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Overview

e Background

 International context

e Climate change scenarios

 Mass balance and dynamic modelling
* |ce-volume and runoff changes

e Conclusions
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Background

The Arctic and in particular the Nordic countries are home to
many of the most accessible glaciers on Earth

The small glaciers and ice caps are a part of the global
reservoir of ice stored in glaciers and small ice caps which is
likely to contribute substantially to the expected future rise in
global sea level

The glaciers are also important locally for various economic
and societal reasons

Melting and discharge of ice from the Greenland Ice Sheet is
one of the most important causes of global sea level rise

Research of the response of Greenland Ice Sheet and Arctic
glaciers to future climate change is potentially one of the most
important contribution of Nordic and Arctic scientists to global
change research in the future






Importance of glacier changes
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e Runoff changes
e Changes in subglacial water divides

e Changes in river courses at the glacier margins
and, as a consequence, changes in river flow away
from the ice margin, problems for communication
lines

e Changes of terminal lakes with effect on
jokulhlaups (glacial outburs floods)

e Sedimentation in marginal lakes, changes in
sediment transport to the ocean, long-term
changes in coastlines

e Isostatic land rise, coastal changes, problems in
harbour management
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Water on Earth as an average ocean depth
or sea-level rise equivalent

Amount (m)

The world oceans 35004000
Antarctica 56.6
Greenland Ice Sheet 7.3
Small ice caps and glaciers 0.2-0.4
Permafrost 0.03-0.1
Glaciers in Iceland 0.01
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Advancing/retreating non-surging termini

“

60
1

=
5
g8
0
ol
—
3.
{1}
0
ﬂ
(9]
) |
0
3
)
(1]
n
3
o
m
= |
s

Advancing/retreating termini (%)
40
|

.- “
QJ

I ’ | ' I ' I ’ I ’ I ! I J J I
1930 1940 1950 1960 1970 1980 1990 2000 2010

yaleasay AS1au3 JiploN
UopJoOou




Maps of annual average elevation changes
E: Eyjafjallajokull, Ti: Tindfjallajokull and To: Torfajokull ice caps
periods displayed as subscripts of E, To and Ti
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Temperature at 8 weather stations in Iceland
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GCM/RCM temperature

IPCC Mean SAT (1961-90) IPCC Mean SAT Change (1961-90 to 2021-50) IPCC Mean SAT Trends (2004-50)
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GCM/RCM temperature simulations
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“Expected value” for 2010 temperature
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Past temperatures + 13 scenarios
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Monthly delta change temperature scenarios
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Hveravellir, temperature and
precipitation scenarios

e Obs-modelling/Median—of-models
o | — BCCR BCM2 2010-2099
—_ —— CCCMA_CGCM31 2010-2099
O — CSIRO_MK35 2010-2099
° DMI-HIRHAMS5_ECHAMS5 RCM 2010-2099
00 — == MetNo_HIRHAMS5_HAD RGM 2010-2050
MIROG32_Medres 2010-2099
—— MIUB_Echo_G 2010-2099
g — - MPI_ECHAMS 2010-2099
T O — - MRI_CGCM232a 2010-2099
— - NCAR_CCSM3 2010-2099
(O] =  SMHI_RCA3 RCM 2010-2080
— - UKMO_HadCM3 2010-2099
3 < —~ - UKMO_HadGEM1_2010_2099
(1]
| -
g o 1
D O -
o
AN |
o | | | | | | |
o - | | ] | | | |
—
<
- o~
- ~—
= O ]
Eo) 0 .
= ) c p 2R NA
A A A 4 > 4
o \ A . 4 - ! VA CA N\ ; ‘
o 9 \\/‘ *Ik &“l = 7 4_4“.; N\ AV ,A e o \\ 3
Q.. ) . a7 b - x K 7, "7 & i W
= «© NIRRT _SRAIR SO\ Fr7\ Y "7 A %
(] = / eV \ - NNy
m Q © T U \
= O
(2] \ ()
— —
v o
o T T T T | | T
g
= 1990 2000 2010 2020 2030 2040 2050
=



Hofsjokull, mass balance modelling
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Hofsjokull, coupled model
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S-Vatnajokull, coupled model
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a Runoff change, Icelandic and Swedish glaciers
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Retreat of Langjokull and
Hofsjokull, 1990-2100
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Annual discharge, HBV/GLS models

Nigardsbrevatn annual discharge
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Discharge seasonality, HBV/GLS models
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Conclusions

The results of the CES project largely confirm the main results
obtained in the earlier CE and CWE projects.

Many glaciers and ice caps, except the Greenland ice sheet, are
projected to disappear in 100-200 years.

Runoff from ice-covered areas in the period 2020-2051 may increase
by on the order of 50% with respect to the 1961-1990 baseline, about
half of which has already taken place in Iceland.

There will be large changes in runoff seasonality and in the diurnal
runoff cycle and, in some cases, changes related to migration of ice
divides and subglamal watersheds.

The dynamic response of the glaciers has little effect on these
conclusions in the short term but becomes important in the second
half of the 215t century.

The runoff change may be important for the design and operation of
hydroelectric power plants and other utilisation of water

Detailed mass balance and dynamic modelling may be used to
estimate runoff changes in individual watersheds

There is a large uncertainty associated with differences between the
modelled climate development by different GCMs and RCMs
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