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Sea ice is frozen sea water
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Sea ice scales
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Sea ice has...

m extent
September Northern Hemisphere Sea Ice Extent (1979-2014)
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Sea ice has...

m extent

January Southern Hemisphere Sea Ice Extent (1979-2015)
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m extent
m thickness
m velocity

http://youtu.be/YBTVJIH6En8

Europe

“Ice in Motion” by Kare Holter Solhjell, near Svalbard



Sea lce
Modeling:

Characteristicy

L
Processes
Critical for

the Radiation
Budget

Overview

m extent

m thickness
m velocity
m stuff on it




Sea Ice
Modeling:

Characteristicy

and
Processes
Critical for
the Radiation
Budget

Overview

Sea ice has.

m extent

m thickness
m velocity
m stuff on it
m stuffinit




Sea Ice
Modeling:

Characteristicq

and
Processes
Critical for
the Radiation
Budget

Elizabeth
Hunke
Overview
Factors in

the Radiation
Budget

Summary

Monthly Sea Ice Thickness
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1958-2007 CICE simulation
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Ice Thickness Distribution
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a(x, h, t) dh = the fractional area covered by ice in the
thickness range (h, h + dh) at a given time ¢ and location x

99 _

0
5 = Vo (gu)+ v —op(fg) + L,

A PDF of ice thickness h
in a region, such as a

g(h)dh? grid cell.
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Ice Thickness Distribution g

a(x, h, t) dh = the fractional area covered by ice in the
thickness range (h, h + dh) at a given time t and location x

o9 ‘_g
3 = -V -(gu)+v 8h(fg) + L,

V=% a)

u = horizontal ice velocity

» = mechanical redistribution function
f = rate of thermodynamic ice growth
L = lateral melting



Sea Ice
Modeling:

Characteristicg

and
Processes
Critical for
the Radiation
Budget

Elizabeth
Hunke
Overview

Factors in
the Radiation

Sui

Ice th
Optics
Ecosystem

Clouds

Summary

What’s important?




What’s important? ALBEDO

Processes
Critical for
the Radiation
Budget

Elizabeth
Hunke .
Bare ice
Overview

Factors in
the Radiation

aracteristics
Ice thickness
Optics
Ecosystem

Clouds

Summary




Processes
Critical for
the Radiation
Budget

Elizabeth
Hunke

Factors in
the Radiation
Budget

The Radiation Budget

(June) net longwave = 291 - 321 = -30 W/m?

1552 AYKUT AND UNTERSTEINER J. Geophys. Res. 1971
s B net shortwave = 310 - 239 = 71 W/m?
AIR ] [ Balance of fluxes o <273 o
4 dTy _
(-or)Fr-[°+FL-chT°+F‘+yL+k°($°_ .
transmitted shortwave = 1.6 W/m?® ~lagg ()] T =273 %K
i ey Lay AT
h  SNOW s 3t s azz Heat required for ablation
| 3T Heat conduction
(X
),
N ka(g—:)h = ki(g—:)h Balance of fluxes
‘*;(a)h
¥s(z) | ar _ 85(z), 31
[(mi’f * (r-273>2:| s " Hee *rany) 2t * ¥yl el
B ICE z

Heat conduction with internal heat source

1
=

)

d
-F, " [q_(h*ﬂ)] Balance of fluxes
i ¥ LT Tl

Fig. 1. Schematic illustration of the sea ice model.



Surface characteristics

Processes
Critical for
the Radiation
Budget

Elizabeth
Hunke

Overview

Factors in
the Radiation
Budget

Surface
characteristics

Clouds

Summary

Il. Bare ice




Surface characteristics

Processes
Critical for
the Radiation
Budget

Elizabeth
Hunke

Overview

Factors in
the Radiation
Budget

Surface
characteristics

Il

Bare ice




Sea Ice
Modeling:

Characteristicq

and
Processes
Critical for
the Radiation
Budget

Elizabeth
Hunke

Overview

Factors in
the Radiation
Budget

Surface
characteristics

Summary

Variable form drag

thickness

control

6.00

1115.50

5.00
14.50
14.00
3.50
3.00
12.50
2.00
1.50
1.00
10.50
0.00

variable form drag

6.00

7L5.50

5.00
14.50
14.00
13.50
3.00
12.50
2.00
1.50
1.00
0.50
0.00

12 2009

12 2008

Fover
i
U o

 Colorodo




Surface characteristics

Processes
Critical for
the Radiation
Budget

Elizabeth
Hunke

Overview

Factors in
the Radiation
Budget

Surface
characteristics

Ice thickness
Optics
Ecosystem

Clouds

Summary

|. Open ocean

11I. lce with snow

i




Surface characteristics

Sea lce vertical conductive, radiativ
Modeling: - T

Characteristics L 11 (CO
and :
Processes
Critical for
the Radiation
Budget

Elizabeth
Hunke

Overview

Factors in
the Radiation §
Budget

Surface
characteristics

Clouds

Summary




Sea Ice
Modeling:

Characteristicg

and
Processes
Critical for
the Radiation
Budget

Elizabeth
Hunke

Overview

Factors in
the Radiation §
Budget

Surface
characteristics

Surface characteristics

vertical conductive, radiativ

(constan



Melt ponds

5 v

Sea Ice S )
Modeling: ) .
Characteristics m fed by meltwater, rain
Critioa for m pool on thinner ice or level ice
the Radiation

Budget / m hidden in snow until saturation
m drain through permeable ice
m refreeze at the top
m snow collects on refrozen ponds

Surface
characteristics

m transported on sea ice

U. Herzfeld/CASIE



Melt ponds

Sea Ice &' ¥ A
Modeling:_ ‘ .
LT m fed by meltwater, rain
Processes

Critical for m pool on thinner ice or level ice
the Radiation ., . . .
Budget f m hidden in snow until saturation
( § m drain through permeable ice
m refreeze at the top

m snow collects on refrozen ponds

Surface
characteristics

m transported on sea ice

U. Herzfeld/CASIE



Ice thickness

Sea Ice
Modelin:
Characteristicy
and
Processes
Critical for
the Radiation
Budget

Elizabeth
Hunke

Overview

Factors in
the Radiation
Budget

Surface
characteristics

Ice thickness
Optics
Ecosystem
Clouds

Summary

E. Hunke



Ice thickness

Sea Ice
Modeling:

Characteristicy

and

Processes
Critical for
the Radiation
Budget
Elizabeth > '. 3
flunke mechanical redistribution (ridging) 3
Overview thermodynamic growth/melt ‘
Factors in top and bottom ablation
the Radiation . o
Budget bottom accretion (congelation)
Ao frazil growth .
f snow-ice formatioh -
o “mushy layer” with prognostic salinity
Summary :

E. Hunke



Ice thickness

Sea Ice
Modeling:

Characteristicy

and

Processes
Critical for
the Radiation
Budget
Elizabeth > '. 3
flunke mechanical redistribution (ridging) 3
Overview thermodynamic growth/melt ‘
Factors in top and bottom ablation
the Radiation . o
Budget bottom accretion (congelation)
Ao frazil growth .
f snow-ice formatiof. -
o “mushy layer” with prognostic salinity
Summary -

E. Hunke



“Mushy Layer” Thermodynamics

Sea Ice
Modeling:
Characteristic
and
Processes
Critical for
the Radiation
Budget

Elizabeth
Hunke

Ice thickness




Characteristicy
and
Processes
Critical for
the Radiation
Budget

Ice thickness

“Mushy Layer” Thermodynamics

Oertling & Watts JGR 2004

Bulk
Salinity
(ppt)

35.1
324
28.7
251
214
17.8
— 14
| 105
| 68
— 32



Sea Ice
Modeling:
Characteristic

and
Processes
Critical for
the Radiation
Budget

Bulk
Salinity
(ppt)

35.1
324
28.7
25.1
214
—{ 17.8
= 14

1 10.5
— &8
— 32

Ice thickness

Oertling & Watts JGR 2004



Sea Ice
Modeling:

Characteristic

and
Processes
Critical for
the Radiation
Budget

Elizabeth
Hunke

Ice thickness

“Mushy Layer” Thermodynamics

E

Hmerems

£.0 §
e

warmer —

8cC ;
0 |
q |
C- | -
= \F-

courtesy B. Light, JGR 2003



“Mushy Layer” Thermodynamics

Sea Ice
Modeling:
Characteristic
and
Processes
Critical for
the Radiation
Budget

Ice thickness




“Mushy Layer” Thermodynamics
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Delta Eddington

Multiple Scattering Parameterization for Solar Radiation

air

\ /' snow scattering layer

\/‘ snow interior

ice scattering layer

Thin snow is patchy

Inherent optical properties:
extinction coefficient
single scattering albedo
scattering asymmetry

Apparent optical properties:
albedo
internal absorption
transmission to ocean

ice interior

Tuning parameters:
snow grain radii

fresh, melting, nonmelting
standard deviation
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Algae in the Bottom Ice, 1992 IARC/UAF

Latitude-averaged ice Algae (mg Chl m'2)
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e m algal types: diatoms, flagellates, Phaeocystis
Characteristics m DON/DQOC: proteins, polysaccharides, lipids
posesses m nutrients: nitrate/nitrite, silicate, ammonium, DMS(P)(d)
T m aerosols & chlorophyll absorption alter ice growth,
Aot under-ice PAR via Delta-Eddington
Hunke
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Figure courtesy Nicole Jeffery, LANL
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