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Forecastingf ExtremeSeasonaPrecipitation

Abstract

Recentstudiessuggesthat Europeareventsof extremeseasonaprecipitationwill becomeup to five times
morefrequentin the comingdecadesHerewe examinethe capacityof the ECMWF modelto simulateAu-
tumn2000extremerainfall (the wettestautumnever recordedn the UK) andin the procesgrovide afresh
insightinto the ECMWF potentialto forecastextremeseasonaéventsover Europe.A seriesof ensemble—
experimentsis undertalen andthe sensitvity of the modelto horizontalresolution(T63/T159/T255)and
sea-suricetemperatureanomaliess considered.Resultsindicatethat the natureof the model response
over Europevariesstronglywith both horizontalresolutionandlocalizedSSTforcing from the warm-pool
region; however only in the SST caseis the modelresponsesignificantlyimproved with a comparatiely
realisticstructureof the northernhemispheriglanetary-scaléow. Theseresultspromptquestiongelated
to the very predictabilityof autumn2000extremeconditions.However they alsosugges(i) a deficieny of
the ECMWF modelin therepresentationf warm-poolcorvectionand(ii) asignificantconnectiorbetween
warm-poolSSTsandautumnteleconnectiomatterns.

1 Introduction

In autumn2000, Europeandthe United Kingdom in particularexperiencedsomeof the mostrepetitive and
intenserainfall ever recordedn anautumnalseasor(Fig. 1; seasonameanabout200%of climatology). This
seasonakxtremepromptsquestiongelatedto climatechangeandpossibleearly manifestation®f its effects.
Variousnumericalstudiessuggesthat daily and seasonakxtremerainfall will becomemore frequentin the
comingdecadegeg. Gregory andMitchell 1995;Jonesetal. 1997;Hennessyetal. 1997;ZwiersandKharin
1998; Palmerand Raisanen2002) andthusthat eventssuchasautumn2000 might becomdessextremeand
morecommonplace.

Consideringhe extensie flooding typically associatedvith extremerainfall (seeeg. Marsh2001),thesepre-
dictionsillustratethe major challengethatweatherservicesdaceto improve the quality andreliability of their
seasonadlorecasts- notonly in termsof averageshut of frequeng andtype of individual weatherevents.

Thispromtsquestionselatedo thefactorsaffectingtheperformancef numericaimodelsontheseasonaime-
scaleandin particularto the influenceof horizontalresolution(cf. Brankovi¢ and Gregory 2001; Brankovi€
andMolteni 1997; Tibaldi et al. 1990) and sea-sudcetemperaturdSST) anomalies.IndeedlocalizedSST
anomaliesoriginatingfrom the equatorialPacific or thewarm-poolregion have beenshavn to possiblyimpact
onmidlatitudes(eg. Ferrantietal. 1994; PalmerandMansfield1986).

In the presenstudywe assesthe currentability andpotentialof the ECMWF modelto simulateAutumn2000
extremerainfall anddesigna seriesof experimentgargettedat examiningthe foregoing aspects Although of
asinglecasethis studyis expectedto highlight somedynamicalfeaturesandphysicalprocessesommonto a
rangeof extremeeventsandwhosenumericalreplicationwill berequired.

Below we briefly introducesalientcharacteristicof Autumn 2000. The main variablesconsideredare PV
(ECMWF ERA15 and analysis)and precipitation(GPCPdata). In Octoberand November2000, regions of
marked precipitationanomaliesot only includedwesternEuropebut alsothe westernNorth Atlantic andthe
Indonesiar{warm-pool)regionin particular(Fig. 1).

Dynamical Background

In this sectionwe briefly introducedynamicalresultsrelevantto the remainingof this study
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Figure 1: Monthlyanomaly-distrilution of precipitationfor October2000(left) and November2000(right); fromGPCP
data,refeenceperiodis 1980-2000.

October/No#ember2000— Synoptic-scalénomalies

Inspectiorof daily fieldsindicateghatindividual precipitationeventswereassociate@ith somedistinctive PV-
structurestuppertroposphen elevation. Theserain-inducingstructures-whoselife-time overthe UK did not
exceedtheusualcoupleof days— appearedo re-generaté acomparatiely organizedandsystematiananner
Typically confluencewould form in the North Atlantic asa resultof concomitanimeridionaldescenftascent)
of high(low) PV. This confluencavould favour the elongatiorof a high-PVbandaround55— 60° N thatwould
in turn evolve into a weathersystemrangingfrom weakfrontal disturbanceo major storm (cf. 29th October
and5th November).

Althoughdynamicalaspect®f Autumn2000aretheobjectof a separatstudy(Massacan@003),it is relevant

to note herethat (i) the foregoing PV featuresexhibit a comparatiely small-scalestructure(cf. PV cut-of's

southof Newfoundland)and (i) their recurrentgeneratiorin the North Atlantic canbe relatedto large-scale
processeand in particularprior eventsof sub-tropicalAtlantic) convection (cf. trajectory calculationsnot

shavn). Thesefeaturessuggessignificantinteractionsbetweentropical and midlatituderegions on various
spatial-scaleandthusnon-trivial physicalprocessefor climatemodelsto reproduce.

October/No#ember2000- Planetary-scalédnomalies

Thehemisphericstructureof October/Noeember2000is commentediponin Massacan@2003)andmonthly-
anomaliesof PV and precipitationare only shavn hereas a reference(Fig. 2). In shortmonthly fields of

PV exhibit stronganomaliesover the Atlantic and Europebut alsothe Pacific and North Americaindicating
atruly global and possiblyteleconnecteé@nomaly-structure Consistenfrecipitationsignalscanbe located
downstreanof the positive PV-centreswith distinctmaximaeoff the easterrcoastof the US andover western
Europe.

How good wasthe ECMWF Seasonal Forecast ?

ECMWEF seasongpredictiondor sea-suiicetemperatureshavedwarmanomaliesimilar to theobserations
over the Pacific and Atlantic oceansnorth of 30°N. Over the equatorialcentral-easPacific and the NINO3
regionin particular obsered SSTanomaliesvereweakly negative (about-0.5°C;
seehttp://www.ecmwf.int/products/farcatdd/charts/a®nal/plumes)andSSTpredictionsvereslightly warmer
thanobserations.Overall predictedSSTswerecomparatiely realistic.
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Figure 2: Monthly analysisof PV at 315K (ECWMF; left panels)and precipitation (GPCP; right panels)for October
2000(top) andNovember2000(bottom);refeilenceperiodis October1980-2001and November1 980-2001.
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Figure 3: Sea-surfaceaempeature distributions usedto force the atmospherianodelie. for November2000, monthly
anomalyglobal and observedleft panel)and observedanomalyrestrictedto the “warm pool” region andintensifiedby
afactortwo (right panel).

In contrastseasonapredictionsof rainfall for autumn2000failedto shawv high probabilitiesof anomaliever
Europe(seehttp://wwwecmwf.int/products/i@cass/dcharts/sa®nal/chatsy/seasmd _charts).Rathemidlat-
itude rainfall anomalieswere predictedto be closeto the climatologicalvalues,consistentlywith the weak
equatorialSSTanomaliesOver thetropicalregionsrainfall predictionsveresomeavhatmorerealistic.

Theseasonapredictionsdescribedabore stemfrom the seasonalorecastversionSysteml. The atmospheric
componenbf this systemis the ECMWF NWP IFS (IntegratedForecasiSystem)modelversion15R8,with a
T63 spectrahorizontalresolutionand31 vertical sigmalevels. Cycle 15R8wasusedfor ECMWF operational
medium-rangdorecastgrom Jan-May1997.In January2000the seasonaforecastsystemwasupgradedwith
the currentSystem?2 versionandsinceMarch2003Systeml hasbeendismissed.

2 Experimental Design

Six ensemble-gerimentsareundertaknto examinethe sensitvity of the ECMWF model(cy23r3;60 levels)
to horizontalresolution(T63 vs. T159 vs. T255) andto the distribution of the sea-suidicetemperaturdield.
SSTanomaliesrangefrom (i) global and obsered (Fig. 3a) to (ii) geographically-cdined and intensified
ie. obsered anomalyconfinedto the “warm-pool”region at double-intensity(Fig. 3b). Thesesix set-upsare
summarizedelow :

1) T63forcedby global/obsergd SSTfield

2) T159forcedby global/obsered SSTfield

3) T255forcedby global/obsered SSTfield

4) T159forcedby warmpool/double-interity SSTfield (referredto as2WP)

5) T159forcedby global/obsergd SSTfield + warmpool/single-intensy SSTfield (WP+AN)

6) T159forcedby global/obsergd SSTfield + warmpool/double-interigy SSTfield (2WP+AN)

In additiona control experimentis run at eachresolution(atmospherienodelforcedby the SSTclimatology).
Experimentsl) to 3) above have twenty membersandthey werestartedon 18 Augustuntil 6 Septembe2000
for athree-monthperiod. Experiments) to 6) have ten membersandthey were startedon 22 August2000
(until 31st)for athree-monttperiod.
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Table 1: Projection(correlation) of ensemble-meadifierences Ex P - CTRL) of PV at 315K onto correspondingEOFsand ECMWFanalysis.

| . October November |
GlobalSST ANA T63 T159 T255 || ANA T63 T159 T255
EOF1 0.7 0.12 0.25 - 04 -0.15 -0.3 0.3
EOF2 - - -0.2 -0.13 0.55 - - -
ANALYSIS 1 -0.14 0.2 - 1 - -0.2 -

3 Performance of the ECMWF Model

In this sectionwe sequentiallyexaminethe influenceof horizontal resolutionand sea-suice temperature
anomaliesuponthe performanceof the ECMWF model. In effect both of theseaspectsarelikely to affect
themodelrepresentationf extratropicaldynamicstropical-etratropi@l interactionsandtropical convection.

3.1 Sensitivity to Horizontal Resolution

Resultsfrom the T63, T159, and T255 runs (set-upsl to 3 abore) are analyzedfor the monthsof Octo-
ber/November2000separatehandsuccessiely comparedn theform of ensemble-mearandindividual mem-
bers.

3.1.1 Ensemblaneans

The differencebetweenexperimentandcontrolensemble-mearsf PV at 315K andprecipitationis shavn in
Figs.4 & 5 (left andright columnrespectrely). Notablefeaturesfrom the T63 and T159 runsaredescribed
belaw.

October (Fig. 4). The northernhemisphericstructuresof the PV (and precipitation)field at T63 and T159
exhibit marked differencesover the easternNorth Atlantic, Europeand Asia with similar structureshowever
of oppositesign. This reversalin signis particularlystriking over the North Atlantic — Europearsectorwhere
it connotesa changegrom wet conditions(T63) to dry conditions(T159). Comparisorof the foregoing hemi-
sphericdistributions with the correspondingcCMWF analysis(Fig. 2; top row) indicatesthat neitherof the
two resolutiongyieldsrealisticresults(cf. Tablel whereeachresolution-distribtion is correlatedwith its EOF
andanalysiscounterpart).

November (Fig. 5). T63andT159 producecomparatrely similar distributions of midlatitudePV andprecip-
itation - up to the North Americansectorwherethe sign of the west-eastlipoleis reversed.Over Europethe
signalis dominantly(andhighly significantly)dry at T63, only with a few (lower significant)wet patchesat
T159. Againthereis little resemblancith theanalysig(cf. low correlationvaluesin Tablel).

Hencefor both OctoberandNovember2000, T159 consistentlyproducegatherunrealisticpatternsover both
thePacificandAtlantic regionswheread 63 featuregpatterncomparatiely closeto theanalysisovertheNorth
Atlantic/Europein Octoberandover the Pacificin November T255would producethe mostrealisticforecast
for November(projectioncoeficient onto NovemberEOF1is 0.3) however the relatively low statisticalsig-
nificanceof the signal(corventional T-test) over Europeundermineghe relevanceof this result. Furthermore
anincreaseof the ensemble-sizto twenty membersioesnot corroboratehe T255tendenyg to producea wet
northernEurope(in contrastenandtwenty-memberesultsarestronglyconsistenfor T63andT159).

TechnicalMemoranduniNo. 415 5
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OCTOBER 2000

T159 global SST PV@315K (pvy T159 global SST Precip

Figure 4: OctoberdifferencebetweenEXPERIMENT and CONTROL ensemble-meansf PV at 315K (left column)and
precipitation (right column)for the global/observedsSTruns at T159 (top row) and T63 (bottomrow). Significance
contouss at 90%and 95%are highlightedin black.
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Figure 5: SameasFig. 4 for November2000.
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In the tropics(not shavn), intercomparisorof T63, T159,andT255 PV andprecipitationfields pointsto little
improvementof the modelperformanceat higherresolution. Similar large-scalestructuresappeamvith slight
differencesessentiallyin theintensityof theanomaliesWith respecto ECMWF analysisthethreeforegoing
resolutiondisplaymixedfeatureghatmainly relateto a betterrepresentationf land (eg. Indonesiarislands)
andorography In effect at the sametime asthe precipitationerror is reducedat T159 or T255 (cf. western
andsoutherrpartof theIndianOceanjndonesiaAndes;North easterrPacific), it is increasedn otherregions
(north-easterindian Ocean;southPacific andthe equatorialbandoff the coastof CentralAmerica). Hence
the impactof a resolutionincreaseuponthe simulationof Autumn 2000is not altogetherbeneficialandthe
conclusionnot straightforvard. The changein resolutionyields betterrepresentationsf individual aspects
of extratropicaldynamics,extratropical-tropich interactionsor tropical convection however the end picture
remainsmixedwith zonesof localimprovementsonly.

3.1.2 Individual Membes

In this sectionwe assesshe varianceassociatedvith the ensemblesbore andprovide an objective analysis
of eachensemble-membéie. projectionof eachmembers PV distribution onto October/NeemberEOF pat-
terns). This helpsclarify (i) theinformationimplicitly containedn the ensemble-meadifferencescomputed
above and(ii) whetheronemodelresolutionfavoursthe simulationof oneparticularpatternof variability (and
thereforeof the physicalprocesseandforcing thatthis patternrelateso).

Both controlandexperimentakunsareconsideredndthis alsosheddight ontheresolution-deperatt biasof
the ECMWF model.Notefor the sale of referenceghatOctoberE CMWF analysigbluetrianglein upperright
panel;Fig. 6) projectsessentiallyonto OctoberEOF1whereasNovemberECMWF analysis(blue trianglein
lower-right panel;Fig. 6) is amix of bothEOFs.

October (Fig. 6 upper row). T63andT159 controlrunscover a comparatrely wide rangeof EOF combina-
tionsthat correspondo the climatology T255 on the otherhandshavs a marked preferencdor the positive
phaseof EOF1(wet nothernEurope)hinting at a biasof the model. In the experimentghe introductionof the
global SSTforcing inducesa generalwidening of the spreadalongthe EOF1axis at T255 however no strik-
ing shift at T63 or T159. Eventually T255 producedive experiment-membersloseto the analysis(however
controlmemberdendto be biasedowardstheanalysis).

November (Fig. 6 lower row). Control membersat all threeresolutionsexhibit a strongbias towardsthe
positive side of EOF1 (wet northernEurope)and alsoto someextent for T255 towardsthe positive side of
EOF2(wetsoutherrEurope).The biasdisappearin theexperimentghatincreasehe spreacandhave amuch
more homogenous/symmetricabpartition (ie. hardly ary signal). The only remarkablefeatureregardsthe
extensionof the distribution towardsa high positive phaseof EOF2 (andthustowardsECMWF analysis)at
T255andT159. However no membercombineghetwo EOF aspect®f theanalysis.

Hencelittle improvementcanbe depictedthroughthe analysisof ensemble-meadifferenceqexperimentmi-
nuscontrol) and/orof individual experimentmembers.However if oneconsidersndividual controlmembers
andthevarianceunderlyingeachcontrol-ensemblea distinctsensitvity to resolution(meanvalueandspread)
appeargOctober)alongwith a significantbiasof themodeltowardsa wet northernEuropearclimate(Novem-
ber; positive phaseof EOF1). The foregoing (implicit) featuresshouldbe keptin mind wheninterpreting
ensemble-meadifferencesandexperiment-membedistributions.
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Figure 6: Toprow : ProjectionontoOctoberPV—-EOF1(abscissapnd PV-EOF2(ordinates)of PV@315Kdistributions
of control membes (left panel)andexperimenmembes (right panel). ECMWFanalysisvaluesfor 1980-200Gre marked
asbluetriangles. Bottomrow: Sameor November

TechnicalMemoranduniNo. 415 9



l aa)
o

Forecastingf ExtremeSeasonaPrecipitation

Table2: Projection(correlation)of ensemble-meatifferenceEx P - CTRL) of PV patternsat 315K ontocorrespondindOFsandECMWFanalysis.

| . October November |
WarmPoolSST | AN | 2WP | WP+AN | 2WP+AN || AN | 2WP | WP+AN | 2WP+AN
EOF1 0.7 | 0.46 - 0.5 0.4 | -0.14| -0.47 -
EOF2 - -0.2 - -0.1 0.55| 0.35 - 0.27
ANALYSIS 1 | 0.33 -0.2 0.63 1 0.2 -0.2 0.24

3.2 Sensitivity to Tropical SST Forcing

We now discusghe implicationsof modulatingthe SSTforcing for a given horizontalresolution(T159). As
illustratedabove forcing the ECMWF modelwith the globalandobsered SSTfield at T159 doesnot provide
a satishctory response. Here we examine whetherthis can be relatedto a poor representatiorof tropical
dynamicalprocesseand/orof their transition/interactins in/with the extratropics.

In effect SST covariancemaps(not shavn) suggesthat changesn the representatiorof corvectionin the
warm pool region might reflect onto the distribution of PV (precipitation)in midlatitudesandthe Pacific in
particular Hencethe seriesof T159 experimentswhoseSST forcing are centeredaroundthe “warm-pool”
region (cf. Section2).

3.2.1 Ensemblaneans

As in the previous section the differencebetweerexperimentandcontrolensemble-mearis shavn andcom-
paredin the extratropics. Of the threewarm-poolsettingsinvoked, two are describedn details (2WP and
2WP+AN) following the samestructureasabove (the WP+AN experimentyields mediocreresultsthatdo not
justify adetaileddescritionof its outputcf. Table2).

October (Fig. 7). The PV distributions out of the 2WP and 2WP+AN runs bearsomeresemblancearticu-
larly over the Pacific and Asia. Over the Atlantic and Europethe structureis roughly similar up to a south-
ward (northward) extensionof the positive PV-centreover Greenland Europe)in the 2WP experiment. Both
distributionscomparewell with EOF1(correlationsof 0.46and0.5cf. Table2) and2WP+AN remarkablywell

with ECMWEF analysis. This resultcontrastsstrongly with the T159 run forced by the obsered field only
(cf. previous section;Fig. 4 upperrow).

November (Fig. 8). As for October the two warm-poolexperimentsexhibit comparatiely similar features
only with abroadelPV-centreover Europe/northerdaparin the2WPrun (top left panel).This centrehowever

intenseis slightly shiftedeastvardscomparedvith ECMWF analysisandthis hasimplicationsfor theregional

distribution of precipitationover Europe. The two PV-patternsprojectreasonablyvell onto NovemberEOF2

however not on NovemberEOF1 and thereforenot on ECMWEF analysis(cf. Table2). They also strongly
differ from the globalandobsered T159 experiment(Fig. 5 upperpanels)over the Pacific, andfor the 2WP

experimentover the North Atlantic and Europe. This result hints at a dynamicalrelationshipbetweenthe

warm-poolregion andthe North Atlantic/Europearsector

Henceinspectionof the foregoing runsrevealsa substantiabensitvity of the modelto the Indonesiarregion
with significantanomalieglepictableacrosamidlatitudes.Moreover resultsindicatea distinctimprovementof
the hemispheridPV-field comparedwith the T159 “global/obsered” run (Figs. 4 &5) over easterrAsia, the
Pacificandthe North Atlantic/Europefor Novemberonly.

10 TechnicalMemoranduniNo. 415
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Figure 7: OctoberdifferencebetweenEXPERIMENT and CONTROL ensemble-meansf PV at 315K (left column)and
precipitation(right column)for thewarm-pool/intensifie@STrunsat T159(top row) and T63(bottomrow). Significance

contouss at 90%and 95%are highlightedin black.
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Figure 8: SameasFig. 7 for November

TechnicalMemoranduniNo. 415



Forecastingf ExtremeSeasonaPrecipitation

0

October EXP WP

November EXP WP

2WP
2WP +AN
3WP+AN
Analysis

2WP
2WP +AN
3WP+AN
Analysis

Figure 9: Left panel: Projectiononto OctoberPV—-EOF1 (abscissaand PV-EOF2 (ordinates)of PV@315Kdistribu-
tions of experimentwarm-poolmembes (right panel). RefeenceECMWFanalysisvaluefor 1980-2000s markedasa
bluetriangle Right panel Samefor Navember

In the tropics,the warm-poolSST forcing appeargo significantlyimpactuponthe representationf tropical
PV/precipitation(not shavn). Moreover the shape extentandintensity of tropicalanomaliescomparebetter
with ECMWF analysisthanthe onesfrom the previous T63, T159 and T255 runs. Note alsoa reductionof
the precipitationmodel-erroiin the Indian Oceanthe Andes,New Guineathe EquatorialPacific andCentral
America; a featuremainly relatedto animproved representatiof the Walker cell (cf. increasedvarm pool
corvection).

3.2.2 Individual Membes

Herewe examinethevarianceassociatedvith theensemblesbove.

October (Fig. 9 left panel). Comparedvith theobsered SSTT159run (redcrosses)the 2WPand2WP+AN

experimentqgreenandbluecirclesresp.)have memberdistributionsclearly shiftedtowardsthe positive phase
of EOF1 (wet northernEurope)and ECMWEF analysisitself (blue triangle). Compellingis that the comple-
tion of the 2WP forcing with the obsered field (experimentWP+AN; in red circles)deteriorategatherthan
improvesthe performancef the 2WP ensembldgreencircles).

November (Fig. 9 right panel). The WP+AN ensemblgred circles)is associatedvith a large spreadwith
valuesthat cover mostof the EOF1spectrumandto somelesserextentthatof EOF2. Notwithstandingt also
featureghe closestmemberto the ECMWF analysisvalue(bluetriangle). With regardto 2WP and2WP+AN,
their memberdistributions are both biaisedtowardsthe positive phase®f EOF1andEOF2(wet northernand
southerrEuroperespectiely), however not concurrentlysuchthatanalysis-like valuesarehardlyapproached.

TechnicalMemoranduniNo. 415 13
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4 Discussion

The resolutionsensitvity runsabove indicatethatthe ECMWF modelperformancen midlatitudesis hardly
improvedby (i) thecorrectionof the SSTfield (from forecastedo analyzedynd(ii) theincreaseof theunder
lying horizontalresolutionfrom T63to T255.

This resultraisesquestiongelatedto (i) the generalability of the ECMWF modelto simulateextremesea-
sonalrainfall over Europeand(ii) the predictability of this particularevent. Indeedit is concevablethatthe
resolution/SSTmpactis conditionalto the dynamicalnatureof the eventconsideredAs anexamplea similar
ensemble-geriment(samecycle; T63), but conductedor summer2002,producesa comparatiely realistic
simulationof the prolongedheary rainfall thatplaguedcentralEuropein August2002.

However therelative deficieny of the ECMWF modelin the autumn2000casemight be relatedto the model
representationf tropicalcorvectionthatdonotnecessarilymprovesasresolutionincreasegcf. parametrization-
effects).Indeedresultsfrom the warm-poolbasedexperimentssuggesthatby reinforcingtheinitial SSTforc-
ing in stratgic tropical locations,a significantimpact/impraementcan be obtainedin both the tropicsand
midlatitudes.

Accordingto theforegoingresults the ECMWF modelif adequatelyorcedin thewarm-poolregionreplicates
comparatiely realisticallya crucial partof the dynamicsinvolvedin theforcing of planetary-scaléeleconnec-
tion patterns.

5 Summary and Implications

The ECMWF model(cy23r3;60 levels) wasrun undersix differentset-upgSectionl.3) to examinetheinflu-
enceof horizontalresolutionand SSTforcing uponthe simulationof an extremeseasonaprecipitationevent
(Autumn 2000). Resultsaresummarizedelow.

() ForcingtheatmospherienodelatT63, T1590r T255with global/obsered SSTsdoesnotimprovetheEuro-
peanforecasiproducedy the coupledversionof themodel. Major discrepancieappeain the PV distribu-
tion of thenorthernhemispheravith eg. broadnegative anomaliegridges)over the North Atlantic/Europe
and easterrAsia/Pacific. Theseconflict with ECMWF analysisandfail to provide the dynamicalsetting
favourableto rain formationover Europeandthe UK in particular

(i) Forcingthe atmospherianodelwith anintensified“warm pool” SSTanomalyat intermediateresolution
(T159) doesproducea more realistic representatiomf the PV field. In effect the PV discrepang over
eastermsia/Pacificis reducedandthe midlatituderesponselowvnstreamowardsEuropeis improved with
precipitationsignalsdepictableover Europe.

(iii) Althoughimproved,theforegoingsignalsdonotappeato capturehefull extentof thePV (or precipitation)
anomalyover the North Atlantic and Europe. Rathertwo of the warm-poolforcing settingsconsidered
appeato have the numericalability to capturethe dynamicalcharacteristicef specificleadingpatternsof
planetary-scalgariability: EOF1in OctoberandEOF2in November

Henceresultssuggest

A significantsensitvity of the ECMWF modelto horizontalresolution(T63 vs. T159 vs. T255) on the sea-
sonaltime-scale however only conditionally beneficial. In the presentcase resultsdisplayinconclusve fea-
turesin the extratropicsand mixed featuresn the tropicsthat essentiallyrelateto differing representationsf
land/orographyndparametrizatioreffects(cf. Brankovic andGregory, 2001).
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An improvementof the ECMWF modelperformanceaunderspecificSSTforcing conditions. The concurrent
improvementof the warm-poolregion and the extratropical Pacific pointsto a more realistic representation
of bothtropical corvectionandtropical-etratropica interactionsin the Pacific region. This resultsuggesta
deficieng in the modelrepresentationf warm-poolconvection(andrelatedWalker cell).

The physicalprocesse#volved in the setting-upof OctoberEOF1andNovemberEOF2requirea compara-
tively accuraterepresentatiof corvectionin the warm pool. A rider is thatanomalouscorvectionover the
warm-poolmightbe akey dynamicalcomponenbf Autumn2000forcing.

Thusa betterrepresentatiof convectionin the tropicsandthe warm-poolregion in particularmight be re-
quiredto forecastEuropeanextremesof autumnalprecipitation. To what extent this factor shouldbe more
beneficiathanahigh horizontalresolutionmightdependn the natureof theeventitself andthatof theaccom-
parying forcing. In the caseof a comparatiely weakevent, it is concevablethatthe presenECMWF model
producesa goodforecast.Hencepartof theinterannualariability in the modelperformancenightbeinherent
in the natureof the seasonatventsthemseles.
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