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Intr
oduction

B
rine

rejection
during

ice
form

ation
overpolarcontinentalshelfareasis

thoughtto
m

ake

a
substantialcontribution

to
the

generation
ofoceanic

deepw
ater,w

ith
significant

consequencesfor
the

interioroceancirculation,and
for

the
globalclim

ate
on

decadalto

m
illenialtim

escales.



Location
A

substantialproportionofthe
ice-form

ation
and

brine-rejection
processis

associated

w
ith

the
form

ation
ofcoastalpolynyasduring

periodsw
ith

offshorew
inds.

S
e

p
te

m
b

e
r-

O
cto

b
e

r
2

0
0

0

A
u

g
u

st
2

0
0

1

S
 a

n
d

 T
1

0
m

 a
b

o
ve

b
o

tto
m

(F
rom

I.
F

eretal.JG
R

109(C
1),C

01005(2004))



S
torfjord outflow

 plum
e path after K

illw
orth (2001): D

escent rate:  1/400.
G

reen path: derived over sm
oothed bathym

etry.
R

ed path: derived over raw
 bathym

etry: better fit to observations!
B

lue dots: S
tations w

here the core of the plum
e w

as observed during Lance, July 01.
 

(S
eeI.F

eretal.JG
R

109(C
1),C

01005(2004))



G
enerating

an
artificialpolynya

(Lars
H

.S
m

edsrud,2003)



C
om

putedairflow
overS

valbard,using
M

M
5

m
odel(A

nne
D

.S
andvik)



M
odels

In
orderto

quantify
the

air-seaexchange
processesinvolved,w

e
are

running
R

O
M

S
w

ith

a
dynam

ic-therm
odynam

icseaice
com

ponent,w
ith

inputfrom
the

M
M

5
m

esoscale

atm
osphericm

odel,for
S

torfjorden(S
valbard).



C
oupling

S
incethereare

greatdifferencesin
the

surface
boundaryconditionsbetw

eenice-covered

and
openw

ater
areas,w

hich
w

ill
causesubstantialchangesin

the
atm

osphericboundary

layer,w
e

are
in

addition
im

plem
entingtw

o-w
ay

coupling
ofR

O
M

S
+

ice
w

ith
the

W
R

F

m
esoscaleatm

osphericm
odel.

S
ize

ofgrid:
G

oal—
a1–2km

grid,300
300

grid
points.

F
ixed

param
eters:

Terrain
elevation,seaice,S

easurface
tem

perature,S
ubstrate

tem
perature,S

now
cover,Latitude,Longitude,M

ap
scalefactor,C

oriolis
param

eter,

Land-usecategory



E
xchangedvariableschosenfrom

:

U
10 ,V

10 ,S
urface

sensibleand
latentheatflux,S

urfacedow
nw

ard
shortwave

and
longw

ave

radiation,2
m

tem
perature,2

m
w

atervapourm
ixing

ratio,surface
albedo,G

roundand
sea-ice

tem
perature,sea-ice

fraction,F
rictionalvelocity,roughnesslength,M

onin-O
bukhov

length,

snow
height,snow

cover,rainfall
(convective

and
non-convective),S

urface
netradiation,

w
ater-equivalentsnow

depth.



C
oupling

m
ethod

proposed

Initially,w
e

proposedto
usethe

O
A

S
IS

m
odelcoupler:

–
D

eveloped
underP

rogram
for

IntegratedE
arth

S
ystem

M
odelling

(P
R

IS
M

)

–
V

ersion3
available

from
C

E
R

FA
C

S
,Toulouse

–
O

A
S

IS
3

synchronizesthe
exchangesofcoupling

fields
betw

eenthe
m

odelsbeing

coupled,and
perform

s2D
interpolationsand

transform
ations

betw
een

the
sourceand

targetm
odel.

–
M

odularity
and

flexibility
have

beenparticularly
em

phasized
in

the
O

A
S

IS
3

design.

–
B

utthe
R

O
M

S
codew

ould
have

to
be

m
odified

to
run

underO
A

S
IS



C
oupling

m
ethod

used

T
he

W
R

F
I/O

A
P

IM
C

T
C

oupling
Im

plem
entation.

A
n

im
plem

entationofthe
W

R
F

I/O
A

pplication
P

rogram
m

ingInterfaceusing
the

A
rgonneM

odelC
oupling

Toolkit(M
C

T
)

and
the

M
essagePassingE

nvironm
entU

tilities

(M
P

E
U

)libraries.

R
O

M
S

2.1
and

the
W

R
F

atm
osphericm

odelnow
containcodeim

plem
entingthis

coupling
softw

are
(w

ritten
by

D
an

S
chaffer

(N
O

A
A

)
and

C
hris

M
oore).

V
ersionsusedin

the
B

C
C

R
im

plem
entation:

–
W

R
F

version1.3,w
ith

coupling
codem

adeavailable
to

us
by

D
an

S
chaffer

–
R

O
M

S
2.1

betaw
ith

ice
codeby

PaulB
udgell(R

O
M

S
2.1beta+

ice),plus
the

R
O

M
S

2.1
(R

O
M

S
2.1final)

coupling
code

It
w

assim
plerto

add
the

coupling
routinesfrom

R
O

M
S

2.1finalto

R
O

M
S

2.1beta+
ice,ratherthan

to
add

the
ice

codeto
R

O
M

S
2.1final.



S
tatus

(one-w
aycoupling)

O
ne-way

M
M

5
R

O
M

S
coupling

hasbeensetup
for

the
B

arentsS
ea.A

finergrid
for

the
S

torfjordenareaw
ill

be
im

plem
ented.

A
quasi-one-dim

ensionalR
O

M
S

sim
ulationhasbeenperform

ed
ata

fine
scaleby

Lars

H
.S

m
edsrudto

sim
ulatethe

freezing
ofan

artificialpolynya.



S
tatus

(tw
o-w

ay
coupling)

R
O

M
S

and
W

R
F

com
pile

successfullyon
the

IB
M

R
egatta

atB
ergen

(Para//ab).

N
ow

in
the

testingphase(strippeddow
n

‘m
inim

al’
m

odelsystem
,em

ploying
tw

o
unix

(A
IX

)
processes,one

for
the

W
R

F
partand

one
for

the
R

O
M

S
partofthe

m
odel).

C
om

piledw
ith

debugging
enabled.



Initialization
ofM

P
Idatacom

m
unication

appearsto
be

successful.

–
D

ebugger(IB
M

xldb)can
be

used,w
ith

2
w

indow
s,one

for
each

process.



E
rrorsoccurduring

dataexchange—
itis

probablynecessary
to

elim
inateerrors

due
to

incorrectspecificationofthe
dataexchangeform

at(in
a

file
w

hich
is

in
N

etC
D

F
form

at).



C
onclusion

B
rine

form
ation

during
freezing

in
coastalpolynyasm

ay
contribute

tow
ardsdeep-w

ater
form

ation,and
thusthusthe

m
eridionaloverturning

circulation
and

the
globalclim

ate
system

.

In
orderto

quantify
this

processadequately,detailedcoupledatm
osphere–seaice–ocean

hydrodynam
icand

therm
odynam

ic
m

odelstudiesare
required.

A
t

B
C

C
R

,w
ithin

the
N

F
R

-fundedP
rocC

lim
project,w

e
are

settingup
a

coupledsystem
com

prisingR
O

M
S

2.1
betaw

ith
an

ice
m

odule,and
the

W
R

F
atm

osphericm
odel,

coupledusing
the

M
C

T
A

rgonnem
odelcoupling

toolkit,inter-processcom
m

unication
being

by
M

P
I.

T
he

coupledm
odelsystem

hasbeensuccessfully
com

piledand
linked,and

w
ork

is
in

progressto
setup

correctly
the

dataexchangeroutines.


