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Summary  
Mass balance  
Mass balance investigations were performed on fourteen glaciers in Norway in 2016. 

The winter balance for four of the reference glaciers (mass balance series back to at least 
1971) was greater than the 1971-2000 average, and three were lower than average. 
Nigardsbreen had the greatest relative winter balance with 124 % of the reference period 
and Storbreen had the lowest with 72 %. 

The summer balance was greater than the average for all seven reference glaciers. 
Ålfotbreen had the greatest relative summer balance with 142 % of the reference period 
and Gråsubreen had the lowest with 110 %. 

Consequently, the annual balance was negative for six of the reference glaciers. Only 
Nigardsbreen had positive mass balance. 

Glacier length change  
Glacier length changes were measured at 25 glaciers in southern Norway and 11 glaciers 
in northern Norway. Thirty of the glaciers had a decrease in length, four were unchanged 
and two outlets had a small advance. The greatest retreats were observed at Gråfjellsbrea 
(117 m), an outlet from southern Folgefonna ice cap, Langfjordjøkelen (96 m) in western 
Finnmark and Nigardsbreen (70 m), an outlet from Jostedalsbreen ice cap. 
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1. Glacier investigations in 
Norway 20 16 
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) contain 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 ice 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 Østrem 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. 

Ames Stereo Pipeline 
A suite of free and open source automated geodesy and stereogrammetry tools designed 
for processing stereo imagery captured from satellites, for example. 

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. 

ArcGIS 
A Geographical Information System for working with maps and geographic information. 







http://www.senorge.no/
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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 program me 
In 2016 mass balance measurements were performed on fourteen glaciers in Norway - 
eleven 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 (Ålfotbreen, Nigardsbreen, 
Rembesdalskåka, Storbreen, Hellstugubreen and Gråsubreen) have been measured for 54 
consecutive years or more. They constitute a west-east profile extending from the maritime 
Ålfotbreen glacier with an average winter balance of 3.6 m water equivalent to the 
continental Gråsubreen with an average winter balance of 0.8 m w.e. Storbreen in 
Jotunheimen has the longest series of all glaciers in Norway with 68 years of 
measurements, while Engabreen at Svartisen has the longest series (47 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 (1971-2000) is defined and the balance values for 2016 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). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 -2 
Location of the glaciers  at which 
mass balance studies were 
performed in  2016. 
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Figure 1 -3 
Mass balance in 2016 in southern Norway. The glaciers are listed from west to east.  

The cumulative annual balance for the five reference glaciers in southern Norway for the 
period 1963-2016 is shown in Figure 1-4. The maritime glaciers, Ålfotbreen, Nigardsbreen 
and Rembesdalskåka, showed a marked increase in volume during the period 1989-95. The 
surplus was mainly the result of several winters with heavy snowfall. 

Figure 1 -4 
Cumulative  mass  balance  for the reference glaciers Ålfotbreen, Nigardsbreen, Rembesdalskåka, 
Storbreen and Gråsub reen for  the period 1963 -2016. 
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Figure 1-5 
Homogenis ation  of 18 mass balance series , geographical ly distributed in seven areas.  

1.3 Other investigations  
Glacier length change measurements were performed at 36 glaciers in Norway in 2016. 
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 2016. 

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. 

Several jøkulhlaup have occurred in 2016 and these are described in chapter 14. 
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Figure 2 -5 
Mass balance at Ålfotbreen (up per) 1963-2016 and Hansebreen (lower) 1986 -2016. Cumulative mass 
balance is given on the right axis.  
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The mass balance results are shown in Table 3-1 and the corresponding curves for specific 
and volume balance are shown in Figure 3-4 and 3-5. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 -3 
Spatial distribution 
of winter balance at 
Svelgjabreen and 
Blomstølskards -
breen in 2016.  

 

According to Figure 3-4 and 3-5, the ELA lies at 1325 m a.s.l. on Svelgjabreen and at 1320 
m a.s.l. on Blomstølskardsbreen. Accordingly the AARs are 60 % and 81 %, respectively. 

Figure 3 -4 
Mass balance diagram for Svelgjabreen in 2016.  
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Figure 3 -5 
Mass balance diagram for Blomstølskardsbreen in 20 16. 

 
Table 3-1 
Winter, summer and annual balances for Svelgjabreen (upper) and Blomstølskardsbreen (lower) in 2016. 

 � �¯�Á�Á���°�¯�º�¯�¼�±�³���¦�Ä�³�º�µ�¸�¯�°�À�³�³�¼�������������������-���Á�Â�À�¯�Â�·�µ�À�¯�¾�¶�·�±���Á�Ç�Á�Â�³�»

Area Specific Volume Specific Volume Specific Volume

(km2) (m w.e.) (106 m3) (m w.e.) (106 m3) (m w.e.) (106 m3)

1600 - 1632 1.16 4.15 4.8 -2.35 -2.7 1.80 2.1

1550 - 1600 1.85 4.10 7.6 -2.48 -4.6 1.63 3.0

1500 - 1550 2.87 4.00 11.5 -2.63 -7.5 1.38 3.9

1450 - 1500 2.08 3.95 8.2 -2.78 -5.8 1.18 2.4

1400 - 1450 1.82 3.88 7.1 -2.93 -5.3 0.95 1.7

1350 - 1400 2.70 3.68 9.9 -3.10 -8.4 0.58 1.6

1300 - 1350 1.99 3.35 6.7 -3.35 -6.7 0.00 0.0

1250 - 1300 1.55 3.00 4.7 -3.63 -5.6 -0.63 -1.0

1200 - 1250 1.53 2.70 4.1 -3.90 -6.0 -1.20 -1.8

1150 - 1200 1.48 2.40 3.5 -4.18 -6.2 -1.78 -2.6

1100 - 1150 0.93 2.15 2.0 -4.43 -4.1 -2.28 -2.1

1050 - 1100 1.20 1.95 2.3 -4.68 -5.6 -2.73 -3.3

1000 - 1050 0.64 1.78 1.1 -4.90 -3.1 -3.13 -2.0

950 - 1000 0.34 1.55 0.5 -5.10 -1.7 -3.55 -1.2

900 - 950 0.14 1.30 0.2 -5.30 -0.8 -4.00 -0.6

829 - 900 0.07 0.95 0.1 -5.53 -0.4 -4.58 -0.3

22.35 3.33 74.3 -3.33 -74.5 -0.01 -0.1829 - 1632

(m a.s.l.)

Altitude

Annual mass balance
Summer surface 2015 - 2016

Winter mass balance
Measured 28th Apr 2016

Summer mass balance
Measured 6th Oct 2016

� �¯�Á�Á���°�¯�º�¯�¼�±�³���•�º�½�»�Á�Â�7�º�Á�¹�¯�À�²�Á�°�À�³�³�¼�������������������-���Á�Â�À�¯�Â�·�µ�À�¯�¾�¶�·�±���Á�Ç�Á�Â�³�»

Area Specific Volume Specific Volume Specific Volume

(km2) (m w.e.) (106 m3) (m w.e.) (106 m3) (m w.e.) (106 m3)

1600 - 1632 1.17 3.63 4.2 -2.25 -2.6 1.38 1.6

1550 - 1600 6.34 3.73 23.6 -2.28 -14.4 1.45 9.2

1500 - 1550 4.13 3.80 15.7 -2.38 -9.8 1.43 5.9

1450 - 1500 2.19 3.63 7.9 -2.53 -5.5 1.10 2.4

1400 - 1450 1.56 3.55 5.5 -2.70 -4.2 0.85 1.3

1350 - 1400 1.75 3.55 6.2 -2.95 -5.2 0.60 1.1

1300 - 1350 1.46 3.28 4.8 -3.20 -4.7 0.07 0.1

1250 - 1300 0.78 2.90 2.3 -3.48 -2.7 -0.58 -0.4

1200 - 1250 1.28 2.50 3.2 -3.73 -4.8 -1.23 -1.6

1150 - 1200 1.00 2.15 2.2 -3.98 -4.0 -1.83 -1.8

1100 - 1150 0.44 1.90 0.8 -4.20 -1.9 -2.30 -1.0

1012 - 1100 0.30 1.55 0.5 -4.55 -1.4 -3.00 -0.9

22.40 3.43 76.9 -2.73 -61.1 0.70 15.8

Annual mass balance
Summer surfaces 2015 - 2016

Winter mass balance
Measured 28th Apr 2016

Summer mass balance
Measured 6th Oct 2016

1012 - 1632

Altitude
(m a.s.l.)
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