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Catastrophic Ice-Shelf Breakup

Is a lack of sea ice a necessary precursor to ice shelf calving/collapse?



MODIS Mosaic of Antarctica 2003-2004

Two 2011 calving events
Sea ice conditions are a factor in both events

Sulzberger
~11 Mar 2011

McMurdo
~25 Feb 2011

Ross Ice Shelf



Tōhoku Earthquake (M = 9.0) and Tsunami, 11 Mar 2011
NOAA modeled maximum wave amplitude
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MODIS Mosaic of Antarctica 2003-2004

50 km

Sulzberger Ice Shelf



ESA Envisat Advanced Synthetic Aperture Radar (ASAR)

20 km

Sulzberger Ice Shelf
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USGS trimetrogon aerial photograph

stable for +46 years

Coincidence?

20 km
Envisat ASAR
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Sea ice at Sulzberger

•Dampens swell
•Buttresses ice shelf

01 Mar 2011
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Envisat ASAR
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•Dampens swell*
•Buttresses ice shelf
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Sea ice at Sulzberger



McMurdo Ice Shelf

75 km

40,000 km2 fast ice lost in ~40 days

17 Jan 2011 25 Feb 201129 Jan 2011 06 Feb 2011

•Dampens swell
•Buttresses ice shelf*

MODIS Rapid Response



stable for +48 years

McMurdo Ice Shelf

•Dampens swell
•Buttresses ice shelf*
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MODIS, 26 Feb 2010

•Dampens swell*
•Buttresses ice shelf*

Radarsat SAR
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• Sulzberger Ice Shelf calving event
– Distant teleconnection (13,000 km)
– Links unrelated phenomena
– Tsunami‐induced swell occurs when Sulzberger Bay is devoid of sea ice

• McMurdo Ice Shelf calving event
– Loss of 40,000 km2 of ‘persistent’ sea ice
– Mild storm event triggers calving

• Sea ice plays a critical role in ice‐shelf stability
Controls on calving/collapse include

– Thermodynamic (e.g., Larsen B)
– Mechanical (e.g., Sulzberger, McMurdo, Wilkins)
– Sea ice

Conclusions:
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