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1 Intr oduction

For someyearsthe HIRLAM projectandthe Sectionfor meteorologyat met.no
have beenworking onimproving thequality of theHIRLAM version2.7 forecast-
ing system.Therehasbeenseveralattemptgo upgradethe operationaHIRLAM
which hasbeendifficult to beatin termsof verificationscores. Comprehensie
testingof modelversion4.3and5.2 hasbeencarriedout. Thedifferentoptionsin
HIRLAM version5.2thathave beentested aredescribedn part2 and4.

During the autumn2001limportantchangego the operationahumericalweather
predictionsystemat met.no wasimplemented. The datafrom 00UTC forecast
from ECMWF was replacedby boundaryvalueson framesonly andthe super
computeiCRAY T3EatNTNU wasreplacedy nenv supercomputingystemSGil
Origin 3800 with increaseccomputingcapcity This led to the introduction of
necessargnddesiredchangego the local numericalweatherpredictionsystem
at met.no. Increasedesolutionin time andspaceof the boundaryvaluesto the
limited areamodel hasbeenregardedasimportantfor improving the quality of
the numericalforecasts. The disseminationof dataon frames(the grid points
alongthe boundarief the limited areamodel) hasmadeit possibleto increase
the resolutionof the boundaryvalueswithin the presentimits of theline capac-
ity betweenmet.no andECMWE At the sametime the newv supercomputegave
the possibility of increasingheresolutionof the limited areamodelsignificantly
while thesizeof theareacouldberetained.

Eachmemberstatecanacquireboundaryaluesfrom ECMWF on two different
frames.Boundaryvaluesarenow producedor the00,06 12and18 UTC termins
with a shortcut off time. The forecastsare calculatedfrom a 3D-Var analysis,
while themainproductionrunat12 UTC from whichthemembeistatescanmake



useof thefull fieldsis basedon along cut off anda 4D-Var analysis.At present,
the boundaryaluesfor HIRLAM50 at met.no areona 0.5 horizontalresolution
grid, 31 levels vertical resolutionandthreehourstime resolution. Detailsabout
the boundaryvaluesandthe optimum utilization of theseare givenin part 3 of
thisreport.

Thenew supercomputersaat NTNU have significantlyincreaseaapacitythanthe
old machine. A 60 hoursforecastfrom HIRLAM in 0.2 horizontalresolution
with 40*468*378gridpointsis producedn about22 minutes.The large capacity
hasgivenusthe possibility to performa large numberof testrunswhich arede-
scribedin chapter5. The outcomeof the testsis betterforecastproductson with

increasedesolution.

2 Theboundary values

Until autumn2001thehorizontalresolutionof theboundaryaluesor HIRLAM50
was2.5’. Theboundaryalueswererecievedon 15 pressurdevelsin six hourly
time resolution.With theintroductionof framesthe horizontalresolutionhasin-

creasedo 0.5” andthetime resolutionhasincreasedo 3 hours.Thedataarenow

on modellevels interpolateddirectly to HIRLAM50 modellevels contradictory
to the earlierinterpolationfrom ECMWF modellevelsto pressuresurfacesand
thento HIRLAM modellevelswhich differ from themodellevelsin the ECMWF

model by a differentresolutionin the planetaryboundarylayer and dueto dif-

ferencesn orographiaesolution. Theinformationin the boundaryvaluesis bet-
ter retainedby interpolationfrom ECMWF modellevelsdirectly to HIRLAM20

modellevels. Theboundarydataarealsoextendedwith cloudliquid water

Theforecastis acombinedresultof theinitial data(obsenationsandfirst guess),
the boundaryvaluesandthe model equations.Which of thesehaving the main
influenceon theresultingforecastwill dependon mary factorsin thetotal model
system.The operationaHIRLAMS50 is run on quite a large area. It takesmary
integrationstepsrom theweathersystemsnterthroughtheboundariegintil they
arrive in the main forecastingarea. The questionthat could be asledis: whatis
the optimum size of the areaof the LAM whenthe objectve is to reproduceas
well aspossiblethe synopticevolution of the boundarydata?



3 HIRLAM version5.2

ThereferenceversionHIRLAM 5.2 represents numberof upgradesn different
scientificfieldscomparedo HIRLAM 2.7.

Theinitial datafor the free atmospherareimproved by implementatiorof 3D-
Var. 3D-Var hasbeenrun at met.no for a coupleof yearsbeforeit cameinto the
HIRLAM referenceThisis because comprehensie work with implementation
of the schemanto the HIRLAM referencehasbeenperformedat met.no by Ole
Vignes. The 3D-Var implementatiors not treatedin this report. For moreinfor-
mationabout3D-Var it is referedto Vignes(1999).

3.1 Initial surfacedata

Theinitial datafor thesurfaceareproducedy thesurfaceanalysisn ISBA. T2m
andrh2mareanalyzedandusedaspredictorfor the prognosticvariablessurface
temperaturdéTs), subsurbcetemperaturéTy), surfacesoil water(ws), subsurace
soil water(wgy) andsnowv depth. SSTandseaice aremaintainedduring the fore-
cast.A detaileddescriptiorof thesurfaceanalysissystenis givenin theHIRLAM
documentatiomanual(Undénetal. ed.,2002).

The HIRLAM modelrequiresinitial datafor orography surface class,albedo,
topographicroughnessclimatologicaldeepsoil temperatureand climatological
deepsoil moisturein additionto the variablesfrom the surfaceanalysis. These
aregivenasmonthly meanfields. Surfaceclassesncludeocean,seaice, lakes,
bareland, low vegetationandforest. Global physiographydatabases.g.,from
the U.S. GeologicalSurwy areutilized to determineghe fraction of agrid square
coveredby the differentsurfaceclassesRoughnesss derivedfrom surfaceclass
andtopographiaoughnessAlbedois determinedrom surfaceclassandfraction
of snav andupdateddueto changesn snow fractionduringtheforecast.

Thefirst guesdieldsfor thesurfaceanalysisareweightedfields of monthlymean
andshorttime forecastdrom HIRLAM. The monthly meanamight differ quitea
lot from the realtime fields. Also the shorttime forecastmight containforecast
errors. The analysisof snov depthandSSTis madeby useof succesie correc-
tions. This proceduras not codedfor parallelcomputingandthereforeconsumes
arelatively large partof the computingtime. The analysisof T2m andrh2m uti-
lizes anoptimuminterpolationproceduravhich runsmuchmoreefficient on the
computer Seaice is diagnozedrom SST At met.no dataarealsoavailableon a
weekly basisfrom a subjectve analysisof snov depth,SSTandseaice. These

3



datacanrepresena preliminaryworkaroundfor the problemwith the slow anal-
ysisandhave beentestedbothasinitial fieldsandasfirst guesdields.

3.2 Physical parameterization schemes

Theparameterizatioachemesor surfaceprocesses;loudsandcondensatioand
turbulence/ertical diffusion in HIRLAM 2.7 are replacedby nev schemesn
HIRLAM 5.2. Someof thescheme$ave quite significantinfluenceon themodel
forecastsandthe error characteristicsvhile other changeshave smallerimpact.
However therecanbe reasondor replacinganold schemeavenif theimpactis
smalle.qg. if it simplifiescodingor tuningor if it prepareshe modelfor useof
future data. Detaileddocumentatiorof the schemesandthe equationsaregiven
in HIRLAM-5 ScientificDocumentatiof{Undéned.,2002.)

3.2.1 The surfaceparameterization schemelSBA

For eachsurfaceclassaseparatéux computations madeandcombinedusingthe
socalled’mosaic’ approach.The surfaceparameterizatioschemdSBA is used
for eachsurfacetypein the grid square. The primary motivation for the tiling
approachs to promotesuitablebalanceenhancements horizontalcomplexity
andto increasehe physicalrealismof modelledsurfaceenegy andwaterfluxes.
Thesoll is dividedin two layers: onesurfacelayer, with atypical depthof 1cm,
thatrespondgo the diurnal cycle, andatotal layer extendingdown to a depthof
aboutlm following a time scaleof somedays. Prognosticequationsexist for T,
Tg, Ws, Wq andrain(dev) wateron vegetation.The sensibleandlatentheatfluxes
from eachsurfacetype areweightedaccordingo their fractionalshareof thegrid
squardo form thetotal surfacefluxesin eachtime step.Theaggrgatedfiuxesare
usedaslower boundaryconditionsfor the boundarylayer vertical diffusionand
theradiationscheme The surfacefluxesarebasedn the differencesn tempera-
tureandhumidity betweerthelowerstmodellevel andthe surfacevaluesfor each
surfacetype.

The ISBA schemehasbeenintroducedto the HIRLAM referencemodel after
thoroughtestingin theHIRLAM project. Thetestingalsocoversparallelrunson
anordicdomain.Thetestshavs thatthe formersurfaceparameterizatioscheme
was suffering from a significantnegative temperaturaneanerror alsoin inland
areasn thespring. Theerrorwasnotonly relatedto 2mtemperaturéut wasalso
penetratingnto the free atmosphere.The parallelrunswith ISBA andthe old



referencas documentedby Rodriguezetal. (2003).

3.2.2 Theturbulenceparameterization schemeTKE-I

The planetaryboundarylayer is representedby the turbulenceparameterization
scheme Formationof air massesprofilesof thewind, temperatur@andhumidity
in the lower atmosphereboundarylayer clouds,forecastof 2m parametersfog
and dew/frost formation dependon the formulationsin the turbulencescheme.
Theturbulenceschemdn HIRLAM 5.2 is basedon prognosticturbulentkinetic
enegy combinedwith a diagnosticlength scale: a TKE-I scheme. Compared
to the former Louis schemeone advantageis thate.g. entrainmentt the top of
the boundarylayer is representedIn addition, the TKE-I schemaes thoughtto
be moresuitablefor higherresolution,shorttime rangepredictionsasit includes
prognosticequationof the turbulenceincluding local and non-local (adwective)
termsin additionto prognosticequationsor liquid watet u, v, thetaandg. A
known shortcomingof the schemas the lack of cloud condensatiorffects. This
leadsto an underestimatedixing in the stratiformcloud top, andwill giverise
to shallov moistboundarylayers.

3.2.3 Convective and stratif orm condensationschemeSTRACO

The schemgyarameterizebothlarge scaleandcornvective condensatioandputs

specialemphasisn achiezing gradualransitionsbetweerbothregimes.Thecon-

vectionis basedon a Kuo parameterizationvith moisturecorvergenceclosure.
This meanghatthe corvectionschemas invokedwhenthe convergenceof mois-

ture (including surfaceevaporation)into a grid box exceedshe amountrequired
for establishinga corvective cloudin the grid box ervironment. The top of the

cloudis wherethetemperaturerofile in thegrid box intersectshe moistadiabat
profile from cloud base.The microphysicscloselyfollows the Sundqvistscheme
(operationain HIRLAM50 at met.no). Reportedshortcomingof theschemas an

overestimatiorof the cloudfraction.

4 Testruns and verification

4.1 Data

Thetwo testingperiodsareJanuaryandApril 2002.BoundaryaluesareECMWF
forecaston 0.5° horizontalresolution. The periodschosenare expectedto be a
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Tablel: Experimentmodels

Model versionno. | analysis resolution| boundaries

HIRLAM20 5.2 | 3D-Var, IS 0.2°,40L | ECO0.5 frames
HIRLAM20A 5.2 | 3D-Var 0.2°,40L | ECO0.5 frames
HIRLAM20B 5.2 | 3D-Var, sfana 0.2,40L | ECO0.5 frames
HIRLAM20C 5.2 | 3D-Var, IS + sfana| 0.2°,40L | ECO0.5 frames
HIRLAMS50 2.7 | 3D-Var 0.5°,31L | EC0.5 frames
HIRLAM50A 5.2 | 3D-Var 0.5°,31L | EC0.5 frames
HIRLAM10 2.7 | HIRLAM50 0.1°, 31L | HIRLAM50 0.5°
HIRLAM10A 2.7 | HIRLAM50 0.1°, 31L | ECO0.5 frames

goodtestfor the ISBA scheme.The very cold Januarytemperaturefiave been
a challengeto HIRLAM, andthe difficulties with snov melting and difference
betweenand surfaceskintemperatur@andSSTin the springhave givenorigin to

large modelerrors(Homleidand@degaard,2000).

4.2 The modelversions

Theoperationamodelatmet.no by January2003is HIRLAM50 andHIRLAM10.
Specificationgnddifferentmodelsetupdreatedn this reportarelistedbelow. IS
meanghatSST snov dataandseaice from the Ice Service sfana meansanalysis
of thesurfaceparameter§ST snov andseaice is included.Analysisof T2mand
RH2mis usedin all experimentswith version5.2.

4.3 Thereferenceversion5.2

Thefirst testrunis the comparisorof HIRLAM20 andHIRLAMS50A againsthe
operationaHIRLAM50 (seetable1). The modelversionsare verified against
obsenationsat Norwegianstationg57 synopstationslandat EWGLAM stations
(270synopstationsand100temps).Figurel shovs summaryverificationfor the
testperiodApril 2002,meanerror(ME) andstandardieviation of error (SDE)as
function of forecastiength. Comparisorof the curvesmarked 3 and2 shaws that
thereis a significantreductionof SDEandME in meansealevel pressurémslip)
forecastsandin the ME of the T2m forecasts. The ME in T2m hasa smaller
but opposite(for EWGLAM stations)iurnalcyclein thenew modelversion.For



NorwegianstationgheSDEis reducedaswell. TheME in cloudcoveris changed
from negativeto slightly positve andhasanincreaseDE.ME in wind forecasts
is changedrom negative to positive at the EWGLAM stationnetwork, andfrom
positive to negative at the Norwegian stationnetwork.

The verificationof geopotentiaheight, temperatureandwind force on pressure
surfacesfor April 2002areshaowvn in Figure2, 3 and4 respectrely. The upper
andmiddle plotscomparemodelversions2.7and5.2in 0.5° resolution.The ME
in z is reduced.ThetemperaturdE is reducedandin thelowestlevelsit is also
shiftedin positive direction. On pressurdevelsthe daytimeME is morepositive
(lessneggative) thanthe nighttime ME. SDE of temperaturet level 925 hPa and
1000hPais alsoreduced.Thewind force hasvery smallME in bothmodels,and
slightly reducedSDEin the new version.

4.4 Increasedhorizontal and vertical resolution

Theaim hasbeento increasehe horizontalresolutionof the modelin accordance
with the increasedesolutionof the boundarydata. Comparisorof HIRLAM50
(curve marked 3 in Figurel), HIRLAM50A (curve marked 2 in Figure 1) and
HIRLAM20 (curve marked 1 in Figure 1) shovs thatthe increaseof horizontal
resolutionhasa minor impacton the error level by loweringthe ME and SDE of
mslp. TheME in cloudcoverand2mtemperaturés slightly reducedy increased
resolutionwhile the SDE of cloudcoveris furtherincreasedThechangen qual-
ity level of wind force forecastss only dueto changeof modelversionin this
period.

The vertical resolutionis 31 levelsin HIRLAM50 and HIRLAM50A andis in-

creasedo 40 levelsin HIRLAM20. No specifictestsare performedto deter

minetheimpactof theincreasederticalresolution.Theincreasealoudcoverin

HIRLAMZ20 andtheincreased&DE of cloud cover (Figurel) is probablyrelated
to therandomoverlapproceduran calculationsof total cloud cover might give a
higherpercentagef total cloud cover with increasedchumberof verticallevels.

4.5 The boundary values

HIRLAMS50 hasbeentestedin parallelwith the high resolutionboundaryvalues
of the ECMWFframes andis now operationaivith theseboundariesDisappoint-
ingly the performancevasnotimprovedby improvedresolutionin the boundary
valuesin spaceandtime (notshown). An assumptiomasbeenthattheboundaries
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aretoo far from the mainverificationareato have significantimpacton the fore-

castperformanceTo investigatehe dependengof areasizeon thereproduction
of theboundaryaluesin anumericaimodeltheHIRLAM modelwasrun onfour

differentareasvherethelargerareaequalsthe operationabreawhile the smaller
areais comparabléo theareaof met.no’s highresolutionrmodelHIRLAM10. The

experimentuusedanalysesasboundaryalues.

In the verification of the testthereis a trend that the SDE in mslp is reduced
with reducedsize of area(not shavn). The resultssuggesthat the operational
modelon the smallHIRLAM10 areawill benefitfrom usingECMWF boundary
valuesratherthannestingin HIRLAM50. Thedataon framesfrom ECMWF are
available on sufficiently high resolutionto be useddirectly on the boundarieof

a 0.1°*0.1° model (Figure 6) thusthe nestingprocedurevia HIRLAM50 is not
necessaryOur main aim is to maintainthe quality on the synopticscaleof the
ECMWEF forecastsandeventuallyaddvalueby higherresolution.A parallelrun

of HIRLAM10 with ECMWF boundaryalues(HIRLAM10A) hasbeenguasiop-

erationalfor threemonthsfrom November2002to medioFebruary2003. Figure
5 shaws the verificationfor this parallelrun. The SDE of mslpin HIRLAM10A

is reducedo thelevel of the ECMWF modelandthe ME is reducedaswell. Sim-

ilarly HIRLAM10A hassignificantlybetterscoreson 2m temperatureThe 10m
wind force verifies betterthanthe ECMWF modelitself whenHIRLAM is run

with ECMWEF boundarieglirectly. This canberegardedasanaddedvaluefrom

the higherresolutionmodel.

4.6 Theinitial surfacefields

Thetestsetupsaredesignedo answerthe questionf how muchimpactdoesthe
daily surfaceanalysisin ISBA hason the forecastandhow muchimpactdo we
seefrom theweekly surfaceanalysisfrom met.no’s Ice Service.

Figure7 shavstheverificationof 2mtemperaturéor HIRLAM20B andHIRLAM20A
for Januaryand April, EWGLAM andNorwegian network. Thefirst guesdield

of surfaceandsoil temperaturesoil watet surfacehumidity andsnov depthis a
weightedmeanof the monthly meanfield anda shorttime forecast.Both models
useHIRLAM’ sthesefieldswhile only in HIRLAM20B ananalysisis performed

to createthe initial field. In this comparisont is clearthatthe surfaceanalysis
contributessignificantlyto improved verificationscoresof 2m temperaturepar
ticularly in January

Figure 8 shows the verification of the modelusingthe Ice Services dataasini-
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tial fields(HIRLAM20) comparedo thereferencewvith thelSBA surfaceanalysis
(HIRLAM20B) in January2002 and the runs with climatologicalinitial fields
(HIRLAMZ20A). Thesurfaceanalysisin ISBA givesbetterforecastdor T2mand
mslpbothin termsof ME andSDE thanusingthe datafrom thelce Service.Fig-
ure 10 shows similar verificationfor April alsoincluding a run with the Ice Ser
vice’s dataasfirst guessfor the ISBA surfaceanalysis(HIRLAM20C). In April
thelce Servicedatagive atleastasgoodscoreasHIRLAM20B in termsof SDE.
The 2m temperaturés lower leadingto alesspositive ME at EWGLAM stations
anda morenegatve ME at Norwegian stations.Additional daily analysisof ob-
senations(HIRLAM20C) doesnotfurtherimprove theforecastdasednthelce
Servicedata. To summarizeHIRLAM20 and HIRLAM20C shaw very similar
verification. They bothhave slightly lower scoreson 2mtemperaturgarticularly
in January In the future moreobsenationsof snowv will be availablein realtime
andit would beinterestingo repeathe experimentwith datafrom thelce Service
asfirst guesdor thelSBA surfaceanalysis.

atthemoment.HIRLAM20is moresuitablefor operationatunsbecaus¢hecom-
putingtime for the successie correctionmethodin HIRLAMZ20B is long.

4.7 Other tests

Thecombinatiorof theKain-FritschcorvectionschemendtheRasch-Kristjansson
stratiformschemas implementedn HIRLAM asanoptionalcondensatiopack-
age.It hasbeencomprehenskly testednsidetheHIRLAM projectandatmet.no.
The experimentgyive lower scoredor mslp,reducedSDE of cloud coverageand
anegative ME in the cloud cover (figuresnot shavn). Oneaim of the HIRLAM6
projectis to solve the problemwith the poor synopticscalequality and get the
schemamplementednto thereference.

4.8 The surfaceparameterization schemeand the near surface
parameters

HIRLAM20 hasbetterscoredor surfaceparameterthantheoperationaHIRLAM50.

In particularthis is the casefor meansealevel pressure. The wind andthe tem-

peratureat coastaltationsaredifficult to forecastdueto the varyinginfluenceof
theseaandthelandsurface.

TheoperationaHIRLAM50 hadaweaknessvith toolow temperaturealongthe



Table2: 39 Norwegiansynopstations

Model | ME January] ME April | SDE January] SDEApril |
HIRLAM20 0.1 -0.2 2.0 1.8
HIRLAMS50 0.1 0.4 2.3 2.0

ECMWF 0.0 -0.3 2.3 19
Table3: 15 Norwegiancoastakynopstations

Model | ME January| ME April | SDE January| SDE April \
HIRLAM20 -0.8 -0.8 2.5 2.0
HIRLAMS50 -0.1 0.1 2.8 2.2

ECMWF -0.9 -0.6 2.7 2.2

coast,n particularduring spring,andtoo smallamplitudesof thediurnaltemper
aturecycle. HIRLAM20 hasbetterscoresfor T2m in the coastalzoneasin an
examplefrom Bodgin April 2002,Figure9. Thetemperatures thecoastakzone
aremore affectedby the land surfaceas seenin the obsenations. The negative
temperaturéME in HIRLAMS5O is reducedrom 2.8 C to 0.1° C in thenew ver
sion.

Thenew versionhasanegative ME of 2.6 m/sin wind force. Thescoredor ff10m
in Bodgis betterin HIRLAM50. Thetime seriesfrom Bodgin April (Figure9)
shaws thatthe underestimatiomf the wind speeds largerin the new reference.
It is possiblethatthe characteristicef thewind over the oceanpenetratento the
land surfaceto alargerextentthanthe characteristicef thetemperature.

ME andstandarddeviation of error of wind force for Norwegian synopstations
areshowvn in Table2 andfor Norwegian coastakynopstationsin Table3. Statis-
tics from the ECMWEF forecastsareincludedasa reference.The dataarefrom

the testperiod April 2002, but the numbersare not exactly equalto thoseplot-

tedin Figure8 and7 dueto differentstationlists and differentforecastlengths
(HIRLAM 00+30,+42andECMWF 12+42,+54).

In HIRLAM version5.2 the 2m temperatureand 10mwind are calculatedsepa-
ratelyfor all surfaceclassesbareland,low vegetation forest,waterandice. The
final valuesare weightedwith respecto fraction of eachsurfaceclass. The op-
timum combinationof computingresultsfor eachclassandfor eachparameter
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could be obtainedby statisticalmodelling. This possibility will be consideredn
thefuture.

4.9 Study of time seriesat selectedstations

HIRLAM20 is run in parallel and is comparedto the operationalversionsof
HIRLAM50 andHIRLAM10 alsofor JanuaryandFebruary2003at selectedsta-
tionswheretheerroris known to belargein HIRLAM50/HIRLAM10.

Therearemorecloudsin HIRLAM20 thanin HIRLAM50 andmuchmorethan
in HIRLAM10. The ME wascloseto zeroin April 2002 most places,while
it was positive in January2002 and 2003. In spite of lower ME the overall
error is larger what is reflectedby the higher SDE in HIRLAM20 compared
to HIRLAM10/HIRLAM50. A typical exampleof the cloud cover forecastss
showvnin figure 11. Thetotal cloudcoverin HIRLAM20 hasa SDEwhichis 20
The wind forecastan the coastalzoneis not improved asthe temperaturdore-
casts. The wind force is decreasingoo much closeto the coastandis much
smallerthanobsened on moststations.Thewind speedn HIRLAM20 is fartoo
low at Spitsbegen.

Oninlandstationghereseemso be a problemwith forecastingow enoughtem-
peraturesn thereally cold periodesvhichareexperienceck.g.in EasterrNorway
andin Finnmark.Evenif cloudsathigh latitudesin Januaryhave anetwarmning
effectthetemperatur@rrorseemso be partly independenof the cloud cover er-

rori.e. it is visible alsoin clearsky situationsasseenn Figurel12.

4.10 Extensionof data fields

The amountof datafrom HIRLAMZ20 forecastis increaseda lot comparedto
HIRLAMS0. Theverticalresolutionis increasedo 40 levels. Theforecastength
is increasedo 60 hours. In additionsix surfaceparametergmsilp, total precipi-
tation, T2m, rh2m, u andv) areavailableon a onehourly time resolution. Total
snaw, corvective and stratiform snov and albedoare additional parameteron
threehourly time resolution.The snow forecastsareverifiedagainsiobsenations
in theentireNorwegianprecipitationnetwork. Theresultsareshovn in Figurel3
whereall forecastsn caseof obseredrain (left), obseredsleet(middle)andob-
senedsnaw (right) aredistributedonrain, sleetandsnow. Theverificationshowvs
thatvaluableinformationaboutprecipitationtype canbeobtainedrom themodel.
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5 Discussionand summary

The referenceversionHIRLAM 5.2 which includesnewv schemedor physical
parameterizatiompen packagesor initial data(3D-Var for the free atmosphere
which hasbeenoperationalat met.no for two yearsbeforeit wasimplemented
into thereferenceandanalysisof surfaceparametershasbeentested.The veri-
ficationresultsshaw thatthe new referenceversionis superiorto the operational
systematmet.no. Theimprovements significantfor the2mtemperaturdéut most
importantis theimprovementin mslpandtheforecaston pressuresurfaces.The
new modelversionrepresents bettermodelfor the synopticscale.

The horizontalresolutionis increasedo 0.2° with retainanceof the operational
area. The improved quality dueto increasedesolutionis smallerthanthe im-
provementsdueto changein modelversion. HIRLAM version5.2in 0.2, 40L
resolutionis suggeste@snew operationaimodelat met.no.

Theboundarywalueprojectat ECMWEF providesboundarywalueson frameswith
horizontalresolution0.5° andvertical resolutionof up to 60 modellevels. The
boundariehave shavn to be particularybeneficialfor the HIRLAM10 modeldue
to therelatively smallareaof this model.

Thesubjectvely analyzedsurfacedataSST, snov depthandseaice from met.no’s
Ice Servicein Tromsgarecomparedo the daily automaticanalysisin HIRLAM
and have shavn to have slightly poorerforecastquality. The benefitof doing
daily analysisof surfacedatawhenthesedataareusedis limited. Dueto reduced
computingtime the weekly datafrom the Ice Servicewill replacethe succesie
correctionanalysisof SSTandsnov depthandthe diagnosticseaice in the oper
ationalHIRLAM20. However obsenationsof snov might be easieravailablein
thefuture. Theimpactof daily analysisshouldbe studiedagainwhenmoredata
areavailable. Thework with parallelizationof the succesie correctioncodeand
with choosingthe optimumfirst guesdieldsshouldbe continued.

Surfaceparameteryerify betterin HIRLAMZ20. It is reasonabl¢o believe that

this is partly due to the weighting of computationsover the different surface
classes At coastalstationshowever, the wind speedof HIRLAMZ20 is oftentoo

low. Largerweighton wind speedover seacould perhapamprove the forecasts
of wind forcein 10mat coastalstations.

Thecondensatioscheman HIRLAM20 hasanothererrorcharacteristithanthe

condensatiorschemen HIRLAM50. Cloud coveragehasa positve ME some
timesleadingto smalleramplitudein the diurnal temperaturecycle. The work
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with testingothercondensatioschemesasso far not beensuccesful.lt is im-
portantthatthe forecasterareawareof the cloud cover errorwhenthey interpret
thetemperaturdorecasts.

More dataare availablefrom HIRLAMZ20. The forecastis run up to 60 hours.
Thelong forecastsarenot explicitly verifiedandshouldbe interpretedwith care.
Verificationof outputof precipitatingsnov from the modelhasshown to provide
valuableinformationaboutprecipitationtype.
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Figure 1: Summaryverification of forecastsfor April 2002 at the EWGLAM
network (left) andnorwegiannetwork (right), ME andSDEasfunctionof forecast
lenght. HIRLAM50 (1), HIRLAM50A (2) andHIRLAM20 (3)
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Figure7: Summaryverificationof forecastdor January2002(upper)April 2002
(lower) at the EWGLAM network andthe Norwegian network, ME and SDE of

t2m, HIRLAM20B (1) andHIRLAMZ20A (2)
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Figure8: Summaryverificationof forecastdor January2002 at the EWGLAM
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Figure 10: Summaryverification of forecastsfor April 2002 at the EWGLAM
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Figure 11: Total cloud cover at station1384 GardermoerApril 2002, 0bsened
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Figure12: total cloud cover (top), 2m temperaturébottom)at station1492 Oslo
February2003, obsened (black), HIRLAM20 (red) andHIRLAM50 (blue) and
HIRLAMZ10 (pink).

observed rain observed sleet observed snow

300
|
2000 3000 4000 5000 6000
| | | |

100
|

1000
|

. - o -

0
L

raixn sleet snow rain sleet snow rain sleet snow

HIRLAM20 forecast HIRLAM20 forecast HIRLAM20 forecast

Figure13: Summaryverificationof precipitationtype at the Norwegian precipi-
tation network
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