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Ice Shelf Water (ISW): A water mass with a temperature below the

surface freezing point



Ice Shelf
Water in
McMurdo
Sound

Ken Hughes

Physical
Processes

Location

Observations

What this
means

ISW Plume
Model

Starting Model

Extension to Sea
Ice

Sea Ice processes

Extended Model

Results

Predictions

Length Scales

Thanks to:

Appendices

Location

Scott Base 

W = West I = Intermediate C = Central E= East NN = Near North FN = Far North FE= Far East

This Study
Lewis and Perkin (1985)

78°S McMurdo Ice Shelf 
FE

E
CIW

NN

FN

Ross Island 

V
ictoria Land 

77°S 

0° 

60°S 

75°S 

90°E 90°W 

RIS 

Ross Sea 76°S 

180°  

Drygalski Ice Tongue

McMurdo
Sound

Image:NASA 
Rapid 
Response 
MODIS 
Subsets

20 40 60 80 100km0

169°E 

167°E 

165°E 

163°E 



Ice Shelf
Water in
McMurdo
Sound

Ken Hughes

Physical
Processes

Location

Observations

What this
means

ISW Plume
Model

Starting Model

Extension to Sea
Ice

Sea Ice processes

Extended Model

Results

Predictions

Length Scales

Thanks to:

Appendices

Observations

2.0

2.2

2.4

2.6

S
ea

 Ic
e

T
hi

ck
ne

ss
 (

m
)

0

2

4

6

8
0

20

40

60

D
ep

th
 o

f 
In

 S
it

u
S

up
er

co
ol

in
g 

(m
)

0

200

400

600

D
ep

th
 o

f P
ot

en
tia

l
S

up
er

co
ol

in
g 

(m
)

Sea Floor

Spring
Neap

165°00′ 166°00′165°30′ 166°30′
Longitude (E)

W I C
E

FE

0

50

100

150

200D
ep

th
 in

 C
or

e
 (

cm
)

Granular PlateletColumnar

Spring
Neap

0 5 10 15

S
ub

-ic
e 

P
la

te
le

t
La

ye
r 

T
hi

ck
ne

ss
 (

m
)

R
os

s 
Is

.

Landfast Sea Ice

Dailey Is.

McMurdo Ice Shelf

Ice Shelf Edge

20km



Ice Shelf
Water in
McMurdo
Sound

Ken Hughes

Physical
Processes

Location

Observations

What this
means

ISW Plume
Model

Starting Model

Extension to Sea
Ice

Sea Ice processes

Extended Model

Results

Predictions

Length Scales

Thanks to:

Appendices

What this means

Dempsey et al. (2010), JGR, 115

• Our observations are
consistent with the
understood outflow
of supercooled water

• High platelet
percentages since
we were very close
to the ice shelf

• Platelet ice
formation driven by
oceanic processes

We want to model the supercooled water in McMurdo Sound
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McMurdo Ice Shelf

McMurdo Sound

Background ocean circulation
(wind-driven circulation, geostrophic currents, tidal

rectification, topographic effects)
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Sea Ice Processes

• Significant heat flux to atmosphere

• Freezing (not melting) regime
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Results

How far can the supercooled water go?
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Predictions

• Importance of background ocean circulation

• Supercooling growth enhancement

• Frazil ice crystal size distribution
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Supercooling Length Scales

• Supercooling and enhanced sea ice growth decays over
50–100 km length scale

• Stevens et al. (2009) – Supercooled water can persist
250 km from edge of McMurdo Ice Shelf

Stevens et al. (2009), Ocean Sci., 5
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Supercooling Length Scales

• Large-scale models suggest sea ice growth affected up to
1000 km from ice shelf.

Hellmer (2004), GRL, 31 Beckmann and Goosse (2003), Ocean Modell., 5
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