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Doubling of mass loss in last decade 
from glacier flow.
Percentage loss from outflow:  
66%
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• Land-based margin (both 

thickening and thinning, *):
~ 50% mass output

– Dynamic thinning through
Zwally effect?

– Not in models
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• Tidewater outlets (average 
thinning 0.84 m yr-1*):

~ 50% mass output

– Mechanisms of thinning
and acceleration need further 
investigation

– Not in models
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Krabill et al. GRL, 2004. Johannessen et al., 2005.
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• Especially lake drainages.

Where’s Zwally?

• “Melt water is seeping down 
through the crevices of the 
melting ice, lubricating 
glaciers and accelerating 
their movement to the 
ocean.” (Stern Review, 2006)

• Where? Land-based 
margins.

• Reality, ~10-15% annual 
speed increase.

• Where? Land-based 
margins.

Interesting –
but not significant 
to sea level rise
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• Double output into oceans
• Responsible for majority of 
increased mass loss from ice 
sheet
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Mean thinning
All SE glaciers
2004-5 14 m/yr
2005-6 3 m/yr
2006-7 1 m/yr
2007-8 4 m/yr
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• Archival photography (since 1936 oblique, 1950s 
vertical)

AB 1990AB 1966
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Arctic Climate Impact Assessment

Global small-glacier balance 
(mm SLE a -1) was …

• 0.39±0.20 in 1961-1990
• 1.01±0.20 in 2001-2004
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• In all regions (Antarctica, Greenland & small glaciers) 
marine-terminating glaciers dominate changes in mass 
loss

• Need to understand ocean drivers & include in models
– Tidewater front / ocean water interactions
– Role of fjords in “filtering” ocean signal
– Model limitations

• Fluctuations versus profound changes?
• Reconciliation of GRACE with dynamics in Greenland
• Longer-term records 

– Geological / sedimentological record
– Longer-term remote sensing

GLIMPSE
www.greenlandice.org


