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Intr oduction

e Brinerejectionduringice formation over polarcontinentashelfareasis thoughtto make
asubstantiatontrikution to the generdéion of oceanic deepwate, with significant
consequecesfor theinterior ocearcirculation, andfor the globalclimateon decadato

millenial timescales.



e A substantiaproportionof theice-formationandbrine-rgectionprocessis associated
with theformation of coastalbpolynyasduring periodswith offshorewinds.
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Storfjord outflow plume path after Killworth (2001): Descent rate: 1/400.

Green path: derived over smoothed bathymetry.
Red path: derived over raw bathymetry: better fit to observations!
Blue dots: Stations where the core of the plume was observed during Lance, July 01.

(Seel. Feretal. JGR109(C1),C01005(2004))
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Geneatinganartificial polynya (LarsH. Smedsrud2003)



Computedirflow over Svalbard,usingMM5 model(AnneD. Sandvik)
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Models

¢ In orderto quantifytheair-seaexcharge processesanvolved,we arerunningROMS with
a dynamicthermodynamiseaice componeh with inputfrom the MM5 mesoscle
atmospherienodel,for Storfjorden(Svalbard)



Bjerknes Centre

for Climate Researc

Coupling

e Sincetherearegreatdifferencesin the surface boundaryconditionsbetweence-covered
andopenwatea area, whichwill causesubstantiathangesn theatmospheri®oundary
layer, we arein additionimplementingwo-way couplingof ROMS+icewith the WRF
mesoscalatmospherienodel.

Sizeof grid: Goal—al—-2km grid, 300x 300grid points.

Fixed parameters: Terran elevation,seaice, SeasurfacetemperaturgSubstrate
temperatue, Snowv cover, Latitude,Longitude,Map scalefactor Coriolis paramete
Land-usecateyory
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Exchangedvariableschosenfrom:

U10, V10, Surface sensibleandlatentheatflux, Surfacedowvnward shortwave andlongwave
radiation,2 m temperatug, 2 m watervapourmixing ratio, surfacealbedo,Groundandsea-ice
temperatug, seatce fraction, Frictional velocity, roughnessength,Monin-Olukhov length,
snov height,snav cover, rainfall (convective andnon-coiwvective), Surface netradiation,

waterequvalentsnon depth.
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Coupling method proposed

e Initially, we proposedo usethe OASIS modelcoupler:
— Developal underProgramfor IntegratedEarthSystemModelling (PRISM)
— Version3 availablefrom CERFACS, Toulouse

— OASIS3synchranizesthe exchangesof couplingfieldsbetweerthe modelsbeing
coupled,andperforms2D interpolationsandtransforméons betweenthe sourceand
targetmodel.

— Modularity andflexibility have beenparticulaty emphasizé in the OASIS3design.
— Butthe ROMS codewould have to be modifiedto run underOASIS
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Coupling method used

e TheWRFI1/O API MCT Couplinglmplementéon.

¢ An implementatiorof the WRF I/O ApplicationProgrammingnterfaceusingthe
ArgonneModel CouplingToolkit (MCT) andthe Messagdlassingenvironment Utilities
(MPEU) libraries.

e ROMS 2.1andthe WRF atmospherienodelnow containcodeimplementingthis
couplingsoftware (written by Dan Schafer (NOAA) andChrisMoore).

e Versionsusedin the BCCRimplementation:
— WRF versionl.3,with couplingcodemadeavailableto usby Dan Schafer

— ROMS 2.1 betawith ice codeby Paul Budgell(ROMS2.1beta+ick plusthe ROMS
2.1 (ROMS2.1fina) couplingcode

x|t wassimplerto addthe couplingroutinesfrom ROMSZ2. 1finalto
ROMS2.1beta+ie, ratherthanto addtheice codeto ROMSZ2. 1final
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Status (one-waycoupling)

e One-vay MM5 — ROMS couplinghasbeensetup for the BarentsSea.A finer grid for
the Storfjordenareawill beimplemented.

e A guasi-onedimensionaROMS simulationhasbeenperformel atafine scaleby Lars
H. Smedsrudo simulatethe freezing of anartificial polynya.
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Status (two-way coupling)

e ROMS andWRF compilesuccessfullyonthelBM Regatta at Bergen(Para//ab.

e Now in thetestingphasgstrippeddown ‘minimal’ modelsystememploying two unix
(AIX) processespnefor the WRF partandonefor the ROMS partof the model).
Compiledwith deluggingenabled.



¢ Initialization of MPI datacommunicéion appeas to be succeasful.

— Delugger(IBM xldb) canbeusedwith 2 windows, onefor ead process.
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Locals for air_ocean{} in master,f90
mycolors:
My comm :

Sworks jenkinssmodel 1ingWRF - RO
nodes, Wariational data asszimilation {4DVAR?
requires more thinking,

Sworks jenkinssmodellingWRF-ROMS/Rezatta romd
in enzemble forecasting. ROMS is run over an enszemble loop,
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For now. the outzide loop iz deactivated and "Hrun" iz =et

writel=, *)"air_ocean.F: nATM_steps
writel(=,*)"air_ocean.F: nOCH_steps "L noc
IF (MyRank.le,peATM_last) THEHN

Writei<. *)"air_ocean,F: About to call wr
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CALL wrf_finalize I nodes, Yariational data assimilation 4DWAR) iz more complig
mrmﬂ requires more thinking,
first=,TRLUE.

Hrun=1

write{*.#)"air_ocean,F; About to call ror writel=, =}"sir_ocean,F: nRTHM_steps "o nATHM_steps
nDrr roms_init tFirst, ZEHDZZV . writel*, #}"sir_ocean,F: nlOCH_steps "o nlCH_steps
writedi{*,.#}"air_ocean,F: Exit from roms_i IF (MyRank,le,peATH_last} THEN
CALL s Pl write{*_*)"air_ocean,F: Rbout to call wrf_init"
CALL roms_finalize : CALL wrf_init tHyCOMM3
] CALL wrf_run {nATHM_steps=s, Muyvalue}

CALL wrf_finalize
ELSE

first=,TRUE.

Hrun=1

write{*,*}"air_ocean,F: About to call roms_init"
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CALL mpi_finalize MyError? i -ﬁ03m|w3+ mﬂm . 2




e Errorsoccurduringdataexchange—itis probablynecess to eliminateerrors dueto
Incorrea specificatiorof thedataexchangeformat(in afile whichis in NetCDFformat).
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Conclusion

e Brineformation duringfreezingin coastapolynyasmay contritutetowardsdeepwater
formation,andthusthusthe meridionaloverturning circulationandthe globalclimate
system.

¢ In orderto quantifythis processadequatly, detailedcoupledatmosphereseace—ocan
hydrodynamicandthermodynanic modelstudiesarerequired.

e At BCCR,within the NFR-fundedProcClimproject,we aresettingup a coupledsystem
comprisingROMS 2.1 betawith anice module,andthe WRF atmospherienodel,
coupledusingthe MCT Argonnemodelcouplingtoolkit, inter-processcommunicéon
beingby MPI.

e Thecoupledmodelsystemhasbeensuccesfully compiledandlinked,andwork is in
progresgo setup correcdly the dataexchangeroutines.



