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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 events
3. Fjord circulation intensity changes on inter-annual time scales

4. The potential effect on submarine glacier melt of ambient ocean water
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Subsurface water by Disko Bay
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Subsurface water by Disko Bay

Arctic-wide surface temp. Temp. (°C), Disko Bugt
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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
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Comparing the calving record with climate indices
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Comparing the calving record with climate indices

Multi-decadal variability

P " ‘l
—— :g- g)‘; B "" A Y 7
arming of = 9 \/\\
ﬁ summer air T 3 éz N/ V'\'[\\/\/ VIJ\L/\P//\
/ Fm 1 T T " 1 Bl T
x 2
S A/ A ‘ g
Negative Index I = : R v \\\/\,/’\\//‘/M v \\/ \//\
E
- T e e
g O 12 q
n < i
Reconstructed 3 £ oo
SST on shelf £ |
7 g § é i
Y ‘ /\ << alan oamrs o ams
GREEN' AND ] 5
"“Ord'c Combined increased 3 2 - A e B /
He/ K627l 5935 in Atlantic Water L) A Y. Al
g— infiuence 3 ”‘/\ /\\/ L \ A% WA IV
\, e Ny mark on shelf » 7]
Subpolar. ree Strait siainn U BRl U B BN B BB LB
yre Irminger $ea -
5
Decrease in 2 A A N
PR / it \,4 ™ P
~X Polar Water 2 .1 N/ \\ A A gl \J oy J\‘J[\ J\\j"Nv
influence g " IMIL I / W g \z;
g W /_\\/ \J
oo 10 -
< G 95 —| a
Increase in ;% QZ PN NN \/ }
Atlantic Water 2B os ] \’“V\\[A\ / \\/ 4
influence R AL \’\J\/
£3 °7
R ®° 18 J——1——T—7T1T @ BEE @B OB B U
g < 8 7 € 5 4 gy 2

Helheim Glacier
A calving

| ' [ ! | ' [ ’ | ' I
W 1900 1920 1940 1960 1980 2000
Date



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




Comparing the calving record with climate indices
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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
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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
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
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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
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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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What happened to the large outlet glaciers during the LIA?
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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

AW

¥ Minimal subglacial discharge
‘Moderate’ submarine melt

e
GEUS



Little Ice Age submarine melt
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Little Ice Age submarine melt

LIA scenario
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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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Circulation intensity — Sermilik Fjord
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Circulation intensity — Sermilik Fjord
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Circulation intensity — Sermilik Fjord
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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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Comparing the calving record with ocean temperature proxy
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Comparing the calving record with ocean temperature proxy
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Comparing the calving record with ocean temperature proxy
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Comparing the calving record with ocean temperature proxy
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Comparing the calving record with ocean temperature proxy
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Comparing the calving record with ocean temperature proxy
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Comparing the calving record with ocean temperature proxy
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Comparing the calving record with ocean temperature proxy
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Comparing the calving record with ocean temperature proxy

Warming climate = calving
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The Little Ice Age — climate scenario
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The Little Ice Age — analysing fjord cores

Mud

Mud with sand and pebbles

Dowdeswell et al. 2000

in Sermilik Fjord
clay content core

Cooling

I Decreasing iceberg rafting 600 +/-200 AD

—p

1900 AD

v

140

130

120

110

7

100

T

90

80 70 60
Depth ER07 (cm)

50

40

30



The Little Ice Age — analysing fjord cores
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The Little Ice Age — analysing fjord cores
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The Little Ice Age — analysing fjord cores
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The Little Ice Age — analysing fjord cores
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The Little Ice Age — analysing fjord cores

XRF-based correlation of two mid-fjord cores
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The Little Ice Age — analysing fjord cores

Warm subsurface water intrusion

inside Sermilik Fjord
(Foraminifera flux)

(rrrrrererererrerrrrrrrrrrr e
140 130120110100 90 80 70 60 50 40 30 20 10 O
Depth (cm)

GEUS



The Little Ice Age — analysing fjord cores
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The Little Ice Age — analysing fjord cores

Warm subsurface water intrusion
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Comparing the calving record with current strength proxy
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Comparing the calving record with current strength proxy

210pp dating of the meltwater plume sediment

100

210Pbxs ER11-24

10 -

0

o

S

~N y = 60,075 0021

o R2=0,9216

Q

+r 1

O 0 20 40 60 80 100 120 140 160
o

o 100

>

a . 210Pbxs ER11-25
-]

10 -

y = 68,407e0.025
R?=0,7413

0 20 40 60 80 100 120 140 160

Depth (cm) in cores

GEUS



Comparing the calving record with current strength proxy
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Comparing the calving record with current strength proxy
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Comparing the calving record with current strength proxy
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Comparing the calving record with current strength proxy
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Comparing the calving recc
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Comparing the calving record with climate indices
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Constructing a calving record
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