DANISH METEOROLOGICAL INSTITUTE

—— TECHNICAL REPORT ——

00-28

A seaiceforecasting system for
the Cape Farewell area

Nicolal Kliem

| SSN 0906-897X (printed)
| SSN 1399-1388 (online)

7
DMI
Copenhagen 2000



A seaice forecastingsystenfor the CapeFarevell area

Nicolai Kliem

email: nk@dmi.dk

DanishMeteorologicalnstitute

Contents
1 Introduction

2 Forecasting system
2.1 Systemdescription . . .
2.2 Seaicemodel . . . . ..
2.3 Seaiceobsenations. . .
2.4 Windforcing . ... ..
2.5 Ocearnforcing . . . . ..
2.6 Exampleof forecastycle

3 Numerical seaice model

4 Validation
41 Setup..........
4.2 Errorestimates. . . . .

4.3 Iceseasomecembed999toJune2000 . . . . . . . . . . .o

4.4 Examplesof simulations
5 Conclusion
A Watersaround Greenland

References

~NOoO O O NNDNDN N

(o]

10
10
11
11
14

17

19

20



1 Introduction

A seaice forecastingsystemis underdevelopmeniat the DanishMeteorologicalnstitute (DMI).
The objectve s to predictseaice drift in the watersaroundCapeFarevell 2-3 daysin adwance.
Theforecastwill be of benefitto the presenice serviceat DMI.

Thelce ChartingandRemoteSensingDivisionat DMI producemapsof seaice concentration
in the CapeFaravell area. The mapsaremainly usedfor safenavigation andare updatedevery
2-3days.They arebasednremotelysensedlata thatis, satellite-borneneasurementsrimarily
from Radarsatandby airbornemeasurementwith a specially-equippeaircraftandhelicopter
Developmentof the ice serviceat DMI goesin two directions. Oneis to exploit the numberof
differentkinds of satelliteobsenations[Gill, 1998;Gill and Valeur, 1999]. The otheris to use
numericalmodelsto predictseaice drift [Kliem, 1999],in orderto produceforecastf theice
extentafew daysaheadandtofill thegapbetweertwo successieice maps.This paperdescribes
the forecastingsystem,andgivesa validationof the pre-operationainodel performancdor the
1999-2000ce season.

2 Forecasting system

2.1 System description

The forecastingsystemis basedon a numericalseaice modelandis intendedto be anextension
to thepresenice service.Theflowchartof seaice predictionis shovnin Fig. 1. Whennew obser
vationsareavailable,they areanalyzedmanuallyto producea mapof the seaice concentration.
This is the preseniice serviceusedfor nowcasting,with the ice concentratiormapshowing the
currentice state.lt is not consideredisa partof the forecastingorocedurebut asanindependent
systemproviding the necessargatafor theinitializationandvalidationof theforecastingsystem.
Theforecastprocedureproceedsasfollows. The analyzedce concentratiorfield is transformed
to griddeddatato be usedasinitial conditionfor the model. Theanalysedieldsdo notin general
cover the entire modeldomain,and the missinginitial valuesarefilled by usingthe preceding
forecast.Theactualwind forecastanda climatologicalocearstateof currentsarethenforcingthe
ice drift modelproducinga forecastor theice cover.

Thephilosophybehindtheforcingis thatthe oceanthe EastGreenlandCurrent)givesamean
dragon theice transportingt alongthe coastof Greenlandyhile thedaily variationsaremainly
dueto thewind. Thus,theactualwind forecastis essentiafor theice drift forecaston the short
time scales,while it is sufficient with a realistic steady-statseasurfacecurrentfield. In the
simulationsthe wind dragthustendsto accelerateéhe ice, while the oceandragtendsto keepa
steadymotion.

Figure 2 illustratesthe scheduleof the forecastingsystem. Eachtime a new ice analysisis
producedthis is usedasinitial conditionfor a new forecast. The obserationsdo not necessary
comein fixedinterval, but theforecastperiodis long enoughto cover thetime spanuntil the next
availableobsenations.

2.2 Seaicemodd

The simulationsof the ice drift is performedwith a dynamicfinite elementseaice model (de-
scribedmoredetailedin Appendix 3). The modelis basedon a continuumformulationwith a
velocity, anice thicknessandanice concentratiorfield andthe usualmomentumand continuity
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Figure 1. Sketchof theforecastingsystem.Initial ice concentratiorfield is basedn obserationscomple-
mentedby the precedingorecast.Forcingfieldsarereadfrom anatmospheri¢orecastingnodel(Hirlam)
andadiagnostiooceanmodel.
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Figure 2. Scheduleof theforecastingsystem.
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Figure 3. Computationameshwith 6349nodesand12476elements.

equations.Currentlytheice is consideredas consistingof just onetype, but the modelcaneas-
ily beextendedto includesereraltypes,for examplefirst yearandmulti yearice, with different
properties.

The momentumequationincludesthe Coriolis force, a gravity force dueto thetilt of the sea
surfacethewind dragandseasurfacecurrentdrag,andaforcedueto thedivergenceof theinternal
ice stress.Thethicknessandconcentratiofieldsevolve in time accordingto advection-difusion
equations.

Theseaice modelincludesthefollowing features:

e Feasibilityto choosebetweerCartesiarandsphericakcoordinates.
¢ Discritisationby thefinite elemenimethod.

e Thecavitating fluid ice rheology[Flato andHibler, 1992].

e Quadratiadragformulationof the air andwaterstresses.

Themodelis setup for adomaincoveringtheareaaroundCapeFarevell. Theopenboundary
is splittedinto threeparts;two, which arenormalto the coastandisobathsabout300 km up the
eastandwestcoastsrespectiely, andanopenboundaryin deepwateralmostparallelto the coast
about250km offshore.Theinflow of waterandseaice takesplaceatthe boundarynormalto the
eastcoastandoutflow is primarily attheboundarynormalto thewestcoastwhile the currentsat
thedeepwaterboundaryaresmall.

The computationameshis shavn in Fig. 3. It consistsof 6349 nodesconnectedy 12476
elements.The generatiorof the meshexploits the possibility with the finite elementmethodto
have a varying resolution,thusit hashigh resolutionon the shelf and continentalslope,where
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=== April 18 09 GMT 2000

Figure4. Seaice map,09UTC 18 April 2000.Iceis shavn with light blue(low concentrationjo red(high
concentration)blue colorindicateopenwater andgrayindicateareaswith no obsenations.

mostof theocearmdynamicgakeplaceandwheretheice is usuallyfound. Thecolorscalendicate
theresolutionbeingfrom 2 km upto 23km.

2.3 Seaiceobservations

Theice obsenationsare primarily madeby the Radarsasatellite. Theseobsenationsare made
approximatelyoncea day, with varyingdegreeof coverageof about50%to almost100%of the
modeldomain. The obsenrationsarerecevedin real time at DMI. The analysistransforminga
satelliteimageto a usefulmapof theseaice cover areperformedmanuallyby speciakrainedstaf.

Figure 4 shaws the analysedfield at 09 UTC 18 April 2000. The extend of the Radarsat
imageis clearly seencovering 52% of the modeldomain.Off the eastcoastof Greenland high
concentratiomf 0.9is foundandtheice edgeis sharp.Off thewestcoastheconcentratioris much
lower, having valuesof 0.1-0.4,andtheice fields consistof fields of differentconcentrations.

Figure5 shaws the coverageof analyzedce fieldsthroughtheice seasorDecemberl999to
June2000. Sincethe obsenrationsonly caver a partof themodeldomain,theice analyseslo so
too. Occasionallytheanalysesarebasedn obsenationsmadeat differenttime. Thisinformation
is lost whenthe analyzedfields are transformedo griddeddata,which just have a singletime
stamp.This is anerror sourcewith a negative influenceon the validationof the numericalsimu-
lations,andthesefieldsarethereforenotincludedin the validationin section4. Though,mostof
the paperversionsof theice mapscontainthe dateinformation,andit hasthereforebeenpossible
manuallyto remove old datafrom mary of the analysedce fields. Thesereducedce fieldsare
thereforerepresenting single datasetindareusedin the validationequivalentto the true single
datasetcefields.
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Figure 5. Producedce mapsDecemberl 999to June2000. Mapsbasedon a singledataseareshovn by
blue boxes, mapsreducedto be basedon a single datasetare shovn by red boxes, while mapsbasedon
obsenationsmadeat differenttime is shavn by openboxes. The ratio of the areaof the modeldomain
coveredby themapis givenin percentageThevertical solid linesindicatefull coverageweeklyice maps.

Onceaweekafull coveragdce mapis produceasednall availablesource®f information.
Thesemapsareassembledsingdataon differenttypesandarenotexpectedo beusedn thedaily
forecastprocedure Though,dueto their full coveragethey areusefullasinitial field for the very
first forecastandif the continuityin the forecasproceduréreaksfor exampleif thetime interval
betweertwo succesie obsenationsis largerthantheforecastength.

24 Wind forcing

The model is forced by 10 m wind fields from the High ResolutionLimited Area Model
(HIRLAM) run operationallyat the Danish Meteorologicallnstitute [Sasset al., 1999]. The
HIRLAM systemconsistsof several nestedmodels. The wind fields are extractedfrom the
two modelsnamed“DMI-HIRLAM-G” and “DMI-HIRLAM-N" covering Greenland. DMI-
HIRLAM-G is the coarsemodelwith a resolutionof 0.45 and a forecastlengthof 60 hours,
while the inner model DMI-HIRLAM-N hasa resolutionof 0.15 and a forecastlength of 36
hours.

2.5 Ocean forcing

The seasurfacecurrentandelevation usedfor the oceanforcing arecalculatedy thelinearhar

monic model,Fundy[Lyndh and Werner, 1987;Greenbeg etal., 1998]. It is a diagnostianodel
wherethetime dependencis basedn the assumptiorthatthe dependenvariablesareharmonic
oscillating.Hereis usedzerofrequeny giving the steady-statsolution.

Themodelis setup for alargerdomain(seeAppendixA) to remove boundaryeffectfrom the
areaof interest.The calculationis performedor adomainextendingfrom 71°N at the eastcoast
to 70°N at the westcoastanddown to 53.4N at the openboundaryin the Atlantic Ocean.The
baroclinicpartof the calculationis basedon aratherarbitrarydensityfield with Arctic water i.e.
waterwith a temperaturef —1.5°C anda salinity of 33.3 psuon the shelf definedby the area
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Figure 6. Seasurfacecurrentandelevationusedfor ocearforcing.

having a depthlessthan570m, and Atlantic waterof 4°C and 35 psuelsavhere. The reasorfor
thisis mainly thelack of usefuldataandis atopicfor furtherdevelopment.

Theresultingelevationandsurfacevelocity field (seeFig. 6) shov a sharpelevationgradient
andastrongcurrentcloselyfollowing theshelfbreakandthe correspondinglensityfront. Further
off-shorethe currentsarevery weak.

2.6 Example of forecast cycle

Figure7 shovs anexampleof two cyclesof theforecassystem.The obseredfield at 11 April is
usedasinitial fieldsfor a modelsimulation. At 13 April new obsenationsareavailable,andthe
modelis reinitialized. Theobsenationsdo only coverthe easterrpartof thearea,andtheforecast
from 11 April is usedo fill outthemissingvaluesandanew simulationis performed At 15 April
new obsenationsareavailable,anew reinitializationis madeandsoforth.

It shallbe mentionedhatthe simulationsshovn herearefrom a periodwith relatively calm
weatherconditionsandonly smalldevelopmenin theice coveris seen.
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3 Numerical seaice model

The numericalseaice modelis basedon the assumptiorthat the seaice is a continuumwith a
velocity field v, a thicknesdfield h, anda concentratiorfield A. The thicknesss the areamean
thicknessandthe actualice thicknesss equalto h/A for A # 0. Currentlytheice is considered
asconsistingof just onetype, but the modelcaneasilybe extendedto includeseveral types,for
examplefirst yearandmulti yearice, eachhaving a thicknessandconcentration.

The momentumequationincludesthe Coriolis force, a gravity force dueto thetilt of the sea
surface[]Z, thewind dragT, ontheice, the surfacecurrentdragT,, ontheice, andaforceF due
to thedivergenceof theinternalice stress

ov - . L =
pha+phfva—gphDZ+ra+TW+F (1)

wheref is the Coriolis parametewritten asa vectorpointingupwardandp is the densityof sea
ice.
Thewind andoceancurrentstressesrecalculatedisingthe quadratidormulations

Ta = ACaiPa |Va— V| (Va— V) (2
Tw = ACuwiPw [V — V| (Vi — V) 3

whereC,; andC,; aredimensionlessir-ice andwaterice dragcoeficients,p, andp,, aretheair
andwaterdensitiesandv, andv,, arethewind andsurfacecurrentvelocities.

Theinternalice stresss basedn the cavitating fluid rheology[Flato and Hibler, 1992]. This
rheologyassumethatthereis no shearstressandnointernalstressn the caseof divergence but
thereis resistanceéo compressiongalculatecasa pressurgradient’]P. The pressuré® is usually
calledtheice strengthanddepend®nthethicknessandconcentratioras

P=P*he C(-A (4)

whereP* andC areempiricalconstants.
The thicknessand concentratiorfields evolve in time accordingto the advection-difusion
equations

oh

5t = 0 (V) +0-(DOh) ()
%A:_D-(VA)JFD-(DDA) (6)

whereD is a diffusion-coeficient. The diffusionis necessaryo keepthe solution smoothand
stable.Introducinga characteristiwelocity scaleV andalengthscaleAl for the meshtheratio of
theadwectionto thediffusiondefinethe meshPécletnumber

VAI

Pe= - (7)

Themodelis runwith a uniform meshPécletnumberthroughouthe domainandeq. 7 is usedto
calculatethe diffusioncoeficient for eachelementV is themeanspeedn theelementandAl is
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Variable Symbol Unit Value
Densityof ice P kgm=3 | 910.0
Densityof air Pa kgm=3 | 1.3
Densityof water Pw kgm=3 | 1025.0
Air/ice dragcoeficient Cii 1.2.10°4
Water/icedragcoeficient Cy; 0.5-10°3
Ice strengthparameter ~ P* Nm-? | 50-10°
Ice strengthparameter  C 20.0
MeshPécletnumber Pe 5.0

Table 1. Physicalparameterandconstants.

thesidelengthof theelementassumingt is anequilateratriangle. Thus,thediffusioncoeficient
variesdependentponthe velocity and the distancebetweenthe nodes. It is notedthat a high
meshPécletnumbergiveslittle diffusionandvice versa.

To makethe modelsuitablefor large domains the feasibility of usinglatitude/longitideco-
ordinatesis included. This is donesimilar to Greenbeg et al. [1998] by the transformatiornto
curvilinearcoordinates

dx = Rcog @)dA

dy = Rdo (8)

whereA and@ denotethelongitudeandlatitude,respectrely, andR is theradiusof the earth.

4 Validation

4.1 Set-up

Thesystemis validatedin hindcasimodefor theice seasorbecembed 999to June2000,with the
seaice modelsetup asdescribedn Section2. Theclimatologicalocearfieldsshovnin Fig. 6 are
usedfor the oceanforcing, andthree-hourlywind fields from DMI-HIRLAM-G areusedfor the
wind forcing.

Theaimisto produceorecast®f about3 days.A muchlongersimulationperiodof 10daysis
neverthelessppliedin thisvalidationstudyin orderto investigatehelimit of theforecassystem.
Eachsimulationthusspanseveralobsenationsusedfor the validation.

The first simulationis initialized by the weekly meanice map at Decembed. This is the
only weekly meanice map used,andthe proceedingsimulationsare all initialized at the time
of availableobsenrationsby combiningthe new obsenationswith the precedingsimulation.It is
notedthatonly theice concentratioris obsened. Thethicknessandvelocity fieldsarereinitialized
asfollows. Wherethe concentratioris zero,thereis no ice, andthethicknessandvelocity is set
to zerotoo. In caseof ice, i.e. if theconcentratioris largerthanzero,thethicknesds setsuchthat
the actualice thicknesds 1 m, andthe velocity is setto a geostrophioselocity accordingto the
first 3 termsof Eq. 1.
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4.2 Error estimates

The simulationsarevalidatedagainstthe existing ice mapswhich is basedon obsenationsof ice
concentrationThe obsenationsavailablearethustheice concentratioriield at somegiventimes,
andthevalidationis performedor thesimulatedconcentratiomat the obsenationtimes. Theerror
is definedasthe differenceof ice concentratiorcalculatedwith the seaice model, A, andthe
obsenred concentrationAgps Sincethe obserationscover only a partof the modeldomain,the
comparisonsreperformedfor thesepartsonly. The errorestimatesare calculatedasareamean
values.Theareameanis definedby

_ JsAda
- Jsda

wherethe surfaceintegrationis performedon theareaS of the domainthatis coveredby obsena-
tion.

With thedefinition Eq. 9 thefollowing statisticalestimatesanbe calculatedata giventime.
Thevariance

(A) (9)

o*(A) = (A%) — (A)? (10)
Thecovariance
0% (A, Aobg) = (A Aobs) — (A) - (Aobs) (11)
Thecorrelationcoeficient
02 A7A0 S
p(A7A0bs) = ﬁ (12)
wherethe standardieviationis o(A) = \/0?(A).
Theroot meansquareerror
rms= 1/ ((A— Aobs)?2) (13)

4.3 |ceseason December 1999 to June 2000

Figures8 and9 shovs rmsandp(A, Aqps) for theice seasorfrom December1999to June2000.
The differentsimulationsseemto have similar error statistics. From the simulationstartto the
first availableobsenationafter 30-50hoursthermserroris increasedo about0.1. Thereaftethe
rmserrorincreasesnoreslowly to avaluebetweer0.1and0.25after240hours.The correlation
coeficientshow asimilar shapethoughdecreasingvhile thermserroris increasing.

Thereis asmallseasonarend,theforecastbeingslightly betterin thefirst monthsthanin the
endof theperiod. Thisis probablybecaus¢he seaice modeldo notincludethermodynamicand
mechanicaprocessesuchaswave interaction.Thus,theice remaval andmeltingwhichis higher
in the late springthanin the winter monthsis not includedin the model. Neitheris freezing,
but this do not have the sameinfluencein the modelresult sincethe main sourceof ice is the
adwectionof ice to thearearatherthanlocalizedfreezing.Thereforethe errorsourcesaresmaller
in thebeginningof theice seasorthanin theend.

As mentionedthe correlationcoeficient hasa sharpdecreasandthe rms errorincreasesn
thefirst 30-50hoursfor subsequentlyo level out, indicatingthatlongerforecastaip to 10 days

11
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Figure 8. rmserrorof theice concentratiorfield.
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Figure 10. Absolutevalueof error Averagedor 0-1,1-2,2-3,and0-10days.

mightbefeasible.Though,oneshouldremembethatthesimulationsreportecherearehindcasts,
andthe maximumforecastengthis limited not only by the errorsin the seaice model,but also
by the atmospheridorecastiength. The HIRLAM forecastss 60 hours,while ECMWF do up to
7 days.

The spatialvariationof the erroris shovn in Fig. 10 by mappingthe absolutevalue of the
error Theerrorfieldsarecollectedfrom all simulationsandaveragedn time to give ameanerror
field for 0-1,1-2,2-3daysandthe0-10daysaverage.Thelargesterrorsis foundoff theeastcoast
of Greenlandvherethe largestice concentratioralsois found. This hasprobablyto do with the
purenumericalproblemof the adwectionschemesmoothingthe fields. Off thewestcoasterrors
of 0.1-0.2is foundfor theice concentrationA smallincreaseof the valueswith timeis found,as
expectedirom thediscussiorabove, but the patternof theerroris nearlyunchanged.

4.4 Examplesof smulations

Two simulationsfrom the validationarepresentedhereasexamples.Simulatedandobsenedice
concentratiorfields from the simulationsstartedat 17 Februaryand 13 April 2000areshown in
Figs.11land12.

In thesimulationstartingat 17 February(Figs.11) theiceis only presentlongthe eastcoast
initially in a narrav bandclosethe coast. After 3 daysthe ice is moved slightly further south,
and an offshoothasformed at about62°N. This is alsofound in the simulation, althoughthe
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Figure 11. Ice concentratiorfield for simulationstartedat 20 UTC 17 February2000(right column),and
obsenrations(left column).
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Figure 12. Ice concentratiorfield for simulationstartedat 18 UTC 13 April 2000 (right column), and
obsenrations(left column).
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offshoothasa slightly differentform. Interestingly the offshootseemso be connectedvith a
concaity at63°-62°N whichis seenin mary of thesimulations.This concaity is alsoseenin the
bottom bathymetryinfluencingthe oceancurrentand surfaceelevation by topographicsteering
andtherebyinfluencingthe ice cover. After 7 daysthe ice cover hasbroadenecrobablydue
to westerlywinds anda increasednflow of ice. The modeldoesnot includethe possibility of
changedboundaryconditions,and the information of theseconditionsis not available, but the
modeldo respondo thewind. Thereforetheice coveris broadenedbut theice concentratioris
notsimulatedashigh asobsered. After 10daystheice coveris obseredto have narrovedandto
have reachedCapeFaravell. In thesimulationtherelatively large areawith low concentratiomas
no possibility to disappeatbut disregardingthis low concentratiorice cover the simulationseems
to agreemuchbetterwith reality, evenin a 10 dayssimulation.

In theothersimulatiort startingat13 April (Figs.12)theice coveris moredevelopedwith high
concentratiorof ice in a broadbandalongthe eastcoast,andabout200 km up the westcoastat
lower concentrationAfter thefirst 2 daysonly smallchange$iave happenedTheareaat theeast
coastwith high concentrations extendedslightly further southasis alsoseenwithin the model
result. The modelalsocapturegshe featureswith two areasof high concentrationpnelarge area
all alongthe eastcoastanda smallerareaat the westcoast,andin betweenower concentration
at CapeFaravell. After 4.5daysall thelow concentrationce eastof Greenlanchasdisappeared,
leaving the approximately50 km wide bandwith high concentratiorand a sharpice edge. The
high concentratiorice field hasbeenpulled aroundCapeFaravell almostconnectingthe small
areaat the westcoastwith high concentrationWhile the areaof low concentratioreastof Cape
Faravell hastotally disappearedhe areaof low concentratiorwestof CapeFaravell is almost
unchanged The simulationcomparewell westof CapeFarewvell, andthe high concentratioron
the eastcoastis alsopulled, to someextend,to CapeFarevell. Though,the low concentration
ice field is keptin the model. Thereasoris, asmentionedabove, thatthereis no possibilitiesto
remove theicein themodel. After 7.5daysthe obsenationcoverswestof CapeFaravell only. At
this datethe simulationcomparesvell, exceptfor anextendedareaof concentratioessthan0.1.

5 Conclusion

A seaice forecastingsystemis setup for the CapeFarevell area,andvalidatedfor theice season
Decembed 999to June2000. The systemis intendedo be anextensionof thepresenice service
atDMI. Theproductis theforecastof theice cover on atime scaleof afew days.The systemis
build uponthe nowcastingcurrentlybeingperformedat DMI, suchthatthe obsenedice fieldsis
usedfor reinitializationof theforecassystem.

Thecoreof the systemis afinite elementdynamicseaice model. The modelis basedon the
traditionalcontinuumassumptionslt includestransportequationgor the ice concentratiorand
thicknessanda momentunmequatiorfor thevelocity, andis forcedby theatmospherandocean.
Thewind fieldsareobtainedrom the operationahtmospherienodelat DMI, andthe seasurface
currentandelevation are calculatedby usinga diagnosticoceanmodel. Theice modelincludes
a simpleice rheology This seemdo be suitablefor the CapeFaravell areawheremostof the
ice undertakdree drift, andthe ice stresdis just necessaryn caseof on-shorewind. Dueto the
simplicity of theice rheologythe computationaspeeds high.

Thesystemis validatedn hindcasmodefor theice seasorirom Decembefi999to June2000.

1This simulationactually spanover the exampleof anice field shovn in Fig. 4 andis the secondsimulationin the
exampleof theforecastcycle shovnin Fig. 7.
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Theerroris foundto have asteefncreasén thefirst 30-50hoursfor subsequentlto level out. The
largesterrorsarefound alongthe eastcoastwherealsothe highestconcentrationsire obsened.
The modelis foundto smooththe ice field andto spreadheice in arelatively large area. These
large areaswith low ice concentratiorareonly occasionallyfoundin reality, thoughnow andthen
theice is reportedto be spreadover a large areaover night, for examplein stormyweather The
overall consideratiornis thatthe generalpatternof ice drift is simulatedwith reasonableesults,
andthe forecastsshouldbe of valuefor ship routingandotherusers.Furthermorethe forecasts
shouldbe of valuefor the presenice serviceat DMI in theanalysisof theice obsenations.

Themainemphasi®f furtherdevelopmenbf thesystemis suggestetb gointo theice model,
but also the ice-oceaninteractionis suggestedo be consideredor further investigation. The
primarysuggestiorior furtherdevelopmenis to implementhermodynamicanaybejustasimple
schemeand/oraparameterizationf iceremoval by waveinteraction.Thiswill influencetheareas
with low concentrationIn reality, asthe concentrations lowered,the effect of thermodynamical
processeaswell asmechanicaprocessesuchaswave interaction,s increasedThusastheice
is spread the concentratioris lowered,andthe ice is quickly breakeddown and melted. With
theseprocessefmplementedn theice model,the resultsare expectedto improve, especiallyin
thelate springwheremeltingis becomingnoreandmoreimportant.

Anothertopicfor furtherdevelopmenis theforcing of themodel. Theatmospheridorcingis
extractedirom HIRLAM, theoperationahtmospherienodelatDMI. Thewind fieldsareexpected
to bethebestpossiblefor this areagventhoughthe obsenationsaresparseandit is probablynot
worthto puttoo mucheffort into ary investigation®f theatmospheridields. Theocearforcingis
calculatedby a diagnosticmodel. Thewind effect on the oceanis not takeninto accountneither
is thetides. This is anobvious topic for furtherdevelopment.The aim shouldbeto have athree
dimensionaprognosticnodelrunningwith a high verticalresolutionnearthe surface.This way
thewind effect on the seasurfacewill beincluded,thetidesshouldbetakeninto accountaswell,
andthe time evolution of the oceantemperaturavill be of importancefor the thermodynamical
processe# the seaice model. Though,it shallbe notedthatthe computationatime of athree
dimensionalprognosticoceanmodeldoesnot at all compareto that of the ice model. Theice
modelforced by a steadystateoceanis very quick, andcanbe executedeven on apc. The sea
ice forecastingsystemis thereforemosteasilybeingimproved by further developmentof theice
model,while includinga prognostianodelwill beonalongerperspectie.
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A Watersaround Greenland

Theaimin this studyis to establishthe seaice forecastsystemfor the CapeFarevell area.On a
longerperspectie the forecastshouldbe producedor alarger domain. The meshusedfor the
ocearsimulationdgs shavnin Fig. 13. It coversthelargerdomainextendingfrom 71°N attheeast
coastto 70°N atthe westcoastanddown to 53.4N at the openboundaryin the Atlantic Ocean.
Thecolorindicatetheresolutionbeingabout2 km onthe shelfandcontinentaklopeupto 57 km
at the openboundariesat deepwaterin the North Atlantic. The CapeFaravell meshshown in
Fig. 3 actuallyis apartof this meshwith a higherresolutionthanthe surroundingareas.
Thedifficultieswith thislargerdomainareto getinitial icefields. Thereasorfor concentrating
on the CapeFaravell areais thatthis is currently the mostimportantareawith respecto ship
traffic, but alsothatthe Radarsabbsenations,andtherebythe analysedce fields cover this area
only. If theforecastingsystemis to be appliedto thelargerarea,otherinformationhasto be used
for theinitial condition. This could betheweekly mapswhich coversall aroundGreenland.
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Figure 13. Computationameshof thelargerdomainwith 21230nodesand41417elements.
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