


































































































































































































































































































in a 100 x 100 m grid are calculated and summarised. This calculation gives the same
result as the traditional method, 2.5 m w.eqv.

Summer balance
The density of the remaining snow is empirically estimated as 0.60 g/cm”. The

density of melted firn is assumed to be 0.70 g/cm’, whilst the density of ice that since
melted is 0.90 g/cm’.

The summer balance was measured and calculated at five stakes, and increases from
-2.4 m w.eqv. in the upper parts of the glacier (1050 m a.s.l.) to -4.6 m down on the
tongue (475 moh.). Based on estimated density and stake measurements, the summer
balance was calculated to be -3.1 0.3 m w.eqv., which is -11 =1 mill. m’ of water.
The result is 122 % of the average for 1989-99.

Net balance

Hence, the net balance at Langfjordjgkelen for 2000 was -0.6 +0.4 m w.eqv., which
means a deficit of 2 +1 mill. m® of water (Tab. 15-1). Figure 15-4 indicates that the
equilibrium line altitude (ELA) was 860 m a.s.l., which is about 130 m higher than
during a year when the glacier is in balance. The Accumulation Area Ratio (AAR)
was 44 %.

Since the mass balance measurements started in 1989 there have been only two years
with a slight positive net balance (1992 and 1993, besides a modelled surplus in
1995), (Fig. 15-5). The glacier was almost in balance during two separate years (1991
and 1996), whilst a negative balance occured in six separate years (besides a
modelled deficit in 1994). The mean net balance for the period 1989-1999 (modelled
values included) is -0.33 m w.eqv. The accumulated negative net balance since 1989
is about 4 m w.eqv., corresponding to about 15 mill. m’ of water (Fig. 15-5).

Mass balance Langfjordjokelen 1999/00 - traditional method
Winter balance Summer balance Net balance
Measured 23rd May 2000 Measured 11th Oct 2000 Summer surfaces 1999 - 2000

Altitude Area Specific Volume Specific Volume Specific Volume

(mas.l) (km?) (mw.eq.) (10°m®) (mw.eq.) (10°m?) (mw.eq.) (10°m%
1000 - 1050 0,55 2,95 1,6 -2,35 -1,3 0,60 0,3
900 - 1000 0,81 2,85 2,3 -2,45 -2,0 0,40 0,3
800 - 900 0,61 2,65 1,6 -2,70 -1,6 -0,05 0,0
700 - 800 0,56 2,45 1,4 -3,00 -1,7 -0,55 -0,3
600 - 700 0,39 2,25 0,9 -3,50 -1,4 -1,25 -0,5
500 - 600 0,35 2,05 0,7 -4,10 -1,4 -2,05 -0,7
400 - 500 0,25 1,80 0,5 -4,80 -1,2 -3,00 -0,8
280 - 400 0,14 1,50 0,2 -5,70 -0,8 -4,20 -0,6
280 -1050 | 3,65 2,51 9,2 -3,12 -11,4 -0,61 -2,2

Table 15-1

Winter, summer and net balance for Langfjordjokelen in 2000. Mean values for the period 1989-99
(modelled values for 1994 and 1995 included) are b,=2,23 m, b.=-2,55 m and b,=-0,33 m w.eqv.
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Figure 15-4

Mass balance diagram showing specific balance (left) and volume balance (right) for
Langfjordjokelen in 2000. Summer balance at five stakes is shown (o). The net balance curve
intersects the y-axis and defines the ELA to 860 m a.s.l. Accordingly the AAR was 44 %.
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Figure 15-5

Mass balance at Langfjordjokelen during the period 1989-2000. The accumulated deficit amounts to
4.2 m water equivalents.

15.2 Front position change

Studies of older maps and air photos show that the eastfacing outlet of
Langfjordjgkelen has receded about 750 m since 1966 (Kjgllmoen 2000). The mean

annual retreat during this period was 23 metres per year.

Annual measurements of the change in front position were initiated in 1998. The
measurements are performed using traditional methods. The distance from the glacier
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terminus to marked fix points is measured using measuring tape. To achieve
comparable results the measurements are always performed in the autumn.

The measurements in autumn 1998, 1999 and 2000 show continued retreat of the
glacier front. During the latest period (25" September 1999 to 11 October 2000) the
frontal retreat was 12 m, and since 1* October 1998 the accumulated recession is
about 50 metres.

15.3 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. 15-1).

Recorded air temperature data from Langfjordjgkelen for the period 1998-2000 are
presented in Table 15-2. The results are compared with corresponding measurements
from Nordstraum weather station (No. 92350, 6 m a.s.l.) in Kvenangen (ca. 35 km
south of Langfjordjgkelen), operated by the Norwegian Meteorological Institute. The
values in the table give the daily mean air temperature for the "summer season”
(defined as 1* June to 30™ September).

Daily mean values 1* June - 30™ September ("Summer season")

Year Langfjordjokelen Nordstraum Lapse rate La./No.
(°C) (°C) (°C/100 m)
1998 5,9 10,7 1,80
1999 3,5 10,6 2,67
2000 96,8 10,3 1,30
Mean 1998-2000 5,4 10,5 1,93
Mean 1966-1999 - 10,1 -

" Due to technical problems the value for 1999 is probably erroneous.
2 Data is extrapolated from 1°' June to 12" July 2000.

Table 15-2

Mean air temperature at Langfjordjokelen (ca. 270 m a.s.l.) and the Weather station Nordstraum (6 m
a.s.l.) in the "Summer season" (1*June — 30" September) for the years 1998, 1999 and 2000. Mean
values for 1998-2000 are shown for both stations and the average for 1966-99 is shown for
Nordstraum. The lapse rates between the two stations are also shown.

Due to technical problems with the measuring instruments the results for 1999 and
possibly 1998 at Langfjordjgkelen are probably erroneous. The technical failure was
repaired in November 1999, and accordingly the result for 2000 is "correct".
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16 Volume change

(Liss M. Andreassen and Hallgeir Elvehgy)

NVE has acquired vertical aerial photographs of glaciers in Norway for several
decades. Detailed maps or digital terrain models (DTMs) have been made of selected
glaciers from the aerial photographs. Multiple models of a glacier have been used to
calculate changes in glacier volume and area for the interval between mappings.
Analyses and results from six different glaciers in Norway are presented in this
chapter.

16.1 Methods

The geodetic (also called cartographic) method calculates total volume change by
comparison of topographic maps from different years. The data processing involves
construction of digital terrain models (DTM) from the topographic data in a
Geographical Information System (GIS). The thickness change is calculated by
subtracting the DTMs. This gives a grid with the altitude differences in glacier ice,
fim and partly snow. To compare this result with the volume change calculated from
other methods, the altitude difference needs to be converted to the difference in water
equivalents by multiplying the grid with the density of ice, usually 900 kg/m’. We
then assume that the glacier is in steady-state and that the density profile from the
surface to the firn-ice transition is unchanged between mappings. The volume change
values should also be modified for the additional melting that occurs from the date of
photography to the end of the season when comparing with traditional mass balance
measurements.

The accuracy of the final result is affected by several factors, such as errors in the
original topographic data, data transformations and interpolations. One of the factors
determining the accuracy of the topographic data is the photo scale of the verticals, a
larger scale (lower flying height) giving a smaller standard error. Another important
factor is the accuracy of the geodetic reference network. The quality of the aerial
photos used is also crucial and especially the characteristics of the snow surface.
Constructing contour lines over snow areas is always difficult due to the poor
contrast, and the accuracy will be lower in those areas. Digitising analogue maps
introduces horizontal random errors due to the accuracy of the digitiser and the
condition of the analogue manuscript. GIS calculations introduce errors when
converting data from local coordinate systems, generating DTMs and in the overlay
operations.
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16.2 Hardangerjokulen

Hardangerjgkulen (61°30'N, 7°30'E) is the sixth largest (73 km®) glacier in Norway
and covers the altitudinal range between 1020 and 1865 m a.s.l. The glacier is on the
main water divide between Hardangerfjorden and Hallingdal. Mass balance has been
measured since 1963 on the southwestern part of the glacier, called Rembesdalskaka
(17 km®) (chapter 7).

Data material

Maps covering Hardangerjgkulen have been made from photographs taken on 31%
August 1961 (Fjellanger Widerge AS, contract 1230, scale 1:20 000) and 31" August
1995 (Fjellanger Widerge AS, contract 11862, scale 1:40 000). The 1961-map was
constructed analogously at scale 1:20 000 with 10 metres contour lines. The map has
been digitised and transformed into EUREF89 by NVE. The 1995-map was
constructed analogously with a digital encoder at a scale of 1:50 000 with 20 metre
contour lines. The maps were constructed using different sets of ground control
points. A comparison of point elevations did not reveal any systematic differences
between the two maps. The uncertainty in the volume change is estimated as +2 m
water equivalent.

| 1 I L

HARDANGERJQGKULEN

6718000 10 L L
ELEVATION CHANGE 1961-95

6714000

8
6710000 =
| I
Coordinate system UTM Zone 32, Euref89. 4 0 m 2000/m 4000 m
6706000 T T T T T T T
408000 412000 416000 420000
Figure 16-1

Volume change at Hardangerjokulen between 1961 and 1995. Numbers refer to drainage areas
given in Table 16-1.
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_ Results

Hardangerjokulen was divided into thirteen drainage areas based on surface

topography and drainage divides outside the glacier (Fig. 16-1). Comparison of the
glacier outlines from 1961 and 1995 show that all the outlet glaciers have retreated.
The most significant retreat took place at Vestra Leirbottskdka (4) and
Ramnabergbreen (10) which both receded approximately 400 metres. The total area
of Hardangerjokulen was reduced from 75.0 to 72.4 km”.

The volume change between 1961 and 1995 in metres water equivalent is shown in
Figure 16-1. Isdalskédka (5) and Ramnabergbreen (10) experienced a lowering of more

than 25 metres and 45 metres, respectively. Specific volume change in each drainage
area is listed in table 16-1. The largest growth has been at Rembesdalskaka (8) and
Bldisen (13), while Ramnabergbreen (10) had the largest mass deficit. The total
volume increase at Hardangerjokulen is calculated to 80 mill. m® water corresponding
to a water layer of 1.1 meter. At Rembesdalskéka (8) the calculated volume change of

7 m water equivalents is in good agreement with mass balance measurements
between 1962 and 1995 which gave a cumulative net balance of 7.5 m water

equivalents.
Nr Drainage area River Area 1995 Specific
volume
(km’) change
(m w. eqv.)
1 Torsteinsfonna Holsno to Sysenvatn 2.3 -4
2 Part of glacier at Leiro to Sysenvatn 2.3 0
Matskardnipa
3 Austra Leirbottskaka Leiro to Sysenvatn 11.9 1
4 Vestra Leirbottskéka Leiro tol Sysenvatn 7.3 0
5 Isdalskéka Isdela 3.8 -2
6 Part of glacier at Store Skytjedalselva 1.8 5
Tresnut
7 Part of glacier at Trazet Rembesdalsvatnet 0.6 2
8 Rembesdalskaka Rembesdalsvatnet 15.8 7
9 Part of glacier at Demmevatnet transferred 3.7 -2
Demmevatna to Langvatnet
10 Ramnabergbreen Nordelva transferred to 8.8 -9
Langvatnet
11 Bukkeskinnsbreen Ustekveikja/Hallingdal 1.7 4
12 Middalsbreen Ustekveikja/Hallingdal 6.7 2
13 Blaisen _| Ustekveikja/Hallingdal 57 5
_ Total Hardangerjokulen . _ .24 Ll
Table 16-1 '

Volume change (m w. eqv.) for the drainage areas shown in Figure 16-1.
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16.3 Tverrabreen

Tverrdbreen (61°36'N, 8°18'E) is a small valley glacier in central Jotunheimen (Fig.
9-1). The glacier is about 3.6 km long, covers an area of 5.4 km”and ranges in altitude
from 1460 to 2215 m a.s.l. (Fig. 16-2). Since 1927 the glacier has retreated 1.0 km,
and its area has been reduced by nearly 20 % (Fig. 16-2). Dybwadskog measured
mass balance for two years from 1962 to 1963. The mean winter, summer and net
balance figures are presented in Appendix C.

Data material

Tverrdbreen has been mapped several times during the period 1927-1997 (Table 16-
2). The early surveys in the 1920s, 1930s and 1940s are described in Koller et.al.
(1962) and Liestgl (1962). Here we concentrate on the detailed maps from 1968 and
1997.

Map Photo
Year Method Scale Contour |Contract no|Date Scale
interval
1968 APV 1: 10,000 10 FW3207 27.Aug.68 |1: 15,000
1997 DPV 1: 10,000%* 10* FW12173  |08.Aug.97 |1: 30,000

Explantion:

APT: analogue photogrammetry, terrestrial photos; APV: analogue photogrammerry, vertical aerial
photos; DPV : digital photogrammetry, scanned vertical aerial photos. FW: Fjellanger Widerge A/S;
*: originally constructed as a DTM.

Table 16-2

Detailed maps constructed of Tverrabreen.

Data processing

First, the analogue glacier maps from 1968 were digitised. A regular grid was created
from the contour map. The 1997 map was constructed directly as a DTM and
converted to a regular grid. Volume change was then calculated by extracting grids
and converting to water equivalents as described in section 16.1.

Volume change 1968-1997

Between 27" August 1968 and 8" August 1997 Tverribreen had a total mass loss of
28 x 10° m® w.eqv. or a specific mass loss of — 4.9 m w.eqv. (Fig. 16-3). The change
in mass varied between +23 and — 52 m w.eqv. However, these extreme values are
unusual; nearly 90% of the glacier experienced a mass change between —10 and +5
w.eqv. 85 % of the glacier had a negative change. The largest losses occurred on the
glacier tongue. There is no ablation data at Tverrdbreen in 1968 or 1997, but from
Hellstugubreen we know that there was additional ablation of 1.5 m w.eqv. after 8" of
August 1997. Tverrdbreen had 60 % higher ablation than Hellstugubreen during the
two years of mass balance measurements on Hellstugubreen. We therefore assume
that the average net mass change on Tverrdbreen must be reduces by about 2.0 m
w.eqv. Thus, the net result for the period 1968 to 1997 is 6.9 m.w.eqv. with an
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estimated uncertainty of +2.0 m.weqv. The mean specific value per year is —0.23 m
w.eqv.
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Figure 16-2

Front fluctuations of Tverrabreen from 1927 to 1997. The front positions are extracted from digital
glacier maps.
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Figure 16-3

Volume change of Tverrabreen between 27th August 1968 and 8th August 1997.
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16.4 Hellstugubreen

Hellstugubreen (61°34'N, 8° 26'E) is a north-facing valley glacier situated in central
Jotunheimen (Fig. 9-1). It ranges in elevation between 1480 and 2210 m a.s.l. and has
an area of 3.0 km® (Fig. 10-1). Mass balance investigations have been performed
since 1962 and are described in chapter 10.

Data material

Hellstugubreen has been mapped in detail several times. The early surveys in the
1920s, 1930s and 1940s are described in Koller et.al. (1962) and Liestgl (1962). Here
we concentrate on the last three detailed maps from 1968, 1980 and 1997 (Table 16-
3). The 1968 and 1997-map were both constructed from vertical aerial photographs.
The verticals taken in 1997 were scanned and constructed directly as a digital terrain
model (DTM). A contour map was extracted from the DTM for illustrative purposes.

Map Photo
Year |Method |Scale Contour |Contract no |Date Scale
interval
1968 |APV 1: 10,000 10 FW3207 27. Aug.68 |1: 15,000
1980 |APV 1: 10,000 10 FW6555 26. Sep.80 |1: 30,000
1997 |DPV 1: 10,000% |10* FW12173 08. Aug.97 |1: 30,000

Explantion:

APT: analogue photogrammetry, terrestrial photos; APV : analogue photogrammetry, vertical aerial
photos; DPV: digital photogrammetry, scanned vertical aerial photos. FW: Fjellanger Widerge AlS;
*: originally constructed as a DTM.

Table 16-3

Detailed maps constructed of Hellstugubreen.

Data processing

The analogue glacier maps were digitised and regular grids were created from the
contour maps. Volume change was then calculated by extracting grids and converting
to water equivalent as described in section 16.1.

Results

Volume change 1968-80

For the first period, 1968-80, Hellstugubreen had a specific net loss of -5.8 m w.eqv.
or, expressed in volume, a loss of 18 x 10° m’ (Fig. 16-4). The largest thinning
occurred at the glacier tongue, while the uppermost parts of the glacier slightly
thickened. Nearly 90 % of the glacier thinned, while the remaining 10 % gained mass
during this period.

Volume change 1980-97

For the second period, 1980-97, we see a different picture (Fig. 16-4). Hellstugubreen
had a minor specific mass loss of -0.5 m w.eqv. The glacier tongue underwent further
thinning, but the upper parts of the glacier thickened. The verticals were taken on 8"

105



August, and we know from ablation records that the glacier had additional melting of
about -1.5 m w.eqv. over the rest of the ablation season. The 1980 verticals were
taken so late that we assume no further melting after the time of photography that
year. Thus, adjusting the DTM result for this difference in additional melt, the
specific net balance of Hellstugubreen is roughly 2.0 m.w eqv. This is in fairly good
agreement with the measured cumulative net balance for this period, -3.5 m w.eqv.
The uncertainty of the result is assumed to be 2.0 m w.eqv.

1968 - 1980 1980 - 1997

--= 1980
— 1997

Hellstugubreen
volume change (m w.eqv.)

Figure 16-4

Volume change of Hellstugubreen between 1) 27" August 1968 and 26" September 1980 and 2) 26"
September 1980 and 8" August 1997.

16.5 Grasubreen

Grasubreen (61°39' N, 8°37'E) is located in the eastern part of Jotunheimen in
southern Norway (Fig. 9-1). The glacier covers an area of 2.2 km’ and ranges from
1830 to 2290 m a.s.l. (Fig. 11-1). Grasubreen is a polythermal glacier. Mass balance
investigations have been performed there since 1962 and are described in chapter 11.
A new digital terrain model of the glacier in 1997 has recently been constructed, and
is compared with the map from 1984.
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Data material

Grasubreen has been mapped in detail three times, 1968, 1984 and 1997 (Table 16-4).
The first two maps were constructed by analogue photogrammetry from vertical aerial
photographs. They were produced at a scale of 1: 10,000 with a 10-m contour
interval. The volume change of Grsubreen for the period 1968 - 1984 has previously
been calculated manually and is described in Haakensen (1986). The 1968 map was
found to be inaccurate. The accuracy of the 1984 map is considered to be very good
due to a detailed field survey in connection with the mapping. The 1997 map was
constructed directly as a digital terrain model from scanned aerial photographs. A
contour map was extracted for illustrative purposes.

Map Photo
Year (Method (Scale Contour |Contract no |Date Scale
interval
1968 |APV 1: 10,000 10 FW3207 27.Aug.68 |1: 15,000
1984 |APV 1: 10,000 10 FW8330 23.Aug.84 |1: 20,000
1997 |DPV 1: 10,000* |10* FW12173 08.Aug.97 11:30,000

Explantion:
APV: analogue photogrammetry, vertical aerial photos; DPV : digital photogrammetry, scanned vertical
aerial photos. FW: Fjellanger Widerge A/S: *: originally constructed as a DTM.

Table 16-4

Detailed maps constructed of Grasubreen.

Data processing

The analogue glacier map from 1984 was digitised and a regular grid was created
from the contour map. The 1997 DTM was converted to a regular grid and used
directly in the analysis. Volume change was calculated by extracting grids and
converting to water equivalent as described in section 16.1.

Results

Volume change 1984-97

From 23" August 1984 to 8" August 1997 Grisubreen had a specific mass loss of
—0.30 m w.eqv. or a total volume loss of —0.67 10° m’. The estimated uncertainty is
+1 m w.eqv. The change in mass varied between +7.1 and —7.7 m w.eqv. Nearly 80 %
of the glacier had a specific change between —3 and +3 m w.eqv. 61 % of the glacier
had a negative change in mass balance, while the rest of the glacier had a positive
change. When adjusting for the -1.2 m w.eqyv. that is the difference in additional
melting from the data of photography to the end of the melt season, the specific net
result is -1.5 m w.eqv. Using this adjustment, nearly 80 % of the glacier had a
negative change between the end of the melt season in 1984 and 1997.

The cumulative net balance measured in this period is -1.9 m w.eqv. Thus, there is
very good agreement between the specific volume change calculated from maps and
DTMs, and the measured net balance at Grasubreen for the period 1984-1997.
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Figure 16-5

Volume change of Grasubreen between 23™ August 1984 and 8™ August 1997.

16.6 Hogtuvbreen

Hggtuvbreen is a glacier complex south of Svartisen. A mass balance program was
carried out in the 1970s on part of northern Hggtuvbreen (66°27' N, 13°40' E). This
east-faced outlet is a typical valley glacier and has a length of about 2.0 km and an
area of 2.0 km” (1998). Mass balance investi gations began in 1971 and measurements
were carried out annually until 1977.

Data material

A detailed map of this part of Hggtuvbreen was made from vertical aerial
photographs in 1972 (Tab. 16-5). This map was considered to have a low accuracy
due to the inaccurate triangulation network existing at the time of mapping (1972-73).
Therefore, a new digital terrain model from the 1972-verticals was constructed in
2000 together with the digital terrain model from the 1998-verticals. Both DTMs
were produced from scanned vertical photographs using digital photogrammetry.

Map Photo
Year |Method Scale Contour |Contract no |Date Scale
interval
1972 |APV 1: 10,000 10 FW4079 29. Jul.72|1: 25,000
1972 |DPV 1: 10,000* |- FW4079 29. Jul.72|1: 25.000
1998 |DPV 1: 10,000* |- FW12301 01. Sep.98|1: 20,000
Explantion:

APV: analogue photogrammetry, vertical aerial photos; DPV: digital photogrammetry, scanned vertical
aerial photos. FW: Fjellanger Widerge A/S; *: originally constructed as a DTM.

Table 16-5

Detailed maps constructed of Hogtuvbreen.
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Data processing

The new 1972 DTM and the 1998 DTM were converted to regular grids and used
directly in the analysis. Volume change was then calculated by extracting grids and
converting to water equivalents as described in section 16.1.

Results

Between 29" July 1972 and 1* September 1998 Hggtuvbreen had a specific net loss
of 7.3 m w.eqv. or, expressed in volume, a loss of ~14 x 10° m* (Fig. 16-6). The
uncertainty of the result is £2.0 m w.eqv. The largest mass loss was at the glacier
tongue, while a thickening occurred in the accumulation area. More than 50 % of the
glacier lost volume, while the remainder increased in volume. During this period the
glacier lost nearly 20 % of its area and had a 25 % reduction in length. The glacier
retreated more than 700 metres from 1972 to 1998, or about 27 meters annually.

The mass balance records of Hggtuvbreen are well correlated with those of
Engabreen (r’=0.87). Engabreen has a long record of mass balance observations
(1970-2001). Using this correlation we can estimate the cumulative net balance at
Hggtuvbreen for the period 1972-1998. The estimated cumulative net balance was
-8.2 m w.eqv. between 1972 and 1998. The result from the DTM-comparison
adjusted for the additional melting that occurred after the time of photography is 6.3
m w.eqv. (-7.3 +1 m w.eqv.). Thus, the results are fairly consistent taking the
uncertainties in both methods into account.

Ht gtuvbreen
volume change 1972 - 1998 (m w.eqv.)
gL
~
&
-5
— 0
Glacier outline 1972
—  Glacier outline 1998
0 1 km
[ |
é | Coordinate system UTM Euref89 Zone 32.
& | |
~
439000 441000
Figure 16-6

Volume change of Hogtuvbreen between 29" July 1972 and 1% September 1998.
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-16.7 Strupbreen and Koppangsbreen

The glacier complex Strupbreen and Koppangsbreen (69°42'N, 20°10E) is the largest
continuous ice mass on the Lyngen peninsuela (Fig. 16-7), and covers a total area of
13.2 km”. Stupbreen comprises about two thirds of this area, while Koppangsbreen
covers about one third. The glacier complex ranges in altitude from about 440 (the
snout of Strubreen) and 460 m a.s.l. (the snout of Koppangsbreen) to about 1350 m
a.s.l. There have been no mass balance studies on these glaciers, although a number
of other investigations have been performed (Whalley and Kjgllmoen, 2000).

Data material

There exist three detailed maps/DTMs covering the whole glacier complex

(Tab. 16-6). High-quality vertical aerial photographs taken in August 1985 were used
to construct a detailed map of the glacier complex. Aerial photographs of the glacier
in 1978 and 1952 were used to construct two other glacier maps. The 1952-map
covers only the lower parts of Strupbreen. These maps were printed together in 1985.
New verticals were taken in 1998. These verticals were scanned and a digital terrain
model was constructed using digital photogrammetry.

Map Photo
Year Method |Scale Contour |Contract no |Date Scale
interval
1978 APV 1: 20,000 |10 FW5820 21.Jul.78 |1: 40,000
1985 APV 1: 10,000 |10 FW8709 21.Aug.85|1: 30,000
1998 DPV - - FW12297 31.Aug.01 |1: 20,000
Explantion:

APV: analogue photogrammetry, vertical aerial photos; DPV: digital photogrammetry, scanned vertical
aerial photos. W: Widerge Flyveselskap, FW: Fjellanger Widerge A/S; *: originally constructed as a
DTM.

Table 16-6

Detailed maps constructed of Strupbreen and Koppangsbreen.

Data processing

The analogue glacier maps from 1978 and 1985 were digitised, then regular grids
were created from the contour maps. The 1998 DTM was converted to a regular grid
and used directly in the analysis. Volume change was calculated by extracting grids
and converting to water equivalents as described in section 16.1. The estimated
uncertainty of the result is roughly +2.0 m w.eqv. for the period 1978-85 and

1.5 w.eqv. for the period 1985-98.

Results

Volume change 1978-85

Between 21* July 1978 and 21" August 1985 the glacier complex
Strupbreen/Koppangsbreen had a specific mass loss of -6.1 m w.eqv. or a volume loss
of 80 10° m® (Fig. 16-8). Almost all the glacier (95 %) had a mass loss during this
eight-year period. The glacier area was smaller in 1978 (12.6 km?) than in 1985
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(13.1 km"), but this is explained as being due to more snow patches/glacier tributaries
in the upper accumulation area being included in the 1985-outline. The glacier front
of Strupbreen retreated about 30-40 meters from 1978 to 1985, while the glacier front
of Koppangsbreen retreated about 100 meters.

7734000
l

Glacier outline

Contour interval 50 m. Glacier contours from map
constructed from vertical aerial photographs taken on
31st August 1998.Coordinate system UTM Euref89 Zone 32.
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Figure 16-7

Map of Strupbreen and Koppangsbreen showing the glacier complex and front fluctuations for the
period 1952-98. (The 1952-map covers only Strupbreen.)

Volume change 1985-98

For the second period, 1985-98, Strupbreen and Koppangsbreen had a minor specific
mass loss of -0.8 m w.eqv or a volume loss of 11 10°m’ (Fig. 16-9). Generally, the
lower part of the glacier complex (below 840 m a.s.l. at Strupbreen and below 780 m
a.s.l. at Koppangsbreen) lost volume. In contrast, the upper parts of the glacier have
increased their volume. Overall, there was volume loss from 55 % of the glacier.
Nearly 80 % of the glacier had specific mass change between -10 and + 5 m w.eqv.
The total area of the glacier complex was unchanged between 1985 and 1998 and the
glacier fronts were almost the same in 1998 as in 1985.
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Figure 16-8

Volume change of Strupbreen and Koppangsbreen between 21* July 1978 and 21 August 1985.
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Figure 16-9

Volume change of Strupbreen and Koppangsbreen between 21* August 1985 and 31* August 1998.
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17 Glacier monitoring g enenoy)

17.1 Front position change

In 2000 front position change was measured for 24 glaciers, 20 in southern Norway

and four in northern Norway (Fig. 17-1).
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Figure 17-1

Location map showing glaciers where front position measurements were performed in 2000, and
described in this chapter. Notice that the different glacier areas are not to scale.

Methods

The distance is measured from one or several established cairns or painted marks on

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

each 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 actual length determination, and to what extent the

measurement is representative for the entire glacier front. The measurements give,

nevertheless, valuable information about glacier fluctuations and regional tendencies
and variations when longer time periods are considered. Observations of front
position change have been made for Norwegian glaciers since the 1880s, but

continuous measurements started around 1900.
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Results

The front position change from 1999 to 2000 is shown in Table 17-1. At
Jostedalsbreen ten outlets were measured. Two glaciers have had marked advances,
while two glaciers have retreated considerably. Nigardsbreen has advanced 23 metres
since last year and 253 metres in 10 years. Fabergstglsbreen advanced 25 metres last
year and 190 metres since 1992. Briksdalsbreen retreated 30 metres, the largest
annual retreat since 1951 when the last major recession ended at the head of lake
Briksdalsvatnet. The lake was completely covered by the glacier at the termination of
the last advance in 1996. Store Supphellebre is a regenerated glacier where front
position change varies a lot from year to year due to avalanche activity. Last year the
glacier advanced 24 metres. This year it has retreated 46 metres. The rest of the
glaciers have had small changes in their front positions.

Area Glacier Change (m) |Measured by
Jostedalsbreen Austerdalsbreen 5 NVE
Bergsetbreen 9 NVE
Brenndalsbreen 0 Universitet Trier, Germany
Briksdalsbreen -30 NVE
Bgdalsbreen 4 Universitet Trier, Germany
Fabergstplsbreen 25 NVE
Kjenndalsbreen -1 Universitet Trier, Germany
Nigardsbreen 23 NVE
Stegholtbreen 8 NVE
Store Supphellebre -46 Norwegian Glacier Museum
Folgefonna Bondhusbrea -24 Statkraft SF
Botnabrea 6 Statkraft SF
Buerbreen -1 NVE
Hardangerjpkulen Midtdalsbreen 8 University of Bergen
Rembesdalskaka 21 Statkraft SF
Jotunheimen Bgverbreen 4 Universitet Trier, Germany
Hellstugubreen 0 NVE
Leirbreen -7 NVE
Storgjuvbreen 6 Universitet Trier, Germany
Styggedalsbreen -2 NVE
Svartisen Engabreen -2 NVE
Lyngen Koppangsbreen -6 NVE
Steindalsbreen -9 NVE
Finnmark Langfjordjgkelen -12 NVE
Table 17-1

Front position change between autumn 1999 and autumn 2000 for 24 glaciers in Norway.

At Folgefonna the outlet Bondhusbrea has retreated 24 metres, and 54 metres since
measurements began in 1996. Botnabrea advanced 6 metres over the last year, and 28

metres since 1996. Buerbreen was stable last year, but has retreated 15 metres since
1996.
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Rembesdalskaka, the largest outlet from Hardangerjokulen, advanced 21 metres
compensating for previous year’s recession of 20 metres. These fluctuations are
caused by the glacier outlet river exiting the terminus close to the line of
measurement. The northern outlet Midtdalsbreen showed a net advance of 8 metres.

In Jotunheimen Leirbreen is still retreating, causing the area of Lake Leirtjgrnin to
increase. Storgjuvbreen advanced 6 metres, and has been advancing approximately 6
metres per year since measurements began in 1997. The other glaciers in Jotunheimen
had minor changes. Storbreen could not be measured due to a snowdrift covering the
terminus in the line of measurement.

The only investigated outlet from Svartisen, Engabreen, had only a small change in its
front position from 1999 to 2000. The three northernmost glaciers in Lyngen and
Finnmark are retreating but at a slower rate than last year.
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18 Historical notes: Kjolbreen
and Glombreen 1953-56

(Espen Gudevang and Hallgeir Elvehgy)

18.1 Background

Kjglbreen (66°40'N, 14°05'E) is a small, east-facing outlet glacier from the West
Svartisen ice cap. Glombreen (66°51'N, 13°57'E) is a small glaciated area (7.8 km’,
1968) surrounding the mountain Istinden 15 km north of the West Svartisen ice cap.
Mass balance investigations were initiated in 1953 at these two glaciers by
glaciologist Olav Liestgl of the Norwegian Polar Institute. The purpose of the
investigations was to assess glacier impact on discharge measured in rivers and the
calculated inflow to reservoirs. The measurements were made over three years, but
the results have not been published before.

Glombreen

 @vre Glomvatn

Glomfiord
3

Storglomvafn

W. SVARTISEN

Kjalbreen f

Figure 18-2

Map showing the location of Kjelbreen, Glombreen and Glomfjord.
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Kjolbreen

Kjglbreen drains naturally to Kjglvatnet (705 m a.s.l.) and Terskaldvatnet, and further
to Glomédga in Rana. This catchment has been artificially diverted to Storglomvatnet.
The glacier terminus was mapped in 1910, 1937 and 1945 revealing a considerable
retreat of the glacier and a corresponding enlargement of lake Kjglvatnet. A detailed
map was constructed from terrestrial photos from 1953 and a reference point network.
Observations from field workers showed that the lower part of Kjglbreen below 875
m a.s.l. was then in a state of general decay. Therefore, these investigations were
concentrated on the upper part of the glacier.

Based on the topographic map from 1953 drainage divides for the glacier were
defined, and the area-altitude distribution was calculated. The glacier area was
3.9 km’, and the glacier covered the altitudinal interval between 875 and 1225 m a.s..

Glombreen

The investigations at Glombreen were carried out on the parts of the glacier draining
towards @vre Glomvatn, which is a water reservoir to a Norsk Hydro factory in
Glomfjord. The area of the investigated part of Glombreen was approximately 2 km”
covering the altitudinal interval between 780 and 1075 m a.s.1.

18.2 Methods and results

Kjolbreen

The field workers plotted the snow depth observations on the 1953 map. The point
measurements were plotted against altitude, and an altitudinal winter balance curve
was fitted to the point measurements. From this curve and the altitudinal area
distribution the specific winter balance was calculated. In addition, the observations
of snow depth water equivalents were digitised, winter balance maps were
constructed by interpolation between the point measurements, and mean winter
balance was calculated from the winter balance maps. The net balance was calculated
as an average of the net balance at stake positions. The summer balance is calculated
from the winter and net balance. The results from the individual years are given
below, and also listed in Table 18-1.

1953-54

The winter balance was calculated from 93 soundings of snow depth taken between
900 and 1190 m a.s.l. in May 1954. From density measurements the mean density of
the snow pack was calculated to be 0.45 g/cm’. The winter balance was calculated as
1.9 m w.eqv. from both an altitudinal distribution curve and a winter balance map.

Calculations of net balance for 1953-54 are based on stake measurements taken on
19" September 1953 and 31" August 1954. Unfortunately, all of the stakes except two
had melted out when measurements were taken on 31* August. These two stakes at
1100 and 1190 m a.s.1. showed a slightly negative net balance (-0.4 and —-0.3 m
w.eqv., respectively).
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1954-55

The winter balance was calculated from 32 soundings of snow depth between 920 and
1170 m a.s.l. taken in May 1955. From density measurements the mean density of the
snow pack was calculated to be 0.47 g/cm’. The winter balance was calculated as

2.1 m w.eqv. from an altitudinal distribution curve and as 1.9 m w.eqv. from a winter

balance map.

Calculations of net balance for 1954-55 are based on stake measurements taken on
31" August 1954 and 20™ September 1955. The net balance was calculated for eight
stake positions between 1000 and 1190 m a.sl., and was between 0.3 and —1.2 m
w.eqv with a mean value of —0.73 m w.eqv. The net balance at the two stakes used for
1953-54 showed —0.3 and —0.4 m w.eqv.

1955-56

The winter balance was calculated from 35 soundings of snow depth between 940 and
1170 m a.s.1. taken on 5™ April 1956. From density measurements the mean density
of the snow pack was calculated to be 0.43 g/cm’. The winter balance was calculated
as 1.1 m w.eqv. from an altitudinal distribution curve and to be 1.0 m w.eqv. from a
winter balance map.

Calculations of net balance in 1955-56 are based on stake measurements taken on 20"
September 1955 and 14™ August 1956. The net balance was calculated for ten stake
positions between 1030 and 1190 m a.sl., and was between —0.3 and +0.5 m w.eqv.
with a mean value of 0.16 m w.eqv. The net balance at the two stakes used for 1953-
54 showed +0.8 and +0.2 m w.eqv. There was no altitudinal trend in the stake net
balance values. Since net balance measurements were taken as early as mid-August
there was probably some melting after 14™ August 1956. At the meteorological
station in Glomfjord the average monthly temperatures in August and September
1956 were 1.0 and 1.2 below the 1931-60 mean monthly temperature. Therefore, the
actual annual net balance was probably slightly more negative than the measurements
show, and we estimate the net balance to be 0.0 m w.eqv.

Wainter balance Summer balance Net balance
(w.eqv.) (w.eqv.) (w.eqv.)
1953-54 1.9 -2.6 -0.7
1954-55 2.1 -2.8 -0.7
1955-56 1.1 -1.1 0.0
Table 18-1

Specific winter, summer and net balance in metres water equivalent at Kjolbreen.
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Glombreen

The field workers plotted observations on sketch maps without further information on
location and altitude. The winter balance was calculated as an average of the
soundings. Olav Liestgl calculated the net balance from the stake measurements
supplemented by considerations of meteorological data from Glomfjord and
measurements at Kjglbreen. The summer balance is calculated from the winter and
net balances. The results from the individual years are given below, and the results
are listed in Table 18-2.

1953-54
The winter balance was calculated from 31 soundings of snow depth taken on 10"
May 1954. From density measurements the mean density of the snow pack was

calculated to be 0.50 g/cm’. Mean snow depth was 4.6 m corresponding to a winter
balance of 2.3 m w.eqv.

Calculations of net balance in 1953-54 are based on stake measurements taken on
29" September and 3™ November 1953, and 1" August 1954. Unfortunately, all of the
stakes melted out between 1* August and 8" September 1954. By 16" September all
the winter snow had melted away. Olav Liestgl calculated the net balance to

-1.2 m w.eqv.

1954-55

The winter balance was calculated from 14 soundings of snow depth taken on 13"
May 1955. From density measurements the mean density of the snow pack was
calculated to be 0.42 g/cm’. Mean snow depth was 6.2 m corresponding to a winter
balance of 2.6 m w.eqv.

Calculations of net balance in 1954-55 are based on measurements at 5 stake
positions taken on 16™ September 1954 and 14" September 1955. Snow from last
winter remained at the uppermost stakes. Olav Liestgl calculated the net balance to be
-0.1 m w.eqv.

Winter balance Summer balance Net balance
(w.eqv.) (w.eqv.) (w.eqv.)
1953-54 2.3 -3.5 -1.2
1954-55 2.6 2.7 -0.1
1955-56 1.5 2.1 -0.6
Table 18-2

Results from mass balance investigations at Glombreen in 1953-56 in metres water equivalents.
Specific winter balance is calculated as the mean snow depth water equivalent. Olav Liestol
calculated the specific net balance from stake measurements supported by meteorological data.
The specific summer balance is calculated as the sum of the winter and net balance terms.
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1955-56

The winter balance was calculated from 18 soundings of snow depth taken on 9"
April 1956. From density measurements the mean density of the snow pack was
calculated to be 0.45 g/cm’. Mean snow depth was 3.4 m corresponding to a winter

balance of 1.5 m w.eqv.

Calculations of net balance for 1955-56 are based on stake measurements taken on
14™ September 1955 and 8" September 1956. Snow from last winter remained at all

except the lowermost stakes. Olav Liestgl calculated the net balance to be

—0.6 m w.eqv.

18.3 Discussion

Data quality

The mass balance programs at Kjglbreen and Glombreen suffered from several

problems resulting in poor data quality. The stake measurements were not continuous

partly due to wooden stakes failing to withstand winter conditions, and partly due to

poor stake maintenance during late summer and autumn. The quality of the data

reports is also questionable.

Comparison with meteorological data

In order to put these results into a wider time frame, the meteorological record for

temperature and precipitation from Glomfjord in 1953-56 has been compared to the
meteorological standard periods 1931-60 and 1961-90. The winter precipitation
(October-May) and summer temperature (June-September) in Glomfjord are used as

proxies for winter and summer balances on the glaciers (Tab. 18-3).

The meteorological data indicate that winter 1953-54 was wetter than normal, while

1955 and 1956 had cooler than normal summers. The mass balance results do not

show this clearly. The higher mass balance values at Glombreen than at Kjglbreen
reflect that Glombreen is at a lower elevation and closer to the sea than Kjglbreen.

Winter precipitation

Specific winter balance

Summer temperature

Specific summer balance

Glomfjord Glomfjord
(m) (m w.eqv.) (°C) (m w.eqv.)
Kjplbreen Glombreen Kjglbreen Glombreen
1953-54 1.517 1.9 2.3 11.7 -2.6 -3.5
1954-55 1.288 2.1 2.6 10.6 2.8 2.7
1955-56 1.317 1.1 1.5 11.0 -1.1% -2.1
1931-60 1.364 11.59
1961-90 1414 11.06

* Net balance measurement taken 14" August 1956.

Table 18-3

Comparison of winter precipitation (Oct. - May) and summer temperature (June-Sep.) in Glomfjord
with winter and summer balances for Glombreen and Kjolbreen.
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Appendix B

Mass balance measurements in Norway - an

overview

During the period 1949-2000 there are carried out mass balance measurements at 40

Norwegian glaciers. The table below shows some characteristic data for the

individual glaciers.

1996-

Area/ No. of Area Altitude Period No. of
No. Glacier REGINE (km?) (ma.s.l.) years
Alfotbreen
1 Alfotbreen 086.6C1B 4.4 890-1380 1963- 38
2 Hansebreen 086.6E 2.9 930-1320 1986- 15
Folgefonna
3 Blomsterskardsbreen 042.G 45.7 850-1640 1970-77 8
4 Bondhusbreen 046.3C 10.7 480-1635 1977-81 5
5 Breidablikkbreen and Grabreen | 046.3B/046.32B 15.2 1030-1660 1963-68, 8
1974-75
6 Blabreen and Ruklebreen 048.47/048.B1 4.5 1065-1610 1963-68 6
7 Midtre Folgefonna 046.4B3C/048.32 8.7 1100-1570 1970-71 2
Jostedalsbreen
8 Jostefonn 078.5Z 3.8 960-1622 1996-2000 5
9 Vesledalsbreen 088.B1Z 4.2 1130-1730 1967-72 6
10 Tunsbergdalsbreen 076.BC 50.1 540-1930 1966-72 7
11 Nigardsbreen 076.EZ 47.8 320-1960 1962- 39
12 Store Supphellebreen 078.2AZ 12.0 80-300/ 1964-67, 11
720-1740 1973-75,
1979-82
13 Austdalsbreen 076.H 11.8 1200-1760 1988- 13
14 Sperteggbreen 075.42/076.Z 27.9 1260-1770 1988-91 4
15 Harbardsbreen 075.DC 13.2 1250-1960 1997- 4
Hardangerjokulen
16 Rembesdalskaka 050.4C1Z 17.2 1050-1860 1963- 38
17 Omnsbreen 012.CK3 1.5 1460-1570 1966-70 5
18 Midtdalsbreen 012.CK2 7.4 1380-1830 2000- 1
Jotunheimen
19 Tverrabreen 002.DHBAZ 5.9 1415-2200 1962-63 2
20 Blabreen 002.DGEB 3.6 1550-2150 1962-63 2
21 Storbreen 002.DHBBZ 5.3 1350-2100 1949- 52
22 Vestre Memurubre 002.DGG1Z 9.0 1570-2230 1968-72 5
23 Austre Memurubre 002.DGG1Z 8.7 1630-2250 1968-72 5
24 Hellstugubreen 002.DHBAZ 3.0 1450-2200 1962- 39
25 Grasubreen 002.DGDC 2.2 1850-2290 1962- 39
Svartisen
26 Charles Rabot Bre 155.D4Z 1,1 1090-1760 1970-73 4
27 Austre Okstindbre 155.4G 14.0 730-1750 1987-96 10
28 Hogtuvbreen 156.CCAZ 2.6 590-1170 1971-77 7
29 Svartisheibreen 156.CE 5.5 770-1420 1988-94 7
30 Engabreen 159.81 38.0 40-1594 1970- 31
31 Storglombreen 160.C 59.0 520-1580 1985-88 5
62,4 520-1594 2000-
32 Tretten-null-tobreen 160.C 4.3 580-1260 1985-86 2
33 Glombreen 160.3Z 2.2 870-1110 1954-56 3
34 Kjolbreen 156.CG 3.9 850-1250 1954-56 3
35 Trollbergdalsbreen 161.F 1.8 900-1375 1970-75 1
1.6 900-1300 1990-94
Skjomen
36 Blaisen 174.30 2.2 850-1200 1963-68 6
37 Storsteinsfiellbreen 173.AB6Z 6.1 920-1850 1964-68 10
5.9 970-1850 1991-95
38 Cainhavarre 173.AZ 0.7 1210-1540 1965-68 4
Vest-Finnmark
39 Svartfielljokelen 211.34C 2.7 500-1080 1978 1
40 Langfjordjokelen 211.332 3.7 280-1050 1989-93, 10

iii



Appendix C

Mass balance measurements in Norway - annual

results

There are results from 473 years of measurements at Norwegian glaciers. The
following tables show winter (bw), summer (bs) and net balance (bn) together with
cumulative net balance (cum. bn) and equilibrium line altitude (ELA) for every single
year at each glacier. In front of each table there is a heading containing the name and
the area of the glacier. The reported year (in brackets) corresponds to the given area.

1 Alfotbreen - 4,4 km® (1988)

3 Blomsterskardsbreen - 45,7 km® (1959

v

No. of year bw bs bn Cum.bn| ELA No. of year bw bs bn Cum.bn| ELA
years (m w.eqv.) (mw.eqv.) (mas.l) years (m w.eqv.) (mw.eqv.) (mas.l)
1 1963 248  -358 | -1,10 1,10 [ 1300 1 1970 0,00 0,00 | 1370
2 64 269  -241 0,28 0,82 | 1140 2 71 285 -1,87 | 0,98 0,98 | 1240
3 65 364 -316 | 048 0,34 | 1150 3 72 0,32 1,30 | 1340
4 66 247  -408 | -161 1,95 | >1380 4 73 1,57 287 | 1180
5 67 446  -3,18 | 128 -0,67 950 5 74 0,51 338 | 1325
6 68 455  -360 | 095 0,28 | 1075 6 75 1,70 508 | 1170
7 69 266  -4,83 | -217 -1,89 | >1380 7 76 1,40 648 | 1210
8 1970 260 -383 | -1.23 312 | >1380 8 77 -1,40 508 | >1640
9 71 429  -335 | 094 2,18 | 1140
10 72 381 370 | 011 207 | 1195 Mean 1970-77 0,64
11 73 467 249 | 218 0,11 <870
12 74 357  -2,54 1,03 1,14 1065 4 Bondhusbreen - 10,7 km? (1979)
13 75 464 343 | 121 2,35 | 1050 No. of  year bw bs bn Cum.bn| ELA
R A bt mussy | imwan) |imas
) ) , ’ 1 77 1,96  -2,96 | -1,00 1,00 | 1620
16 78 256  -307 | -0,51 2,81 1290 > 78 237 288 | -0.51 151 1540
17 79 328  -341 | -0,13 2,68 | 1240 3 79 282 249 | 033 118 | 1445
18 1980 251 -330 | -0,79 189 | 1275 4 1980 233 278 | -045 163 | 1500
19 81 404 382 | 022 2,11 1210 5 a1 332 -2.00 132 0,31 1460
20 82 335  -348 | -0,13 1,98 | 1240
21 83 479  -319 1,60 3,58 | 1010 Mean 1977-81 256  -2,62 | -0,06
22 84 409 277 | 132 4,90 | 1050
2 > el I S 12 5 Breidablikkbreen and Grabreen - 15,2 km? (1959)
o5 87 429 222 207 6:00 <870 No. of year bw bs bn  Cum.bn| ELA
26 88 273 521 | -248 3,52 | >1380 years (m w.eqv.) (mw.eqv.) (mas.l)
27 89 520 293 | 227 579 | 1030 1 1963" 130  -230 | -1,00  -1,00 | 1620
28 1990 5,98 -4,19 1,79 7,58 995 2 64 1,99 -1,62 0,37 -0,63 1410
29 91 4,09 -3,30 0,79 8,37 1035 3 65 2,30 -2,26 0,04 -0,59 1480
30 92 548  -319 | 229 10,66 | 1050 4 66 1,66  -3,03 | -1,37 -1,96 | >1660
31 93 4,81 -2,74 2,07 12,73 <870 5 67 3,51 2,14 1,37 -0,59 1360
32 94 3,71 -2,92 0,79 13,52 925 6 68 3,42 -2,69 0,73 0,14 1350
33 95 510 -390 | 120 1472 | 1120 7 1974% 214 1,55 | 0,59 0,59 | 1380
34 96 183 371 | -1,88 12,84 | >1380 75 262 -225 | 037 0,96 | 1375
35 97 422 414 | 008 1292 | 1200
36 98 366 -355 | 011 13,03 | 1240 Mean 1963-68 236 234 | 002
37 99 4,61 -4,55 0,06 13,09 1245 Mean 1974-75 238 -1,90 0,48
38 2000 557 -358 | 199 1508 | 1025 By— p
Mean 1963-2000 | 3,79  -3,39 | 040 > Grabreen only
2
No of year2 Hansbemllareen 'bzs’g kmbr(: 9%8u)m o ELA 6 Blabreen and Ruklebreen - 4,5 km® (1959)
years (mw.oqv) (m w.oqv) (masl) No. of year bw bs bn Cum.bn| ELA
1 7986 | 228 287 | 059  -050 | 1200 years . (m w-eqv.) (mweqv) _ |(mas.)
2 57 376 263 | 113 054 | 1100 1 1963" 130 -340 | -2,10 2,10 | 1620
3 88 250 524 | -274  -220 | >1320 2 64 218 168 | 050  -160 | 1350
4 89 413 371 042 178 | 1140 3 65 253 248 | 0,05 1,55 | 1450
5 1990 442 410 | 032 446 | 1140 4 66 1,76  -326 | -1,50 3,05 | >1620
6 91 337 311 0.26 420 | 1125 5 67 386  -2,56 1,30 -1,75 | 1300
i o 4.41 343 | 098 022 | 1125 6 68 318 280 | 038 -1,37 | 1395
8 93 4,23 -3,15 1,08 0,86 <925 Mean 1963-68 2,47 -2,70 -0,23
9 94 339 297 | 042 1,28 | 1120 " Biabreen on
10 95 438 -390 | 048 1,76 | 1140 Y
1 96 1,74 376 | -2,02 026 | >1320
12 97 377 392 | -015  -041 | 1160 7 Midtre Folgefonna - 8,7 km® (1959)
13 98 3,21 =351 | -0,30 0,7 1170 No.of  year bw bs bn Cum.bn| ELA
R R B 4 R musay | muse) | mas)
: : : : 1 1970 207 269 | -062 062 | >1580
Mean 1986-2000 | 3,64  -3,62 0,02 2 7 233  -196 0,37 -0.25 1260
' Mean 1970-71 2,20 -2,33 -0,13




8 Jostefonn - 3,8 km” (1993)

12 Store Supphellebreen - 12,0 km” (1966)

No. of year bw bs bn Cum.bn| ELA No. of year bw bs bn Cum.bn| ELA
years (mw.eqv.) (m w.eqv.) (mas.l) years (mw.eqv.) (m w.eqv.) (mas.l)
1 1996 119 272 | 153 153 | >1620 1 1964 220 150 | 070 0,70 | 1190
2 97 359  -387 | -0,28 -1,81 1500 2 65 232 176 | 056 1,26 | 1250
3 98 284 254 | 030 -1,51 1250 3 66 1,63  -240 | -0,77 0,49 | 1590
4 99 292 254 | 038 -1,13 | 1200 4 67 272 150 | 122 1,71 1190
5 2000 3,49 -2,47 1,02 -0,11 1050 5 73 1,50 1.50
Mean 1996-2000 | 281  -2.83 | -0.02 6 74 080 230
7 75 1,00 3,30
9 Vesledalsbreen - 4,2 km” (1966) N 10 08
No. of  year bw bs bn  Cum.bn| ELA 10 81 0.20 0,10
years (m w.eqv.) (m w.eqv.) (mas.l) 11 82 -1,70 -1,80
1 1967 206 -1,71 0,35 0,35 | 1400
2 68 314 250 | 064 0,99 | 1320 Mean 1964-67 222 179 | 043
3 69 126 -344 | 218 -1,19 | >1730 Mean 1973-75 110
4 1970 152 266 | -1,14 233 | >1730
5 71 2,21 -1,80 0,41 -1,92 1375 Mean 1979-82 -0.45
6 72 1,92 -227 | 035 227 | 1570
Mean 1967-72 2,02 -2.40 -0,38 13 Austdalsbreen - 11,8 ka (1 988)
No. of  year bw bs bn  Cum.bn| ELA
10 Tunsbergdalsbreen - 50,1 km? (1964) years (m w.eqv.) O weq) - (masl)
No.of  year bw bs bn Cum.bn| ELA ! 1988 194 822 | -, 128 1570
2 89 318  -1,3¢ | 184 0,56 | 1275
_years (m w.eqv.) (m w.eqv.) (mas.l) 3 1990 365 -245 1,20 1,76 1310
1 1966 157  -2,66 | -1,09 -1,09 | 1640 4 91 164  -164 | 000 176 | 1435
2 67 3,31 52 | 1,79 0,70 | 1160 5 a2 280 226 | 054 230 | 1375
3 68 2,74 270 | 0,04 0,74 | 1550 6 03 260 169 | 091 3.21 1320
4 69 1 ,53 '3,22 ‘1 ,69 '0,95 1700 7 94 1 781 .1 '88 _0,07 3‘14 1425
5 1970 154  -2,38 | -0,84 -1,79 | 1590 8 95 272 210 | 062 376 | 1360
6 7 23 179 | 057  -122 | 1240 9 96 120 227 | -1.07 2,69 | 1565
7 72 2,02 -2,52 -0,50 -1,72 1490 10 97 2,67 -3,20 -0.53 2,16 1450
Mean 1966-72 215 240 | -025 11 98 220 2,01 0,19 2,35 | 1420
12 99 2,08 256 | -048 1,87 | 1435
) 13 2000 277 166 | 1,11 2,98 | 1315
11 Nigardsbreen - 47,8 km” (1984)
No.of  year bw bs bn Cum.bn| ELA Mean 1988-2000 | 240  -2.18 | 028
years (mw.eqv.) (m w.eqv.) (mas.l) 5
1 1962 288  -063 | 225 2,25 | 1260 14 Sporteggbreen - 27,9 km” (1988)
2 63 1,87  -2,09 | -022 2,03 | 1550 No.of  year bw bs bn  Cum.bn| ELA
3 64 213 118 | 095 2,98 | 1400 years (m w.eqv.) (m w.eqv.) (maslt)
4 65 229 -138 | 091 3,89 | 1395 1 1988 1,61 315 | -1,54 154 | >1770
5 66 1,76 -2,68 | -0,92 2,97 | 1700 2 89 276 162 | 114  -040 | 1410
6 67 340  -124 | 216 513 | 1310 3 1990 334 233 | 1,01 0,61 1390
7 68 2,72 -2,50 0,22 5,35 1550 4 91 1,40 1,37 0.03 0,64 1540
8 69 1,95  -326 | -1,31 4,04 | 1850
9 1970 1,73 2,29 | -0,56 348 | 1650 Mean 1988-91 228 -212 | 016
10 7 2,11 1,29 | 082 430 | 1400
1; ;é ; '33 fgg ?:g 2;‘; 12:3 15 Harbardsbreen - 13,2 km® (1996)
13 7 2.06 158 048 574 1490 No. of year bw bs bn Cum.bn| ELA
14 75 2.50 223 027 6.01 1450 years (mw.eqv.) (m w.eqv.) (ma.s.l)
15 76 288 248 | 040 6.41 1540 1 1997 217 272 | 055 0,55 | >1960
16 77 152 229 | w077 564 | 1650 2 98 1,66  -1,60 | 006 0,49 | 1500
17 78 212 295 | 013 551 1590 3 99 1,81 2,15 | 0,34 0,83 | >1960
18 79 275 204 | o7 622 | 1500 4 2000 230 152 | 078 -0,05 | 1250
19 1980 1,77 -2,99 -1,22 5,00 1730 Mean 1997-2000 1,99 -2.00 -0,01
20 81 219  -1,8 | 031 5,31 1560
21 82 1,94 236 | -042 489 | 1600
22 83 302 193 | 1,09 598 | 1445
23 84 249 215 | 034 6,32 | 1500
24 85 1,77 -1.87 | -0,10 6,22 | 1590
25 86 1,61 -1,71 | -0,10 6,12 | 1590
26 87 273 125 | 148 7,60 | 1350
27 88 224 313 | -0,89 6,71 1660
28 89 405 085 | 320 9,91 1175
29 1990 352 175 | 1,77 11,68 | 1430
30 91 1,9  -175 | 0,20 11,88 | 1520
31 92 316  -156 | 160 1348 | 1360
32 93 313  -128 | 1,8 1533 | 1300
33 94 228 172 | 056 1589 | 1400
34 95 316  -197 | 1,19 17,08 | 1320
35 96 1,40  -1,81 | -041 16,67 | 1660
36 97 266 262 | 004 16,71 1500
37 98 250 -153 | 097 17,68 | 1350
38 99 238 221 017 17,85 | 1470
39 2000 338  -166 | 1,72 19,57 | 1250
Mean 1962-2000 | 242  -192 | 0,50




16 Rembesdalskaka - 17,2 km® (1995) 21 Storbreen - 5,4 km® (1997)
No. of year bw bs bn Cum.bn| ELA No. of year bw bs bn  Cum.bn| ELA
years (m w.eqv.) (mw.eqv.) (mas.l.) years (m w.eqv.) (m w.eqv.) (ma.s.l)
1 1963 1,15 255 | -1,40 -1,40 | >1860 1 49 2,28 -2,08 0,20 0,20 1650
2 64 1,85 -1,31 0,54 -0,86 1620 2 1950 1,52 -1,81 -0,29 -0,09 1750
3 65 2,05 -1,54 0,51 -0,35 1620 3 51 1,13 -1,67 -0,54 -0,63 1770
4 66 1,60 -2,24 -0,64 -0,99 1750 4 52 1,44 -1,13 0,31 -0,32 1630
5 67 2,44 -1,25 1,19 0,20 1540 5 53 1,40 -2,25 -0,85 -1,17 1850
6 68 2,68 -2,15 0,53 0,73 1600 6 54 1,21 -1,98 -0,77 -1,94 1830
7 69 1,07 -2,97 -1,90 -1,17 >1860 7 55 1,57 -2,06 -0,49 -2,43 1800
8 1970 1,29 -1,89 -0,60 -1,77 1780 8 56 1,31 -1,48 -0,17 -2,60 1705
9 71 2,02 -1,28 0,74 -1,03 1600 9 57 1,42 -1,37 0,05 -2,55 1680
10 72 1,78 -1,86 -0,08 -1,11 1650 10 58 1,54 -1,62 -0,08 -2,63 1700
11 73 2,62 -1,79 0,83 -0,28 1570 11 59 1,07 -2,35 -1,28 -3,91 1930
12 74 1,91 -1,50 0,41 0,13 1615 12 1960 0,98 -2,07 -1,09 -5,00 1910
13 75 2,25 -2,10 0,15 0,28 1620 13 61 1,10 -1,62 -0,52 -5,52 1820
14 76 2,45 -2,30 0,15 0,43 1620 14 62 1,54 -0,82 0,72 -4,80 1510
15 77 1,20 -1,92 -0,72 -0,29 >1860 15 63 0,96 -2,14 -1,18 -5,98 1900
16 78 1,80 -2,10 | -0,30 -0,59 16 64 1,16  -0,95 0,21 -5,77 1655
17 79 2,40 -2,10 0,30 -0,29 17 65 1,54 -1,2 0,34 -5,43 1650
18 1980 1,45 -2,85 -1,40 -1,69 >1860 18 66 1,25 -1,86 -0,61 -6,04 1815
19 81 2,65 -1,80 0,85 -0,84 1590 19 67 1,89 -1,17 0,72 -5,32 1570
20 82 1,40 -2,10 -0,70 -1,54 1800 20 68 1,64 -1,59 0,05 -5,27 1700
21 83 3,75 -2,05 1,70 0,16 1450 21 69 1,22 -2,64 -1,42 -6,69 2020
22 84 2,05 -2,15 -0,10 0,06 1675 22 1970 0,97 -1,69 -0,72 -7,41 1840
23 85 1,48 -2,00 -0,52 -0,46 1715 23 71 1,46 -1,28 0,18 -7,23 1690
24 86 1,47 -1,57 | -0,10 -0,56 1670 24 72 1,39 -1,7 | -0,31 7,54 1770
25 87 2,08 -1,14 0,94 0,38 1535 25 73 1,48 -1,4 0,08 -7,46 1705
26 88 1,98 -3,13 -1,15 -0,77 1860 26 74 1,26 -1,02 0,24 -7,22 1630
27 89 3,48 -1,37 2,11 1,34 1420 27 75 1,55 -1,7 -0,15 -7,37 1760
28 1990 3,65 -1,72 1,93 3,27 1450 28 76 1,81 -1,9 -0,09 -7,46 1740
29 91 1,52 -1,61 -0,09 3,18 1660 29 77 0,94 -1,48 -0,54 -8,00 1840
30 92 3,71 -1,72 1,99 517 1525 30 78 1,26 -1,7 -0,44 -8,44 1815
31 93 2,82 -0,91 1,91 7,08 1450 31 79 1,55 -1,45 0,10 -8,34 1700
32 94 1,79 -1,63 0,16 7,24 1600 32 1980 0,99 -2,3 -1,31 -9,65 1975
33 95 2,44 -2,14 0,30 7,54 1575 33 81 1,30 -1,4 -0,10 -9,75 1730
34 96 0,99 -2,10 -1,11 6,43 >1860 34 82 1,28 -1,75 -0,47 -10,22 1780
35 97 2,94 -3,41 -0,47 5,96 1700 35 83 1,90 -1,7 0,20 -10,02 1625
36 98 2,47 -1,78 0,69 6,65 1585 36 84 1,70 2 | -030 -10,32 1760
37 99 2,04 -1,99 0,05 6,70 1685 ] 37 85 1,20 -1,6 -0,40 -10,72 1790
38 2000 2,93 -1,50 1,43 8,13 | —1400—|i425 38 86 1,05 1,37 | -032  -11,04 1770
Mean 19632000 | 215 193 | 021 - o Ta B e e e
41 89 2,30 -1,1 120  -10,47 1550
17 Omnsbreen - 1,5 km2 (1969) 42 1990 2,60 -1,35 1,25 -9,22 1530
No.of  year bw bs bn  Cum.bn] ELA ﬁ g; 1? 1;; 'g‘:, : -3,2; :;:g
Y e mear) o masl) 45 93 181 106 | 075 854 | 1610
2 &7 221 172 | 049  -035 46 9 152 -177 | 025  -879 | 1800
3 68 220 238 | 018  -053 | 1520 47 95 177 1,93 | 0,16 895 | 1810
4 69 1,09 368 | -2.59 312 48 96 0,81 -1,84 | -1,03 -9,98 1890
5 1970 112 o262 | 150  -462 49 97 175 278 | <103 11,01 | 1875
50 98 1,55 -1,33 022  -10,79 1690
Mean 1966-70 1,61 -2,54 -0,92 51 99 1,67 -1,91 -0,24 -11,03 1850
52 2000 2,04  -1,49 055  -10,48 1650
18 Midtdalsbreen - 7,4 km® (1995) Mean 1949-2000 | 146  -166 | -0,20
No. of year bw bs bn Cum.bn| ELA
years (m w.eqv.) (m w.eqv.) (mas.l) 22 Vestre Memurubre - 9,0 km® (1966)
! 2000 289 1,57 1,32 1,32 1500 No. of  year bw bs bn Cum.bn| ELA
2 years (m w.eqv.) (mw.eqv.) (mas.l)
19 Tverrabreen - 5,9 km” () 1 1968 1,70 -1,46 0,24 0,24 1820
No. of year bw bs bn Cum.bn| ELA 2 69 1,05 211 | -1,06 -0,82 2170
years (m w.eqv.) (m w.eqv.) (ma.s.l) 3 1970 0,84 -1,63 | -0,79 -1,61 1990
1 1962 2,03 41,28 0,75 0,75 4 71 1,30 -1,19 0,11 -1,50 1845
2 63 1,24 -2,46 -1,22 -0,47 5 72 1,19 -1,47 -0,28 -1,78 1885
Mean 1962-63 164  -1,87 | -024 Mean 1968-72 122  -157 | -036
20 Blabreen - 3,6 km? (1961) 23 Austre Memurubre - 8,7 km” (1966)
No.of  year bw bs bn Cum.bn| ELA No.of  year bw bs bn  Cum.bn| ELA
years (m w.eqv.) (m w.eqv.) (mas.l.) years (m w.eqv.) (mw.eqv.) (ma.sl)
1 1962 115 -035 | 0,80 0,80 | <1550 1 1968 177 -1,76 | 0,01 0,01 | 1960
2 63 0,85 -1,71 -0,86 -0,06 1970 2 69 0,99 -2,45 -1,46 -1,45 2130
3 1970 0,81 -1,71 -0,90 -2,35 2090
Mean 1962-63 1,00 -1,03 -0,03 4 71 1,33 -1,51 -0,18 -2,53 1960
5 72 1,02 -1,42 -0,40 -2,93 1985
Mean 1968-72 1,18 -1,77 -0,59

vi




24 Hellstugubreen - 2,9 km’® (1997)

26 Charles Rabots Bre - 1,1 km® (1965)

No. of year bw bs bn Cum.bn| ELA No. of year bw bs bn Cum.bn| ELA
years (m w.eqv.) (m w.eqv.) (ma.s.l) years (mw.eqv.) (m w.eqv.) (mas.l)
1 1962 118 040 | 078 078 1 1970 190 1,90
2 63 0,94 -1,92 -0,98 -0,20 2020 2 71 0.47 41,43
3 64 0,71 -0,83 -0,12 -0,32 1900 3 72 -1,04 2,47
4 65 1,29 -0,77 0,52 0,20 1690 a4 73 1,44 -1,03
5 66 095 162 | 067  -047 | 1940
6 67 1,48 093 | 055 0,08 1800 Mean 1970-73 -0.26
7 68 138  -149 | -011 003 | 1875
8 69 095 -223 | -128 131 | 2130
190 1330 ?Zg 1;2 (‘)?g gjl fggg 27 Austre Okstindbre - 14,0 km® (1962)
11 72 094 143 | 049 293 | 1950 ';‘gég year :T“”W o) bs (:?w eg:')"' bn (mE;‘SAI )
T A
14 75 135  -171 | -036  -326 | 1950 2 88 150 -340 | 190 120 | >1750
15 76 116 189 | 073 399 | 1970 3 89 870 220 | 150 030 | 1275
16 77 oes 140 | 072 a7 | 2075 4 1990 300 -270 | 030 060 | 1310
17 78 1,05 159 | -054 525 | 1890 5 91 180 -230 | -050 010 | 1315
18 79 143 45 | 002 827 | 1820 6 92 288 -165 | 123 1,33 | 1260
19 1980 081 205 | -124 651 | 2050 7 93 222 201 1 021 1,54 | 1290
20 81 106 139 | 033 684 | 1950 8 9 145 162 | 017 1,37 | 1310
21 82 085 120 | 035 719 | 1920 9 95 225 179 | 046 1,83 | 1280
22 83 1,47 <130 | 017 702 | 1820 10 96 162 1,92 | 030 153 | 1330
23 84 1,22 -1,73 | -0,51 -7,53 1965 Mean 1987-96 227 2,12 0,15
24 85 111 140 | 029  -782 | 1880
25 86 078  -127 | 049  -831 | 1940
26 87 1,15 -0,70 0,45 7,86 1690 28 Hagtuvbreen - 2,6 km2 (1 972)
27 88 1,28 232 | -1,04 8,90 2025 No. of year bw bs bn Cum.bn| ELA
28 89 1,62 -0,90 0,72 -8,18 1660 years (m w.eqv.) (m w.eqv.) (ma.s.l.)
29 1990 181 -1,15 | 066 752 | 1640 1 1971 305 378 | 0,73 073 | 950
30 91 098 143 | 045 797 | 1950 2 72 334  -430 | 096 1,69 | 970
31 92 117 -1,03 | 014 783 | 1850 3 73 390 28 | 108  -061 720
32 93 125 095 | 030  -753 | 1670 4 74 346  -368 | -022 083 | 900
33 94 126  -119 | 007 746 | 1850 5 75 300 227 | 073  -010 | 760
34 95 142 154 | 012 758 | 1885 6 76 366  -2,75 | 0,91 0,81 730
35 9 065 -139 | 074  -832 | 1955 7 77 220 272 | 052 029 | 900
36 97 112 277 | 165 997 | 2200
37 98 1,00 1,02 | 002 -999 | 1870 Mean 197177 | 323 -3.19 | 004
38 99 122 164 | -042 1041 | 1930
39 2000 1,26 -1,16 010  -1031 1840 29 Svartisheibreen - 5,5 kmﬂ1 985)
Mean 1962-2000 113 139 | -0.26 No. of year bw bs bn Cum.bn| ELA
years (mw.eqv.) (mw.eqv.) (ma.s.l.)
X ) 1 1988 242 -403 | 161 1,61 | 1180
25 Grasubreen - 2,3 km” (1997) 2 89 372 1,36 | 236 075 | 900
No. of year bw bs bn  Cum.bn| ELA 3 1990 3,79 2,97 0,82 1,57 930
years (m w.eqv.) (m w.eqv.) (ma.s.l) 4 91 2,61 -2,44 0,17 1,74 950
1 1962 086  -009 | 077 077 | 1870 5 92 389 268 | 121 295 | 890
2 63 040  -111 | 071 0,06 | 2275 6 93 350 -2,59 | 0,91 386 | 910
3 64 039 -071 | 032  -026 | 2160 7 94 183 185 | 002 384 | 975
4 65 077  -036 | 041 0,15 | 1900
M ot 072 101 | 020 14 | 2150 Mean 1988-94 | 311 256 | 055
6 67 145 074 | 071 057 | 1870
7 68 1,03 -1,11 | -0,08 0,49 2140 30 Engabreen - 38,0 km® (1968)
8 69 0,74 -2,04 | -1,30 -0,81 2275 No. of  year bw bs bn Cum.bn| ELA
9 1970 057 123 | -066  -147 | 2200 years (mw.eqv) (m w.eqv) (masl)
10 n 049  -09 ) -047 194 | 2200 1 1970 205  -304 | 099  -099 | 1280
11 72 066 -130 | 064 258 | 2240 5 7 320 219 | 101 002 | 1070
12 73 072 161 | 08  .347 | 2275 3 7 302 320 | 007  -005 | 1150
13 74 058 -024 | 034 313 | 1870 . 7 437 165 | 272 267 | 830
14 75 091  -186 | 095  -408 | 2275 5 74 339 250 | 080 347 | 1030
15 76 062 -162 | -100 508 | 2275 o e s18 187 | 161 508 | 960
16 77 051  -090 | 039 547 | 2275 7 6 386 145 | 241 749 | 910
17 78 067 -089 | 022 569 | 2140 8 i 208 120 | 088 837 | 1000
18 79 091 -087 | 004 565 | 2025 o 78 248 290 | -051 786 | 1250
19 1980 046  -135 | 089  -654 | 2225 10 79 364 322 | 042 828 | 1130
20 81 062  -081 | -019 673 | 2180 11 1980 268 -318 | 050 778 | 1270
21 82 050 -1,01 | 051 724 | 2275 12 a1 201 103 | 098 876 | 965
22 83 094  -099 | 005 -729 | 2090 13 a2 227 143 | 084 960 | 1030
23 84 098 135 -037  .766 | 2275 14 83 234 128 | 106 1066 | 1020
24 85 075  -075 | 000 7,66 | 2100 15 84 383 278 | 105 11,71 | 1000
25 86 042 -118 | 076  -842 | 2275 16 85 150 240 | 090 1081 | 1375
26 87 094 022 ) 072 770 | 1870 17 86 270 245 | 025 11,06 | 1170
27 88 1,08  -166 | -058 828 | 2195 18 pt 257 163 | 094 1200 | 1000
28 89 112 -067 | 045 783 | 1870 19 88 226  -405 | -179 1021 | 1400
29 1990 133 060 | 073 710 | 1870 20 89 462 145 | 347 1338 | 890
30 91 067  -119 | -052 762 | 1950 21 1990 349 264 | 085 14,23 | 1035
31 92 070  -080 | -010  .7,72 22 91 283 214 | 069 1492 | 1090
32 93 093 -051 | 042 7,30 | <1850 o3 92 405 171 | 234 1726 | 875
33 94 1,16 -1,16 | 000 730 | 2075 o4 93 306 202 | 104 1830 | 985
34 95 119 1,30 | 011741 ] 2180 25 94 195 153 | 042 1872 | 1050
35 9% 053 -098 | 045  .786 | 2205 o6 95 350 176 | 174 2046 | 940
36 97 070  -239 | -169  -955 | >2290 pec % 207 214 | 083 2120 | 970
37 98 078  -067 | 011  -944 | undef. o8 97 444 322 | 122 2251 | 1010
38 99 091 -130 | 039 983 | 2210 29 98 298 -277 | 021 . 2272 | 1100
39 2000 087  -092 | 005  -9.88 | undef. 2 99 212 215 | -003vii 2269 | 1215
Mean 1962-2000 0,78 -1,04 -0,25 31 2000 2,76 -1,27 1,49 24,18 970
Mean 1970-2000 | 301 223 | 078




31 Storglombreen - 62,4 km” (1968)

37 Storsteinsfjellbreen - 5,9 km® (1993)

viii

No. of year bw bs bn Cum.bn| ELA No. of year bw bs bn Cum.bn| ELA
years (m w.eqv.) (mw.eqv.) (mas.l) years (mw.eqv.) (mw.eqv.) (mas.l)
1 1985 140 -259 | -1,19 1,19 | 1300 1 1964 185 120 | 065 0,65 | 1220
2 86 245 287 | 042  -1,61 1100 2 65 169  -1,25 | 044 1,09 | 1270
3 87 232 187 | 045  -1,16 | 1020 3 66 1,05  -1,88 | -0,83 026 | 1500
4 88 206 388 | -1,82 298 | 1350 4 67 137 177 | 040  -0,14 | 1450
5 2000 266  -1,55 | 1,11 1,11 1000 5 68 144  -099 | 045 0,31 1275
6 1991 159  -1,63 | -004  -0,04 | 1395
Mean 1985-88 206 280 | -075 7 92 221 410 | 111 107 | 1250
, 8 93 210 -129 | 081 1,88 | 1260
32 Tretten-null-tobreen - 4,9 km” (1968) 9 94 1,15 -1,35 | -0,20 1,68 1375
No. of year bw bs bn Cum. bn ELA 10 95 1,81 -1,24 0,57 2,25 1280
years (m w.eqv.) (m w.eqv.) (mas.l) Mean 1964-68 148  -1,42 | 0,06
1 1985 147  -320 | 1,73 1,73 | >1260
2 86 2,40 -2,84 -0,44 2,17 1100 Mean 1991-95 1,77 -1,32 0,45
Mean 1985-86 1,94 -302 | -1,09 .
38 Cainhavarre - 0,7 km® (1960)
No. of ear bw bs bn Cum.bn| ELA
33 Glombreen - 2,2 km® (1953) s b
No.of  year bw bs | bn Cum. bn| ELA Y (m w.eqv.) (mw.eqv.) _ | (mas..
o.of y : 1 1965 141 120 | 021 021 | 1300
years (m w.eqv.) (m w.eqv.) (mas.l) 2 66 1,12 -207.| 095 0,74 | >1550
1 1954 230  -350 | -120 1,20 3 67 163 -1,79 | 016  -0,90 | 1450
2 55 260 270 | -0,10  -1,30 4 68 1,31 105 | 026  -064 | 1290
3 56 1,50  -210 | -060  -1,90
Mean 1965-68 1,37 -153 | -0,16
Mean 1954-56 213 277 | -0,63
. 2 39 Svartfjelljokelen - 2,7 km® (1966)
34 Kjolbreen - 3,9 km” (1953) No.of  year bw bs bn Cum.bn| ELA
No. of year bw bs bn Cum.bn|{ ELA years (mw.eqv.) (mw.eqv.) (masl)
years (m w.eqv.) (mw.eqv.) (mas.l) 1 1978 2,30 -2,40 -0,10 -0,10
1 1954 190 -260 | -070  -0,70 2 79 2.10
2 55 210 280 | 070  -1,40
3 56 1,10 -1,10 | 000  -1,40 Mean 1978-79 2,20
Mean 1954-56 1,70 -217 | -047 _
40 Langfjordjokelen - 3,7 km” (1994)
No. of year bw bs bn Cum.bn| ELA
2
35 Trollbergdalsbreen - 1,6 km” (1985) years (mw.eqv.) (mw.eqv.) (masl)
No.of  year bw bs bn Cum.bn| ELA 3 89 240 296 | -0,56 056 870
years (m w.eqv.) (m w.eqv.) (masl) 2 1990 274 -306 | -032  -0,88 780
1 1970 1,74 421 | 247 247 | >1370 3 91 231 231 | 000  -088 710
2 71 214 247 | -033 2,80 | 1100 4 92 268 249 | 019  -069 700
3 72 2,44 -3,68 -1,24 -4,04 1160 5 93 2,55 2,35 0,20 -0,49 740
4 73 319 243 | 076  -328 | <900 6 9% 225 223 | 0,02 0,02 700
5 7 257 297 | 040 368 | 1090 7 97 265 -334 | 069  -067 | 820
6 5 028 -39 | 1090 8 98 180 324 | -144 211 | >1050
7 1990 294 323 | -029  -029 | 1075 9 99 133 291 | -1,58  -3,69 970
8 91 229 245 | 016 -045 | 1070 10 2000 251 -312 | -061 -4,30 860
9 92 263 213 | 050 0,05 | <900
10 93 245  -238 | 007 0,12 | 1045 Mean 1989-93 254  -263 | -0,10
i 94 149 250 | 110 -098 | 1180 Mean 1996-2000 211 297 | -086
Mean 1970-74(75) | 242  -3,15 | -0,66
Mean 1990-94 236 -256 | -020
36 Blaisen - 2,2 km® (1960)
No.of  year bw bs bn Cum.bn| ELA
years (m w.eqv.) (m w.eqv.) (mas.l.)
1 1963 260 240 | 020 0,20 | 1050
2 64 230 -167 | 063 0,83 980
3 65 200 -146 | 054 1,37 960
4 66 1,12 239 | -127 0,10 | >1200
5 67 1,38 235 | -097 -087 | 1175
6 68 1,62  -1,36 | 026 -0,61 1010
Mean 1963-68 1,84  -194 | -0,10
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