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Preface

This report is a new volume in the series "Glaciological investigations in Norway", which
has been published since 1963. From 1963 to 2021 the report was published as a printed
edition. From 2022, however, the report will only be published as a digital edition.

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

The report is published in English with a summary in Norwegian. The purpose of this
report is to provide a joint presentation of the glacier investigations and calculations
made mainly by NVE’s Section for Glaciers, Ice and Snow during 2022. The chapters are
written by different authors with different objectives, but are presented in a uniform
format. The individual authors hold the professional responsibility for the contents of
each chapter. The fieldwork is mainly the result of co-operative work amongst the
personnel at NVE. Bjarne Kjollmoen was editor of the report.

Oslo, October 2023

Hege Hisdal Rune V. Engeset
Director General Head of section
Hydrology Department Section for Glaciers, Ice and Snow

This document is sent without signature. The content is approved according to internal routines.













































































































































































































































6 Sandabreen

Sanddbreenis a glacier with an area of 5 km? located 10 km northeast of Jostedalsbreen,
in Innlandet county (Fig. 13-1). A small ice-dammed lake is located in the northern part
of the glacier (Fig. 13-16). Three events have been observed previously at Sandabreen,
in July 2018, August 2019 and September 2021. Subsequent inspection of Sentinel-2
satellite images suggests that there could also have been events in 2016 and 2017, but
the images are somewhat indistinct and hence, indication of jekulhlaups are rather
uncertain.

Figure 13-16
Sandabreen and the glacier-dammed lake at the northern ice edge as seen from the air on 19* August 2015. The
inset image shows a close-up of the lake. Photo: Orthophoto from norgeibilder.no.

Jokulhlaup 2022

Examination of Sentinel-2 images from 30" June and 22" July 2022 suggest that the
glacier-dammed lake was drained in this period (Fig. 13-17). The images show more
water in the lake on 30" June than on 22" July.

Figure 13-17

Sentinel-2 images of the glacier-dammed lake at Sandabreen from 30" June (left) and 22" July (right) 2022. The
images show more water in the lake on 30'" June than on 22" July, indicating that the lake was drained in the
period. The area of the water-filled lake before the event was approximately 0.025 km?. Source: Varsom Xgeo.
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7 Svellnosbrean

Svellnosbrean is a glacier with an area of 4.8 km? located in the central part of Jotun-
heimen (Fig 13-1). A small supraglacial lake is located in the western part of the glacier
(Fig. 13-18). Subsequentinspection of Sentinel-2 satellite images from three more years
suggest that there also have been events in 2019, 2020 and 2021.

Figure 13-18

Svellnosbrean and the supraglacial lake photographed on 30" June 2022 in a southwest direction.
Photo: Norsk Fjellsenter.

Jokulhlaup 2022

Satellite images suggest that the supraglacial lake was filled up over a few days in the
end of June (Fig. 13-19) and emptied in the end of July (Fig. 13-20).
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Figure 13-19
Sentinel-2 satellite images showing that the supraglacial lake at Svellnosbrean was formed between 24" (left)
and 29" June 2022 (right). Source: Varsom Xgeo.

Figure 13-20

Sentinel-2 satellite images of the supraglacial lake at Svellnosbrean on 22" (left) and 27t July 2022 (right). The
images show that the lake was completely drained in this period. However, comparison of the images from 29"
June and 22" July indicate that the runoff from the lake had already started at the time of photographing on
22" July. Source: Varsom Xgeo.
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8 Vestre Memurubrean

Vestre Memurubrean is a glacier with an area of 8 km? located in the central part of
Jotunheimen (Fig 13-1). A small glacier-dammed lake is located in the southern part of
the glacier (Fig. 13-21). Two events have occurred previously at Vestre Memurubrean, in
July/August 2017 and in July 2018.

Figure 13-21
Vestre Memurubrean and the supraglacial lake photographed from Hinotefjellet on 1 July 2023.
Photo: Liss M. Andreassen.

Jokulhlaup 2022

Examination of Sentinel-2 images from 29™ June and 19" July 2022 suggest that the
supraglacial lake was emptied during this period (Fig. 13-22).
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Figure 13-22
Sentinel-2 satellite images of the supraglacial lake at Vestre Memurubrean from 29" June (left) and 19 July
(right) 2022. The images show that the lake was drained during the period. Source: Varsom Xgeo.
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14. 60 years of glacier measurements

14.1 Background

The history of «Brekontoret» (The glacier office) started in 1961. Several plans of
hydropower development in Norway required knowledge about the glaciers and
particularly data about the mass balance and the glacier runoff. Hence, during the
spring 1962 NVE started mass balance measurements at Nigardsbreen (Fig. 14-1). At the
same time mass balance measurements were started at four other glaciers by students
from The University of Oslo supported by NVE. The four glaciers were Tverrabreen,
Blabreen, Hellstugubreen and Grasubreen, all situated in Jotunheimen. Mass balance
measurements on Storbreen in Jotunheimen were already started in 1949 by Olav
Liestel at the Norwegian Polar Institute. In the 1960s mass balance measurements were
started on several other glaciers, and in 1968 NVE measured mass balance at 15 glaciers
(Pytte, 1969). In addition to mass balance measurements, river discharge and sediment
transportin glacial rivers were measured at several locations. Some of the mass balance
series were terminated after typically 5-7 years, but seven of the long-term time series
(back to 1970 or longer) are still running. These long-term series include Engabreen,
Alfotbreen, Nigardsbreen, Rembesdalskaka, Storbreen, Hellstugubreen and Grasu-
breen. Front variation measurements were started around 1900 by John B. Rekstad
(Rekstad, 1902) and Peter A. @yen (@yen, 1906). Since 1994 NVE has been responsible
for these measurements (Elvehgy et al., 1997).

Figure 14-1
Wibjérn Karlén and Randi Pytte on Nigardsbreen in May 1962.
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14.2 Historical overview of the glacier work in NVE

1962 “Brekontoret” (The glacier office) was established and Gunnar @strem was
employed as office manager

1962 Mass balance measurements started on Nigardsbreen (@strem and Karlén, 1962),
Hellstugubreen, Grasubreen, Tverrabreen and Blabreen (@strem and Liestel, 1964)

1963 The first mass balance measurements started in northern Norway, on Blaisen in
Skjomen (@strem and Liestol, 1964)

1964 The first detailed glacier maps were printed, part of Folgefonna and
Storsteinsfjellbreen

1965 The first glaciological summary report from NVE was published (Fig. 14-2) (Pytte
and @strem, 1965)

1969 A revised manual for field and office work related to glacier mass balance
measurements was published (Fig. 14-2) (@strem and Stanley, 1969)

1969 The first atlas of glaciers in southern Norway was published (Fig. 14-3) (@strem
and Ziegler, 1969)

1970 Mass balance measurements started on Engabreen (Tvede, 1971)

1973 The first atlas of glaciers in northern Scandinavia was published (Fig. 14-3)
(@strem et al., 1973)

1978 Asubglacial intake beneath Bondhusbrea was established (Wold and Repp, 1979)

1985 The first successful radar measurements for measuring ice thickness, at
Jostedalsbreen (Saetrang and Wold, 1986)

1988 Arevised atlas of glaciers in southern Norway was published (@strem et al., 1988)

1989 Mass balance measurements started in the far north, on Langfjordjekelen
(@strem, 1991)

1991 Another revised version of a manual for field and office work related to glacier
mass balance measurements was published (@strem and Brugman, 1991)

1992 The Svartisen subglacial laboratory was established

1993 NVE took over responsibility for the mass balance measurements on Storbreen
and front variation measurements in Norway from Norwegian Polar Institute

1997 50™ anniversary and symposium for mass balance measurements on Storbreen
(Andreassen and @strem, 1999)

2001 The first glacier mapping with LIDAR, at Engabreen

2008 NVE organized an international workshop on “Glacier mass balance
measurements and modelling”

2012 Inventory of Norwegian glaciers based on Landsat satellite images during the
period 1999-2006 was published (Fig. 14-3) (Andreassen and Winsvold, 2012)
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2012 50 years of glacier measurements in NVE were celebrated

2021 Inventory of Norwegian glaciers based on Sentinel-2 satellite images in 2018 and
2019 was published (Andreassen et al., 2022)

GLACIER
MASS BALANCE MEASUREMENTS

A MANUAL FOR FIELD AND OFFICE WORK

by

G. @strem and A. Stanley

. X

A GU|DE PREPARED JOINTLY BY

THE CANADIAN DEFARTMENT OF ENERGY, MINES AND RESOURCES
AND

THE N WATER AND EL Y BOARD

1989

Figure 14-2
To the left, the first report from NVE regarding the glacio-hydrological investigations in Norway. To the right, the
first manual for field and office work related to glacier mass balance measurements.
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Figure 14-3
To the left, the first atlas of glaciers in northern Norway (upper) and in southern Norway (below). To the right,
Inventory of Norwegian Glaciers published in 2012.
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14.3 The 60" anniversary

The anniversary of 60 years of glacier measurements was organized in the premises of
NVE on 14th November 2022. Forty-six participants were registered, most of them
current or former employees of NVE (Fig. 14-4) or professionals from other institutions
(Fig. 14-5). After registration and welcome the event continued with several
presentations interrupted by a coffee break halfway through. The speakers are shown
in the program below.

Figure 14-4
Some of the former employees at “Brekontoret” from the 1960’s, 1970’s and 1980’s.

Figure 14-5
One of the speakers, Geir Moholdt from Norwegian Polar Institute.
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60" anniversary of glacier measurements in NVE

bl
Steinmannen 25 Septemb
| Photo: Jostein Aasen

Program for the day

12:30/13:00 Registration at the reception

13:00/13:10|Hege Hisdal Welcome

13:10/13:40|Ketil Isaksen Mountain climate in the last 150 years
13:40/14:00|Kamilla Sjursen Bayesian mass balance modeling of Norwegian glaciers
14:00|14:20|Geir Moholdt Marine mass balance on Svalbard

14:20/14:40|Rune Engeset From the Brekontoret to today's HB

14:40(15:20 Tea, coffee, mineral water, cakes, fruit

15:20/15:40|Bjarne Kjgllmoen Mass balance measurements in Norway
15:40/16:00|Liss M. Andreassen |Mapping of glaciers in Norway
16:00/16:20|Hallgeir Elvehoy Frontsurveys in Norway

16:20/16:40|Bjgrn Lytskjold Storbreen
16:40(17:45 Photo exhibition with award for best photo and aperitif in the library
18:00/22:00 Dinner buffetin the NVE canteen

After the presentations a photo exhibition with award for best photos was held in the
library premises. 88 photos taken of Norwegian glaciers in 2022 by 21 photographers
participated in the exhibition and competition. The photos were evaluated by a
qualified jury from NVE. It was contested in four classes, “Glacier portrait”, “Man on
glacier”, “Open class” and “Front page of the next Glaciological report”. The four winner
photos are shown below (Fig. 14-6, 14-7, 14-8 and 14-9).
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Figure 14-6
Left photo and winner of “Glacier portrait”, Fannarakbreen photographed on 11t" September by Lorenzo Poli.
Right photo and winner of “Man on glacier”, Austdalsbreen photographed on 9*" March by Jostein Aasen.

Figure 14-7
Winner of “Open class”, Steinmannen at Nigardsbreen photographed on 19*" May by Jostein Aasen.
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Figure 14-8
Winner of “Front page of the next Glaciological report”, Grjotbrean photographed on 30" July by Liss M.
Andreassen.

Figure 14-9
The winner of “Man on glacier” and “Open class”, Jostein Aasen.

At the end of the event, a dinner buffet was served in NVE’s canteen and the evening’s
toastmaster was professor emeritus Jon Ove Hagen (Fig. 14-10). The dinner was
seasoned with stories from the former employees. One of them, the retired glaciologist
Arve Tvede, described a rather dramatic emergency landing with a small airplane on
Jostedalsbreen in June 1972 (Fig. 14-11). At that time, he was a glaciology student, and
the only passenger on board the small plane. Luckily the landing went well with no
injuries.
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Figure 14-10
Jon Ove Hagen was toastmaster for the evening.

Nodlandel pa Jostedalshreen

Figure 14-11
Arve Tvede depicted a dramatic emergency landing on Jostedalsbreen in June 1972.
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Appendix B

Mass balance measurements in Norway - an overview

Mass balance measurements were carried out at 46 Norwegian glaciers during the
period 1949-2022. The table lists characteristic data for the investigated glaciers. The
Glacier ID refers to ID in the glacier inventory of Norway (Andreassen et al., 2012).

Areal Glacier ID Lat., Long. Area Altitude Mapping| Period No. of
No. Glacier (km?)  (ma.sl) year years
Alfotbreen
1 Alfotbreen 2078 61°45', 5°38' 3.5 1000-1360 2019 1963- 60
2 Hansebreen 2085 61°44', 5°40' 2.5 927-1303 2019 1986- 37
Folgefonna
3-4 Blomsterskardsbreen n 59°58', 6°19' 45.7 850-1640 1959 1970-77 8
3 Swelgjabreen 3137 59°58, 6°18' 22.3 829-1634 2017 200717 "
4 Blomstglskardsbreen 3141 59°59, 6°21' 225 1011-1634 2017 200717 "
5 Mgsevassbreen 3138 59°59, 6°16' 15.5 873-1617 2017 2017 1
6 Bondhusbrea 3133 60°02', 6°20' 10.7 477-1636 1979 1977-81 5
7 Breidablikkbrea 3128 60°03', 6°22' 3.9 1217-1660 1959 1963-68 6
3.2 1232-1648 2013 2003-13 11
8 Grafjellsbrea 3127 60°04', 6°24' 9.7  1034-1656 1959 | 64-68, 74-75 7
8.1 1049-1647 2013 2003-13 11
9 Blabreen 3126 60°05', 6°26' 2.3 1060-1602 1959 1963-68 6
10 Ruklebreen 3129 60°04', 6°26' 1.8 1603-1235 1959 1964-68 5
11 Midtre Folgefonna 2) 60°08', 6°28' 8.6 1100-1570 1959 1970-71 2
Jostedalsbreen
12 Jostefonn 3) 61°25', 6°33' 3.8 960-1622 1993 1996-2000 5
13 Vesledalsbreen 2474 61°50", 7°16' 4.1 1126-1745 1966 1967-72 6
14 Tunsbergdalsbreen 2320 61°36', 7°02' 52.2 536-1942 1964 1966-72 7
15 Nigardsbreen 2297 61°42, 7°08' | 44.9 389-1955 2020 1962- 61
16 Store Supphellebreen 2352 61°31), 6°48' | 12.0 80-300/ 1966 | 1964-67, 73- 11
720-1740 75, 79-82
17 Austdalsbreen 2478 61°45', 7°20' 10.0 1200-1740 2019 1988- 35
18 Sperteggbreen 4) 61°36', 7°28' 279 1260-1770 1988 1988-91 4
19 Harbardsbreen 2514 61°41', 7°40' 13.2 1242-1978 1996 1997-2001 5
Hardangerjokulen
20 Rembesdalskaka 2968 60°32', 7°22' 171 1085-1851 2020 1963- 60
21 Midtdalsbreen 2964 60°33', 7°26' 6.7 1380-1862 1995 2000-2001 2
22 Omnsbreen 2919 60°39', 7°28' 1.5 1460-1570 1969 1966-70 5
Jotunheimen
23 Tverrabreen 2632 61°35', 8°17' 5.9 1415-2200 1962-63 2
24 Blabreen 2770 61°33', 8°34' 3.6 1550-2150 1961 1962-63 2
25 Storbreen 2636 61°34', 8°08' 4.9 1420-2091 2019 1949- 74
26 Vestre Memurubre 2772 61°31', 8°27" 9.2 1565-2270 1966 1968-72 5
27 Austre Memurubre 2769 61°33', 8°29' 8.7 1627-2277 1966 1968-72 5
28 Juvfonne 2597 61°40, 8°21' 0.1 1852-1985 2019 2010- 13
29 Hellstugubreen 2768 61°34', 8°26' 2.7 1487-2213 2019 1962- 61
30 Grasubreen 2743 61°39, 8°37' 1.7 1854-2277 2019 1962- 61
Okstindbreene
31 Charles Rabot Bre 1434 66°00', 14°21' 1.1 1090-1760 1965 1970-73 4
32 Austre Okstindbre 1438 66°00', 14°17" 14.0 730-1750 1962 1987-96 10
Svartisen
33 Hegtuvbreen 1144 66°27', 13°38' 2.6 588-1162 1972 1971-77 7
34 Svartisheibreen 1135 66°33', 13°46' 5.7 765-1424 1995 1988-94 7
35 Engabreen 1094 66°40', 13°45' 36.0 176-1532 2020 1970- 53
36 Storglombreen 5) 66°40', 13°59' 59.2 520-1580 1968 1985-88 4
62.4 520-1580 2000-05 6
37 Tretten-null-tobreen 1084 66°43', 14°01' 4.3 580-1260 1968 1985-86 2
38 Glombreen 1052 66°51', 13°57" 2.2 870-1110 1953 1954-56 3
39 Kjalbreen 1093 66°40', 14°05' 3.9 850-1250 1953 1954-56 3
40 Trollbergdalsbreen 1280 66°42', 14°26' 2.0 907-1366 1968 1970-75 6
1.8 907-1369 1998 1990-94 5
Blamannsisen
41 Rundvassbreen 941 67°17', 16°03' 1.7 788-1533 1998 2002-04 3
10.8 853-1527 2017 201117 7
Skjomen
42 Blaisen 596 68°20', 17°51' 2.2 860-1204 1959 1963-68 6
43 Storsteinsfiellbreen 675 68°13', 17°54' 6.2 926-1846 1960 1964-68 5
5.9 969-1852 1993 1991-95 5
44 Cainhavarre 703 68°06', 17°59' 0.7 1214-1538 1960 1965-68 4
Vest-Finnmark
45 Svartfielljgkelen 26 70°14', 21°57' 2.7 500-1080 1966 1978-79 2
46 Langfjordjgkelen 54 70°10', 21°45' 3.6 277-1053 1994 1989-93 5
2.6 338-1043 2018 1996- 27

13137 and 3141, 2 3119, 3120 and 3121, ¥ 2146 and 2148
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