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Findings

1. The climate drivers behind outlet glacier instability during the past 100 years
2. The late 1930s and early 2000s glacier retreat episodes
3. The potential effect on submarine glacier melt of ambient ocean water

4. Fjord circulation intensity changes on inter-annual time scales
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Constructing a calving record for Helheim Glacier
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Constructing a calving record for Helheim Glacier
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Comparing the calving record with climate indices
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Comparing the calving record with climate indices
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Comparing the calving record with climate indices
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Comparing the calving record with climate indices
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Comparing the calving record with climate indices
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Comparing the calving record with climate indices

North Atlantic Oscillation
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Comparing the calving record with climate indices

Warming climate = calving
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Timing of instability of Jakobshavn Isbrae and Helheim Glacier concurs with:

- a positive Atlantic Multi-decadal Oscillation
- a negative North Atlantic Oscillation index
- changes in sea ice occurrence around Greenland
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Findings

1. The climate drivers behind outlet glacier instability during the past 100 years
2. The late 1930s and early 2000s glacier retreat episodes
3. The potential effect on submarine glacier melt of ambient ocean water

4. Fjord circulation intensity changes on inter-annual time scales



The late 1930s and early 2000s marked glacier retreats
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The late 1930s and early 2000s marked glacier retreats
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The late 1930s and early 2000s marked glacier retreats
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The late 1930s and early 2000s marked glacier retreats
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The late 1930s and early 2000s marked glacier retreats
20 4 o
Subsurface g \/\/\ M
warm inflow Z% L
Disko Bay =
(Lloyd et al. 2011) D gl ] : - == —— —
% %j ; ““\/A\/\ v A4
Warming of = 2 e AR / wA VN Pch i
summer air S5 1 RN/ v L 2 JA P
P v
o — I IS B e e e T —
5 2] A AN
o) 1 A [ AN N V f
g o/ AN ALY AL AW V. BN ..
1 SR LA W AW Tl B YAV VA FA [ o
Argic S . s

T T T T

0
~— JR o§ :
5 S | Acean \/\ | B

T R BT 7
12 —

2 a i \/\/\ .
gl

R T

A
y‘/‘ ESt ait
GREENMAND Jiwordic ) \

Reconstructed
SST on shelf

Alkenone-based
temperature (°C)

T
T T B "

!
T
T
T

4 Combined increase § 2 A A BPR y
HG/ K /(I Seas L A in Atlantic Water g o Jwy N AN I~ Y. Ak:A 'y UN
20N influence R WA W AV DA 1LV
: on shelf % 2] 2
W o gk ]
“m.\“ge(‘-“ S strat 1 I R E L e e  a m EE B I
s / a
¢ W . S 4 /\
& o ‘ Decrease in £ A iy N |
. T d Polar Water 2 ] VA WABA N L ) NN & &N
v ) A S 0 —y [ \/ N A - \// J < ,j < \j‘ vV
P influence & Wi N |5 \q \:;
W A 11V My Y
4 = M \/
~ 10
0 . 28 o5 . i
g Increase in BB R v - A o N y \\//\ IN A
Y - NI hy Nt
) Atl_antlc Water D o] WU / \\,f“A\A \ /
S0°N influence S Ay Ji \/
S35 8+
<3 45

Helheim Glacier
A calving

o E- :'u z 1900 1920 1940 1960 1980 2000
Date



G EUS

The late 1930s and early 2000s episodes of marked
glacier retreat of Jakobshavn Isbrze and Helheim
Glacier may stand out due to the coincidence of:

Subsurface warming of the ocean around Greenland
Record low sea ice occurrence
Record warm summer air




Findings

1. The climate drivers behind outlet glacier instability during the past 100 years
2. The late 1930s and early 2000s glacier retreat episodes
3. The potential effect on submarine glacier melt of ambient ocean water

4. Fjord circulation intensity changes on inter-annual time scales



Warming climate = calving
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Little Ice Age submarine melt

LIA scenario
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Little Ice Age submarine melt
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Little Ice Age submarine melt
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Little Ice Age submarine melt

Subsurface ocean warming
inferred from benthic foraminifera

Ameralik Fjord
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Little Ice Age submarine melt ¢
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Little Ice Age submarine melt

Onset LIA
Associated oceanographic change
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subsurface ocean warming
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Little Ice Age submarine melt

(Andresen et al. 2013)

Warm subsurface water intrusion

outside Sermilik Fjord
(Foraminifera flux)

|’/—\T*/\‘f‘ | ' |

800 1200 1600 2000
\ Date (AD)

Warm subsurface water intrusion \

inside Sermilik Fjord \
(Foraminifera flux) \

IIIl‘lIllllllllKlllllll‘lllll

1401 gog AD PO 90 083 1600 AD [ 1900 AD | ©

(Stoican et al. In prep)

G EUS



Little Ice Age submarine melt

LIA scenario
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What happened to the large outlet glaciers during the LIA?
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Little Ice Age submarine melt
Mass loss since the LIA (1900 AD) untill 1980s
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Little Ice Age submarine melt
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Little Ice Age submarine melt
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Little Ice Age submarine melt
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Little Ice Age submarine melt

LIA scenario

Cold atmosphere

Glacier unable to advance

So in spite of atmospheric cooling Helheim Glacier did not advance
during the LIA - maybe because of the warming subsurface layer in
the fjord in relation to high SSTs in the Irminger Sea
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In regions with quite warm subsurface waters these have the
potential to trigger glacier instability even with minimal glacier
discharge
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Findings

1. The climate drivers behind outlet glacier instability during the past 100 years
2. The late 1930s and early 2000s glacier retreat episodes
3. The potential effect on submarine glacier melt of ambient ocean water

4. Fjord circulation intensity changes on inter-annual time scales



Circulation intensity — Sermilik Fjord
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Circulation intensity — Sermilik Fjord

Warming climate = calving
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Circulation intensity — Sermilik Fjord

Meltwater plume
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Circulation intensity — Sermilik Fjord
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On inter-annual time scales episodes of increased fjord
circulation are linked with a positive NAO index and increased
sea ice occurrence on the shelf - thus a climatic setting impeding
calving rates in spite of marked renewal rate
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Summary of findings

1. Timing of instability of Jakobshavn Isbrae and Helheim Glacier concurs with:

- a positive Atlantic Multi-decadal Oscillation
- a negative North Atlantic Oscillation index
- decreased sea ice occurrence around Greenland

2. The late 1930s and early 2000s episodes of marked glacier retreat of Jakobshavn Isbrae
and Helheim Glacier may stand out due to the coincidence of: Subsurface warming of the
ocean around Greenland, record low sea ice occurrence and record warm summer air

3. In regions with quite warm subsurface waters these have the potential to trigger glacier
instability even with minimal glacier discharge

4. On inter-annual time scales episodes of increased fjord circulation are linked with a
positive NAO index and increased sea ice occurrence on the shelf - thus a climatic setting
impeding calving rates in spite of marked renewal rate
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