
Why It Matters
Robert Bindschadler

Chief Scientist
Laboratory for Hydrospheric and Biospheric Sciences

NASA Goddard Space Flight Center

Robert.A.Bindschadler@nasa.gov



Land area lost by 1-meter rise 
in sea level

Source: CReSIS and NASA



Impact of 1-meter sea level rise:

An immediate and significant impact on 
economies and ecosystems worldwide

From Anthoff et al., 2006



IPCC Report Evolution

• 1990 – no mention of ice dynamics; time- 
scale thought too long for focus on 2100



IPCC Report Evolution

• 1990 – no mention of ice dynamics; time- 
scale thought too long for focus on 2100

• 1995 – West Antarctic collapse mentioned 
as high-risk/ low probability event



IPCC Report Evolution

• 1990 – no mention of ice dynamics; time- 
scale thought too long for focus on 2100

• 1995 – West Antarctic collapse mentioned 
as high-risk/ low probability event

• 2001 – feedback emphasizing importance 
of ice dynamics all but ignored



IPCC Report Evolution

• 1990 – no mention of ice dynamics; time- 
scale thought too long for focus on 2100

• 1995 – West Antarctic collapse mentioned 
as high-risk/ low probability event

• 2001 – feedback emphasizing importance 
of ice dynamics all but ignored

• 2007 – dramatic ice dynamics clearly 
identified as a limitation to prediction



maximum?

“…but..flow rates could increase or decrease in the future.”

“Larger values cannot be excluded…”

“…understanding of these effects is too limited to assess their likelihood 
or provide a best estimate or an upper bound for sea level rise.”

NO!



It is the responsibility of the 
glaciological community to help 
provide quantitative estimates of 

ice-sheet behavior during this 
century



Bracketing Uncertainty
– Use history

• 60 mm/a has happened (20X present rate)
– Use analogues 

• Tidewater glaciers
– Use simplified models to capture quick- 

response components
• “big dumb ice sheet”

These can be employed right away
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Water drives century-scale (and 
shorter) ice dynamics
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– Meltwater lubrication
• surface and basal origin
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• hydraulic and non-hydraulic

• Sub-shelf melting
– HSSW vs. CDW

Field work is 
underway but will 

be slow to produce 
quantitative 
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Models will lead field work and produce the first 
useful quantitative predictions of near-term ice- 

sheet behavior
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What Must Models Do?
• Get the water right

– Meltwater production
– Ocean water properties and circulation on the continental shelf

• Temperature, salinity, currents at multiple depths
• Link water to ice dynamics

– Basal lubrication
• Water pressure, not magnitude
• Till properties

– Ice-shelf buttressing
• Time dependent boundaries

– Experiment
• Explore the parameter space

• Multiple approaches
– Simple models with quick results will have enormous impact
– Full-stress approach requires more time



Summary

• NOTHING in glaciology is more important than 
improving short-term ice-sheet behavior 
predictability (based on cost/benefit ratio)



Summary

• NOTHING in glaciology is more important than 
improving short-term ice-sheet behavior 
predictability (based on cost/benefit ratio)

• Understanding the behavior of the ice sheet 
edges (i.e., tidewater glaciers and ice shelves) is 
the key to quantifying the short-term response



Summary

• NOTHING in glaciology is more important than 
improving short-term ice-sheet behavior 
predictability (based on cost/benefit ratio)

• Understanding the behavior of the ice sheet 
edges (i.e., tidewater glaciers and ice shelves) is 
the key to quantifying the short-term response

• Simpler models will lead the way over the next 
five years, while field studies continue and more 
complex models are constructed
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