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Glaciers in Norway

Motivation

= Glaciers have importance for
hydropower and tourism

= Glaciers are sensitive climate
Indicators (rPcc, 2007; 2013)

= Glaciers can be dangerous:
outburst floods & ice falls

Facts

= Glacier cover 0.7% of land area,
2692 + 81 km?

(Andreassen & Winsvold, 2012, CryoClim)

= Total of 2534 (3143) glaciers

= Glacier types: small ice patches &
large ice caps
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Glacier monitoring

= Mass balance (since 1949)
= Length change (since 1899)
= Map surveys (air photo > lidar)

= Special investigations
(ice velocity, thickness, GLOFs, hydrology, etc)

= Glacier inventories

Measuring mass balance. Photo: NVE

Blamannsisen. Photo: Hans M. Hjemaas Area change Hardangerjgkulen



CryoClim: Glacier products
mainland Norway

Glacier Area Outline - GAO
(wms, shape, 3 (4) data sets)

Glacier Lake Outline — GLO
(wms, shape, 2 data sets)

Glacier Lake Outburst Flood - GLOF
(wms, points & web application)

Climate Indicator products — ClI ¢\
(web application)

s Surface mass balance

= Glacier length .

= Glacier area e SR

GAO f
Glacier Periodic Photo — GPP Bl cLo
(web application)




Number of map sheets
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Glacier lake outlines
& GLOFs

 Glacier lakes: defined defined
as water bodies that intersected
or within 50 m of GAO.

e« GLO 1999-2006 used NDWI
(Normalized Difference Water
Index)

e« GLO 1988-1997 manual

digitization (Only locations where

glacier lakes were detected in GLO
1999-2006)

» Point layer of observed GLOFs
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Glaciers are key indicaors of cimate change. Mountain glackers are particulary good iIngicators of clmate change because they respand more quickly than most ciher ice bodies on
Earth (Lemks ef &l F007) Whike the nuss basnce of & giacker reflects annual weather directly, necords of kengih change (also lermed ron-position change) can be used fof cimate

ehange defection on a decadalio-century tme scale, When a giacier advances of retreats is surface area also changes, Remote sansing obsenvabons of giacker area ane valuabie

to Getect glacker changes Tor larger regions.

The climate change indicalor products of glackers in mainkand

= surface mass balance

= lengin change

= Climate indicators

The progucts are available for a selection of iINoWidual giackers wih long time series, Glacier surface mass balance and giacier iength change are retneved directy from
databases, whereas e arta product s made from avallable remoie SEnsing cbservations

= Glacier periodic photos =

2327 Ausiendalzhoeen o

= Glacier lake outburst floods - T

2280 Fabergsipihreen
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http://glacier.nve.no/viewer/Cl/en/cc cn '-|=
http://glacier.nve.no/viewer/GPP/en/cc »w--n,;;r:::::::

http://glacier.nve.no/viewer/GLOF/en/cc pome )

Name - Glacier ID

+ Almibeeen - 2075 er Periodic Photo
+ Ausidalsbreen - 2470
» Austerdaishresn . 2327 The Glacier Perindic Photo (GPP) series show photos of selcted glaciers in mainknd Norway. The photo series Tustrate how a selaction of
= = : « Ausire Okstindbreen - 1438 Norwegun glacwrs has changed during the st 10-140 vears. The earkest photos are from 1869 The majorsty of the pctures are from the last
= . l E « Bergseibeeen - 2318 20 vears. The number of photos vanes betwoen the glacsers. Please note that the photos are not necessarly taken from the same location. The
Cru@c A 3 [ Y|ake Outburst floods « Bodalsbreen - 2273 photo angle, view and line of sight will vary
Meonitoring Glimate Change - . » Donanusbreen - 3133
e Sne o i + Boverbreen - 2643 Chck om the glaciers in the left menu and see the photos as 2 shde show. For sach glacier if is also possible 10 see a compasisen of two photos
lHome - ) + Boyabreen . 2349 The source of the data i NVE's photo archave, wilh contributions from NVE collaborators
Name - Glacier ID * Deiksdalsbresn - 231
» Buerbreen - 3131
- Austerdalsisen - 1361 A jolulhlaup or Glacier Lake Outburst Flood (GLOF) is a sudden release of water from a glacier. The water source can be a glacier-damm + Engabreen - 1094
- Ausire Okstindbreen - 1438 lake. a pro-glacial moraine-dammed lake or water stored within, under or on the glacier. The term jokulhlaup is Icelandic in origin (from tf = Fapergstessbroen - 2289
- Buerbreen - 3131 icelandic jokull = glacier, hlaup = floodburst). . i - 4
« Harbardsbreen - 2514 This GLOF application gives overview of registered GLOFs from glaciers in mainland Norway. Click on the glaciers in the left menu too s + Haroardshreen - 2514
- listigbreen - 1824 ‘more information on the registered events + Helistugubireen - 2765
+ Jostefonni - 2145 « Henndaisheeen - 2098
- Koppangsbreen - 205 i T
- Miplkedalsbreen - 2717 = M on
+ Rembesdalskaka - 2068

o Mekevolibreen - 2324
« Higargsbreen - 2297
» Stegholibreen - 2450

Rundvassbreen - 941

8} in 19 o che dvanced tn the ]990s &3

Bergsetbroan (10 f and 2008 Bergsetbreen reacts quickl

Sauanutbreen - 3142

- Strupbreen - 200
Suppheliebreen - 2352
Svartisheibreen - 1135
Tunsbergdalsbreen - 2320
Vesire Svartisen - 1080

tramsfens am the glacier bn 2006

3. Betwoen 2000 and 2008 the glacter retreated. The low

tongue became comp
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Rundvassbreen from Bidmannsisen calves into Gvre vatn. Several or Glacier Lake Outburst Floods (GLOFs), have

occurred from this glacier. Photo: Hans Martin Hjemaas, May 2012.



http://glacier.nve.no/viewer/CI/en/cc
http://glacier.nve.no/viewer/CI/en/cc
http://glacier.nve.no/viewer/CI/en/cc

Usage of products

Outlines delievered to GLIMS (global
database of land ice) & RGI

Inventory of
Norwegian Glaciers

Area and length change studies from LIA to e

present (publications, book chapters,
iInventory book)

Glacier masks used for modelling
= Ice volume estimate of Norway
Other users:

= Meterological institute

= Hydropower companies

= Students

= Researchers

1,204 o 103101 G THITG

The Randolph Glacier Inventory:
a globally complete inventory of glaciers

The Cryosphere Discuss., 8, 3060-3115, 2014
wwwthecryosphere-discuss net/a/3060/20 14/ The Cryosphere
doi; 10.5194/tcd-8-3060-2014

This discussion paper is/has been under review for the journal The Cryosphere (TC).
Please refer to the corresponding final paper in TC if available.

Glacier area and length changes in
Norway from repeat inventories

S. H.Winsvold1, L. M. Andreassenz, and C. Kienholz®




Outlook

= Sentinel/Landsat 8
= Better temporal and spatial resolution

= Glacier outlines: repeat surveys
-> Change assessment

= Glacier lakes: focusing on GLOF sites
->  Monitor development of lakes

= End-of-season snow line:
-> Mass balance estimates
(if annual imagery)

= |ce velocity & ice divides
4+

Norwegian Water Resources and Energy Directorate
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