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I’'ll talk about

Why we need models
— from a non-modeler

Why we need good models

— recent observations have destroyed
confidence in present models

Recent ice-sheet surprises
Responsible physical processes
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“...understanding of (possible future
rapid dynamical changes in ice flow)

IS too limited to assess their
likelihood or provide a best estimate
or an upper bound for sea level
rise.”




Future Sea Level is likely
underestimated




lce Sheets matter Globally

Source: CReSIS and NASA

Land area lost by 1-meter rise in sea level




Impact of 1-meter sea level rise:

Land area (thousand km?) Population (millions) GDP (USS$ billion)
0 200 400 600 800 25 50 75 100 100 200 300 400

Africa

Australia

Europe

Latin America

orth America

Asia

Global (total 2 223 000 km? 145 millions US$944 billion




20t Century Greenland Ice Sheet

Sea level Change (mm/a)
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Approximately in “mass balance”




215t Century Greenland Ice Sheet

Sea level Change (mm/a)
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Things could get a little better or a lot worse
Increased ice flow will dominate the future rate of change




A History Lesson
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Decreasing Mass Balance
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Greenland Ice Sheet Mass Balance
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Antarctic Ice Sheet Mass Balance
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Pace of ice sheet changes
have astonished experts

WETIET is the common

agent behind these
changes

Ice sheets HATE water!




Fastest Flow at the Edges

Winter 200

fe Larsen  Weddell Sea

Ice Shel
Filchner
Ice Shelf

Interior: 1000’s
meters thick and
slow

Perimeter; 100’s
meters thick and
fast

Funded by NASA Crybsphere Program

Source: Rignot and Thomas RADARSAT data provided by CSA & ASF

Response time and speed of perturbation
propagation are tied directly to ice flow speed




1. Disintegrating Ice Shelves

Since the mid-1980s
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Water as a Wedge
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Consequence of Ice Shelf Loss

Hektoria Glacler
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(Scambos et aI 2004)

Formerly buttressed glaciers accelerate




2. Summer acceleration of
Greenland’s margins
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Greenland melt extent is increasing
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3. Subglacial Lakes
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Lake drainage coincided with

increase in ice flow speed




4. Thinning, Acceleration and Retreat
at lce-Sheet Margins

Elevation = = T T 1992-2003

The deepest outlet glaciers exiting into the ocean are responding most.



Accelerating Outlet Glaciers

Since the mid-1990s
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Variety of Responses

b

Change within ASMB
Change beyond ASMB

Increasing change beyond ASMB

Surge recovery

not categorized




Rapid Retreat

Since the mid 1980s
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Jakobshavns

Acceleration of Jakobshavn Isbree triggered
by warm subsurface ocean waters

DAVID M. HOLLAND™, ROBERT H. THOMAS?, BRAD DE YOUNG?, MADS H. RIBERGAARD*
AND BJARNE LYBERTH®

nature genscience | ADVAMNCE ONLINE PUBLICATHON | www.nature cominaturegecscience

Published onfine: 28 Sepiembar 2008; doi:10.1038/ngeo316
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Antarctic Ocean-Ice Interaction
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Focus on Amundsen Sea Sector

Velocity Change in Elevation Change

Pine Island, Thwaites and Smith Glaciers exhibit expected signs of collapsing:




Pine Island Glacier Acceleration

Now moving
>one foot per
hour!!
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Start in the Atmosphere

Increased temperature gradient increases circumpolar winds




Now Some Oceanography
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Some More Oceanography
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Upwelling of CDW

Ekman Drift




Amundsen Sea
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Thermal Sensitivity of Ice Shelves

Small water
temperature
Increase causes
large melt rate
Increase
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Have we already seen the future?

Muir Glacier, Alaska

Tidewater glaciers are a good analogue to
margins of modern ice sheets




Large outlet glaciers are displaying classic “drastic
retreat” traits similar to Alaskan tidewater glaciers

Helheim Glacier, Greenland Columbia Glacier, Alaska
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Tidewater Glacier “Drastic Retreat”

Quasi-stable




Tidewater Glacier “Drastic Retreat”

Quasi-stable




Tidewater Glacier “Drastic Retreat”
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« Central region of Greenland is
below sea level

« Jacobshavns Isbrae occupies
subglacial channel connected
to central depression

Russel Huff, Univ. of
Colorado



Antarctica

West
‘&\Ant
HW"*qukg ¥

Nearly all of West Antarctica ice sheet and
much of East Antarctica ice sheet rests on
bed below sea level




5. Calving

Not a “simple” process; or is it?




Summary

We (the global “we”) need better ice sheet
models to predict future sea level

Key processes are known, but poorly
characterized

— Most involve water
— Some involve links to other external conditions

Field studies of key processes are
underway

Modeling can’t walit for field answers and
can contribute to effective field programs




Thank you!

A Questlons’>
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