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Nomenclature:

Bedrock

Ice Shelf

Ocean

Ice Sheet

Atmosphere

Slope
Front Cavity

Sea Ice

Ice Front

Grounding
Line



Nomenclature:  Northern Hemisphere
Water Masses

Polar Surface Waters

North Atlan1c
Deep Water

Irminger Waters or
Atlan1c‐Layer
Waters



Nomenclature:  Southern Hemisphere
Water Masses

Polar Surface Waters

Antarc1c
BoQom Water

Circumpolar Deep Water
or Warm Deep Water
(WDW)



Nomenclature:  Continental Shelf
Water Masses

High Salinity
Shelf Water
(HSSW)

Ice Shelf
Water (ISW)



Nomenclature:  Northern Hemisphere 
Westerly Winds

NAO – North
Atlan1c Oscilla1on

Greenland
Ice Sheet



Nomenclature:  Southern Hemisphere 
WesterlyWinds

SAM – Southern
Annular Mode

Antarc1c
Ice Sheet



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



2.   Marine Ice Sheet Instability
(destabilizing)

cannot balance
grounding line flux

with inland
accumula1on on
reversed bedslope



3.   Grounding Line Wedge
        (stabilizing)

grounding line ice
thickness greater
than hydrosta1c, …

hence stabler



4.   Isostasy
        (stabilizing)

loss of grounded
ice causes elas1c
upliX of bedrock



loss of grounded
ice causes global
rise of sea level

5.   Eustasy
        (destabilizing)



6.   Self Gravity
        (stabilizing)

loss of grounded
ice causes

gravita1onal drop
of sea level



7.   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

exchange at interface
occurs by molecular

processes, ...
not turbulence Holland & Jenkins,

JPO, 1999



8.  Viscous-Sublayer:
 Melting Point Depends on Salinity

(stabilizing)

interface meltwater
lowers salinity and
raises mel1ng
temperature



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

freezing Point drops
with pressure causing

mel1ng at the
grounding line



9.  Ice Shelf Cavity Pump:
Quadratic Melting

(destabilizing)

quadra1c increase in
melt with linear
increase in cavity
temperature P. Holland et al.,

J. Climate, 2008



10.  Land-Fast Sea Ice
(destabilizing)

blocks HSSW
produc1on,  …

allows WDW access



11.   Coastal Polynya
(stabilizing)

allows HSSW
produc1on, …

blocks WDW access



12.   Mean Density Structure 
over Continental Shelf

(de/stabilizing)

Jacobs & Giulivi,
J. Climate, 2010
Jacobs & Giulivi,
J. Climate, 2010



13.  Antarctic Slope Front:
   Dynamic Barrier

(stabilizing)

Jacobs
Mar. Chem., 1991



14.  Warm Deep Water (WDW)
(destabilizing)

courtesy of
Stan Jacobs, LDEO



15.  Westerlies (Strength/Position)
 (destabilizing?)



15. Westerlies:    Northern Hemisphere
(NAO varied over the 1990s)

 (destabilizing)

Holland et al.,
Nat. Geosci, 2008

Observa1onal
study:
Weaker
westerlies …
Stronger ice
melt



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

 (destabilizing)

Thoma et al.,
GRL, 2008

Modeling
study:
Stronger
westerlies …
Stronger ice
melt



15.  Westerlies:   Ozone Hole
 (destabilizing?)

Increase meridional
temperature gradient,  …

 increase westerlies



15. Greenhouse Gases
(stabilizing?)

Decrease meridional
temperature gradient,  …
 decrease westerlies



16.   Extra-Polar Teleconnections
EN

SO
TH

C



Supposed Pathway Forward:  AR5/Beyond
(ice-ocean interaction context)

Observa1ons

Theory

Projec1ve
Modeling



Observations are going way tooo slooow …
(ice-ocean interaction context)



Need to be Realistic:     Present Resources
(ice-ocean interaction context)

Strong
Computa1onal
Capability

Weak
Observa1onal
Capability



Realistic Way Forward:         AR5/beyond
(ice-ocean interaction context)

Observa1ons

Theory

Projec1ve
Modeling

Exploratory
Modeling



Present Challenges:
Exploratory Modeling

• Atmospheric:  Robust projec1on of SAM and
NAO in the 21st Century

• Oceanic: models capable of
advancing/retrea1ng with ice sheet

•   Glaciological:  Higher‐order ice sheet
models with representa1on of ice shelves and

ice streams



Present Challenges:
Theory

• Extension of Marine Ice Sheet Instability
theory to mul1‐dimensions

• Valida1on of viscous‐sublayer model and
quadra1c mel1ng



Present Challenges:
Observational

•   Long‐term observa1ons of ocean
proper1es along periphery of ice sheets

•   Detailed bathymetry




