -2.9 0.80 1.3
1400 - 1450 1.378 2.50 3.4 -2.20 -3.0 0.30 0.4
1350 - 1400 0.931 2.00 1.9 -2.60 -2.4 -0.60 -0.6
1300 - 1350 0.821 1.85 1.5 -3.00 -2.5 -1.15 -0.9
1250 - 1300 0.536 1.70 0.9 -3.40 -1.8 -1.70 -0.9
1200 - 1250 0.228 1.55 0.4 -3.80 -0.9 -2.25 -0.5

-1.8 -1.8

10.6292.42 25.7 -2.23 -23.7 0.19 2.0

Altitude
(m a.s.l.)

Calving

1200 - 1747

Annual mas balance
Summer surfaces 2016 - 2017

Winter mass balance
Measured 10th May 2017

Summer mass balance
Measured 18th Oct 2017
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Figure 5-3 
Altitudinal distribution of winter, summer and annual balance is shown as specific balance (left) and 
volume balance (right) at Austdalsbreen in 2017. Specific summer balance at ten stakes in eight stake 
locations is shown (ƺ). 

Figure 5-4 
Winter, summer, annual and cumulative balance at Austdalsbreen during the period 1988-2017. Mean 
winter and summer balance is 2.18 and ī2.72 m w.e., respectively. The cumulative mass balance is 
 ī167 mill mį w.e. which corresponds to ī15.6 m w.e. 

5.2 Front position change 
Eight points along the calving terminus were surveyed on 18th October 2017. The mean 
front position change was ī11 °5 m (Fig. 5-5) between 5th October 2016 and 18th October 
2017. The width of the calving terminus was 930 °20 m. Since 1988 the glacier terminus 
has retreated about 660 m, whilst the glacier area has decreased by approximately  
0.622 km2. 
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Figure 5-5 
Surveyed front position of Austdalsbreen in 1988 when the lake was regulated, and in 1997, 2005, 2009 
and 2015-17. The mean front position change between 5h October 2016 and 18th October 2017 was  
ī11 m. 

5.3 Glacier dynamics 
Glacier velocities are calculated from repeated surveys of stakes. The stake network was 
surveyed on 16th August and 5th October 2016, and 10th May, 23rd August and 18th October 
2017. Annual velocities were calculated for nine stake locations for the period 5th October 
2016 ï 18th October 2017 (378 days). The annual velocities at stake locations close to the 
terminus were 49 m aī1 at A6 (40 m aī1 in 2016), 55 m aī1 at A92 (50 m aī1 in 2016), and 
43 m aī1 at A10 (41 m aī1 in 2016). 

The glacier velocity averaged across the front width and thickness must be estimated in 
order to calculate the calving volume (chap. 5.1). Due to lower velocities at stake A6 than 
at A92, the expected velocity increase towards the calving front is neglected, and A6 is 
assumed to be representative for the centre line surface velocity. The glacier velocity 
averaged over the cross-section is estimated to be 70 % of the centre line surface velocity 
based on earlier measurements and estimates of the amount of glacier sliding at the bed. 
The resulting glacier velocity averaged across the terminus for 2016/2017 is 34 °10 m aī1. 








































































































