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1 Intr oduction

For someyearstheHIRLAM projectandtheSectionfor meteorologyat met.no
havebeenworkingonimproving thequalityof theHIRLAM version2.7forecast-
ing system.Therehasbeenseveralattemptsto upgradetheoperationalHIRLAM
which hasbeendifficult to beatin termsof verificationscores.Comprehensive
testingof modelversion4.3and5.2hasbeencarriedout. Thedifferentoptionsin
HIRLAM version5.2thathavebeentested,aredescribedin part2 and4.

During theautumn2001importantchangesto theoperationalnumericalweather
predictionsystemat met.no was implemented.The datafrom 00UTC forecast
from ECMWF wasreplacedby boundaryvalueson framesonly andthe super-
computerCRAY T3EatNTNU wasreplacedby new supercomputingsystemSGI
Origin 3800with increasedcomputingcapcity. This led to the introductionof
necessaryanddesiredchangesto the local numericalweatherpredictionsystem
at met.no. Increasedresolutionin time andspaceof the boundaryvaluesto the
limited areamodelhasbeenregardedasimportantfor improving the quality of
the numericalforecasts. The disseminationof dataon frames(the grid points
alongtheboundariesof the limited areamodel)hasmadeit possibleto increase
theresolutionof theboundaryvalueswithin thepresentlimits of the line capac-
ity betweenmet.no andECMWF. At thesametime thenew supercomputergave
thepossibilityof increasingtheresolutionof thelimited areamodelsignificantly
while thesizeof theareacouldberetained.

Eachmemberstatecanacquireboundaryvaluesfrom ECMWF on two different
frames.Boundaryvaluesarenow producedfor the00,0612and18UTC termins
with a shortcut off time. The forecastsarecalculatedfrom a 3D-Var analysis,
while themainproductionrunat12UTC from whichthememberstatescanmake



useof thefull fieldsis basedon a long cut off anda 4D-Var analysis.At present,
theboundaryvaluesfor HIRLAM50 at met.no areon a 0.5

�

horizontalresolution
grid, 31 levelsvertical resolutionandthreehourstime resolution.Detailsabout
the boundaryvaluesandthe optimumutilization of thesearegiven in part 3 of
this report.

Thenew supercomputersatNTNU havesignificantlyincreasedcapacitythanthe
old machine. A 60 hoursforecastfrom HIRLAM in 0.2

�

horizontalresolution
with 40*468*378gridpointsis producedin about22 minutes.Thelargecapacity
hasgivenus thepossibility to performa largenumberof testrunswhich arede-
scribedin chapter5. Theoutcomeof thetestsis betterforecastproductson with
increasedresolution.

2 The boundary values

Until autumn2001thehorizontalresolutionof theboundaryvaluesfor HIRLAM50
was2.5

�

. Theboundaryvalueswererecievedon 15 pressurelevelsin six hourly
time resolution.With theintroductionof framesthehorizontalresolutionhasin-
creasedto 0.5

�

andthetimeresolutionhasincreasedto 3 hours.Thedataarenow
on model levels interpolateddirectly to HIRLAM50 model levels contradictory
to the earlier interpolationfrom ECMWF model levels to pressuresurfacesand
thento HIRLAM modellevelswhichdiffer from themodellevelsin theECMWF
modelby a different resolutionin the planetaryboundarylayer anddueto dif-
ferencesin orographicresolution.Theinformationin theboundaryvaluesis bet-
ter retainedby interpolationfrom ECMWF modellevelsdirectly to HIRLAM20
modellevels.Theboundarydataarealsoextendedwith cloudliquid water.

Theforecastis a combinedresultof theinitial data(observationsandfirst guess),
the boundaryvaluesandthe modelequations.Which of thesehaving the main
influenceon theresultingforecastwill dependon many factorsin thetotalmodel
system.TheoperationalHIRLAM50 is run on quite a large area.It takesmany
integrationstepsfrom theweathersystemsenterthroughtheboundariesuntil they
arrive in themain forecastingarea.Thequestionthatcouldbeasked is: what is
the optimumsizeof the areaof the LAM whenthe objective is to reproduceas
well aspossiblethesynopticevolutionof theboundarydata?
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3 HIRLAM version5.2

ThereferenceversionHIRLAM 5.2representsa numberof upgradesin different
scientificfieldscomparedto HIRLAM 2.7.

The initial datafor the free atmosphereareimprovedby implementationof 3D-
Var. 3D-Var hasbeenrun at met.no for a coupleof yearsbeforeit cameinto the
HIRLAM reference.This is becausea comprehensivework with implementation
of theschemeinto theHIRLAM referencehasbeenperformedat met.no by Ole
Vignes.The3D-Var implementationis not treatedin this report.For moreinfor-
mationabout3D-Var it is referedto Vignes(1999).

3.1 Initial surfacedata

Theinitial datafor thesurfaceareproducedby thesurfaceanalysisin ISBA. T2m
andrh2mareanalyzedandusedaspredictorfor theprognosticvariablessurface
temperature(Ts), subsurfacetemperature(Td), surfacesoil water(ws), subsurface
soil water(wd) andsnow depth.SSTandseaice aremaintainedduringthefore-
cast.A detaileddescriptionof thesurfaceanalysissystemis givenin theHIRLAM
documentationmanual(Undénet al. ed.,2002).

The HIRLAM model requiresinitial datafor orography, surfaceclass,albedo,
topographicroughness,climatologicaldeepsoil temperatureandclimatological
deepsoil moisturein additionto the variablesfrom the surfaceanalysis.These
aregivenasmonthly meanfields. Surfaceclassesincludeocean,seaice, lakes,
bareland, low vegetationandforest. Global physiographydatabasese.g., from
theU.S.GeologicalSurvey areutilized to determinethefractionof a grid square
coveredby thedifferentsurfaceclasses.Roughnessis derivedfrom surfaceclass
andtopographicroughness.Albedois determinedfrom surfaceclassandfraction
of snow andupdateddueto changesin snow fractionduringtheforecast.

Thefirst guessfieldsfor thesurfaceanalysisareweightedfieldsof monthlymean
andshorttime forecastsfrom HIRLAM. Themonthlymeansmight differ quitea
lot from the real time fields. Also theshorttime forecastmight containforecast
errors.Theanalysisof snow depthandSSTis madeby useof succesive correc-
tions.Thisprocedureis not codedfor parallelcomputingandthereforeconsumes
a relatively largepartof thecomputingtime. Theanalysisof T2m andrh2muti-
lizesanoptimuminterpolationprocedurewhich runsmuchmoreefficient on the
computer. Seaice is diagnozedfrom SST. At met.no dataarealsoavailableon a
weekly basisfrom a subjective analysisof snow depth,SSTandseaice. These
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datacanrepresenta preliminaryworkaroundfor theproblemwith theslow anal-
ysisandhavebeentestedbothasinitial fieldsandasfirst guessfields.

3.2 Physical parameterization schemes

Theparameterizationschemesfor surfaceprocesses,cloudsandcondensationand
turbulence/vertical diffusion in HIRLAM 2.7 are replacedby new schemesin
HIRLAM 5.2.Someof theschemeshavequitesignificantinfluenceon themodel
forecastsandthe error characteristicswhile otherchangeshave smallerimpact.
However therecanbe reasonsfor replacingan old schemeeven if the impact is
small e.g. if it simplifiescodingor tuning or if it preparesthe modelfor useof
future data. Detaileddocumentationof theschemesandtheequationsaregiven
in HIRLAM-5 ScientificDocumentation(Undéned.,2002.)

3.2.1 The surfaceparameterization schemeISBA

For eachsurfaceclassaseparateflux computationis madeandcombinedusingthe
socalled’mosaic’ approach.ThesurfaceparameterizationschemeISBA is used
for eachsurfacetype in the grid square. The primary motivation for the tiling
approachis to promotesuitablebalanceenhancementsin horizontalcomplexity
andto increasethephysicalrealismof modelledsurfaceenergy andwaterfluxes.
Thesoil is dividedin two layers:onesurfacelayer, with a typical depthof 1cm,
that respondsto thediurnalcycle, anda total layerextendingdown to a depthof
about1m following a time scaleof somedays.Prognosticequationsexist for Ts,
Td , ws, wd andrain(dew) wateron vegetation.Thesensibleandlatentheatfluxes
from eachsurfacetypeareweightedaccordingto their fractionalshareof thegrid
squareto form thetotalsurfacefluxesin eachtimestep.Theaggregatedfluxesare
usedaslower boundaryconditionsfor the boundarylayer vertical diffusionand
theradiationscheme.Thesurfacefluxesarebasedon thedifferencesin tempera-
tureandhumiditybetweenthelowerstmodellevel andthesurfacevaluesfor each
surfacetype.

The ISBA schemehasbeenintroducedto the HIRLAM referencemodel after
thoroughtestingin theHIRLAM project.Thetestingalsocoversparallelrunson
anordicdomain.Thetestshowsthattheformersurfaceparameterizationscheme
wassuffering from a significantnegative temperaturemeanerror also in inland
areasin thespring.Theerrorwasnotonly relatedto 2mtemperaturebut wasalso
penetratinginto the free atmosphere.The parallel runswith ISBA and the old
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referenceis documentedby Rodriguezet al. (2003).

3.2.2 The turbulenceparameterization schemeTKE-l

The planetaryboundarylayer is representedby the turbulenceparameterization
scheme.Formationof air masses,profilesof thewind, temperatureandhumidity
in the lower atmosphere,boundarylayer clouds,forecastof 2m parameters,fog
and dew/frost formationdependon the formulationsin the turbulencescheme.
The turbulenceschemein HIRLAM 5.2 is basedon prognosticturbulentkinetic
energy combinedwith a diagnosticlength scale: a TKE-l scheme. Compared
to the former Louis schemeoneadvantageis that e.g. entrainmentat the top of
the boundarylayer is represented.In addition, the TKE-l schemeis thoughtto
bemoresuitablefor higherresolution,shorttime rangepredictionsasit includes
prognosticequationof the turbulenceincluding local andnon-local(advective)
termsin addition to prognosticequationsfor liquid water, u, v, thetaandq. A
known shortcomingof theschemeis thelack of cloudcondensationeffects.This
leadsto anunderestimatedmixing in thestratiformcloud top, andwill give rise
to shallow moistboundarylayers.

3.2.3 Convective and stratif orm condensationschemeSTRACO

Theschemeparameterizesbothlargescaleandconvectivecondensationandputs
specialemphasisin achieving gradualtransitionsbetweenbothregimes.Thecon-
vection is basedon a Kuo parameterizationwith moistureconvergenceclosure.
Thismeansthattheconvectionschemeis invokedwhentheconvergenceof mois-
ture (includingsurfaceevaporation)into a grid box exceedstheamountrequired
for establishinga convective cloud in the grid box environment. The top of the
cloudis wherethetemperatureprofile in thegrid box intersectsthemoistadiabat
profile from cloudbase.Themicrophysicscloselyfollows theSundqvistscheme
(operationalin HIRLAM50 atmet.no). Reportedshortcomingof theschemeis an
overestimationof thecloudfraction.

4 Testruns and verification

4.1 Data

Thetwo testingperiodsareJanuaryandApril 2002.BoundaryvaluesareECMWF
forecastson 0.5

�

horizontalresolution.Theperiodschosenareexpectedto bea
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Table1: Experimentmodels

Model versionno. analysis resolution boundaries
HIRLAM20 5.2 3D-Var, IS 0.2

�

,40L EC0.5
�

frames
HIRLAM20A 5.2 3D-Var 0.2

�

,40L EC0.5
�

frames
HIRLAM20B 5.2 3D-Var, sfana 0.2

�

,40L EC0.5
�

frames
HIRLAM20C 5.2 3D-Var, IS + sfana 0.2

�

,40L EC0.5
�

frames
HIRLAM50 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 EC0.5
�

frames

goodtest for the ISBA scheme.The very cold Januarytemperatureshave been
a challengeto HIRLAM, and the difficulties with snow melting anddifference
betweenlandsurfaceskin temperatureandSSTin thespringhavegivenorigin to
largemodelerrors(HomleidandØdegaard,2000).

4.2 The model versions

Theoperationalmodelatmet.no byJanuary2003is HIRLAM50 andHIRLAM10.
Specificationsanddifferentmodelsetupstreatedin this reportarelistedbelow. IS
meansthatSST, snow dataandseaice from theIceService,sfana meansanalysis
of thesurfaceparametersSST, snow andseaice is included.Analysisof T2mand
RH2mis usedin all experimentswith version5.2.

4.3 The referenceversion5.2

Thefirst testrun is thecomparisonof HIRLAM20 andHIRLAM50A againstthe
operationalHIRLAM50 (seetable 1). The model versionsare verified against
observationsatNorwegianstations(57synopstations)andatEWGLAM stations
(270synopstationsand100temps).Figure1 showssummaryverificationfor the
testperiodApril 2002,meanerror(ME) andstandarddeviationof error(SDE)as
functionof forecastlength.Comparisonof thecurvesmarked3 and2 shows that
thereis a significantreductionof SDEandME in meansealevel pressure(mslp)
forecastsand in the ME of the T2m forecasts.The ME in T2m hasa smaller
but opposite(for EWGLAM stations)diurnalcycle in thenew modelversion.For
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NorwegianstationstheSDEis reducedaswell. TheME in cloudcoveris changed
from negativeto slightly positiveandhasanincreasedSDE.ME in wind forecasts
is changedfrom negative to positiveat theEWGLAM stationnetwork, andfrom
positive to negativeat theNorwegianstationnetwork.

The verificationof geopotentialheight,temperatureandwind force on pressure
surfacesfor April 2002areshown in Figure2, 3 and4 respectively. The upper
andmiddleplotscomparemodelversions2.7and5.2 in 0.5

�

resolution.TheME
in z is reduced.ThetemperatureME is reduced,andin thelowestlevelsit is also
shiftedin positivedirection.On pressurelevelsthedaytimeME is morepositive
(lessnegative) thanthenighttimeME. SDEof temperatureat level 925hPa and
1000hPa is alsoreduced.Thewind forcehasverysmallME in bothmodels,and
slightly reducedSDEin thenew version.

4.4 Incr easedhorizontal and vertical resolution

Theaimhasbeento increasethehorizontalresolutionof themodelin accordance
with the increasedresolutionof theboundarydata. Comparisonof HIRLAM50
(curve marked 3 in Figure1), HIRLAM50A (curve marked 2 in Figure1) and
HIRLAM20 (curve marked 1 in Figure1) shows that the increaseof horizontal
resolutionhasa minor impacton theerror level by loweringtheME andSDEof
mslp.TheME in cloudcoverand2mtemperatureis slightly reducedby increased
resolutionwhile theSDEof cloudcover is furtherincreased.Thechangein qual-
ity level of wind force forecastsis only dueto changeof modelversionin this
period.

The vertical resolutionis 31 levels in HIRLAM50 andHIRLAM50A andis in-
creasedto 40 levels in HIRLAM20. No specifictestsare performedto deter-
minetheimpactof theincreasedverticalresolution.Theincreasedcloudcover in
HIRLAM20 andtheincreasedSDEof cloudcover (Figure1) is probablyrelated
to therandomoverlapprocedurein calculationsof total cloudcovermight givea
higherpercentageof total cloudcoverwith increasednumberof verticallevels.

4.5 The boundary values

HIRLAM50 hasbeentestedin parallelwith thehigh resolutionboundaryvalues
of theECMWFframes,andis now operationalwith theseboundaries.Disappoint-
ingly theperformancewasnot improvedby improvedresolutionin theboundary
valuesin spaceandtime(notshown). An assumptionhasbeenthattheboundaries
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aretoo far from themainverificationareato have significantimpacton thefore-
castperformance.To investigatethedependency of areasizeon thereproduction
of theboundaryvaluesin anumericalmodeltheHIRLAM modelwasrunonfour
differentareaswherethelargerareaequalstheoperationalareawhile thesmaller
areais comparableto theareaof met.no’shighresolutionmodelHIRLAM10. The
experimentsusedanalysesasboundaryvalues.

In the verification of the test thereis a trend that the SDE in mslp is reduced
with reducedsizeof area(not shown). The resultssuggestthat the operational
modelon thesmallHIRLAM10 areawill benefitfrom usingECMWF boundary
valuesratherthannestingin HIRLAM50. Thedataon framesfrom ECMWF are
availableon sufficiently high resolutionto beuseddirectly on theboundariesof
a 0.1

�

*0.1
�

model (Figure6) thus the nestingprocedurevia HIRLAM50 is not
necessary. Our main aim is to maintainthe quality on the synopticscaleof the
ECMWF forecastsandeventuallyaddvalueby higherresolution.A parallelrun
of HIRLAM10 with ECMWFboundaryvalues(HIRLAM10A) hasbeenquasiop-
erationalfor threemonthsfrom November2002to medioFebruary2003.Figure
5 shows theverificationfor this parallelrun. TheSDEof mslp in HIRLAM10A
is reducedto thelevel of theECMWFmodelandtheME is reducedaswell. Sim-
ilarly HIRLAM10A hassignificantlybetterscoreson 2m temperature.The10m
wind force verifiesbetterthanthe ECMWF model itself whenHIRLAM is run
with ECMWF boundariesdirectly. This canberegardedasanaddedvaluefrom
thehigherresolutionmodel.

4.6 The initial surfacefields

Thetestsetupsaredesignedto answerthequestionsof how muchimpactdoesthe
daily surfaceanalysisin ISBA hason the forecastandhow muchimpactdo we
seefrom theweeklysurfaceanalysisfrom met.no’s Ice Service.

Figure7showstheverificationof 2mtemperaturefor HIRLAM20B andHIRLAM20A
for JanuaryandApril, EWGLAM andNorwegiannetwork. Thefirst guessfield
of surfaceandsoil temperature,soil water, surfacehumidity andsnow depthis a
weightedmeanof themonthlymeanfield anda shorttime forecast.Both models
useHIRLAM’ s thesefieldswhile only in HIRLAM20B ananalysisis performed
to createthe initial field. In this comparisonit is clearthat the surfaceanalysis
contributessignificantlyto improvedverificationscoresof 2m temperature,par-
ticularly in January.

Figure8 shows the verificationof the modelusingthe Ice Service’s dataasini-
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tial fields(HIRLAM20) comparedto thereferencewith theISBA surfaceanalysis
(HIRLAM20B) in January2002 and the runs with climatological initial fields
(HIRLAM20A). Thesurfaceanalysisin ISBA givesbetterforecastsfor T2m and
mslpbothin termsof ME andSDEthanusingthedatafrom theIce Service.Fig-
ure10 shows similar verificationfor April alsoincludinga run with the Ice Ser-
vice’s dataasfirst guessfor the ISBA surfaceanalysis(HIRLAM20C). In April
theIce Servicedatagiveat leastasgoodscoreasHIRLAM20B in termsof SDE.
The2m temperatureis lower leadingto a lesspositiveME at EWGLAM stations
anda morenegative ME at Norwegianstations.Additional daily analysisof ob-
servations(HIRLAM20C) doesnot furtherimprovetheforecastsbasedontheIce
Servicedata. To summarizeHIRLAM20 andHIRLAM20C show very similar
verification.They bothhaveslightly lowerscoreson 2m temperatureparticularly
in January. In thefuturemoreobservationsof snow will beavailablein real time
andit wouldbeinterestingto repeattheexperimentwith datafrom theIceService
asfirst guessfor theISBA surfaceanalysis.

at themoment.HIRLAM20is moresuitablefor operationalrunsbecausethecom-
putingtime for thesuccessivecorrectionmethodin HIRLAM20B is long.

4.7 Other tests

Thecombinationof theKain-FritschconvectionschemeandtheRasch-Kristjansson
stratiformschemeis implementedin HIRLAM asanoptionalcondensationpack-
age.It hasbeencomprehensively testedinsidetheHIRLAM projectandatmet.no.
Theexperimentsgive lowerscoresfor mslp,reducedSDEof cloudcoverageand
a negativeME in thecloudcover (figuresnot shown). Oneaim of theHIRLAM6
project is to solve the problemwith the poor synopticscalequality andget the
schemeimplementedinto thereference.

4.8 The surfaceparameterization schemeand the near surface
parameters

HIRLAM20 hasbetterscoresfor surfaceparametersthantheoperationalHIRLAM50.
In particularthis is thecasefor meansealevel pressure.Thewind andthe tem-
peratureat coastalstationsaredifficult to forecastdueto thevaryinginfluenceof
theseaandthelandsurface.

TheoperationalHIRLAM50 hadaweaknesswith too low temperaturesalongthe
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Table2: 39 Norwegiansynopstations

Model ME January ME April SDEJanuary SDEApril
HIRLAM20 0.1 -0.2 2.0 1.8
HIRLAM50 0.1 0.4 2.3 2.0

ECMWF 0.0 -0.3 2.3 1.9

Table3: 15Norwegiancoastalsynopstations

Model ME January ME April SDEJanuary SDEApril
HIRLAM20 -0.8 -0.8 2.5 2.0
HIRLAM50 -0.1 0.1 2.8 2.2

ECMWF -0.9 -0.6 2.7 2.2

coast,in particularduringspring,andtoosmallamplitudesof thediurnaltemper-
aturecycle. HIRLAM20 hasbetterscoresfor T2m in the coastalzoneasin an
examplefrom Bodøin April 2002,Figure9. Thetemperaturesin thecoastalzone
aremoreaffectedby the land surfaceasseenin the observations. The negative
temperatureME in HIRLAM50 is reducedfrom 2.8

�

C to 0.1
�

C in thenew ver-
sion.

Thenew versionhasanegativeME of 2.6m/sin wind force.Thescoresfor ff10m
in Bodøis betterin HIRLAM50. Thetime seriesfrom Bodøin April (Figure9)
shows that theunderestimationof thewind speedis larger in thenew reference.
It is possiblethatthecharacteristicsof thewind over theoceanpenetrateinto the
landsurfaceto a largerextentthanthecharacteristicsof thetemperature.

ME andstandarddeviation of error of wind force for Norwegiansynopstations
areshown in Table2 andfor Norwegiancoastalsynopstationsin Table3. Statis-
tics from the ECMWF forecastsareincludedasa reference.The dataarefrom
the testperiodApril 2002,but the numbersarenot exactly equalto thoseplot-
ted in Figure8 and7 dueto differentstationlists anddifferentforecastlengths
(HIRLAM 00+30,+42andECMWF12+42,+54).

In HIRLAM version5.2 the2m temperatureand10mwind arecalculatedsepa-
ratelyfor all surfaceclasses;bareland,low vegetation,forest,waterandice. The
final valuesareweightedwith respectto fraction of eachsurfaceclass.Theop-
timum combinationof computingresultsfor eachclassandfor eachparameter
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couldbeobtainedby statisticalmodelling. This possibilitywill beconsideredin
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 was close to zero in 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 forecastsis
shown in figure11. Thetotal cloudcover in HIRLAM20 hasaSDEwhich is 20
The wind forecastsin the coastalzoneis not improvedasthe temperaturefore-
casts. The wind force is decreasingtoo much closeto the coastand is much
smallerthanobservedon moststations.Thewind speedin HIRLAM20 is far too
low at Spitsbergen.

On inlandstationsthereseemsto bea problemwith forecastinglow enoughtem-
peraturesin thereallycoldperiodeswhichareexperiencede.g.in EasternNorway
andin Finnmark.Evenif cloudsathigh latitudesin Januaryhaveanetwarmning
effect thetemperatureerrorseemsto bepartly independentof thecloudcoverer-
ror i.e. it is visiblealsoin clearsky situationsasseenin Figure12.

4.10 Extensionof data fields

The amountof datafrom HIRLAM20 forecastis increaseda lot comparedto
HIRLAM50. Theverticalresolutionis increasedto 40 levels.Theforecastlength
is increasedto 60 hours. In additionsix surfaceparameters(mslp, total precipi-
tation,T2m, rh2m,u andv) areavailableon a onehourly time resolution.Total
snow, convective and stratiform snow and albedoare additionalparameterson
threehourly time resolution.Thesnow forecastsareverifiedagainstobservations
in theentireNorwegianprecipitationnetwork. Theresultsareshown in Figure13
whereall forecastsin caseof observedrain (left), observedsleet(middle)andob-
servedsnow (right) aredistributedonrain,sleetandsnow. Theverificationshows
thatvaluableinformationaboutprecipitationtypecanbeobtainedfromthemodel.
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5 Discussionand summary

The referenceversionHIRLAM 5.2 which includesnew schemesfor physical
parameterization,new packagesfor initial data(3D-Var for the free atmosphere
which hasbeenoperationalat met.no for two yearsbeforeit was implemented
into thereference,andanalysisof surfaceparameters)hasbeentested.Theveri-
ficationresultsshow that thenew referenceversionis superiorto theoperational
systematmet.no. Theimprovementis significantfor the2mtemperaturebut most
importantis theimprovementin mslpandtheforecastson pressuresurfaces.The
new modelversionrepresentsabettermodelfor thesynopticscale.

The horizontalresolutionis increasedto 0.2
�

with retainanceof the operational
area. The improved quality due to increasedresolutionis smallerthan the im-
provementsdueto changein modelversion. HIRLAM version5.2 in 0.2

�

, 40L
resolutionis suggestedasnew operationalmodelat met.no.

TheboundaryvalueprojectatECMWFprovidesboundaryvaluesonframeswith
horizontalresolution0.5

�

andvertical resolutionof up to 60 model levels. The
boundarieshaveshown to beparticularybeneficialfor theHIRLAM10 modeldue
to therelatively smallareaof this model.

Thesubjectively analyzedsurfacedataSST, snow depthandseaice from met.no’s
Ice Servicein Tromsøarecomparedto thedaily automaticanalysisin HIRLAM
and have shown to have slightly poorerforecastquality. The benefitof doing
daily analysisof surfacedatawhenthesedataareusedis limited. Dueto reduced
computingtime the weekly datafrom the Ice Servicewill replacethe succesive
correctionanalysisof SSTandsnow depthandthediagnosticseaice in theoper-
ationalHIRLAM20. However observationsof snow might beeasieravailablein
thefuture. Theimpactof daily analysisshouldbestudiedagainwhenmoredata
areavailable.Thework with parallelizationof thesuccesive correctioncodeand
with choosingtheoptimumfirst guessfieldsshouldbecontinued.

Surfaceparametersverify betterin HIRLAM20. It is reasonableto believe that
this is partly due to the weighting of computationsover the different surface
classes.At coastalstationshowever, thewind speedof HIRLAM20 is often too
low. Largerweighton wind speedover seacouldperhapsimprove the forecasts
of wind forcein 10mat coastalstations.

Thecondensationschemein HIRLAM20 hasanothererrorcharacteristicthanthe
condensationschemein HIRLAM50. Cloud coveragehasa positive ME some
times leadingto smalleramplitudein the diurnal temperaturecycle. The work
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with testingothercondensationschemeshasso far not beensuccesful.It is im-
portantthattheforecastersareawareof thecloudcovererrorwhenthey interpret
thetemperatureforecasts.

More dataareavailablefrom HIRLAM20. The forecastis run up to 60 hours.
Thelong forecastsarenot explicitly verifiedandshouldbeinterpretedwith care.
Verificationof outputof precipitatingsnow from themodelhasshown 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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Figure2: Summaryverificationof forecastsfor April 2002at theEWGLAM net-
work, ME (left) andSDE(right)of geopotentialon pressurelevels. HIRLAM50
(top),HIRLAM50A (middle)andHIRLAM20 (bottom)
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Figure 3: Summaryverification of forecastsfor April 2002 at the EWGLAM
network, ME (left) andSDE(right)of temperatureonpressurelevels.Operational
HIRLAM50 (top),HIRLAM50A (middle)andHIRLAM20 (bottom)
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Figure 4: Summaryverification of forecastsfor April 2002 at the EWGLAM
network, ME (left) andSDE(right)of wind forceon pressurelevels. Operational
HIRLAM50 (top),HIRLAM50A (middle)andHIRLAM20 (bottom)
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Figure5: Summaryverificationfor theEWGLAM network,ME andSDEof mslp,
T2mandFF10m,HIRLAM10 (1), HIRLAM10A (2) andECMWF(3)
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Figure6: ECMWF wind on framescoveringtheboundariesof HIRLAM10A.
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Figure7: Summaryverificationof forecastsfor January2002(upper)April 2002
(lower) at theEWGLAM network andtheNorwegiannetwork, ME andSDEof
t2m,HIRLAM20B (1) andHIRLAM20A (2)
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Figure8: Summaryverificationof forecastsfor January2002at the EWGLAM
network, ME and SDE of mslp, T2m and FF10m, HIRLAM20 (1) and
HIRLAM20B (2)
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Figure10: Summaryverificationof forecastsfor April 2002at the EWGLAM
network, ME and SDE of mslp, T2m and FF10m, HIRLAM20B (legend at,
HIRLAM20C (legend2) andHIRLAM20 (legend3)
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Min Mean Max Std N

synop:  00,06,12,18 12.5 71 100 29.6 44

Hirlam10:  00+18,+24,+30,+36 0 49.1 96 27.2 44

Hirlam20:  00+30,+42 −0.8 62.5 100.3 42.1 22

Hirlam50:  00+18,+24,+30,+36 0 55.1 100 36.1 44

ME SDE RMSE MAE Max.abs.err. N

Hirlam10 − synop −21.9 34.7 41.1 33 99 44

Hirlam20 − synop −14.2 52.4 54.3 41.1 100.8 22

Hirlam50 − synop −15.9 32.4 36.1 26.4 100 44

Figure11: Total cloud cover at station1384GardermoenApril 2002,observed
(black),HIRLAM20 (red)andHIRLAM50 (blue)andHIRLAM10 (pink).
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Figure12: total cloudcover (top), 2m temperature(bottom)at station1492Oslo
February2003,observed (black),HIRLAM20 (red) andHIRLAM50 (blue) and
HIRLAM10 (pink).
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Figure13: Summaryverificationof precipitationtypeat theNorwegianprecipi-
tationnetwork
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