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Abrupt Climate ChangeAbrupt Climate ChangeAbrupt Climate ChangeAbrupt Climate ChangeAbrupt Climate ChangeAbrupt Climate ChangeAbrupt Climate ChangeAbrupt Climate Change

A large-scale change in the climate system that
takes place over a few decades or less, persists
for at least a few decades and causesfor at least a few decades, and causes
substantial disruptions in human and natural
systems.

Can a rapid change in glaciers and ice sheets and
hence sea level rise cause an abrupt climate
change?
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Average Rate = 3.5 mm/year
(1993-2006)( )
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SLR IPCC 2001: 1.8 mm/year

Thermal Expansion: (0.5) 1.2 - 1.6 mm/year

Mountain Glaciers: (0.3) ~0.9 mm/year

Greenland Ice Melt (0.05) ~0.5 mm/year( ) y

Antarctic Ice Melt: (0) ~0.4 mm/year

Land Water Storage: ?

[Mitchum and Nerem, 2007]
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Antarctica

Sea Level Rise (%) [IPCC,  2006]]
100% = 1.28 mm a-1

Sea Level Rise (%) [Meier et al., 2007]
100% = 1.8 mm a-1
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Greenland Ice SheetGreenland Ice SheetGreenland Ice SheetGreenland Ice SheetGreenland Ice SheetGreenland Ice SheetGreenland Ice SheetGreenland Ice Sheet



Total Greenland ice sheet melt area 
increased on average by 20% from 1979 to 

2006. On the western part of the ice 
sheet the melt area increased by 30%sheet the melt area increased by 30%

The increasing trend in the 
t t l  f lti  b  total area of melting bare 
ice is unmistakable at 13% 
per year



Greenland Ice Mass Loss from GRACEGreenland Ice Mass Loss from GRACEGreenland Ice Mass Loss from GRACEGreenland Ice Mass Loss from GRACE
Rate of Ice volume change:

All Greenland:      -238 km3/yr

South Greenland: -164 km3/yr

This annual ice loss from Greenland covers the D. C. area with 0.8 miles of water, or
the New England States with 4.5 feet of water.

North Greenland:    -65 km3/yr

73.250 N

Wahr and Velicogna, 2007
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AntarcticaAntarcticaAntarcticaAntarctica
Sea level rise contributions from Antarctica is increasing (~0.4 mm a-1) 

Large uncertainty and debate
Lack of large scale historic observations Lack of large-scale historic observations 

Pine Island Region
“The Weak 
Underbelly”y

West Antarctic ice sheet (7 m SLE) grounded below sea level on marine sediment 
experiencing high geothermal heat flow

Inherently unstable?



Antarctic Ice Mass Loss from GRACEAntarctic Ice Mass Loss from GRACE

Rate of ice volume change:

All Antarctica:      -149 km3/yr

West Antarctica: -115 km3/yr

East/West dividing line

West Antarctica:    115 km /yr

East Antarctica:       -23 km3/yr

Wahr and Velicogna, 2007
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Facts and UncertaintiesFacts and Uncertainties

GlaciersGlaciers areare loosingloosing massmass andand areare thethe largestlargest cryosphericcryospheric SLRSLR contributorcontributor..
RapidRapid changeschanges inin marginalmarginal regionsregions thethe GreenlandGreenland andand WestWest AntarcticAntarctic iceice sheetssheets showshow
accelerationacceleration andand thinningthinning..
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melting,melting, butbut thethe magnitudemagnitude ofof thesethese changeschanges isis currentlycurrently notnot modeledmodeled oror predictedpredicted..
The current SLR from glaciers and ice sheets is 2.2 mm/a.
If the ice loss continues at the current accelerated rate, SLR in 2100 will be >0.5 m and possibly
reach 1 m in magnitude or more
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