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Primary Objective:
Position of the Ice-Ocean Interface




1. Ice Front Calving
(destabilizing)

reduces

backpressure of
iceshelf on
inland ice




1. Ice Front Calving:
Theoretical Description Lacking

Jakobshavn Isbrae, West Greenland
5 June 2007
14:10 - 14:28 UTC

photos by Jason Amundson

Geophysical Institute, University of Alaska Fairbanks




2. Marine Ice Sheet Instability
( desfabi//lzﬂg )

cannot balance
grounding line flux
with inland
accumulation on




3. Grounding Line Wedge
(stabilizing)

grounding line ice

thickness greater
than hydrostatic, ...
hence stabler




4. Tsostasy
(stabilizing)

loss of grounded

ice causes elastic
uplift of bedrock




D. Eustasy

(destabilizing)

.

loss of grounded
ice causes global
rise of sea level




6. Self Gravity
(stabilizing)
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/. Sea Floor Ridges
(stabilizing)

blocks WDW
access to grounding
line




7. Sea Floor Ridges
Autosub @ PIG, Jan 2010

Jenkins et al,,
Nat. Geosci., 2010




7. Shelf Break Troughs
(destabilizing)

assists WDW

access to
shelf




8. Viscous-Sublayer:
Molecular Exchange Rules
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8. Viscous-Sublayer:

Melting Point Depends on Salinity
(stabilizing)

interface meltwater

lowers salinity and
raises melting
temperature




9. Ice Shelf Cavity Pump:
Melting Point Depends on Pressure

freezing Point drops

with pressure causing
melting at the
grounding line




9. Ice Shelf Cavity Pump:

Quadratic Melting
(destabilizing)

J. Climate, 2008




10. Land-Fast Sea Ice
(destabilizing)

blocks HSSW
production, ...
allows WDW access




11. Coastal Polynya
(stabilizing)

allows HSSW
production, ...
blocks WDW access




12. Mean Density Structure
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13. Antarctic Slope Front:
Dynamic Barrier

(stabilizing)
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14. Warm Deep Water (WDW)
(destabilizing)
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15. Westerlies (Strength/Position)
(destabilizing?)
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15. Westerlies: Northern Hemisphere

(NAO varied over the 1990s)
(destabilizing)

Observational
study:
Weaker
westerlies ...
Stronger ice
melt

Holland et al.,
Nat. Geosci, 2008



15. Westerlies: Southern Hemisphere
(Amundsen Sea Low varied over 1990s)
(destabilizing)

Modeling
study:
Stronger
westerlies ...
Stronger ice
melt

ANTARCTIC CIRCUMPOLAR CURRENT Th |
SEAWATER DENSITY FRONTS (FROM ORSI et al, 1995), oma et al.,

AND BATHYMETRY OF THE SOUTHERN OCEAN (UP TO LATITUDE 25 S)
GRL, 2008




15. Westerlies: Ozone Hole _

(destabilizing?)

Increase meridional
temperature gradient, ...
increase westerlies




15. Greenhouse Gases
(stabilizing?)
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The Impact of Stratospheric Ozone Recovery on the Southern Hemisphere
Westerly Jet

S.-W. Son,1* L. M. Polvani,1’2 D.W. Waugh,3 H. Akiyoshi,4 R. G::lrcia,5 D. Kinnison,5 S. Pawson,6 E. Rozanov,7’8
T. G. Shepherd,? K. Shibata'?

In the past several decades, the tropospheric westerly winds in the Southern Hemisphere have been observed to
accelerate on the poleward side of the surface wind maximum. This has been attributed to the combined anthropogenic
effects of increasing greenhouse gases and decreasing stratospheric ozone and is predicted to continue by the
Intergovernmental Panel on Climate Change/Fourth Assessment Report (IPCC/AR4) models. In this paper, the predictions
of the Chemistry-Climate Model Validation (CCMVal) models are examined: Unlike the AR4 models, the CCMVal models
have a fully interactive stratospheric chemistry. Owing to the expected disappearance of the ozone hole in the first half of
the 21st century, the CCMVal models predict that the tropospheric westerlies in Southern Hemisphere summer will be
decelerated, on the poleward side, in contrast with the prediction of most IPCC/AR4 models.

Decrease meridional
temperature gradient, ...

decrease westerlies



Extra-Polar Teleconnections
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Supposed Pathway Forward: ARb5/Beyond

(ice-ocean interaction context)
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Observations are going way tooo slooow ...
(ice-ocean interaction context)
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Realistic Way Forward: AR5/beyond

(ice-ocean interaction context)
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Present Challenges:
Exploratory Modeling

* Atmospheric: Robust projection of SAM and
NAO in the 215t Century

* Oceanic: models capable of
advancing/retreating with ice sheet

* Glaciological: Higher-order ice sheet
models with representation of ice shelves and
ice streams



Present Challenges:
Theory

e Extension of Marine Ice Sheet Instability
theory to multi-dimensions

* Validation of viscous-sublayer model and
guadratic melting



Present Challenges:
Observational

* Long-term observations of ocean
properties along periphery of ice sheets

* Detailed bathymetry






