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Background—
Overall ‘mass balance’ (the ice budget) of Antarctica

Antarctica –a continent covered by a sheet of 
ice, in some places more than two miles thick. 

The ice sheet is losing mass, and the rate of 

loss is increasing.  This contributes to sea 
level rise.

Two areas of major ice loss: 

the Antarctic Peninsula, and 

the glaciers draining into 

Pine Island Bay
Loss Gain

Peninsula

Pine Island Region
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Where is Antarctica losing ice?



Why these two areas?
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Background—
Larsen B Shelf disintegration,  February-March 2002

March  7   2002

January 31 2002
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Increased surface melting led to 
ponding of meltwater and fracturing;

When the shelves were removed, 
tributary glaciers accelerated 
significantly (by factors of 2 to 6)
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Shuman et al., 2010 in review

New Results —
Effect of ice shelf retreat on glaciers: rapid, continuing losses

Net elevation loss, 2001 to 2006

SCAR Inlet Ice Shelf,

still present (2010)

(remnant of Larsen B)

Larsen B

disintegration,

March, 2002

All the deep-fjord glaciers have accelerated
and lost elevation;

50 to 150 meters (160 to 500 feet) thinning is 
typical;

Ice volume lost: 

72.4 km3 total (about 18 cubic miles)

14.0 km3/yr     (3.5 cubic miles a year)    
error: ± 19%

This total combines glacier thinning and ice 
that has calved and floated away.

Drygalski glacier still thinning 11 years later, 
rate is ~3 meters (10 feet) per year

Larsen A 

disintegration,

January, 1995
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How did we do it? Combining many data sets from NASA…

ICESat orbit tracks, 2003 – 2009: satellite laser altimetry

this NASA satellite mission has now ended

Ice, Cloud and land Elevation Satellite

ATM overflights, 2002, 2004, and 2008: airborne laser altimetry

now a part of NASA’s ongoing IceBridge Project

Airborne Topographic Mapper

Elevation differencing from stereo satellite images

NASA’s Earth Observing System, and France’s SPOT

ASTER – Advanced Spaceborne Thermal Emission and Reflectance Radiometer
SPOT – System Pour L’Observation du Terre
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The response seems to occur in several phasess

Quick initial flow speed increase and some drawdown;

Larger drawdown progresses slowly upstream;

Some ‘fits and starts’ due to bracing, then letting go, of bedrock highs
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Flask Glacier observing system installed  (AMIGOS)

March  7   2002

New monitoring

stations



Ted’s segue slide



1000 km



65 km

35 km

Landsat image



Two related curves-what are they?

from Bindschadler, Vaughan and Vornberge



ICE SHELF THICKNESS
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ICE SHELF THICKNESS

OCEAN HEAT

Variability in this Ocean Heat is driven by variability in Surface Winds



strong 
winds

Stronger 

winds 

deliver 

more 

warm 

water to 

the ice 
shelf



Ice thickness waves 

MODIS image

We see spatial 

variations in 

ice thickness 

that match the 

temporal 

variations in 
ocean heat



seabed

glacier

rock bed

ice shelf

water

surface

WAVES

ice flow

data from British Antarctic Survey

Ice voids on ice shelf underside are up to 150 meters deep



ICE SHELF THICKNESS

OCEAN HEAT

• Surface wind speed is tied directly to ice shelf melting

• Because only 22% of the incoming heat melts ice, the 
vulnerability to increased melt (and ice loss) is high



strong 
windsWhy are 

these features 

only on one 

side of the ice 
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Pine Island Glacier
Antarctica
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The West Antarctic Ice Sheet is the world’s greatest 
thread for rapid sea level rise.

Currently loosing tremendous amounts of ice, 

surrounded by a warming ocean, and being 

underlain by bedrock that slopes inland making it 
especially vulnerable to warming. 

NASA has a special focus on this area through 
satellite, airborne, and field studies. 

Map from LIMA



• Floating ice-shelf buttresses ice-sheet, but has been thinning & 
retreating.

Satellite altimetry (ICESat & ERS) and airborne studies 
(IceBridge) show

ice-sheet thinning at 5-6 m/year with acceleration.

Satellite InSAR (RADARSAT) studies show increasing ice flow 
velocity.

GRACE shows tremendous ice loss.
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Data from ATM legacy, ICESat and ATM IceBridge
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Pine Island Glacier off its leash?
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