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1. Introduction
RecentchangestotheECMWFforecastingsystemaresummarisedinsection2.Verification
resultsoftheECMWFmedium‐rangeupper‐airforecastsarepresentedinsection3,including,
whereavailable,acomparisonofECMWF’sforecastperformancewiththatofotherglobal
forecastingcentres.Section4presentstheverificationofECMWFforecastsofweather
parametersandoceanwaves,whilesevereweatherisaddressedinsection5.Finally,section6
discussestheperformanceofmonthlyandseasonalforecastproducts.

Atits42ndSession(October2010),theTechnicalAdvisoryCommitteeendorsedasetoftwo
primaryandfoursupplementaryheadlinescorestomonitortrendsinoverallperformanceof
theoperationalforecastingsystem.Theseheadlinescoresareincludedinthecurrentreport.As
inpreviousreportsawiderangeofcomplementaryverificationresultsisincludedand,toaid
comparisonfromyeartoyear,thesetofadditionalverificationscoresshownhereismainly
consistentwiththatofpreviousyears(ECMWFTech.Memos.346,414,432,463,501,504,547,
578,606,635,654,688,710,742).Ashorttechnicalnotedescribingthescoresusedinthis
reportisgivenintheannextothisdocument.

VerificationpageshavemostlybeenmovedtothenewECMWFwebsiteandareregularly
updated.Theyareaccessibleatthefollowingaddress:

www.ecmwf.int/en/forecasts/charts

bychoosing‘Verification’undertheheader‘MediumRange’

(medium‐rangeandoceanwaves)

bychoosing‘Verification’undertheheader‘ExtendedRange’

(monthly)

bychoosing‘Verification’and‘Seasonalforecasts‘undertheheader‘LongRange’

(seasonal)

2. ChangestotheECMWFforecastingsystem
InNovember2014,ECMWFimplementedanintermediatecycle(40r1.1)ofitsIntegrated
ForecastingSystem(IFS)thataddedthecapabilitytoactivelyassimilateallconventional
observationaldatainBUFRformat(binarycode).ThismodificationwasneededsinceWMO
allowedproviderstostopdisseminatingdatainTraditionalAlphanumericCodes(TAC)format
inNovember2014.WMOdecidedtomovetoarepresentationofobservationsinBUFRbecause
ofthelackofflexibilityoftheTACformatusedfortheexchangeofsurfaceandupperair
observationsforthelast50years.ThenewBUFRformatallowssubstantiallymoredatatobe
provided,forexamplemuchhigherverticalresolutioninradiosondereports,thanwaspossible
withtheTACformat.However,asignificantandcontinuingefforthasbeennecessarytomonitor
thetransitiontothenewformatasnumerouserrorsandqualityissueshavebeenidentifiedas
dataprovidersintroducethechange.ECMWFhasbeenplayinganactiveroleinthiseffortin
closecollaborationwiththeMemberStates,EUMETNET’sObservationsProgrammeandthe
WMO.

Anewmodelcycle(41r1)wasimplementedon12May2015.
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Cycle41r1introducesalakeparametrization,basedontheFLakemodel,whichisappliedtoall
resolvedandsub‐gridscalelakes.Theworkonlakesresultinginthisimplementationhas
benefittedfromamulti‐yearcollaborationwiththelake‐NWPcommunityinEuropeandin
particularrecognizesthescientificco‐ordinationoftheDeutscheWetterdienst.This
implementationimproves2‐metretemperatureforecastsinthevicinityofsmalllakesandnear
coastlinesnotrepresentedinthepreviousmodel.

Oceanwaveforecastsbenefitfromtheextensionofthehigh‐resolutionwavemodelfromthe
EuropeanandNorthAtlanticregiontothewholeoftheglobe.Thesestand‐aloneforecastsare
drivenbythehighresolutionforecastHRES,areperformedatahigherresolutionthanthe
coupledwavemodel,andincludeaforcingbyoceancurrents.

Newland‐seamask,orographyandclimatefields(glacierinformation,surfacealbedo)have
beenintroduced,aswellasnewdataforlakedepthandotherlakeparameters.Thenewmodel
alsousesnewCO2,O3andCH4climatologiesfromthelatestMACC‐IIreanalysis.

Arevisedverticalinterpolationinthesemi‐Lagrangianadvectionschemereducesgravitywave
noiseduringsuddenstratosphericwarmingevents.

Theinner‐loopresolutionsofthe4DVARdataassimilationsystemhavebeenupgradedtoT255
(80km)foreachofthethreeiterationsoftheouterloopstoproducefinerscaleincrements.The
backgrounderrorcovariancesaremademoreflow‐dependentbyreducingthesampling
windowandaveragingthestatisticsovershorterpastperiods,thesedynamicalstatisticsbeing
usedjointlywithaclimatology.Arangeofadditionalsatelliteobservationsimprovesthe
representationoflandsurface,seaiceandoceanwaveparameters.

Monthlyensembleforecastsandre‐forecastshavebeenextendedfrom32to46days.The
extendedforecastsshouldbeusedwithcarebutresultshaveshownthatthereispositiveskillin
someaspectsofforecastsinthe30–46dayrange.Theensembleforecast(ENS)re‐forecast
datasetissignificantlyenhanced,withre‐forecastsrunningtwiceaweek,forMondaysand
Thursdays(previouslyjustThursdays),andwiththesizeofeachre‐forecastensemble
increasedfrom5to11members.Thisprovidesasubstantialincreaseinthesamplesizeforthe
modelclimatesforthemedium‐rangeExtremeForecastIndex(EFI)/ShiftofTails(SOT)andthe
extended‐range(monthly)forecastanomalyproducts.

AsummaryofforecastperformanceisprovidedasascorecardinFigure1.

Thenewmodelcycleimprovesbothhigh‐resolutionforecasts(HRES)andensembleforecasts
(ENS)throughoutthetroposphereandinthelowerstratosphere.Improvementsareseenboth
inverificationagainstthemodelanalysisandverificationagainstobservations.

Cycle41r1bringsconsistentgainsinforecastperformanceatthesurfacefortotalcloudcover
andprecipitation.Improvementsinthemodellingofcloudandprecipitationreducethe
predictedoccurrenceofdrizzleinsituationswherelarge‐scaleprecipitationdominates,and
theyincreasetheamountofrainfallinforecastsofintenseevents,leadingtoabettermatchwith
observations.Improvementsarealsoseenfor2‐metretemperatureand2‐metrehumidityin
partsofthenorthernhemisphereandthetropics.Cycle41r1alsointroducesanumberofnew
outputparameters,suchasprecipitationtype,includingfreezingrain.

Theaveragepositionerrorfortropicalcyclonesisslightlyreduced,andtropicalcyclonesare
generallyforecasttobemoreintense.Forexample,IFSCycle41r1performedbetterthanCycle
40r1inpredictingthetrackoftropicalcyclonePam,whichdevastatedVanuatuintheSouth
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PacificinMarch2015.InHRES,thesealevelpressureminimumatthecentreoftropical
cyclonesisonaverageslightlyloweratallleadtimes.Uptoandincludingday3thismakesthe
forecastbetter,byreducingtheslightpositivebias.Fromday5onwards,however,thepre‐
existingbiastowardsover‐deepeninghasincreasedslightly.

Thenewmodelcycleisdescribedingreaterdetailat

http://www.ecmwf.int/en/forecasts/documentation‐and‐support/changesecmwf‐
model/cycle‐41r1.

3. Verificationforupper‐airmedium‐rangeforecasts

3.1. ECMWFscores
Figure2showstheevolutionoftheskillofthehigh‐resolutionforecastof500hPaheightover
Europeandtheextratropicalnorthernandsouthernhemispheressince1981.Eachpointonthe
curvesshowstheforecastrangeatwhichthemonthlymean(bluelines)or12‐monthmean
centredonthatmonth(redline)oftheanomalycorrelation(ACC)betweenforecastand
verifyinganalysisfallsbelow80%.InbothhemispheresandoverEuropescoreshavebeen
consistentlyhigh.Resulting12‐monthmeansareequaltoorslightlyexceedingthehighest
previousvalues.

Acomplementarymeasureofperformanceistherootmeansquare(RMS)erroroftheforecast.
Figure3showsRMSerrorsforbothextratropicalhemispheresofthesix‐dayforecastandthe
persistenceforecast.Theerrorofthesix‐dayforecasthasfurtherdecreasedinthehemispheric
averages.

Figure4showsthetimeseriesoftheaverageRMSdifferencebetweenfour‐andthree‐day
(blue)andsix‐andfive‐day(red)forecastsfromconsecutivedaysof500hPaforecastsover
Europeandthenorthernextratropics.Thisillustratestheconsistencybetweensuccessive12
UTCforecastsforthesameverificationtime;thegeneraldownwardtrendindicatesthatthereis
less“jumpiness”intheforecastfromdaytoday.Thelevelofconsistencybetweenconsecutive
forecastshasincreasedfurtherinthelastyear.In2014the12‐monthmovingaveragesofRMS
differencesreachedtheirlowestvaluessofar.

ThequalityofECMWFforecastsfortheupperatmosphereinthenorthernhemisphere
extratropicsisshownthroughtimeseriesoftemperatureandwindscoresat50hPainFigure5.
Scoresforone‐dayforecastsoftemperatureaswellasforecastsofvectorwindhavebeenstable
sincelastyear.

Theverificationofmodelforecastsinthestratosphereiscurrentlyperformedagainstanalyses
andradiosondeobservations.Bothdatasetshavelimitationsthatreduceourabilitytoproperly
assessmodeldevelopmentsinthestratosphere.GPSradiooccultation(RO)observations
representanalternativewayofverificationinthestratosphere.Theyhaveagoodvertical
resolution,globalandhomogeneousdistribution(around3000profilesperday),andtheydo
notrequirebiascorrection.

SinceROmeasurementsareassimilateddirectlyintheformofbendingangles,oneoptionisto
performtheverificationusingthisquantity,whichisprimarilysensitivetovariationsin
temperatureinthestratosphere.RObendinganglescanprovidearobustmeasureofforecast
errorchangesbetweenmodelcycles.Figure6(topleftpanel)showsthereductioninerror
standarddeviationofbendinganglesduetothemostrecentmodelupgrade.Thebottompanel
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showsthecorrespondingtime‐seriesofbendingangledeparturesforbothmodelversions,
indicatingthatthelargestreductionsintherandompartoftheforecasterroroccurduring
stratosphericwarmingevents.

Sinceverificationresultsforbendinganglescanbedifficulttointerpret,temperatureretrievals
fromGPS‐ROrepresentanalternativewayofassessingtheimpactofmodelchangeson
systematictemperatureforecasterrorsinthelowerandmiddlestratosphere.However,GPS‐
ROtemperatureretrievalsrequireaprioriinformationabouttheupperatmosphere.Inorderto
haverobustresultswhencomparingIFScyclesitisimportanttousethesamepriorinformation
forROtemperatureretrievals,whichinthiscaseisprovidedbytheoperational6‐hourforecast.
TheupperrightpanelinFigure6showsthereductioninthestandarddeviationofthe
temperaturedeparturescorrespondingtotheimprovementinbendingangledeparturesshown
intheleftpanel.

ThetrendinENSperformanceisillustratedinFigure7,whichshowstheevolutionofthe
continuousrankedprobabilityskillscore(CRPSS)for850hPatemperatureoverEuropeandthe
northernhemisphere.AsforHRES,theENSskillreachedrecordlevelsinwinter2009–10.There
hasbeensomereductionfromtheserecordlevels,especiallyoverEurope,asmightbeexpected
andaswasseenalsoforHRES.However,theENSperformancehasbeenconsistentlyhigh,and
theskillinwinter2013–14inthenorthernextratropicshasbeenverysimilartotherecord
levelsof2010.Anumberofchangeshavebeenmadetotheensembleconfigurationsince2010,
includingimprovementstoboththeinitialperturbationsandrepresentationofmodel
uncertainties,theincreaseinresolutioninJanuary2010,andfurtherredefinitionof
perturbationsusingtheensembleofdataassimilations.Theslightlydecreasingtrendin2014is
duetoatmosphericvariability.

Inawell‐tunedensemblesystem,theRMSerroroftheensemblemeanforecastshould,on
average,matchtheensemblestandarddeviation(spread).Theensemblespreadandensemble‐
meanerrorovertheextratropicalnorthernhemisphereforlastwinter,aswellasthedifference
betweenensemblespreadandensemble‐meanerrorforthelastthreewinters,areshownin
Figure8.Thematchbetweenspreadanderrorin2014issimilartopreviousyears,although
slightlystrongerunder‐dispersioncanbeseeninthemediumrange.Theunder‐dispersionfor
temperatureat850hPainbothseasonsisstillpresent,althoughuncertaintyintheverifying
analysisshouldbetakenintoaccountwhenconsideringtherelationshipbetweenspreadand
errorinthefirstfewdays.

Agoodmatchbetweenspatiallyandtemporallyaveragedspreadanderrorisanecessarybut
notasufficientrequirementforawell‐calibratedensemble.Itshouldalsobeabletocapture
day‐to‐daychanges,aswellasgeographicalvariations,inpredictability.Thiscanbeassessed
usingspread‐reliabilitydiagrams.Forecastvaluesofspreadoveragivenregionandtimeperiod
arebinnedintoequallypopulatedspreadcategories,andforeachbintheaverageerroris
determined.Inawell‐calibratedensembletheresultinglineshouldbeclosetothediagonal.
Figure9andFigure10showspread‐reliabilityplotsfor500hPageopotentialand850hPa
temperatureinthenorthernextratropics(top),Europe(centre),andthetropics(bottom,in
Figure10only)fordifferentglobalmodels.Spreadreliabilitygenerallyimproveswithleadtime.
Atday1(leftpanels),forecaststendtobemorestronglyunder‐dispersiveatlowspreadvalues
thanatday6(rightpanels).ECMWFperformsverywell,withitsspreadreliabilityusually
closesttothediagonal.Thestarsintheplotsmarktheaveragevalues,correspondingtoFigure
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8,andideallyshouldlieonthediagonal,ascloselyaspossibletothelowerleftcorner.Alsoin
thisrespect,ECMWFperformsbestoverall.

InordertohaveabenchmarkfortheENS,theCRPShasbeencomputedfora‘dressed’ERA‐I.
ThisalsohelpstodistinguishtheeffectsofIFSdevelopmentsfrompureatmosphericvariability.
Thedressingusesthemeanerrorandstandarddeviationoftheprevious30daystogeneratea
GaussiandistributionaroundtheERA‐I.Figure11showstheevolutionoftheCRPSfortheENS
andforthedressedERA‐Ioverthelast10yearsfortemperatureat850hPaatforecastday5.In
thenorthernhemispheretheskilloftheENSrelativetothereferenceforecastwasabout15%in
2005andisapproaching30%in2015.Itisworthnotingthatusingtheforecasterrorfor
dressingoftheERA‐Iisequivalenttogeneratinganearlyperfectlycalibratedensemble.Thus
thissortofreferenceforecastrepresentsachallengingbenchmark.

Theforecastperformanceoverthetropics,asmeasuredbyRMSvectorerrorsofthewind
forecastwithrespecttotheanalysis,isshowninFigure12.At200hPa(upperpanel)the1‐day
forecasthascontinuedtoimproveslightly(althoughitisstillslightlyhigherthantheminimum
whichwasreachedin2003–2004),whilethe5‐dayforecasterrorhasincreased.Similarly,at
850hPa(lowerpanel)theerroratday1hasbeenslightlyreducedwhileatday5ithas
increased.Theincreaseat850hPaisalsoseeninERA‐Interim(notshown)andinforecastsof
othercentres.Itoccursforverificationagainstanalysisanddoesnotappearwhentheforecast
isverifiedagainstobservations(cf.Section3.2,Figure16andFigure17).Notethatscoresfor
windspeedinthetropicsaregenerallysensitivetointer‐annualvariationsoftropical
circulationsystemssuchastheMadden‐Julianoscillation,orthenumberoftropicalcyclones.

3.2. WMOscores‐comparisonwithothercentres
ThecommongroundforcomparisonistheregularexchangeofscoresbetweenWMO
designatedglobaldata‐processingandforecastingsystem(GDPFS)centresunderWMO
commissionforbasicsystems(CBS)auspices,followingagreedstandardsofverification.The
newscoringproceduresforupper‐airfieldsusedintherestofthisreportwereapprovedfor
useinthisscoreexchangebythe16thWMOCongressin2011andarenowbeingimplemented
atparticipatingcentres.ECMWFceasedcomputationofscoresusingpreviousproceduresin
December2011.ThereforetheECMWFscoresshowninthissectionareacombinationofscores
usingtheold(untilDecember2011)andnewprocedures(from2012onward).Thescoresfrom
othercentresfortheperiodofthisreporthavebeencomputedstillusingtheprevious
procedures.Forthescorespresentedheretheimpactofthechangesisrelativelysmallforthe
ECMWFforecastsanddoesnotaffecttheinterpretationoftheresults.

Figure13showstimeseriesofsuchscoresfor500hPageopotentialheightinthenorthernand
southernhemisphereextratropics.Overthelast10yearserrorshavedecreasedforallmodels,
especiallyduringthewinterseason.ECMWFcontinuestomaintainaleadovertheother
centres.

WMO‐exchangedscoresalsoincludeverificationagainstradiosondesoverregionssuchas
Europe.Figure14(Europe),andFigure15(northernhemisphereextratropics)showingboth
500hPageopotentialheightand850hPawindforecasterrorsaveragedoverthepast
12months,confirmsthegoodperformanceoftheECMWFforecastsusingthisalternative
referencerelativetotheothercentres.

ThecomparisonforthetropicsissummarisedinFigure16(verificationagainstanalyses)and
Figure17(verificationagainstobservations).Whenverifiedagainstthecentres’ownanalyses,
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theJapanMeteorologicalAgency(JMA)forecasthasthelowesterrorintheshortrange(day1)
whileinthemediumrange,ECMWFandJMAaretheleadingmodelsinthetropics.Atthe
beginningof2012theerrorsoftheECMWFforecastat850hPahaveshiftedtoaslightlylower
levelduetoachangeinthecomputationofthescore.Insteadofsamplingthefullfieldsona2.5°
grid,fieldsarenowspectrallytruncatedequivalentto1.5°resolution,inaccordancewithWMO
guidelines.Inthetropics,verificationagainstanalyses(Figure16)isverysensitivetothe
analysis,inparticularitsabilitytoextrapolateinformationawayfromobservationlocations.
Whenverifiedagainstobservations(Figure17),theECMWFforecasthasnowthesmallest
overallerrorsbothintheshortandmediumranges.

4. Weatherparametersandoceanwaves

4.1. Weatherparameters–high‐resolutionandensemble
Thesupplementaryheadlinescoresfordeterministicandprobabilisticprecipitationforecasts
areshowninFigure18.Thetoppanelshowstheleadtimeatwhichthestableequitableerrorin
probabilityspace(SEEPS)skillforthehigh‐resolutionforecastforprecipitationaccumulated
over24hoursovertheextratropicsdropsbelow45%.Thisthresholdhasbeenchosensuchthat
thescoremeasurestheskillataleadtimeof3–4days.Thebottompanelshowstheleadtimeat
whichtheCRPSSfortheprobabilityforecastofprecipitationaccumulatedover24hoursover
theextratropicsdropsbelow10%.Thisthresholdhasbeenchosensuchthatthescoremeasures
theskillataleadtimeofapproximately6days.Bothscoresareverifiedagainststation
observations.

MuchoftherecentvariationofthescoreforHRESisduetoatmosphericvariability,asshownby
comparisonwiththeERA‐Interimreferenceforecast(dashedlineinFigure18,toppanel).By
takingthedifferencebetweentheoperationalandERA‐Interimscoresmostofthisvariabilityis
removed,andtheeffectofmodelupgradesisseenmoreclearly(centrepanelinFigure18).
Whilethelargestimprovementisassociatedwiththeintroductionofthefive‐species
microphysicsinNovember2011(cycle36r4),microphysicschangesinsubsequentcyclesledto
afurtherincreaseinskill.Theprobabilisticscore(lowerpanelinFigure18)showssomerecent
improvementafterthestagnantperiod2010–2012whichwasagainpartlyduetoatmospheric
variability.TheCRPSoftheclimatologyforecast,whichisusedasareferencefortheCRPSS(see
AppendixA.2),decreased(i.e.improved)overtheperiod2010–2011,whichhasmasked
improvementsduetomodelupgradesduringthattime.In2012,however,thistrendhas
reversed,sothatmodelimprovementshavebecomemorevisibleagainintheCRPSS.

ECMWFperformsaroutinecomparisonoftheprecipitationforecastskillofECMWFandother
centresforboththehigh‐resolutionandtheensembleforecastsusingtheTIGGEdataarchived
intheMeteorologicalArchivalandRetrievalSystem(MARS).Resultsusingthesesameheadline
scoresforthelast12monthsshowtheHRESleadingwithrespecttotheothercentresfromday
3onwardswhiletheMet‐Officemodelisleadingatday1(Figure19,upperpanel),andforthe
ENSaconsistentclearleadforECMWFoverthewholeleadtimerange(Figure19,bottom
panel).

Trendsinmeanerrorandstandarddeviationoverthelast10yearsoferrorfor2m
temperature,2mdewpoint,totalcloudcover,and10mwindspeedforecastsoverEuropeare
showninFigure20toFigure23.Verificationisagainstsynopticobservationsavailableonthe
GlobalTelecommunicationSystem(GTS).Acorrectionforthedifferencebetweenmodel
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orographyandstationheightwasappliedtothetemperatureforecasts,butnootherpost‐
processinghasbeenappliedtothemodeloutput.

Ingeneral,theperformanceoverthepastyearfollowsthetrendofpreviousyears.For2m
temperatureanddewpoint,theerrorstandarddeviation(uppercurvesineachplot)hasbeen
comparativelysmall.However,negativebiaseswithmarkedannualcyclespersist,especiallyat
night‐time.Fortotalcloudcover(Figure22)thebiashasbeensmallinrecentyears,andthe
errorstandarddeviationhasshownlittlechange.Forwindspeed(Figure23)thereducedlevel
ofnight‐timebiasassociatedwiththechangeinsurfaceroughnessinNovember2011hasbeen
maintained.Howeverthedaytimebiashasbecomeslightlymorenegative.

Tocomplementtheevaluationofsurfaceweatherforecastskill,resultsobtainedforverification
againstthetopoftheatmosphere(TOA)reflectedsolarradiationproducts(dailytotals)from
theClimateMonitoringSatelliteApplicationFacility(CM‐SAF)basedonMeteosatdataare
shown.Thereisanincreaseintheskilloftheoperationalhigh‐resolutionforecastrelativeto
ERA‐Interiminrecentyears,bothintheextratropicsandtropics(Figure24),thatcanbe
attributedtothecombinedeffectofaseriesofmodelchangesbeginningwiththeintroduction
ofthefive‐speciesprognosticmicrophysicsschemeinNovember2010(cycle36r4).

ERA‐InterimisusefulasareferenceforecastfortheHRESasitallowsfilteringoutmuchofthe
effectofatmosphericvariationsonscores.Figure25showstheevolutionofskillatday5
relativetoERA‐Interiminthenorthernhemisphereextratropicsforvariousupper‐airand
surfaceparameters.ThemetricusedistheRMSEforupper‐airfieldsandtheerrorstandard
deviationforthesurfacefields.Curvesshow12‐monthrunningmeanvalues.Itcanbeseenthat
thelargestrelativeimprovements(15–20%since2002)havebeenachievedforupper‐airand
dynamicfields,followedby2mtemperatureand10mwindspeed.Theskilloftotalcloud
cover,whichhadbeenstablepriorto2011,startedtoincreaseasaresultofmorerecentcycle
changes.Formeansealevelpressure,thehighest12‐monthskillsofarwasreachedattheendof
2014.Bothfor500hpageopotentialand850hPatemperature,maximasofaroccurredearlyin
2014,andfurtherincreasesareexpectedfromthemodelupgradeinMay2015.

4.2. Oceanwaves
Thequalityoftheoceanwavemodelanalysisandforecastisshowninthecomparisonwith
independentoceanbuoyobservationsinFigure26.ThetoppanelofFigure26showstime
seriesoftheforecasterrorfor10mwindspeedusingthewindobservationsfromthesebuoys.
Theforecasterrorhassteadilydecreasedsince2001andithasreacheditslowestvaluesofarin
thewinterseason2013–14.Errorsinthewaveheightforecastin2014–15havebeenthelowest
sofarinthe1–3dayrange,andamongthelowestat5days.Thelong‐termtrendinthe
performanceofthewavemodelforecastsisalsoseenintheverificationagainstanalysis.
Anomalycorrelationforsignificantwaveheighthasreachedsomeofitshighestvaluesin2014
(Figure27).

ECMWFmaintainsaregularinter‐comparisonofperformancebetweenwavemodelsfrom
differentcentresonbehalfoftheExpertTeamonWavesandStormSurgesoftheWMO‐IOC
JointTechnicalCommissionforOceanographyandMarineMeteorology(JCOMM).Thevarious
forecastcentrescontributetothiscomparisonbyprovidingtheirforecastsatthelocationsof
theagreedsubsetofoceanbuoys(mainlylocatedinthenorthernhemisphere).Anexampleof
thiscomparisonisshowninFigure28forthe12‐monthperiodJune2013–May2014.ECMWF
forecastwindsareusedtodrivethewavemodelofMétéoFrance;thewavemodelsofthetwo
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centresaresimilar,hencetheclosenessoftheirerrorsinFigure28.ECMWFoutperformsthe
othercentreswithregardtowindspeedandpeakperiod.Forwaveheight,MétéoFranceand
ECMWFforecastshavehighestskill.

AcomprehensivesetofwaveverificationchartsisavailableontheECMWFwebsiteat

http://www.ecmwf.int/en/forecasts/charts

under‘Oceanwaves’.

5. Severeweather
Supplementaryheadlinescoresforsevereweatherare:

  TheskilloftheExtremeForecastIndex(EFI)for10mwindspeedverifiedusingtherelative
operatingcharacteristicarea(Section5.1)

  Thetropicalcyclonepositionerrorforthehigh‐resolutionforecast(Section5.2)

5.1. ExtremeForecastIndex(EFI)
TheExtremeForecastIndex(EFI)wasdevelopedatECMWFasatooltoprovideearlywarnings
forpotentiallyextremeevents.Bycomparingtheensembledistributionofachosenweather
parametertothemodel’sclimatologicaldistribution,theEFIindicatesoccasionswhenthereis
anincreasedriskofanextremeeventoccurring.VerificationoftheEFIhasbeenperformed
usingsynopticobservationsoverEuropefromtheGTS.Anextremeeventisjudgedtohave
occurrediftheobservationexceedsthe95thpercentileoftheobservedclimateforthatstation
(calculatedfroma15‐yearsample,1993–2007).TheabilityoftheEFItodetectextremeevents
isassessedusingtherelativeoperatingcharacteristic(ROC).Theheadlinemeasure,skillofthe
EFIfor10mwindspeedatforecastday4(24‐hourperiod72–96hoursahead),isshownin
Figure29(top),togetherwiththecorrespondingresultsfor24‐hourtotalprecipitation(centre)
and2mtemperature(bottom).Eachcurveshowsseasonalvalues,aswellasthefour‐season
runningmean,ofROCareaskillscoresfrom2004to2014;thefinalpointoneachcurveincludes
thespring(March–May)season2015.Forallthreeparameters,ROCskillhasstabilizedona
highlevel,withsomeinter‐annualvariationsduetoatmosphericvariability.

5.2. Tropicalcyclones
Thetropicalcyclonepositionerrorforthe3‐dayhigh‐resolutionforecastisoneofthetwo
supplementaryheadlinescoresforsevereweather.Theaveragepositionerrorsforthehigh‐
resolutionmedium‐rangeforecastsofalltropicalcyclones(alloceanbasins)overthelastten
12‐monthperiodsareshowninFigure30.Errorsintheforecastintensityoftropicalcyclones,
representedbythereportedsea‐levelpressureatthecentreofthesystem,arealsoshown.The
comparisonofHRESandENScontroldemonstratesthebenefitofhigherresolutionfortropical
cycloneforecasts.

TheHRESandENSpositionerrors(topandbottompanels,Figure30)havereachedtheirlowest
valuessofar.ThesameistrueforthemeanabsolutespeederrorsoftheHRESandtheCTRLat
D+3.Typicallytropicalcyclonesmovetooslowlyintheforecast,howeverthisnegativebiashas
beenrelativelysmallinrecentyears.Becauseofthesubstantialyear‐to‐yearvariationsinthe
numberandintensityofcyclones,thereissomeuncertaintyinthesefigures.Boththemean
error(bias)andmeanabsoluteerrorintropicalcycloneintensity(uppercentralpanelsin
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Figure30)haveincreased.Aswiththespeederrors,thereisarelativelylargeuncertaintyin
thesescoresbecauseoftheyear‐to‐yearvariationsinthenumberandcharacterofstorms.

ThebottompanelofFigure30showsthespreadanderrorofensembleforecastsoftropical
cycloneposition.Forreference,theHRESerrorisalsoshown.Theforecastwasunder‐
dispersivebeforetheresolutionupgradein2010,butthespread‐errorrelationshiphas
improvedsincethen.ThefigurealsoshowsthattheHRESpositionerrorhasbeengenerally
smallerthantheensemblemeanerroratforecastday3(althoughverysimilarrecently),and
viceversaatforecastday5.

TheensembletropicalcycloneforecastispresentedontheECMWFwebsiteasastrike
probability:theprobabilityatanylocationthatareportedtropicalcyclonewillpasswithin120
kmduringthenext120hours.Verificationoftheseprobabilisticforecastsforthethreelatest
12‐monthperiodsisshowninFigure31.Resultsshowacertainamountofover‐confidence,
withlittlechangefromyeartoyear.SkillisshownbytheROCandthemodifiedROC,thelatter
usingthefalsealarmratio(fractionofyesforecaststhatturnouttobewrong)insteadofthe
falsealarmrate(ratiooffalsealarmstothetotalnumberofnon‐events)onthehorizontalaxis.
Thisremovesthereferencetonon‐eventsinthesampleandshowsmoreclearlythereduction
infalsealarmsinthosecaseswheretheeventisforecast.Differencesbetweenthelastthree
consecutiveyearsofthesetwomeasuresarenotconsideredsignificant.

5.3. Additionalsevere‐weatherdiagnostics
Whilemanyscorestendtodegeneratetotrivialvaluesforrareevents,somehavebeen
specificallydesignedtoaddressthisissue.Hereweusethesymmetricextremaldependence
index,SEDI(AnnexA.4),toevaluateheavyprecipitationforecastskilloftheHRES.Forecastsare
verifiedagainstsynopticobservations.Figure32showsthetime‐evolutionofskillexpressedin
termsofforecastdaysfor24‐hourprecipitationexceeding20mminEurope.Thegaininskill
amountstoabouttwoforecastdaysoverthelast15yearsandisprimarilyduetoahigherhit
rate.AmoredetailedevaluationofheavyprecipitationforecastskillcanbefoundinECMWF
NewsletterNo.144.

6. Monthlyandseasonalforecasts

6.1. Monthlyforecastverificationstatisticsandperformance
Themonthlyforecastingsystemhasbeenintegratedwiththemedium‐rangeensemblesince
March2008.Thecombinedsystemmadeitpossibletoprovideuserswithensembleoutput
uniformlyupto32daysahead,onceaweek.Asecondweeklyrunofthemonthlyforecastwas
introducedinOctober2011,runningeveryMonday(00UTC)toprovideanupdatetothemain
Thursdayrun.InIFScycle41r1(May2015)themonthlyensembleforecastsandre‐forecasts
havebeenextendedfrom32to46days.

Figure33showstheprobabilisticperformanceofthemonthlyforecastovertheextratropical
northernhemisphereforsummer(JJA,toppanels)andwinter(DJF,bottompanels)seasons
sinceSeptember2004forweek2(days12–18,leftpanels)andweek3+4(days19–32right
panels).CurvesshowtheROCscorefortheprobabilitythatthe2mtemperatureisintheupper
thirdoftheclimatedistributioninsummer,andinthelowerthirdoftheclimatedistributionin
winter.Thusitisameasureoftheabilityofthemodeltopredictwarmanomaliesinsummer
andcoldanomaliesinwinter.Forreference,theROCscoreofthepersistenceforecastisalso
shownineachplot.Forecastskillforweek2exceedsthatofpersistencebyabout10%,for
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weeks3to4(combined)byabout5%.Intheweeks3to4(14‐dayperiod),summerwarm
anomaliesappeartohaveslightlyhigherpredictabilitythanwintercoldanomalies,althoughthe
latterhasincreasedinrecentwinters(withtheexceptionof2012).Overall,theskillofthe
forecastismorestablefromyeartoyearthantheskillofpersistence,bothinsummerand
winter.

ComprehensiveverificationforthemonthlyforecastsisavailableontheECMWFwebsiteat:

http://www.ecmwf.int/en/forecasts/charts

6.2. Seasonalforecastperformance

6.2.1. Seasonalforecastperformancefortheglobaldomain
Thecurrentversion(System4)oftheseasonalcomponentoftheIFSwasimplementedin
November2011.ItusestheoceanmodelNEMOandECMWFatmosphericmodelcycle36r4.The
forecastscontain51ensemblemembersandthere‐forecasts15ensemblemembers,coveringa
periodof30years.

Asetofverificationstatisticsbasedonre‐forecastintegrations(1981–2010)fromSystem4has
beenproducedandispresentedalongsidetheforecastproductsontheECMWFwebsite.

AcomprehensivedescriptionandassessmentofSystem4isprovidedinECMWFTechnical
Memorandum656,availablefromtheECMWFwebsite.

6.2.2. The2014–2015ElNiñoforecasts
Theyear2014wascharacterizedbyachangefromslightlycoldtoslightlywarmconditionsin
theeasterntropicalPacific.Themajorityofensemblemembersoftheforecastsmadeinspring
andsummerof2014(uppertwopanelsintheleftcolumnofFigure34)predictedamore
substantialstrengtheningofwarmanomaliesthanwhatwasobserved.Theautumnforecast
capturedthebasiccharacteristicsofthenextmonths’evolutionbetter,suggestinglittlechange.
Thewinterforecast(bottomleftpanel)againpredictedastrongevolutiontowardsElNino
conditions,whichthistimeagreedverywellwithobservations.Themulti‐modelEUROSIP
forecasts(rightcolumnofFigure34)performedslightlybetterinthefirsthalfoftheperiod,in
thesensethattheensemblewasbettercentredontheobservations.TheFeb2015forecastof
thestrongElNinodevelopmentin2015waspredictedmoreclearly(withgreatersharpness)in
theECMWFmodel.

TheECMWFforecastsystempredictsthecontinuedstrengtheningoftheElNinointhecoming
months,withthepeakexpectedaroundDecember2015.Previousexperienceshowsthatfor
verylargeElNinoevents(specifically1997)themodeltendstoexaggeratetheamplitudeofSST
anomaliesduetonon‐linearitiesinthemodelbiascharacteristics.The2015ElNinoislikelyto
beverystrong,butmorelikelythannotstillweakerthantheonein1997.Thelongerrange
forecast(13monthslead)suggeststhatElNinoislikelytoendsometimeinApril/May/June
2016,withtemperatureseithernormalorbelownormalbyJuly2016.

6.2.3. Tropicalstormpredictionsfromtheseasonalforecasts
The2014NorthAtlantichurricaneseasonwasquietwithanaccumulatedcycloneenergyindex
(ACE)ofjust67%ofthe1950–2012climateaverage(seeFigure35).Thenumberoftropical
stormswhichformedin2014(8namedstorms)wasalsobelowaverage(12).Seasonaltropical
stormpredictionsfromSystem4indicatedbelowaverageactivitycomparedtoclimatologyover
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theAtlantic.TheJuneforecastpredicted9(witharangefrom6to12)tropicalstormsinthe
Atlantic(Figure36)andanACEof60%oftheobservedclimatology(+/‐20%).Mostother
seasonalforecastmodelspredictedabelowaverage2014Atlantictropicalstormseasondueto
thepresenceofamoderateEl‐Ninoevent.

Figure36showsthatSystem4predictedaboveaverageactivityovertheeasternNorthPacific
(althoughwiththeACE10%belownormal)andslightlyenhancedactivityoverthewestern
NorthPacific(ACE20%abovenormal).The2014easternPacifichurricaneseasonwaswell
aboveaverage(19tropicalstormsformedovertheeasternNorthPacificbetweenJulyand
December)andtheACEwas43%abovethe1981–2010average,whichmakesittheseventh‐
highestsince1971.Only17tropicalstormsformedoverthewesternNorthPacificin2014
betweenJulyandDecember,whichisbelowaverage(21.3).Therewasnoclearsignalinthe
forecastoverthisbasin.ThedropoftheACEintheAtlanticsectorwaswellcapturedbythe
forecast,withalmostthesameamplitudeasobserved,althoughmostensemblemembers
predictedatthetimeastrongerEl‐Nino(conducivetoareductionintropicalcycloneactivityin
theAtlantic)thanobserved(Figure34).

6.2.4. Extratropicalseasonalforecasts
2mtemperaturesinthenorthern‐hemispherewinter(DJF2014–15)werecharacterizedby
strongwarmanomaliesovernorthernEurasia,whichwerecapturedquitewellbytheseasonal
forecast(Figure37).ThewesternpartsofEurope,incontrast,wereinfluencedbyapersistent
coldanomalyovertheNorthAtlantic.Thisanomalywasalsocapturedbythemodelbutitdid
notextendquiteasfarintoEuropeaswasobserved.Theseasonalforecastwasnotableto
predictthelarge‐scalecoldanomalyovermuchoftheeasternUnitedStatesandCanada.

Duringthenorthern‐hemispheresummer(JJA2015),centralandsouthernEuropeexperienced
extremelypersistentheat,leadingtoamagnitudeofseasonal2mtemperatureanomalyofmore
than2standarddeviationsabovenormal(Figure38).InsomeEuropeancountriesall‐time
recordtemperaturesweresurpassed.TemperaturesinnorthernEuropewereatthesametime
belownormal,withasteepgradientoftheanomalyatabout50‐55degreesnorth.Theseasonal
forecastpredictedpositiveanomaliesinsouthernEurope,andnon‐significantanomaliesin
northernEurope.TheextensionoftheanomalouswarmthintoAsiawaswellcaptured.
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    anomaly
correlation RMS error SEEPS 

Europe 

against 
analysis 

Geopotential 

100hPa  ▴▲▴▴▴▴░░░░  ▲▲▲▲▲▴▴░░░   
500hPa  ▴▴▴░░░░░░░  ▲▴▴▴▴░░░░░   
850hPa  ▴▴▴░░░░░░░  ▴▲▴▴▴░░░░░   
1000hPa ▴▴▴░▴▴░░░░  ▲▲▴▴▴░░░░░   

MSL pressure    ░▴▴░░░░░░░  ▴▴▴░░░░░░░   

Temperature 

100hPa  ▲▲▲▴▴▴░░░░  ▲▲▲▲▲▲▴▴░▴   
500hPa  ▴▴▴▴░░░░░░  ▴▴▴▴▴▴░░░░   
850hPa  ▲▴▴░▴▴░░░░  ▲▴▴░▴░░░░░   
1000hPa ▴▴▴▴▴▴░░░░  ▴▴▴▴▴▴▴░░░   

Wind 
200hPa  ▲▴▴▴▴▴░░░░  ▲▲▴▴▴░░░░░   
850hPa  ▴▴▴▴▴░░░░░  ▴▴▴▴▴░░░░░   

Relative 
humidity 

300hPa  ▴░▴░░░░░░░  ▴▴▴░░░░░░░   
700hPa  ▲▴▴▴▴▴░░░░  ▲▲▲▴▴▴░░▴░   

against 
observations 

Temperature 

100hPa  ░░░░░░░░░░ ▲▲▲▲▴▴▴░░░   
200hPa  ░▴▴░░░░░░░  ░░▴░░░░░░░   
850hPa  ▴░░░░░░░░░  ░░░░░░░░░░  

2m temperature     ▴▴▲▴▴▴▴░▴░   

Wind 

100hPa  ▴▴▴░░░░░░░  ▴▴░░░░░░░░   
200hPa  ░▴░░░░░░░░  ░░░░░░░░░░  
850hPa  ░░░░░░░░░░ ░▴░░░░░░░░   

10m wind 

 

 ░░░░░░░░░░  
2m dew-point    ▾░░▴▴░▴▴▴░   
Total cloud cover    ▲▲▲▴░▴▴░░░   
24h precipitation     ▴▴▴░░░░░░░ 

Extratropical 
Northern 
Hemisphere 

against 
analysis 

Geopotential 

100hPa  ▲▲▲▲▲▴▴▴▴▴  ▲▲▲▲▲▲▲▲▲▴   
500hPa  ▲▲▲▴▴▴▴░░░  ▲▲▲▴▴▴▴▴▴░   
850hPa  ▲▲▲▴▴▴▴▴░░  ▲▲▲▴▴▴▴▴▴▴   
1000hPa ▲▲▴▴▴▴▴▴░░  ▲▲▴▴▴▴▴▴░░   

MSL pressure    ▴▴▴░░▴▴░░░  ▴▴▴░░▴▴░░░   

Temperature 

100hPa  ▲▲▲▲▴▴▴▴▴▴  ▲▲▲▲▲▲▲▲▲▲  
500hPa  ▲▲▲▴▴▴▴▴░░  ▲▲▲▴▴▴▴▴▴▴   
850hPa  ▲▴▴▴▴▴▴░░░  ▴░░░░░░░░░   
1000hPa ▴▴▴▲▴▴▴▴▴░  ▲▲▲▲▴▴▴▴▴▴   

Wind 
200hPa  ▲▲▲▴▴▴▴▴▴▴  ▲▲▲▲▴▴▴▴▴▴   
850hPa  ▲▴▴▴▴▴▴▴▴▴  ▲▴▴░▴▴▴▴▴▴   

10m wind 
over ocean 

 

▴▴░░░░▴░▴▴  ░░░░░░░░▴▴   

Ocean wave 
height  ▼▾▾░░▴▴░░░  ▼▾░░░░▴░▴░   

Ocean wave 
period  ▼▼▼▼▾░░░░░  ▼▼▼▼▾▾░░░░   

Relative 
humidity 

300hPa  ▲▴▴▴▴▴░░░░  ▲▴▴▴▴▴▴▴▴▴   
700hPa  ▲▴▴▴▴▴░░▴▴  ▲▲▲▲▲▲▲▲▲▲  

against 
observations 

Temperature 

100hPa  ▴▴▴▴░░░░░░  ▲▲▲▲▲▲▲▴▴▴   
200hPa  ▴▴▴▴░░░░░░  ▴▴▴░░░░░░░   
850hPa  ▾▾░░░░░░░░  ▾▾░░░░░░░░   

2m temperature     ▲▲▲▲▴▴▴▴▴░   

Wind 

100hPa  ▲▲▴▴▴░░░░░  ▲▲▴▴▴▴░░░░   
200hPa  ▲▴▴▴░░░░░░  ▲▴▴▴░░░░░░   
850hPa  ▾░░░░░░░░░  ▾░░░░░░░░░   

10m wind 

 

 ▲▲▲▲▴▴░░░░   
2m dew-point    ▴▲▲▲▲▲▴▴▴▴   
Total cloud cover    ▴▴▴▴▴▴▴▴▴▴   
24h precipitation     ░░░░░░░░░░

Extratropical 
Southern 
Hemisphere 

against 
analysis 

Geopotential 

100hPa  ▴▴▴▴▴▴▴▴░░  ▲▲▲▲▲▲▲▲▲▲  
500hPa  ▲▲▲▴▴▴▴▴▴▴  ▲▲▲▴▴▴▴▴▴▴   
850hPa  ▲▲▲▴▴▴▴▴▴▴  ▲▲▲▴▴▴▴▴▴▴   
1000hPa ▲▲▲▴▴▴▴▴▴▴  ▲▲▲▴▴▴▴▴▴▴   

MSL pressure    ▲▲▴▴▴▴▴▴▴▴  ▲▲▴▴▴▴▴▴▴▴   

Temperature 

100hPa  ▲▲▲▲▲▲▴▴▴▴  ▲▲▲▲▲▲▲▲▲▲  
500hPa  ▲▲▲▴▴▴▴░▴▴  ▲▲▲▲▴▴▴▴▴▴   
850hPa  ▲▴▴░░░░░░░  ░▾▾▾▾▾░▾▾▾   
1000hPa ▲▲▲▲▴▴▴▴▴░  ▲▲▴▴▴░░░░░   
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    anomaly
correlation RMS error SEEPS 

Wind 
200hPa  ▴▴▴▴▴▴▴▴░░  ▲▴▴▴▴▴▴▴▴▴   
850hPa  ▲▲▴▴▴▴▴▴▴▴  ▲▲▲▴▴▴▴▴▴▴   

10m wind 
over ocean 

 

▲▴▴▴▴▴▴▴▴▴  ▴▴▴▴▴░░░░▴   

Ocean wave 
height  ▼▼░░░░░▴▴▴  ▼▼░░░░░▴░▴   

Ocean wave 
period  ▼▼▼▼▼▾░░░░  ▼▼▼▼▼▾▾▾░░   

Relative 
humidity 

300hPa  ▴▴▴▴▴▴▴▴▴▴  ░░▴▴▴▴▴▴▴▴   
700hPa  ▲▴▴▴▴░░░░░  ▲▲▲▲▲▲▲▲▲▲  

against 
observations 

Temperature 

100hPa  ▴▴▴▴▴▴▴▴▴▴  ▲▲▲▲▲▲▲▲▲▲  
200hPa  ▴▴▴▴▴▴▴▴▴░  ▴▴▴▴▴░▴▴▴░   
850hPa  ░░░░░░▴░░░ ░░░░░░▴░░░   

2m temperature     ▴▴▴▴▴▴▴▴░░   

Wind 

100hPa  ▲▲▲▴▴▴▴░░░  ▲▲▲▲▴▲▴▴▴▴   
200hPa  ░▴▴▴▴▴▴▴░░  ░▴▴▴▴▴▴▴░▴   
850hPa  ▴▴░▴░▴░░░░  ▴▴▴▴▴▴▴░░░   

10m wind 

 

 ▾▼▾▾▾░░░░░   
2m dew-point    ░░▾░░░▴░░░   
Total cloud cover    ▲▴▴▴▴▴▴░▴░   
24h precipitation     ░░░░░░▴░░░

Tropics 

against 
analysis 

Temperature 

100hPa  ▲▲▲▲▲▲▲▲▲▲ ▲▲▲▲▲▲▲▲▲▲
500hPa  ▲▲▲▲▲▲▲▲▲▲ ▲▲▲▲▲▲▲▲▲▲
850hPa  ▲▲▴▴▴▴▴░░░  ▲▴░░░░░░░░   
1000hPa ░▾▾░░░░░▾▾  ▲▲▲▲▲▲▲▲▲▴   

Wind 
200hPa  ▲▲▲▲▲▲▲▲▲▲ ▲▲▲▲▲▲▲▲▲▲
850hPa  ▲▲▲▲▲▲▲▴▴▴  ▲▲▲▴▴▴▴▴░░   

10m wind 
over ocean 

 

▲▲▲▲▲▲▲▴▴▴  ▲▲▲▲▴▴░░▾░   

Ocean wave 
height  ▼▼▼▼▼▾▾▾▾▾  ▼▼▼▼▼▼▼▼▼▾   

Ocean wave 
period  ▼▼▼▼▼▾▾▾▾░  ▼▼▼▼▼▼▼▼▾▾   

Relative 
humidity 

300hPa  ░▴▴▴▴▴▴▴▴▴  ▼▼▾▾▾▾▾▾▾▾   
700hPa  ▲▴▴▴▴▴▴░░░  ▲▲▲▲▲▲▲▲▲▲  

against 
observations 

Temperature 

100hPa  ▲▲▲▲▲▲▲▲▲▴  ▲▲▲▲▲▲▲▲▲▲  
200hPa  ▲▲▲▲▲▲▲▴▲▴  ▲▴░░░░░░░░   
850hPa  ░░░░░░░░░░ ▴▴▴▴▴▴▴▴░░   

2m temperature     ▲▲▲▲▲▲▲▲▲▲

Wind 

100hPa  ▲▲▲▲▲▲▲▴▴▴  ▲▲▲▲▲▲▲▲▲▲  
200hPa  ▴░▴▴▴▴▴░░░  ▴░▴▴▴▴▴▴▴▴   
850hPa  ▲▲▲▴▴▴▴▴▴▴  ▴▴▴▴▴▴░░░░   

10m wind 

 

 ▼▼▼▼▼▼▼▼▼▾   
2m dew-point  ▲▲▲▲▲▲▲▲▲▲
Total cloud cover  ▲▲▲▲▲▲▲▲▲▲
24h precipitation     ▴▴▴▴░░░░░░ 

 
Symbol legend: for a given forecast step... (d: score difference, s: confidence interval width) 
▲ CY41r1 better than CY40r1 statistically highly significant (the confidence bar above zero by more than its height) (d/s>3) 
▴ CY41r1 better than CY40r1 statistically significant (d/s≥1) 
░ CY41r1 better than CY40r1, yet not statistically significant (d/s≥0.5) 
░ not really any difference between CY40r1 and CY41r1 
░ CY41r1 worse than CY40r1, yet not statistically significant (d/s≤-0.5) 
▾ CY41r1 worse than CY40r1 statistically significant (d/s≤-1) 
▼ CY41r1 worse than CY40r1 statistically highly significant (the confidence bar below zero by more than its height) (d/s<-3) 



Figure1:SummaryscorecardforCy41r1.Scorecardforcycle41r1versuscycle40r1verifiedbythe
respectiveanalysesandobservationsat00and12UTCfor704forecastrunsintheperiod2January2014
to10May2015.
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Figure2:Primaryheadlinescore for thehigh‐resolution forecasts.Evolutionwith timeof the500hPa
geopotentialheight forecastperformance–eachpointon thecurves is the forecast rangeatwhich the
monthlymean(bluelines)or12‐monthmeancentredonthatmonth(redline)oftheforecastanomaly
correlation (ACC) with the verifying analysis falls below 80% for Europe (top), northern hemisphere
extratropics(centre)andsouthernhemisphereextratropics(bottom).

Europe

NH

SH
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Figure3:Rootmeansquare(RMS)errorofforecastsof500hPageopotentialheight(m)atday6(red),
verifiedagainstanalysis.Forcomparison,areferenceforecastmadebypersistingtheanalysisover6days
isshown(blue).Plottedvaluesare12‐monthmovingaverages;thelastpointonthecurvesisforthe12‐
month periodAugust 2014–July 2015. Results are shown for the northern extra‐tropics (top), and the
southernextra‐tropics(bottom).
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Figure 4: Consistency of the 500 hPa height forecasts over Europe (top) and northern extratropics
(bottom).CurvesshowthemonthlyaverageRMSdifferencebetweenforecastsforthesameverification
timebutinitialised24hapart,for96–120h(blue)and120–144h(red).12‐monthmovingaveragescores
arealsoshown(inbold).






 

Europe

NH
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Figure 5: Model scores for temperature (top) and wind (bottom) in the northern extratropical
stratosphere.CurvesshowthemonthlyaverageRMStemperatureandvectorwinderrorat50hPaforone‐
day(blue)andfive‐day(red)forecasts,verifiedagainstanalysis.12‐monthmovingaveragescoresarealso
shown(inbold).
 

50hPatemperature

50hPawindspeed
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Figure6:Normaliseddifferencesbetweenmodelcycles41r1and40r1ofthestandarddeviationofday5
forecastdepartures(normalisedbytheobservationerror)ofGPSRObendingangles(upperleftpanel)
andGPSROtemperatureretrievals(upperrightpanel)overthenorthernhemisphereextra‐tropics.
Valuesbelow100indicateareductioninthestandarddeviationcomparedtothereference.Thebottom
panelshowscorrespondingtimeseriesofthestandarddeviationof5‐dayforecastdeparturesofGPSRO
bendinganglesforthelayerbetween40and49km(blue:40r1,red:41r1).
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Figure7:Primaryheadlinescorefortheensembleprobabilisticforecasts.Evolutionwithtimeof850hPa
temperature ensemble forecast performance, verified against analysis. Each point on the curves is the
forecastrangeatwhichthe3‐monthmean(bluelines)or12‐monthmeancentredonthatmonth(redline)
of the continuous ranked probability skill score (CPRSS) falls below 25% for Europe (top), northern
hemisphereextratropics(bottom).
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Figure8:Ensemble spread (standarddeviation,dashed lines)andRMSerrorofensemble‐mean (solid
lines) forwinter2014–2015(upper figure ineachpanel),anddifferencesofensemblespreadandRMS
errorofensemblemeanforlastthreewinterseasons(lowerfigureineachpanel,negativevaluesindicate
spreadistoosmall);verificationisagainstanalysis,plotsarefor500hPageopotential(top)and850hPa
temperature(bottom)overtheextratropicalnorthernhemisphereforforecastdays1to15.



EvaluationofECMWFforecastsincluding2014‐2015upgrades


TechnicalMemorandumNo.765  21







Figure9:Ensemblespreadreliabilityofdifferentglobalmodelsfor500hPageopotentialinDJF2014–15
inthenorthernhemisphereextra‐tropics(top)andinEurope(bottom)forday1(left)andday6(right),
verifiedagainstanalysis.Circlesshowerrorfordifferentvaluesofspread,starsshowaverageerror‐spread
relationship.

 



 EvaluationofECMWFforecastsincluding2014‐2015upgrades



22  TechnicalMemorandumNo.765




Figure10:Ensemblespreadreliabilityofdifferentglobalmodelsfor850hPatemperatureinDJF2014–15
inthenorthernhemisphereextra‐tropics(top),Europe(centre),andthetropics(bottom)forday1(left)
andday6(right),verifiedagainstanalysis.Circlesshowerrorfordifferentvaluesofspread,starsshow
averageerror‐spreadrelationship.
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Figure11:CRPSfortemperatureat850hPainthenorthern(top)andsouthern(bottom)extratropicsat
day5,verifiedagainstanalysis.Scoresareshownfortheensembleforecast(red)andthedressedERA‐
Interimforecast(blue).BlackcurvesshowtheskilloftheENSrelativetothedressedERA‐Interim
forecast.Valuesarerunning12‐monthaverages.NotethatforCRPS(redandbluecurves)lowervalues
arebetter,whileforCRPSskill(blackcurve)highervaluesarebetter.
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Figure12:Forecastperformanceinthetropics.CurvesshowthemonthlyaverageRMSvectorwinderrors
at200hPa(top)and850hPa(bottom)forone‐day(blue)andfive‐day(red) forecasts,verifiedagainst
analysis.12‐monthmovingaveragescoresarealsoshown(inbold).
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850hPa
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Figure13:WMO‐exchangedscoresfromglobalforecastcentres.RMSerrorof500hPageopotentialheight
overnorthern(top)andsouthern(bottom)extratropics.Ineachpaneltheuppercurvesshowthesix‐day
forecasterrorandthelowercurvesshowthetwo‐dayforecasterror.Eachmodelisverifiedagainstitsown
analysis.JMA=JapanMeteorologicalAgency,CMC=CanadianMeteorologicalCentre,UKMO=theUKMet
Office,NCEP=U.S.NationalCentersforEnvironmentalPrediction,M‐F=MétéoFrance.
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Figure14:WMO‐exchangedscoresforverificationagainstradiosondes:500hPaheight(top)and850hPa
wind(bottom)RMSerroroverEurope(annualmeanAugust2014–July2015).
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Figure15:AsFigure14forthenorthernhemisphereextratropics.
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Figure16:WMO‐exchangedscores fromglobal forecastcentres.RMSvectorwinderrorovertropicsat
250hPa(top)and850hPa(bottom).Ineachpaneltheuppercurvesshowthefive‐dayforecasterrorand
thelowercurvesshowtheone‐dayforecasterror.Eachmodelisverifiedagainstitsownanalysis.
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Figure17:AsFigure16forverificationagainstradiosondeobservations.
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Figure18:Supplementaryheadlinescoresfordeterministic(top,centre)andprobabilistic(bottom)
precipitationforecasts.Theevaluationisfor24‐hourtotalprecipitationverifiedagainstsynoptic
observationsintheextratropics;eachpointiscalculatedovera12‐monthperiod,plottedatthecentreof
theperiod.ThedashedcurveshowsthedeterministicheadlinescoreforERA‐Interimasareference.The
centrepanelshowsthedifferencebetweentheoperationalforecastandERA‐Interim.Curvesshowthe
numberofdaysforwhichthecentred12‐monthmeanskillremainsaboveaspecifiedthreshold.The
forecastdayonthey‐axisistheendofthe24‐hourperiodoverwhichtheprecipitationisaccumulated.
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Figure19:ComparisonofprecipitationforecastskillforECMWF(red),theMetOffice(UKMO,blue),Japan
MeteorologicalAgency (JMA,magenta) andNCEP (green) using the supplementaryheadline scores for
precipitation shown in Figure 18. Top: deterministic; bottom: probabilistic skill. Curves show the skill
computedoverallavailablesynopticstationsintheextratropicsforforecastsfromAugust2014–July2015.
Barsindicate95%confidenceintervals.
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ENSprecipitation‐CRPSS



 EvaluationofECMWFforecastsincluding2014‐2015upgrades



32  TechnicalMemorandumNo.765




Figure20:Verificationof2mtemperatureforecastsagainstEuropeanSYNOPdataontheGTSfor60‐hour
(night‐time)and72‐hour(daytime)forecasts.Lowerpairofcurvesshowsbias,uppercurvesarestandard
deviationoferror.





Figure 21: Verification of 2m dewpoint forecasts against European SYNOP data on the Global
TelecommunicationSystem(GTS)for60‐hour(night‐time)and72‐hour(daytime)forecasts.Lowerpairof
curvesshowsbias,uppercurvesshowstandarddeviationoferror.
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Figure22:VerificationoftotalcloudcoverforecastsagainstEuropeanSYNOPdataontheGTSfor60‐hour
(night‐time) and 72‐hour (daytime) forecasts. Lower pair of curves shows bias, upper curves show
standarddeviationoferror.





Figure23:Verificationof10mwindspeedforecastsagainstEuropeanSYNOPdataontheGTSfor60‐hour
(night‐time) and 72‐hour (daytime) forecasts. Lower pair of curves shows bias, upper curves show
standarddeviationoferror.
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Figure24:12‐monthrunningaverageoftheday3forecastskillrelativetoERA‐InterimofnormalizedTOA
reflectedsolarflux(dailytotals),verifiedagainstsatellitedata.Theverificationhasbeencarriedoutfor
those parts of the northern hemisphere extratropics (green), tropics (red), and southern hemisphere
extratropics(blue)whicharecoveredbytheCM‐SAFproduct(approximately70Sto70N,and70Wto70
E).
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Figure25:EvolutionofskilloftheHRESforecastatday5,expressedasrelativeskillcomparedtoERA‐
Interim.Verificationisagainstanalysisfor500hPageopotential(Z500),850hPatemperature(T850),and
meansealevelpressure(MSLP),usingRMSEasametric.VerificationisagainstSYNOPfor2mtemperature
(T2M),10mwindspeed(V10),andtotalcloudcover(TCC),usingerrorstandarddeviationasametric.
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Figure26: Time series of verification of the ECMWF10mwind forecast (top panel) andwavemodel
forecast(waveheight,bottompanel)verifiedagainstnorthernhemispherebuoyobservations.Thescatter
indexistheerrorstandarddeviationnormalisedbythemeanobservedvalue;athree‐monthrunningmean
isused.
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Figure27:Oceanwaveforecasts.Monthlyscoreand12‐monthrunningmean(bold)ofACCforoceanwave
heightsverifiedagainstanalysisforthenorthern(top)andsouthernextratropics(bottom)atday1(blue),
5(red)and10(green).
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Figure28:Verificationofdifferentmodelforecastsofwaveheight,10mwindspeedandpeakwaveperiod
usingaconsistentsetofobservationsfromwavebuoys.Thescatterindex(SI)isthestandarddeviationof
errornormalisedbythemeanobservedvalue;plotsshowtheSIforthe12‐monthperiodJuly2014–June
2015.Thex‐axisshowstheforecastrangeindaysfromanalysis(step0)today5.MOF:MetOffice,UK;FNM:
FleetNumericalMeteorologyandOceanographyCentre,USA;NCP:NationalCenters forEnvironmental
Prediction, USA; MTF: Météo‐France; DWD: Deutscher Wetterdienst, BoM: Bureau of Meteorology,
Australia;JMA:JapanMeteorologicalAgency;KMA:KoreaMeteorologicalAdministration.
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Figure 29: Verification of Extreme Forecast Index (EFI) against analysis. Top panel: supplementary
headlinescore–skilloftheEFIfor10mwindspeedatforecastday4(24‐hourperiod72–96hoursahead);
anextremeevent is takenasanobservationexceeding95thpercentileof stationclimate.Curvesshow
seasonalvalues(dotted)andfour‐seasonrunningmean(continuous)ofrelativeoperatingcharacteristic
(ROC) area skill scores. Centre and bottom panels show the equivalent ROC area skill scores for
precipitationEFIforecastsandfor2mtemperatureEFIforecasts.
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Figure30:Verificationoftropicalcyclonepredictionsfromtheoperationalhigh‐resolutionandensemble
forecast. Results are shown for all tropical cyclones occurring globally in 12‐month periods ending on
30June. Verification is against the observed position reported via the GTS. Top panel supplementary
headlinescore–themeanpositionerror(km)ofthethree‐dayhigh‐resolutionforecast.Theerrorforday5
isincludedforcomparison.Centrefourpanelsshowmeanerror(bias)inthecycloneintensity(difference
betweenforecastandreportedcentralpressure;positiveerrorindicatestheforecastpressureislessdeep
thanobserved),meanabsoluteerroroftheintensityandmeanandabsoluteerrorofcyclonemotionspeed
forcycloneforecastbothbyHRESandENScontrol.Bottompanelshowsmeanpositionerrorofensemble
mean(meanofcyclonesforecastbyensemblemembers)withrespecttotheobservedcyclone(cyancurve)
andensemblespread(meanofdistancesofensemblecyclonesfromtheensemblemean;redcurve);for
comparisontheHRESpositionerror(fromthetoppanel)isplottedaswell(bluecurve).
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Figure31:Probabilisticverificationofensembletropicalcycloneforecastsatday10forthree12‐month
periods:July2012–June2013(green),July2013–June2014(blue)andJuly2014–June2015(red).Upper
panelshowsreliabilitydiagram(theclosertothediagonal,thebetter).Thelowerpanelshows(left)the
standardROCdiagramand(right)amodifiedROCdiagram,wherethefalsealarmratioisusedinsteadof
thefalsealarmrate.ForbothROCandmodifiedROC,thecloserthecurveistotheupper‐leftcorner,the
better,indicatingagreaterproportionofhits,andfewerfalsealarms.
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Figure32:EvolutionofskilloftheHRESforecastinpredicting24‐hprecipitationamounts>20mminthe
extra‐tropicsasmeasuredbytheSEDIscore,expressedintermsofforecastdays.Verificationisagainst
SYNOPobservations.NumbersontherightindicatedifferentSEDIthresholdsused.Curvesshow12‐month
runningaverages.
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Figure 33: Verification of the monthly forecast against analysis. Area under the ROC curve for the
probabilitythat2mtemperatureisintheupperthirdoftheclimatedistributioninsummer(top)andin
thelowerthirdinwinter(bottom).Scoresarecalculatedforeachthree‐monthseasonforalllandpointsin
theextra‐tropicalnorthernhemisphere.Leftpanelsshowthescoreoftheoperationalmonthlyforecasting
systemforforecastdays12–18(7‐daymean),andrightpanelsforforecastdays19–32(14‐daymean).As
a reference, lighter coloured lines shows the scoreusingpersistence of thepreceding7‐day or 14‐day
periodoftheforecast.
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Figure34:ECMWF(leftcolumn)andEUROSIPmulti‐modelforecast(rightcolumn)seasonalforecastsof
SSTanomaliesovertheNINO3.4regionofthetropicalPacificfrom(toptobottomrows)May2014,August
2014,November2014andFebruary2015.Theredlinesrepresenttheensemblemembers;dottedblueline
showsthesubsequentverification.
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Figure35:Timeseriesofaccumulatedcycloneenergy(ACE)fortheAtlantictropicalstormseasonsJuly–
December1990toJuly–December2014.Bluelineindicatestheensemblemeanforecastsandgreenbars
showtheassociateduncertainty(±1standarddeviation);reddottedlineshowsobservations.Forecasts
arefromSystem4oftheseasonalcomponentoftheIFS:thesearebasedonthe15‐memberre‐forecasts;
from2011onwardstheyarefromtheoperational51‐memberseasonalforecastensemble.Startdateof
theforecastis1June.
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Figure36:TropicalstormfrequencyforecastissuedinJune2014forthesix‐monthperiodJuly–December
2014.Greenbarsrepresenttheforecastnumberoftropicalstormsineachoceanbasin(ensemblemean);
orangebarsrepresentclimatology.Thevaluesofeachbararewritteninblackunderneath.Theblackbars
represent±1standarddeviationwithintheensembledistribution;thesevaluesareindicatedbytheblue
number.The51‐memberensembleforecastiscomparedwiththeclimatology.AWilcoxon‐Mann‐Whitney
(WMW)testisthenappliedtoevaluateifthepredictedtropicalstormfrequenciesaresignificantlydifferent
fromtheclimatology.TheoceanbasinswheretheWMWtestdetectssignificancelargerthan90%havea
shadedbackground.
 �
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Figure37:Anomalyof2mtemperatureaspredictedbytheseasonalforecastfromNovember2014for
DJF2014/15(upperpanel),andverifyinganalysis(lowerpanel).Blackcontoursintheanalysisindicate
regionswhereanomaliesexceed1.5standarddeviations.
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Figure38:Anomalyof2mtemperatureaspredictedbytheseasonalforecastfromMay2015forJJA
2015(upperpanel),andverifyinganalysis(lowerpanel).Blackcontoursintheanalysisindicateregions
whereanomaliesexceed1.5standarddeviations.�

�
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Ashortnoteonscoresusedinthisreport

A.1 Deterministicupper‐airforecasts
TheverificationsusedfollowWMOCBSrecommendationsascloselyaspossible.Scoresare
computedfromforecastsonastandard1.5×1.5grid(computedfromspectralfieldswithT120
truncation)limitedtostandarddomains(boundingco‐ordinatesarereproducedinthefigure
innercaptions),asthisistheresolutionagreedintheupdatedWMOCBSrecommendations
approvedbythe16thWMOCongressin2011.Whenothercentres’scoresareproduced,they
havebeenprovidedaspartoftheWMOCBSexchangeofscoresamongGDPScentres,unless
statedotherwise–e.g.whenverificationscoresarecomputedusingradiosondedata(Figure14),
thesondeshavebeenselectedfollowinganagreementreachedbydatamonitoringcentresand
publishedintheWMOWWWOperationalNewsletter.

Rootmeansquareerrors(RMSE)arethesquarerootofthegeographicalaverageofthesquared
differencesbetweentheforecastfieldandtheanalysisvalidforthesametime.Whenmodelsare
compared,eachmodelusesitsownanalysisforverification;RMSEforwinds(Figure14,Figure
16)arecomputedbytakingtherootofthesumsofthemeansquarederrorsforthetwo
componentsofthewindindependently.

SkillscoresarecomputedasthereductioninRMSEachievedbythemodelwithrespectto
persistence(forecastobtainedbypersistingtheinitialanalysisovertheforecastrange);in
mathematicalterms:
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Figure2showscorrelationsinspacebetweentheforecastanomalyandtheverifyinganalysis
anomaly.AnomalieswithrespecttoERA‐InterimanalysisclimateareavailableatECMWFfrom
early1980s.Foroceanwaves(Figure27)theclimatehasbeenalsoderivedfromtheERA‐
Interimanalyses.

A.2 Probabilisticforecasts
Eventsfortheverificationofmedium‐rangeprobabilisticforecastsareusuallydefinedas
anomalieswithreferencetoasuitableclimatology.Forupper‐airparameters,theclimateis
derivedfromERA‐Interimanalysesforthe20‐yearperiod1989–2008.Probabilisticskillis
evaluatedinthisreportusingthecontinuousrankedprobabilityskillscore(CRPSS)andthearea
underrelativeoperatingcharacteristic(ROC)curve.

Thecontinuousrankedprobabilityscore(CRPS),anintegralmeasureofthequalityofthe
forecastprobabilitydistribution,iscomputedas

   ሺሻ  ሺሻ







whereisforecastprobabilitycumulativedistributionfunction(CDF)andisanalysedvalue
expressedasaCDF.CRPSiscomputeddiscretelyfollowingHersbach,2000.CRPSSisthen
computedas
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whereCRPSclimistheCRPSofaclimateforecast(basedeitherontheERA‐Interimanalysisor
observedclimatology).CRPSSisusedtomeasurethelong‐termevolutionofskilloftheIFS
ensemble(Figure7)anditsinter‐annualvariability(Figure11).

ROCcurvesshowhowmuchsignalcanbegainedfromtheensembleforecast.Althoughasingle
valuedforecastcanbecharacterisedbyauniquefalsealarm(x‐axis)andhitrate(y‐axis),
ensembleforecastscanbeusedtodetectthesignalindifferentways,dependingonwhetherthe
forecastuserismoresensitivetothenumberofhits(theforecastwillbeissued,evenifa
relativelysmallnumberofmembersforecasttheevent)oroffalsealarms(onewillthenwaitfor
alargeproportionofmemberstoforecasttheevent).TheROCcurvesimplyshowsthefalse
alarmandhitratesassociatedwiththedifferentthresholds(proportionofmembersor
probabilities)used,beforetheforecastisissued(Figure31).Figure31alsoshowsamodified
ROCplotofhitrateagainstfalsealarmratio(fractionofyesforecaststhatturnouttobewrong)
insteadofthefalsealarmrate(ratiooffalsealarmstothetotalnumberofnon‐events).

Sincetheclosertotheupperleftcorner(0falsealarm,100%hits)thebetter,theareaunderthe
ROCcurve(ROCA)isagoodindicationoftheforecastskill(0.5isnoskill,1isperfectdetection).
TimeseriesoftheROCAareshowninFigure33.

A.�3���Weather�parameters�(Section�4)�
Verificationofthedeterministicprecipitationforecastsismadeusingthenewlydeveloped
SEEPSscore(Rodwelletal.,2010).SEEPS(stableequitableerrorinprobabilityspace)uses
threecategories:dry,lightprecipitation,andheavyprecipitation.Here“dry”isdefined,with
referencetoWMOguidelinesforobservationreporting,tobeanyaccumulation(roundedtothe
nearest0.1mm)thatislessthanorequalto0.2mm.Toensurethatthescoreisapplicablefor
anyclimaticregion,the“light”and“heavy”categoriesaredefinedbythelocalclimatologyso
thatlightprecipitationoccurstwiceasoftenasheavyprecipitation.Aglobal30‐yearclimatology
ofSYNOPstationobservationsisused(theresultingthresholdbetweenthelightandheavy
categoriesisgenerallybetween3and15mmforEurope,dependingonlocationandmonth).
SEEPSisusedtocompare24‐houraccumulationsderivedfromglobalSYNOPobservations
(exchangedovertheGlobalTelecommunicationSystem;GTS)withvaluesatthenearestmodel
grid‐point.1‐SEEPSisusedforpresentationalpurposes(Figure18,Figure19)asthisprovidesa
positivelyorientedskillscore.

TheensembleprecipitationforecastsareevaluatedwiththeCRPSS(Figure18,Figure19).
VerificationisagainstthesamesetofSYNOPobservationsasusedforthedeterministicforecast.

Forotherweatherparameters(Figure20toFigure23),verificationdataareEuropean6‐hourly
SYNOPdata(areaboundariesarereportedaspartofthefigurecaptions).Modeldataare
interpolatedtostationlocationsusingbi‐linearinterpolationofthefourclosestgridpoints,
providedthedifferencebetweenthemodelandtrueorographyislessthan500m.Acrude
qualitycontrolisappliedtoSYNOPdata(maximumdeparturefromthemodelforecasthastobe
lessthan25K,20g/kgor15m/sfortemperature,specifichumidityandwindspeed
respectively).2mtemperaturesarecorrectedfordifferencesbetweenmodelandtrue
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orography,usingacrudeconstantlapserateassumptionprovidedthecorrectionislessthan4K
amplitude(dataareotherwiserejected).

A.4 Verificationofrareevents
Experimentalverificationofdeterministicforecastsofrareeventsisperformedusingthe
symmetricextremaldependenceindexSEDI(Figure32),whichiscomputedas

 
log   log  logሺ1  ሻ  logሺ1  ሻ
log   log  logሺ1  ሻ  logሺ1  ሻ

whereFisthefalsealarmrateandHisthehitrate.Inordertoobtainafaircomparisonbetween
twoforecastingsystemsusingSEDI,theforecastsneedtobecalibrated(FerroandStephenson,
2011).ThereforeSEDIisameasureofthepotentialskillofaforecastsystem.Inordertogeta
fullerpictureoftheactualskill,thefrequencybiasoftheuncalibratedforecastcanbeanalysed.
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