


































































































































































The mass balanee resuIts are shown in Table 12-1 and Figure 12-3. The results from 

2001 are compared to mass balanee results for the period 1985-1988 and 2000 in 
Figure 12-4. 
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Winter-, summer and net balanee for Storglombreen in 2001, showing speeifie balanee (Ieft) and 
volume balanee (right). Summer balanee at stakes is shown as cireles (0). 

Winter balanee 5torglombreen 2000/01 - traditional method 

Winter balanee Summer balanee Net balanee 
Measured 26 mai 2001 Measured 24 sep 2001 Summer surface 2000 - 2001 

Altitude Area Specific Volume Specific Volume Specific Volume 
(m a.s.L) (km2

) (m w.eqv.) (106 m3
) (m w.eqv.) (1 06 m3

) (m w.eqv.) (106 m3
) 

1500 - 1580 0,18 1,10 0,20 -2,15 -0,39 -1 ,05 -0,19 

1400 - 1500 0,58 1,25 0,72 -2,20 -1 ,27 -0,95 -0,55 

1300 - 1400 2,89 1,40 4,04 -2,30 -6,64 -0,90 -2,60 

1200 - 1300 15,02 1,35 20,28 -2,45 -36,80 -1,10 -16,52 

1100 - 1200 26,23 1,30 34,10 -2,60 -68,21 -1,30 -34,10 

1000 - 1100 8,91 1,15 10,25 -3,00 -26,73 -1 ,85 -16,48 

900 - 1000 5,16 0,50 2,58 -3,60 -1 8,59 -3,10 -16,01 

800 - 900 1,91 0,10 0,19 -4,20 -8,01 -4,10 -7,82 

700 - 800 0,95 -0,20 -0,19 -4,80 -4,55 -5,00 -4,74 

600 - 700 0,38 -0,45 -0,17 -5,50 -2,08 -5,95 -2,25 

520 - 600 0,22 -0,60 -0,13 -6,20 -1 ,39 -6,80 -1 ,52 

Calving -7,2 -7,2 

520 - 1580 62,43 1,15 71 ,9 -2,91 -181 ,8 -1 ,76 -110,0 

Table 12-1 
Speeifie (Ieft) and volume (right) winter, summer, and net balanee ealeulated for 100 m elevation 
intervals at Storglombreen 2001 . 

83 



Mass balanee Storglombreen 1985-88 and 2000-01 
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Figure 12-4 
Mass balance at Storglombreen during the period 1985-1988 and 2000-01. 

12.2 Front position change 
Storglombreen has three distinet front segments that calve into the lake 

Storglomvatnet (Fig. 12-1). Observation of the front position changes began in 

autumn 2000, and will be continued in order to document changes associated with 

changes in the water level of the reservoir. The front ofthe calving outlet from glaeier 

Tretten-null-to-breen is observed also (Fig. 12-1). One part of the glaeier terminus is 

shown in figure 12-5, which illustrates that avalanching is a primary ablation proeess 

along the glaeier terminus. 

Figure 12-5 
The southern part of the northern outlet of Storglombreen on 9th October 2001 . The lake level in 
Storglomvatnet was 579 m a.s.l., 6 metres below highest regulated lake level (HRV). There is 
bedrock visible between the glaeier and the lake. The vertical ice cliff is 10 to 20 metres high. 
Photo: Hallgeir Elvehøy 
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12.3 Glaeier velocity 
The mass balanee stake network has been positioned repeatedly since May 2000 

using precision dGPS to calculate horizontal and vertical velocities. The fix point at 

Bautaen has been used as a fix point. Stakes were positioned on 27th May and 21 st 

September 2000, and on 2ih May, 22nd August and 24th September 2001. 

The velocities showalittle variation during the year. These variations will be further 

analysed later when more data is available. In Figure 12-6 horizontal annual mean 

velocities are presented. 
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13. Blåmannsisen (RuneV. Engeset) 

In September 200 l a large amount of water that was previously dammed by a glaeier 

arm of Blåmannsisen (67°20 'N, 16°05 ' E) flowed under the glaeier into the Sisovatn 

reservoir (Figure 13-1). Altogether about 40 million cubic metres that previously 

drained to Sweden now drains to a hydropower plant at Siso. This is the first 

jøkulhlaup (outburst from a glacier-dammed lake) recorded here. The jøkulhlaup is a 

direct consequence of climate change that has caused the glaeier to thin until it no 

longer functions effectively as a dam. 

Figure 13-1 
Photo of the drained lake at Blåmannsisen. The water drained under the glacier (figure centre) and 
down to Sisovatn (uppermost part of figure). The shoreline clearly shows the previous water level, 
from when the glacier drained over a rock threshold at 1051 m a.s.1. towards Sweden. Photo Hans 
Martin Hjemaas, Elkem ASA. 

13.1 Jøkulhlaup in 2001 
PersonneI at Elkems Siso hydropower station (see map in Figure 13-2) noted on 

September 5th 200 I that the water level in the Sisovatn reservoir had increased 

rapidly for unknown reasons. Over the next two days the water level increased 2.5 m, 

giving an unexpected addition of about 40 million m3 in a reservoir with a capacity of 

about 500 million m3
. Inflow increased from a normallevel of about 3-4 million m3 

per day to 9.3 , 17.5 and 19.7 million m3 on September 5th, 6th and 7th respectively. 

In 1990 NVE had warned of the danger of a jøkulhlaup in the area if the glaeier 

decreased, based on ice thickness measurements with radar (Kennett, 1990). 
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Figure 13-2 
Map of area. 

Elkem ASA inspected the area by helicopter on September 18th and confirmed our 

theory that the jøkulhlaup was due to draining of upper Messingmalmvatn (ca lied 

Vatn 1051 in this text) . The drainage route is shown in Figure 13-3 . The 

approximately 1.5 km2 Vatn 1051 was previously dammed by a northwest-draining 

outlet glaeier from Blåmannsisen, which at 87 km2 is Norway ' s fifth largest glaeier. 

Figure 13-3 
Aerial photograph of drainage area taken on 1 September 1998. The arrow shows the drainage path 
under the glaeier. Photo Fjellanger Widerøe AS. 
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Before the jøkulhlaup the glaeier blocked drainage westward, and the lake drained 

through an outlet eastward towards Sweden. After the lake emptied, three basins with 

a little water in each remained. The shoreline showing the water level before the 

jøkulhlaup is clearly visible. Based on GPS measurements it is estimated that the 

water level sank about 60 m. 

The outburst forrned a 4.5 km long tunnel under the glaeier ice, which is up to 200 m 

thick. Both the tunnel entranee and exit are shown in Figure 13-4. We assurne that the 

water pressure lifted up the ice draining down towards Vatn 1051. When the water 

eventually managed to seep under the ice, a tunnel was quickly forrned due to 

frictional heating. Investigations under the 150-200 m thick ice of Engabreen 

(Svartisen) and Bondhusbreen (Folgefonna) have shown that such tunnels close at a 

rate of 10-15 cm per day. The tunnel walls close because the ice deforms under the 

weight of the overlying ice. 

Figure 13-4 
The water outburst formed a tunnel under the ice. The tunnel entranee is shown to the lett, the exit 
to the right. Photo Hans Martin Hjemaas, Elkem ASA. 

The jøkulhlaup phenomenon 

A large amount of water was released from Vatn 1051 over a short period of time, as 

is typical for Norwegian jøkulhlaups (Fig. 13-5). Other known jøkulhlaups in Norway 

include severai drainings of Demmevatn by Hardangerjøkulen, Brimkjelen on 

Jostedalsbreen, Øvre Mjølkedalsvatn in Jotunheimen, the ice-dammed lake by 

Harbardsbreen, Skadevatn by Vetledaisbreen, the lake by Østerdalsisen (Svartisen), 

and the ice-dammed lake by Strupbreen in Lyngen . For more details ofthese events, 

see Liestøi (1956), Elvehøy et al. (1997), and Kjøllmoen (2000). 

The volurne of water registered from Blåmannsisen for this event is of the same order 

as from the catastrophic jøkulhlaup from Demmevatn that flowed down Simadalen in 

1893 and caused large material losses. This shows that watercourse regulation, such 

as is the case with the Sisovatn reservoir, often protects the local population and 

community from the damages that such floods can cause. 

Jøkulhlaups occur often and eau se a lot of damage in Iceland. A volcanic eruption 

under Vatnajokull in October 1996 (Gudmundsson et al. , 1997) caused rapid melting 

and produced a large quantity of water (estimated to be 3.2 km3
) in Grimsvotn. This 
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resulted in an extreme jøkulhlaup with a water discharge of up to 50.000 m3/s in 

November ofthe same year. 

Figure 13-5 
Vatn 1051 almost totally drained. The picture on the left shows the approximately 80 m high ice dam 
which burst, while that on the right shows the bottom of the lake. Photo Hans-Martin Hjemaas. 

A result of climate change 

Previous ice thickness measurements from 1990 and a map ofthe glaeier surface from 

1985 indicated that ifthe ice surface (which had an elevation of 1108 m a.s.l. in 1985) 

decreased about 30 m in elevation, the glaeier ice would no longer be able to dam the 

lake (Kennett, 1990). Despite the fact that we have no recent measurements ofthe 

height of the glaeier surface or the glacier's mass balance, it is reasonable to assurne 

that the jøkulhlaup was caused by a decrease in ice thickness near the rock threshold. 

Such a change is due to a negative mass balanee over a period of time, that is, that 

winter precipitation has not compensated for the melting of snow and ice during 

summer. This phenomenon is a consequence of c1imate change in this area. 

In order to be better prepared for natural catastrophes related to glaeiers, NVE is 

presently participating in a large EU-financed research project called GLACIORISK. 

Through this project we attempt to develop tools that can be used to detect, monitor 

and prevent future disasters caused by glaeiers. The project is in co-operation with the 

Geophysical Institute at the University of Oslo, as well as research institutions in 

France, Italy, Austria, Switzerland and Iceland. 

There are severaI exciting questions connected to this jøkulhlaup. This is a c1ear 

signal ofthe c1imate changes to which we are now exposed. But, will such a water 

outburst be repeated, and in which case, how often can it be expected to occur? How 

large an outburst will new changes in the glaeier entail? How quickly will Vatn 1051 

refill with water? How quickly will the tunnel under the glaeier close again? How 

large are the changes in input and input area to the Sisovatn reservoir? Our aim is to 

study severai ofthese questions in order to better understand the mechanisms behind 

and the consequences of such unusual natural phenomena. 

Elkem ASA commissioned NVE to study the event, and to assess possible new 

jøkulhlaups from the lake. This study was started in autumn 2001 and will continue 

throughout 2002. 
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14. Langfjordjøkelen (Bjarne KjølImoen) 

Langfjordjøkelen (70010'N, 21 °4S'E) is a plateau glaeier situated on the border of 

Troms and Finnmark counties, approx. 60 km northwest of Alta. It has an area of 

about 8.4 km2 (1994), and ofthis 3.7 km2 drains eastward to the lake Andrevann 

(Fig. 14-1). The investigations are perforrned on this east facing part, ranging from 

280 to 1050 m a.s.1. 

The glaciological investigations in 2001 include mass balance, change in front 

position and air temperature measurements. Langfjordjøkelen has been the subject of 

mass balanee measurements since 1989 with the exception of 1994 and 1995. The 

winter and summer balances for these two years are estimated based on 

meteorological observations (Kjøllmoen 2002). The net balanee during the period 

1966-1994 is modelled and compared with earlier map studies (Kjøllmoen 1999). 

Figure 14-1 
The mass balanee measurements are performed at the east-facing outlet (3.7 km2

), which drains to 
Andrevann lake (255 m a.s.I.). A station for air temperature measuring is located between the 
glaeier terminus and the inlet of Andrevann. Photo by Fotonor AS 1994 (Contract No. 94168). 

14.1 Mass balanee 2001 

Fieldwork 

Snow accumulation was measured on 6th June and the calculation ofwinter balanee is 

based on (Fig. 14-2): 
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• 

• 

Direct measurements of stakes in position 10 (480 m a.s.l.), 20 (670 m a.s.l.), 25 

(745 m a.s.l.) and 30 (900 m a.s.l.) showing snow depths of l.S, 2.4, 2.8, and 

2.6 m. Soundings beside the stakes indicated some ablation after the final 
measurements in October 2000, amounting to 0.3 m ice at 480 maltitude, 0.2 m 
ice at 670 m altitude and O.l m ice at 745 maltitude. 

74 snow depth soundings along about 11 km of profiles between 320 and 1050 m 
a.s.l. The summer surface was distinet up to 900 m altitude and more ambiguous 
in the areas between 900 and 1050 m a.s.l. The snow depth increased from about 
l m at the tongue to about 3112 m in the upper parts of the glacier. 

• Snow density was measured down to 2.5 m depth (SS at 2.6 m) at 900 maltitude. 

Location of stakes, density pit and sounding profiles are shown in Figure 14-2. 
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531000 

Ablation was measured on 7th October. The net balance was measured directly at 

stakes in all five locations between 480 and 1050 m a.s.l. There was no snow 
remaining on the glacier from the winter 2000/200 l. Between 45 and 70 cm of fresh 
snow had fallen. 

Results 

The ca1culations are based on a glacier map from 1994. 

Winter balanee 

The ca1culations of winter balanee are based on severai point measurements of snow 
depth (stakes and probings ) and on one snow density measurement. 
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The ablation registered after the final measurements in October 2000 was counted as 

a negative contribution to the winter balance 2000/200 l as described in chapter l. 
This negative winter balanee was measured and calculated as O.l m w.eqv. 

A dens it y profile was modelled from the snow dens it y measurement at 900 m 

altitude. The mean density of 2.6 m snow was 0.49 g/cm
3

• The density mod el was 

used to con vert all measured snow depths to water equivalents. 

The winter balanee calculations were performed by plotting the measurements (water 

equivalents) in a diagram. A curve was drawn based on a visual evaluation (Fig. 14-4) 

and a mean value for each 100 m height interval estimated (Tab. 14-1). 

The winter balance, hence, was calculated as 1.4 ±0.2 m w.eqv., corresponding to a 

water volurne of 5 ±l mill. m3
• The result is 59 % of the mean value for the periods 

1989-1993 and 1996-2000. This is the second lowest winter balanee measured since 

the measurements started in 1989 (1.3 m in 1999). Excluding the additional ablation 

after the final measurements in October 2000, the winter accumulation was 

1.5 m w.eqv. 
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The winter balance was also calculated using a gridding method based on the aerial 

distribution of the snow depth measurements (Fig. 14-3). Water equivalents for each 

cell in a 100 x 100 m grid were calculated and summarised. The winter balance based 

on this method, which is a control of the traditiona1 method, was 1.4 m w.eqv. 
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Summer ba/ance 

The dens it y of melted fim was estimated between 0.70 and 0.80 glem', while the 
dens it y of melted iee was estimated as 0.90 g/em3• 

The summer balanee was measured and ealculated at 4 stakes, and inereased from 

-3.3 m w.eqv. at 900 m altitude to -4.6 m down on the tongue (480 m a.s.l.). Based on 

estimated density and stake measurements, the summer balanee was ealculated to be 

-3.6 ±0.3 m w.eqv., whieh is -13 ±1 mill. m3 of water. The result is 130 % of the 

average for the periods 1989-1993 and 1996-2000. This is the greatest summer loss 
sinee 1989. 

Net ba/ance 

Henee, the net balanee at Langfjordjøkelen for 2001 was -2.3 ±0.4 m w.eqv., whieh 

equals a volurne loss of 8 ±l mill. m' of water (Tab. 14-1). The result is the greatest 

deficit measured at Langfjordjøkelen sinee 1989. Figure 14-4 indieates that the 
equilibrium line altitude (ELA) was above the glaeier summit (lOSO m a.s.l.). 

Aeeordingly the Aeeumulation Area Ratio (AAR) was O %. 
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Figure 14-4 
Mass balanee diagram showing specific balanee (lett) and volume balanee (right) for 
Langfjordjøkelen in 2001. Summer balanee at 4 stakes is shown (e). 
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Mass balanee Langfjordjøkelen 2000/01 - traditional method 

Winter balanee Summer balanee Net balanee 

Measured 6rd June 2001 Measured 7th Oct 2001 Summer surface 2000 - 2001 

Altitude Area Specific Volume Specific i Vol urne Specific 

I 
Vol urne 

(ma.s.l.) (km2) (mw.eq.) (106 m3) (mw.eq.) i 
(106 m3) (mw.eq.) (106 m3) I 

1000 - 1050 0,55 1,80 1,0 -3,10 -1,7 -1,30 -0,7 

900 - 1000 0,81 1,75 1,4 -3,20 -2,6 -1,45 -1,2 

800 - 900 0,61 1,55 0,9 -3,35 -2,0 -1,80 -1,1 

700 - 800 0,56 1,35 0,8 -3,60 -2,0 -2,25 -1,3 

600 - 700 0,39 1,10 0,4 -3,90 -1,5 -2,80 -1,1 

500 - 600 0,35 0,80 0,3 -4,30 -1,5 -3,50 -1,2 

400 - 500 0,25 0,50 0,1 -4,75 

I 

-1,2 -4,25 -1,1 

280 - 400 0,14 0,20 0,0 -5,30 -0,7 -5,10 -0,7 

280 -1050 3,65 1,36 5,0 -3,64 I -13,3 -2,28 ! -8,3 

Table 14-1 
Winter, summer and net balanee for Langfjordjøkelen in 2001. Mean values for the period 1989-2000 
(modell ed values for 1994 and 1995 included) are bw=2,29 m, b,=-2,73 m and b,=-O,44 m w.eqv. 

14.2 Mass balanee 1994 and 1995 
In 1994 and 1995 mass balanee measurements were not pelforrned at 

Langfjordjøkelen. Winter and summer balanee is estimated in Kjøllmoen 1999. The 
data input and method of ca1culation used in this estimation is considered faulty. 
Thus, another estimation based on meteorological data has be en carried out 
(Kjøllmoen 2002). 

The meteorological method is called the PT-model. Accumulated snow during the 
winter season and ablation of snow and ice during the summer season is modelled 
using air temperature and precipitation as data input. 

Air temperature data from Weather station No. 9235 (The Norwegian Meteorological 

Institute, DNMI) and Langfjordjøkelen station No. 211.4 (NVE) is employed in the 
model. Precipitation data comes from Weather station No. 9270 (DNMI). 

The PT-model is calibrated to the mass balanee measured at Langfjordjøkelen during 

the periods 1989-1993 and 1996-1998. 

The winter, summer and net balanee results for 1994 and 1995 are shown in Table 

14-2. 
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Year 
Specific balanee (m w.eqv.) Volume balanee (106m3) 

1989 2.40 -2.96 -0.56 -0.56 8.8 -10.8 -2.0 

1990 2.74 -3.06 -0.32 -0.88 10.0 -11.2 -1.2 

1991 2.31 -2.31 0.00 -0.88 8.5 -8.5 0.0 

1992 2.68 -2.49 0.19 -0.69 9.8 -9.1 0.7 

1993 2.55 -2.35 0.20 -0.49 9.3 -8.6 0.7 

1994 1.9 -2.6 -0.7 -1.22 6.9 -9.5 -2.6 
1995 2.3 -2.1 0.2 -0.97 8.4 -7.7 0.7 

1996 2.25 -2.23 0.02 -0.95 8.2 -8.1 0.1 

1997 2.65 -3.34 -0.69 -1.64 9.7 -12.2 -2.5 

1998 1.80 -3.24 -1.44 -3.08 6.6 -11.8 -5.3 

1999 1.33 -2.91 -1.58 -4.66 4.9 -10.6 -5.7 

2000 2.51 -3.12 -0.61 -5.27 9.2 -11.4 -2.2 

2001 1.36 -3.64 -2.28 -7.55 5.0 -13.3 -8.3 

Mean 
1989-2001 2.22 -2.80 -0.58 8.1 -10.2 -2.1 

Table 14-2 
Winter, summer and net balance for Langfjordjøkelen during the period 1989-2001 including the 
new modelled values for 1994 and 1995. 

Since the mass balance measurements started in 1989 there have been 2 years with a 

non-significant positive net balance (0.2 m w.eqv. in 1992 and 1993). The glacier was 

almost in balance during 2 separate years (1991 and 1996), whereas a negative 

balance occurred in 7 separate years. The modelled net balance results for the years 

1994 and 1995 are -0.7 and +0.2 m w.eqv. The mean net balance for the period 1989-

2001 (modelled values included) is -0.58 m w.eqv. The accumulated negative net 

balance since 1989 is 7.6 m w.eqv. (28 mill. m3 of water). Most of the deficit has 

occurred after 1996 (Fig. 14-5). 
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Mass balance at Langfjordjøkelen during the period 1989-2001. The accumulated deficit amounts to 
7.6 m water equivalents. The values for 1994 and 1995 are modelled. 
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14.3 Mass balanee 1966-1994 

Map studies 

Map studies of Langfjordjøkelen with a view to volurne changes are presented in 

Kjøllmoen 1999. By using Digital Terrain Models (DTM) the volurne change during 

the period 1966-1994 was estimated to a deficit of 83 mill. m3 or about 20 m water 

equivalents. 

PT-model 

The mass balance results deri ved from the DTMs are verified by using the 

meteorological method (Kjøllmoen 2002). The PT-model, data input (temperature and 

precipitation) and calibration data is the same as used in chapter 14-2. 

The net balance during the period 1966-1994 was calculated as -19.7 m water 

equivalents. 

Accordingly, the net balance for 1966-1994 achieved by the PT -mode! is equal to the 

result derived from the DTMs. 

14.4 Front position change 
Annual measurements of the change in front position were initiated in 1998. The 

measurements are performed using traditional methods. The distance from the glacier 

terminus to marked fix points is measured using measuring tape. To achieve 
comparable results the measurements are always peIformed in the autumn. 

Due to fresh snow the front position could not be measured during the fieldwork in 

October 200 l. However, measurements from October 2000 and August 200 l showa 

retreat in front position of 23 metres. The accumulated recession since July 1998 is 93 
metres. 

14.5 Air temperature 
A station for automatically recording air temperature was initiated in August 1997. 

The recording station (No. 211.4, 270 m a.s.l.) is located by the glacier stream 

between the glacier terminus and Andrevann (Fig. 14-1). 

Due to technical problems the measuring results for the period 1997 to the end of 

October 1999 are probably faulty. However, the results for 2000 and 2001 can be 

observed as correct. 

Table 14-3 show daily mean temperatures for the "summer seasons" 2000 and 2001. 

The summer season is defined as the period between 1 st June and 30th September. The 

values at Langfjordjøkelen are compared with measurings from Nordstraum Weather 

station (No. 9235) in Kvænangen (ca. 35 km south of Langfjordjøkelen), operated by 

the Norwegian Meteorological Institute (DNMI). 
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Daily mean values 1 st June - 30th September ("Summer season") 

Year Langfjordjøkelen Nordstraum Lapse rate La./No. 
(oG) (oG) (OC/100 m) 

2000 *)7,4 10,3 1,09 

2001 8,3 11,1 1,03 

Mean 2000-2001 7,9 10,7 1,06 

Mean 1966-2000 10,1 
0) Data is extrapolated from 1 sl June to 12 1h July 2000. 

Table 14-3 
Mean air temperature at Langfjordjøkelen (ca. 275 m a.s.l.) and the Weather station Nordstraum (6 m 
a.s.l.) in the "Summer season" (l"June - 30'hSeptember) for the years 2000 and 2001. Mean values 
for 2000 and 2001 are shown for both stations and the average for 1966-2000 is shown for 
Nordstraum. 
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15. Glaeier monitoring (LissMarieAndreassen 

and Miriam Jackson) 

15.1 Front position change 
Observations of front position change have been made at Norwegian glaciers since 

the l880s, but continuous measurements started around 1900. 

In 2001 front position change was measured at 24 glaciers, 21 in southem Norway 

and 3 in northem Norway (Fig. 15-l). 
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Location map showing glaeiers where front position measurements were performed in 2001. 
Steindalsbreen in Lyngen was not observed in 2001. Notice that the different glaeier areas are not 
to scale. 

Methods 

The distance is measured from one or severai established caims or painted marks on 

rocks to the glacier front in defined directions, normally in September or October 

every year. Change in distance gives a rough estimate of the front fluctuations at one 

or more points at the glacier fronts. These measurements have a fairly high degree of 

uncertainty both in the actuallength determination, and in to what extent the 

measurement is representative for the entire glacier front. Nevertheless, the 

measurements give valuable information about glacier fluctuations and regional 

tendencies and variations when longer time periods are considered. 
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Results 

The front position changes from autumn 2000 to autumn 2001 at the observed 

glaciers are shown in Table 15-1 . Only at one glacier, Storgjuvbreen in Jotunheimen, 

was a noticeable net advance (defined as more than 2 m) registered in the observation 

period. Storgjuvbreen had a positive net change of 5 m. By contrast, in the previous 

period of 1999-2000, noticeable positive changes were observed at 11 of 24 glaciers 

(46 %). 

Minor or no changes (between -2 and +2 m) were observed at 5 of the glaciers, while 

the remaining 18 glaciers (75 %) had a noticeable negative change in this period. Il 

of the glaciers showed a net retreat in front position amounting to more than 10m. 

The largest retreats were found at Kjenndalsbreen and Rembesdalskåka, -48 m and 

-46 m respectively. 

All ofthe 3 observed glaciers in northern Norway showed a pronounced retreat in 

front position. In southern Norway, the main trend is glaeier retreat. However, the 

continental area of Jotunheimen is an exception, with a noticeable positive change 

observed at one glacier and only minor changes otherwise. 

Area Glaeier Change (m) Measured by 
Jostedalsbreen Austerdalsbreen -20 NVE 

Bergsetbreen -13 NVE 
Brenndalsbreen -17 Universitet Trier, Germany 
Briksdalsbreen l NVE 
Bødalsbreen -9 Universitet Trier, Germany 
Fåbergstøisbreen -20 NVE 
Kjenndalsbreen -48 Universitet Trier, Germany 
Nigardsbreen -4 NVE 
Stegholtbreen -15 NVE 
Store Supphellebre -9 Norwegian Glacier Museum 

Folgefonna Buerbreen -6 NVE 
Bondhusbrea -9 Statkraft SF 
Botnabrea O Statkraft SF 

Hardangerjøkulen Midtdalsbreen I University of Bergen 
Rem besdalskåka -46 Statkraft SF 

Jotunheimen Bøverbreen 2 Universitet Trier, Germany 
Hellstugubreen -4 NVE 
Leirbreen -7 NVE 
Storbreen -12 NVE 
Storgjuvbreen 5 Universitet Trier, Germany 
Styggedalsbreen 2 NVE 

Svartisen Engabreen -25 NVE 
Lyngen Koppangsbreen -12 NVE 
Finnmark Langfi ordjøkelen -25 NVE 

Table 15-1 
Net front position change between autumn 2000 and autumn 2001 at 24 glaeiers in Norway. See 
Figure 15-1 for location. 
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15.2 Monitoring of Baklibreen 
An ice fa ll occurred from the glaeier Baklibreen (61 °40'N, 7°05'E), an outlet glaeier 

from Jostedalsbreen, in the summer of 1986. The glaeier area was calculated as 3.05 

km2 in 1984, and it covers an elevation range from 1950 m a.s.1. to about 1200 m 

a.s.1. The icefall occurred in Krundalen, a side valley of Jostedalen. The ice fell a total 

of 600-700 m and killed three tourists walking along the footpath below. The ice that 

fell is thought to have covered an area of 4000 m, have fallen from a height of 600-

700 m, and to have had a total volurne of200 000 m3
• An observation programme 

was set up in 1987 to study the risk of future icefalls, and was in operation until 1999. 

A more limited monitoring programme has been in existence since 2000 and since 

2001 this has been carried out as part of the Glaciorisk project. 

The footpath on which the tourists were killed is now inaccessible due to the recent 

advance of neighbouring glaeier Bergsetbreen (see Fig. 15-2). The glaeier front of 

Bergsetbreen advanced 360 m between 1984 and 1997 (Sorteberg, 1998), so 

Baklibreen is not such an immediate threat as it was. However, the glaeier front 

retreated slightly (6 m) between 1997 and 2001 , so Baklibreen cou ld become 

hazardous again before long. Over the same period, 1984 to 1997, Baklibreens glaeier 

front advanced 350 m (Sorteberg, 1998). 

Figure 15-2. 
Bergsetbreen in October 2001 with Baklibreen in the upper valley to the right. 
Photo : Miriam Jackson. 

Aerial photography and stake measurements were used to study Baklibreen. A 

comparison of aerial photographs from 1964 and 1984 show that ice thickness 

decreased significantly over most ofthe glaeier over this period. A terrain model 

made from the 1984 aerial photographs was compared with glaeier surface 

measurements done in 1989. These showed little change in the glaeier in this period. 
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made from the 1984 aerial photographs was compared with glaeier surface 

measurements done in 1989. These showed little change in the glaeier in this period. 

The biggest increase to ok place in the period between 1989 and 1994 when ice 

thickness increased between 10m and 20 m on the surveyed part of the glaeier (area 

below l300 m a.s.l.). A slight inerease was measured between 1994 and 1996, and 

little change was registered between 1996 and 1999. More detailed information on 

these measurements is available in Kjøllmoen (ed.) (2000). Small falls of ice blocks 

from Baklibreen were observed every year between 1992 and 1999. 

Survey points on the glaeier in 1999 and 200 l are shown in Figure 15-3. For more 

recent measurements on Baklibreen (sinee 1993), a survey point was established on a 

nearby prominent rock outerop, and sightings were made with a GDM to different 

points on the glaeiers. These points were visited by helicopter, and prisms were used 

for sighting. For the three points which are coincidental for the two years, there is a 

difference in elevation of between O and 3 m, with the 200 l points having a slightly 

lower elevation than those measured in 1999. However, the 1999 survey was 

perforrned on 30th July, and the 2001 survey be ing performed on 19th September, 

giv ing an extra seven weeks of meIting which may account for the difference. 
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" ----~ ------, ------_. __ .~-----,------------I-
397000 398000 399000 

East (m) 

Figure 15-3. 
Map of Baklibreen showing survey points on the glaeier in 1999 and 2001, and the difterence in 
elevations for the three coincident points. 
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