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Sea
Ice

characteristics

A
pril

1998
A

ugust1998

�

It
coversonly

7%
ofthe

globaloceans.2/3
ofit

are
found

aroundA
ntarctica.

�

It
insulatesthe

oceansfrom
heatlossto

atm
ospherein

the
w

inter(by
2

ordersofm
agnitude).

�

it
hashigh

albedo(reflectivity)
and

thusprovidespositive
feedbackto

clim
atic

cooling
orw

arm
ing

�

during
the

1990’s,it
w

asfound
to

greatlyreducein
thicknessand

coverage(A
rctic

O
cean).

�

N
on

uniform
distribution

(eg
leads,polynyas,deepice

pressurekeels)
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M
ixed

layer
under

Sea
Ice

characteristics

�

Large
ice

floesare
stable(absenceofsurfacew

aves)to
hold

instrum
ents.M

easuringturbulentfluctuations
m

ore
accurately.

�

Long
polarnightsand

persistentcloudinesshinterrem
otesensingotherthan

thatbasedon
m

icrow
aves.

�

S
eaice

can
eitherenhanceordim

inish
the

stressappliedby
the

w
ind

to
the

w
ater,becausethe

stress
transm

ittedby
the

seaice
from

the
w

inds
to

the
w

aterdependson
the

prevailing
m

om
entum

balanceon
the

ice
floe

(i.e.the
internalice

stresses).M
ostofthe

m
om

entum
flux

is
absorbedby

ice
and

little
is

transm
ittedto

the
w

aterif
internalice

stressesare
large.Landfastice:no

m
om

entum
transferfrom

w
ind

to
w

ater.M
arginalIce

Z
one

(M
IZ

)
closeto

the
edgeofthe

ice
pack,the

ice
surfacecan

be
very

rough
and

the
stressappliedby

the
w

ind
to

the
ice

(and
thusthe

w
ater)is

largerthan
in

the
absenceofice.

�

Leadsare
createdby

the
divergencein

ice,

often
storm

induced,but
rapid

ice
grow

th

or
convergenceof

floes
closesthem

quickly

(tim
escales �

hours
-

days).
P

olynyas
are

larger
and

m
ore

persistentregions
of

open

w
ater.

Leadsand
polynyasim

pose(1)low
er

insulation
to

excessive
heat

loss
and

(2)

low
er

albedo
than

the
surroundingice.

In

the
w

interleadscom
pose1-2%

of
the

pack

ice
and

accountfor
halfthe

heatloss
in

the

A
rctic

O
cean.In

the
sum

m
er,solarheating

helpsm
elting

the
ice

laterally
faster.
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T
his

is
the

m
ostim

portantcom
ponentofthe

heatflux
from

the
oceanto

the
ice.H

elpskeepingthe
average

ice
thickness(around3m

)less.In
the

A
ntarctic

oceanvigorousm
ixing

bringsheatflux
from

oceanto
ice

and
sustainsan

average05-0.8m
ice

thickness.

�

W
hen

oceanw
aterreaches-1.7 0C

it
doesn’t

coolfurtherbut
it

changesphase(becom
es

ice).
D

uring
ice

form
ation

concentrated

brine
is

ejectedand
it

provides
a

buoyancy

flux
capableto

drive
free

convection.

�

Lateralice
m

elting
becauseheatis

absorbedin
the

surroundingopenw
ater,and

the
w

aterrunning
dow

n

from
the

m
eltpondsform

ed
on

the
ice

surface(percolation),providesthe
freshwaterflux

thattendsto

inhibitm
ixing

in
the

O
M

L
underneath.

5



�

S
eaice

m
orphology:Top

ofthe
ice:pressure

ridgesin
the

interiorofthe
ice

packand
rub-

ble
due

to
collision

betw
eenfloes.Increased

roughness.
B

ottom
ofthe

ice
floe:pressure

keels(extending10-25m
depth,occasionally

50m
)thatprovide

an
efficientstirring

m
ech-

anism
w

hen
the

ice
packis

in
m

otion.T
hese

are
internalw

ave
source

regions.
E

dge
of

the
ice

pack,in
the

M
IZ

,
m

elting
ice

creates

a
strong

butshallow
halocline

thatconfines

any
m

om
entum

transferredby
ice

to
the

w
a-

ter.
T

hen
“slippery-w

ater”effectcausesthe

pack
ice

to
m

ove
rapidly

in
responseto

the
appliedw

ind
stress.
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�

Large
scale

circulation
(i.e.

currents
and

gyres)is
im

portantin
the

developm
entofthe

O
M

L.

�

F
reshwaterinflow

from
rivers
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Sea
ice

equations

A
It �

U
I �

∇
A

I �

ρ
w

A
I

ρ
I D

I �

Source
A �

Sink
A�

D
It �

U
I �

∇
D

I �
ρ

w

ρ
I �

Source
D �

Sink
D�

�

D
I U

I� t �

U
I �

∇�

D
I U

I� �

fk 	
�

D
I U

I� �
D

I g∇
ζ�

1ρ
I ∇

σ�

A
I

ρ
I �

τ
A

I �

τ
IO�

w
hereA

I =
areaconcentration,D

I =
m

assperunitarea,U
I =

ice
velocity
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H
eat

and
Salt

F
luxes

A
t

the
ice-oceaninterface:




w
θ� 0 �

w
0 L

F 

k

I
d

Td
z � 0

.....(1)
and




w
S� 0 �

 w

0 �

w
p�
 S

0 


S
I�

.....(2)

w
herew

0
(aka

ablationvelocity
)

is
the

freezing(negative)orm
elting(positive)rate,k

I
is

the
therm

alconductivity
ofice

divided
by

the
w

aterdensityand
specificheatatconstantpressureofw

ater,L
F

is
the

latentheatoffusion
ofice

divided
by

the
specificheatofw

ater.
w

p
is

the
rate

ofpercolationofw
aterfrom

above
the

interface,S
0

is
the

salinity
atthe

interfaceand
S

I
is

the
ice

salinity.

To
find

w
0 ,assum

ethat
dΦ

T� S
d

z �

u�kH� S
and

integratevertically
the

dow
ngradientequations �

w
θ� �

w
S �

�

k
H� S

∂∂z �

T� S�

w
ith

boundaryconditions(1)and
(2):

u�� T� z���

T� 0��

w
0 L

F �

k1
d

Td
z �

Φ
T �

�

z0
u�kH

dz �

and
u�� S� z���

S� 0��

� w
0 �

w
p�� S

0 �

S
I� �

Φ
S �

�

z0
u�kS

dz �

w
hereu�

is
the

friction
velocity

atthe
interface,

T
0� S

0
are

relatedasT
0 �



m
S

0
for

the
freezingline,w

herem

�

0.054.

m
S 20 �

 !#"

T$ z% �
$ Φ

Tu� % kI
d

Td
z & �

"

1�
$ Φ

S
w

p
u�
% &$('

Φ
T

kI
d

Td
z

Φ
S

% '

m
SI )*

S0 '
 ! "

T$ z% �
$ Φ

Tu� % kI
d

Td
z & '

$ Φ
T

kI
d

Td
z

Φ
S

% "

S$ z% �
$ Φ

S
w

p
u�

% SI & )*,+

0

T
hen,

w
0 �

-

S�

z� �

S
0

Φ
S�

S
0 �

S
I�.

u/ �

w
p

w
hereΦ

T� S �

Φ
turb �

b

0 u� z0ν

1 12 23

νkH� S4

22 3, b=
3.2

(lab
exp),b=

1.6
(m

easurem
ents).
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T
he

L
ocalTurbulence

C
losure

(M
cP

hee)
schem

e

5

steady-state

5

horizontallyhom
ogeneousO

M
L

5

coordinatesfixed
w

ith
m

oving
ice

5

drop∂6 ∂t
term

s(ie
inertialoscillations)

5

considerm
otion

ofonly
longertim

e
scales

T
hen,the

m
om

entum
balanceis:U

7
∂τ∂z

w
hereallvariablesare

non-dim
ensionalized:

U �

fDu�

Uu�

z �

zD
τ �

τu
2� �

k
M

∂U∂z
k

m �

km
fD

2

D
ifferentiatingthe

m
om

entum
equation:

τkM
7

∂
2τ

∂z 2
w

herek
M

7

lu8

To
find

the
functionalform

ofk
M

equateit
to

a
length

scaletim
esu/ .T

he
relevantlength

scalesare
z,D

,u/9

f

(neutralP
B

L
scale),L �

u
3�

� 0: 4w
b�

is
the

M
onin-O

bukhov
length

scale.In
the

presenceofstablestratificationthe

turbulentlength
scalein

the
bulk

ofthe
boundarylayeris

l �

0; 2L
and

closeto
the

boundaryitselfl �

0; 4z
.
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T
he

L
ocalTurbulence

C
losure

(M
cP

hee)
schem

e

M
cP

heesuggestsone
form

ula
for

both:

l �
0 ;05�

u/f

�< 1�

0; 05
u�f

R
ic L

= �

1

If
k

M
is

constantthroughoutthe
O

M
L,E

km
anlik

e
solution

show
s

thatthe
currentbelow

the
ice

packm
ovesat

45
0

angleto
the

ice
drift.

H
ow

everm
easurem

entsshow
thatthis

angleis
betw

een20-40 0.

A
pproachfails

in
the

caseoffree
convection

(=
no

shear+
unstablestratification).P

cP
heesuggeststhatthen,

l �

0 ;4D
M

L .
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T
he

InternalW
ave

drag
on

ice

5

ice
m

elting �
>

shallow
M

Ls

5

m
oving

ice
floes �

>

integralw
avesatthe

bottom
ofthe

M
L

5

bottom
ofice

floe:k
0 =

peakw
avenum

ber,h
0 =

peakam
plitude

5

buoyancy
jum

p
atthe

bottom
ofM

L:∆
b

5

uniform
stratificationbelow

N

T
hen,the

coefficientofIW
drag

on
ice

is:

c
dIW �

τ
IW

ρ
w U

2I �

12 �

k
0 h

0� 2? R
2N �

1@ 12 20 sinh
2�

k
0 D�0 �

coth�

k
0 D� �

R
b� 2�

R
N �

111 �

1

w
hereR

N �

N
U

I k0
and

R
b �

∆
b

k0 U
2I
.

ForD
valuesgreaterthan

10m
the

IW
drag

is
sm

all.
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