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Forecastingof ExtremeSeasonalPrecipitation

Abstract

RecentstudiessuggestthatEuropeaneventsof extremeseasonalprecipitationwill becomeup to five times
morefrequentin thecomingdecades.Hereweexaminethecapacityof theECMWFmodelto simulateAu-
tumn2000extremerainfall (thewettestautumnever recordedin theUK) andin theprocessprovidea fresh
insight into theECMWF potentialto forecastextremeseasonaleventsover Europe.A seriesof ensemble–
experimentsis undertakenandthe sensitivity of the model to horizontalresolution(T63/T159/T255)and
sea-surfacetemperatureanomaliesis considered.Resultsindicatethat the natureof the model response
overEuropevariesstronglywith bothhorizontalresolutionandlocalizedSSTforcing from thewarm-pool
region; however only in the SSTcaseis the modelresponsesignificantly improvedwith a comparatively
realisticstructureof thenorthernhemisphericplanetary-scaleflow. Theseresultspromptquestionsrelated
to theverypredictabilityof autumn2000extremeconditions.However they alsosuggest(i) a deficiency of
theECMWFmodelin therepresentationof warm-poolconvectionand(ii) asignificantconnectionbetween
warm-poolSSTsandautumnteleconnectionpatterns.

1 Introduction

In autumn2000,Europeandthe United Kingdom in particularexperiencedsomeof the mostrepetitive and
intenserainfall ever recordedin anautumnalseason(Fig. 1; seasonalmeanabout200%of climatology).This
seasonalextremepromptsquestionsrelatedto climatechangeandpossibleearlymanifestationsof its effects.
Variousnumericalstudiessuggestthat daily andseasonalextremerainfall will becomemorefrequentin the
comingdecades(eg. Gregory andMitchell 1995;Joneset al. 1997;Hennessyet al. 1997;ZwiersandKharin
1998;PalmerandRäis̈anen2002)andthusthat eventssuchasautumn2000might becomelessextremeand
morecommonplace.

Consideringtheextensive floodingtypically associatedwith extremerainfall (seeeg. Marsh2001),thesepre-
dictionsillustratethemajorchallengethatweatherservicesfaceto improve thequality andreliability of their
seasonalforecasts– notonly in termsof averages,but of frequency andtypeof individual weatherevents.

Thispromtsquestionsrelatedto thefactorsaffectingtheperformanceof numericalmodelsontheseasonaltime-
scaleandin particularto the influenceof horizontalresolution(cf. Branković andGregory 2001;Branković
andMolteni 1997; Tibaldi et al. 1990)andsea-surfacetemperature(SST)anomalies.IndeedlocalizedSST
anomaliesoriginatingfrom theequatorialPacificor thewarm-poolregionhave beenshown to possiblyimpact
onmidlatitudes(eg. Ferrantietal. 1994;PalmerandMansfield1986).

In thepresentstudyweassessthecurrentability andpotentialof theECMWFmodelto simulateAutumn2000
extremerainfall anddesigna seriesof experimentstargettedat examiningtheforegoingaspects.Althoughof
asinglecase,this studyis expectedto highlight somedynamicalfeaturesandphysicalprocessescommonto a
rangeof extremeeventsandwhosenumericalreplicationwill berequired.

Below we briefly introducesalientcharacteristicsof Autumn 2000. The main variablesconsideredarePV
(ECMWF ERA15 andanalysis)andprecipitation(GPCPdata). In OctoberandNovember2000,regionsof
markedprecipitationanomaliesnot only includedwesternEuropebut alsothewesternNorth Atlantic andthe
Indonesian(warm-pool)region in particular(Fig. 1).

Dynamical Background

In this sectionwe briefly introducedynamicalresultsrelevantto theremainingof this study.
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Analysis Precip GPCP Oct 2000 (mm) Analysis Precip GPCP Nov 2000 (mm)

Figure1: Monthlyanomaly-distributionof precipitationfor October2000(left) andNovember2000(right); fromGPCP
data,referenceperiodis 1980-2000.

October/November2000– Synoptic-scaleAnomalies

Inspectionof daily fieldsindicatesthatindividualprecipitationeventswereassociatedwith somedistinctivePV-
structuresatupper-tropospheric elevation.Theserain-inducingstructures– whoselife-time overtheUK did not
exceedtheusualcoupleof days– appearedto re-generatein acomparatively organizedandsystematicmanner.
Typically confluencewould form in theNorth Atlantic asa resultof concomitantmeridionaldescent(ascent)
of high(low) PV. Thisconfluencewouldfavour theelongationof ahigh-PVbandaround55 � 60� N thatwould
in turn evolve into a weathersystemrangingfrom weakfrontal disturbanceto majorstorm(cf. 29thOctober
and5thNovember).

Althoughdynamicalaspectsof Autumn2000aretheobjectof aseparatestudy(Massacand2003),it is relevant
to noteherethat (i) the foregoing PV featuresexhibit a comparatively small-scalestructure(cf. PV cut-offs
southof Newfoundland)and(ii) their recurrentgenerationin theNorth Atlantic canbe relatedto large-scale
processesand in particularprior eventsof sub-tropical(Atlantic) convection (cf. trajectorycalculationsnot
shown). Thesefeaturessuggestsignificantinteractionsbetweentropical andmidlatituderegionson various
spatial-scalesandthusnon-trivial physicalprocessesfor climatemodelsto reproduce.

October/November2000– Planetary-scaleAnomalies

Thehemisphericstructureof October/November2000is commenteduponin Massacand(2003)andmonthly-
anomaliesof PV and precipitationare only shown hereas a reference(Fig. 2). In short monthly fields of
PV exhibit stronganomaliesover the Atlantic andEuropebut alsothe Pacific andNorth Americaindicating
a truly global andpossiblyteleconnectedanomaly-structure.Consistentprecipitationsignalscanbe located
downstreamof thepositive PV-centreswith distinctmaximaeoff theeasterncoastof theUS andover western
Europe.

How good was the ECMWF Seasonal Forecast ?

ECMWFseasonalpredictionsfor sea-surfacetemperaturesshowedwarmanomaliessimilar to theobservations
over the Pacific andAtlantic oceansnorth of 30� N. Over the equatorialcentral-eastPacific and the NINO3
region in particular, observedSSTanomalieswereweaklynegative (about-0.5� C;
seehttp://www.ecmwf.int/products/forecasts/d/charts/seasonal/plumes)andSSTpredictionswereslightlywarmer
thanobservations.Overall predictedSSTswerecomparatively 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);referenceperiodis October1980-2001andNovember1980-2001.
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a)SSTforcing global/observedanomaly

(K)

b)SSTforcing warmpool/intensifiedanomaly

(K)

Figure 3: Sea-surfacetemperature distributionsusedto force the atmosphericmodelie. for November2000,monthly
anomalyglobal andobserved(left panel)andobservedanomalyrestrictedto the“warm pool” region andintensifiedby
a factor two (right panel).

In contrastseasonalpredictionsof rainfall for autumn2000failedto show highprobabilitiesof anomaliesover
Europe(seehttp://www.ecmwf.int/products/forecasts/d/charts/seasonal/charts/seasonal charts).Rathermidlat-
itude rainfall anomalieswerepredictedto be closeto the climatologicalvalues,consistentlywith the weak
equatorialSSTanomalies.Over thetropicalregionsrainfall predictionsweresomewhatmorerealistic.

Theseasonalpredictionsdescribedabove stemfrom theseasonalforecastversionSystem1. Theatmospheric
componentof this systemis theECMWF NWP IFS (IntegratedForecastSystem)modelversion15R8,with a
T63spectralhorizontalresolutionand31 verticalsigmalevels.Cycle15R8wasusedfor ECMWF operational
medium-rangeforecastsfrom Jan-May1997.In January2000theseasonalforecastsystemwasupgradedwith
thecurrentSystem2 versionandsinceMarch2003System1 hasbeendismissed.

2 Experimental Design

Six ensemble-experimentsareundertakento examinethesensitivity of theECMWF model(cy23r3;60 levels)
to horizontalresolution(T63 vs. T159 vs. T255) andto the distribution of the sea-surfacetemperaturefield.
SST anomaliesrangefrom (i) global and observed (Fig. 3a) to (ii) geographically-confined and intensified
ie. observed anomalyconfinedto the“warm-pool” region at double-intensity(Fig. 3b). Thesesix set-upsare
summarizedbelow :

1) T63 forcedby global/observedSSTfield

2) T159forcedby global/observedSSTfield

3) T255forcedby global/observedSSTfield

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

5) T159forcedby global/observedSSTfield + warmpool/single-intensity SSTfield (WP+AN)

6) T159forcedby global/observedSSTfield + warmpool/double-intensity SSTfield (2WP+AN)

In additiona controlexperimentis runat eachresolution(atmosphericmodelforcedby theSSTclimatology).
Experiments1) to 3) above have twentymembersandthey werestartedon 18 Augustuntil 6 September2000
for a three-monthperiod. Experiments4) to 6) have ten membersandthey werestartedon 22 August2000
(until 31st)for a three-monthperiod.
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Table1: Projection(correlation)of ensemble-meandifferences(EXP - CTRL) of PVat 315K ontocorrespondingEOFsandECMWFanalysis.

. October November

GlobalSST ANA T63 T159 T255 ANA T63 T159 T255
EOF1 0.7 0.12 0.25 - 0.4 -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-surface temperature
anomaliesupon the performanceof the ECMWF model. In effect both of theseaspectsare likely to affect
themodelrepresentationof extratropicaldynamics,tropical-extratropical interactionsandtropicalconvection.

3.1 Sensitivity to Horizontal Resolution

Resultsfrom the T63, T159, and T255 runs (set-ups1 to 3 above) are analyzedfor the monthsof Octo-
ber/November2000separatelyandsuccessively comparedin theform of ensemble-meansandindividualmem-
bers.

3.1.1 Ensemblemeans

Thedifferencebetweenexperimentandcontrolensemble-meansof PV at 315K andprecipitationis shown in
Figs.4 & 5 (left andright columnrespectively). Notablefeaturesfrom theT63 andT159runsaredescribed
below.

October (Fig. 4). The northernhemisphericstructuresof the PV (andprecipitation)field at T63 andT159
exhibit marked differencesover the easternNorth Atlantic, EuropeandAsia with similar structureshowever
of oppositesign. This reversalin signis particularlystriking over theNorth Atlantic – Europeansectorwhere
it connotesa changefrom wet conditions(T63) to dry conditions(T159). Comparisonof theforegoinghemi-
sphericdistributionswith the correspondingECMWF analysis(Fig. 2; top row) indicatesthat neitherof the
two resolutionsyieldsrealisticresults(cf. Table1 whereeachresolution-distribution is correlatedwith its EOF
andanalysiscounterpart).

November (Fig. 5). T63 andT159producecomparatively similar distributionsof midlatitudePV andprecip-
itation - up to theNorth Americansectorwherethesignof thewest-eastdipole is reversed.Over Europethe
signalis dominantly(andhighly significantly)dry at T63, only with a few (lower significant)wet patchesat
T159.Again thereis little resemblancewith theanalysis(cf. low correlationvaluesin Table1).

Hencefor bothOctoberandNovember2000,T159consistentlyproducesratherunrealisticpatternsover both
thePacificandAtlantic regionswhereasT63featurespatternscomparatively closeto theanalysisovertheNorth
Atlantic/Europein Octoberandover thePacific in November. T255would producethemostrealisticforecast
for November(projectioncoefficient onto NovemberEOF1is 0.3) however the relatively low statisticalsig-
nificanceof thesignal(conventionalT-test)over Europeunderminestherelevanceof this result. Furthermore
anincreaseof theensemble-sizeto twentymembersdoesnot corroboratetheT255tendency to producea wet
northernEurope(in contrasttenandtwenty-memberresultsarestronglyconsistentfor T63andT159).
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OCTOBER 2000
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Figure 4: OctoberdifferencebetweenEXPERIMENT and CONTROL ensemble-meansof PV at 315K (left column)and
precipitation (right column)for the global/observedSSTruns at T159 (top row) and T63 (bottomrow). Significance
contoursat 90%and95%arehighlightedin black.
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NOVEMBER 2000
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Figure5: SameasFig. 4 for November2000.
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In thetropics(not shown), intercomparisonof T63,T159,andT255PV andprecipitationfieldspointsto little
improvementof themodelperformanceat higherresolution.Similar large-scalestructuresappearwith slight
differencesessentiallyin theintensityof theanomalies.With respectto ECMWF analysis,thethreeforegoing
resolutionsdisplaymixedfeaturesthatmainly relateto a betterrepresentationof land(eg. Indonesianislands)
andorography. In effect at the sametime asthe precipitationerror is reducedat T159 or T255 (cf. western
andsouthernpartof theIndianOcean;Indonesia;Andes;NortheasternPacific), it is increasedin otherregions
(north-easternIndian Ocean;southPacific andthe equatorialbandoff thecoastof CentralAmerica). Hence
the impactof a resolutionincreaseuponthe simulationof Autumn 2000is not altogetherbeneficialandthe
conclusionnot straightforward. The changein resolutionyields betterrepresentationsof individual aspects
of extratropicaldynamics,extratropical-tropical interactionsor tropical convection however the end picture
remainsmixedwith zonesof local improvementsonly.

3.1.2 Individual Members

In this sectionwe assessthe varianceassociatedwith theensemblesabove andprovide an objective analysis
of eachensemble-member(ie. projectionof eachmember’s PV distribution ontoOctober/NovemberEOFpat-
terns).This helpsclarify (i) the informationimplicitly containedin theensemble-meandifferencescomputed
above and(ii) whetheronemodelresolutionfavoursthesimulationof oneparticularpatternof variability (and
thereforeof thephysicalprocessesandforcing thatthis patternrelatesto).

Bothcontrolandexperimentalrunsareconsideredandthisalsoshedslight on theresolution-dependent biasof
theECMWFmodel.Notefor thesakeof referencethatOctoberECMWFanalysis(bluetrianglein upper-right
panel;Fig. 6) projectsessentiallyontoOctoberEOF1whereasNovemberECMWF analysis(blue trianglein
lower-right panel;Fig. 6) is amix of bothEOFs.

October (Fig. 6 upper row). T63 andT159controlrunscover a comparatively wide rangeof EOFcombina-
tions that correspondto theclimatology. T255 on theotherhandshows a marked preferencefor thepositive
phaseof EOF1(wet nothernEurope)hinting at a biasof themodel. In theexperimentstheintroductionof the
globalSSTforcing inducesa generalwideningof thespreadalongtheEOF1axisat T255however no strik-
ing shift at T63 or T159. EventuallyT255producesfive experiment-memberscloseto theanalysis(however
controlmemberstendto bebiasedtowardstheanalysis).

November (Fig. 6 lower row). Control membersat all threeresolutionsexhibit a strongbias towardsthe
positive sideof EOF1(wet northernEurope)andalso to someextent for T255 towardsthe positive sideof
EOF2(wetsouthernEurope).Thebiasdisappearsin theexperimentsthatincreasethespreadandhave amuch
morehomogenous/symmetricalrepartition(ie. hardly any signal). The only remarkablefeatureregardsthe
extensionof the distribution towardsa high positive phaseof EOF2(andthustowardsECMWF analysis)at
T255andT159.Howeverno membercombinesthetwo EOFaspectsof theanalysis.

Hencelittle improvementcanbedepictedthroughtheanalysisof ensemble-meandifferences(experimentmi-
nuscontrol)and/orof individual experimentmembers.However if oneconsidersindividual controlmembers
andthevarianceunderlyingeachcontrol-ensemble,adistinctsensitivity to resolution(meanvalueandspread)
appears(October)alongwith asignificantbiasof themodeltowardsawetnorthernEuropeanclimate(Novem-
ber; positive phaseof EOF1). The foregoing (implicit) featuresshouldbe kept in mind when interpreting
ensemble-meandifferencesandexperiment-memberdistributions.
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October CTRL October EXP

November CTRL November EXP

Figure6: Toprow : ProjectionontoOctoberPV–EOF1(abscissa)andPV–EOF2(ordinates)of PV@315Kdistributions
ofcontrol members(leftpanel)andexperimentmembers(right panel).ECMWFanalysisvaluesfor 1980-2000aremarked
asbluetriangles.Bottomrow : Samefor November.
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Table2: Projection(correlation)of ensemble-meandifferences(EXP - CTRL) of PVpatternsat 315K ontocorrespondingEOFsandECMWFanalysis.

. 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 discussthe implicationsof modulatingtheSSTforcing for a givenhorizontalresolution(T159). As
illustratedabove forcing theECMWF modelwith theglobalandobservedSSTfield at T159doesnot provide
a satisfactory response.Here we examinewhetherthis can be relatedto a poor representationof tropical
dynamicalprocessesand/orof their transition/interactions in/with theextratropics.

In effect SST covariancemaps(not shown) suggestthat changesin the representationof convection in the
warm pool region might reflectonto the distribution of PV(precipitation)in midlatitudesand the Pacific in
particular. Hencethe seriesof T159 experimentswhoseSSTforcing arecenteredaroundthe “warm-pool”
region (cf. Section2).

3.2.1 Ensemblemeans

As in theprevioussection,thedifferencebetweenexperimentandcontrolensemble-meansis shown andcom-
paredin the extratropics. Of the threewarm-poolsettingsinvoked, two are describedin details(2WP and
2WP+AN) following thesamestructureasabove (theWP+AN experimentyieldsmediocreresultsthatdo not
justify adetaileddescritionof its outputcf. Table2).

October (Fig. 7). The PV distributionsout of the 2WP and2WP+AN runsbearsomeresemblanceparticu-
larly over the Pacific andAsia. Over the Atlantic andEuropethe structureis roughly similar up to a south-
ward (northward) extensionof thepositive PV-centreover Greenland(Europe)in the2WPexperiment.Both
distributionscomparewell with EOF1(correlationsof 0.46and0.5cf. Table2) and2WP+ANremarkablywell
with ECMWF analysis. This result contrastsstrongly with the T159 run forcedby the observed field only
(cf. previoussection;Fig. 4 upperrow).

November (Fig. 8). As for October, the two warm-poolexperimentsexhibit comparatively similar features
only with abroaderPV-centreoverEurope/northernJapanin the2WPrun(top left panel).Thiscentrehowever
intenseis slightly shiftedeastwardscomparedwith ECMWFanalysisandthishasimplicationsfor theregional
distribution of precipitationover Europe.The two PV-patternsprojectreasonablywell ontoNovemberEOF2
however not on NovemberEOF1and thereforenot on ECMWF analysis(cf. Table2). They alsostrongly
differ from theglobalandobserved T159experiment(Fig. 5 upperpanels)over thePacific, andfor the2WP
experimentover the North Atlantic and Europe. This result hints at a dynamicalrelationshipbetweenthe
warm-poolregion andtheNorth Atlantic/Europeansector.

Henceinspectionof the foregoing runsrevealsa substantialsensitivity of themodelto the Indonesianregion
with significantanomaliesdepictableacrossmidlatitudes.Moreover resultsindicatea distinctimprovementof
the hemisphericPV-field comparedwith the T159 “global/observed” run (Figs.4&5) over easternAsia, the
PacificandtheNorth Atlantic/Europefor Novemberonly.
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OCTOBER 2000
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Figure 7: OctoberdifferencebetweenEXPERIMENT and CONTROL ensemble-meansof PV at 315K (left column)and
precipitation(right column)for thewarm-pool/intensifiedSSTrunsat T159(toprow)andT63(bottomrow). Significance
contoursat 90%and95%arehighlightedin black.
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NOVEMBER 2000
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Figure8: SameasFig. 7 for November.
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October EXP WP November EXP WP

Figure 9: Left panel: ProjectionontoOctoberPV–EOF1(abscissa)andPV–EOF2(ordinates)of PV@315Kdistribu-
tionsof experimentwarm-poolmembers (right panel). ReferenceECMWFanalysisvaluefor 1980-2000is markedasa
bluetriangle Rightpanel: Samefor November.

In the tropics,the warm-poolSSTforcing appearsto significantlyimpactuponthe representationof tropical
PV/precipitation(not shown). Moreover theshape,extent andintensityof tropicalanomaliescomparebetter
with ECMWF analysisthanthe onesfrom the previous T63, T159 andT255 runs. Note alsoa reductionof
theprecipitationmodel-errorin theIndianOcean,theAndes,New Guinea,theEquatorialPacific andCentral
America;a featuremainly relatedto an improved representationof the Walker cell (cf. increasedwarm pool
convection).

3.2.2 Individual Members

Herewe examinethevarianceassociatedwith theensemblesabove.

October (Fig. 9 left panel). Comparedwith theobservedSSTT159run(redcrosses),the2WPand2WP+AN
experiments(greenandbluecirclesresp.)havemember-distributionsclearlyshiftedtowardsthepositivephase
of EOF1(wet northernEurope)andECMWF analysisitself (blue triangle). Compellingis that the comple-
tion of the 2WP forcing with theobserved field (experimentWP+AN; in redcircles)deterioratesratherthan
improvestheperformanceof the2WPensemble(greencircles).

November (Fig. 9 right panel). The WP+AN ensemble(red circles) is associatedwith a large spreadwith
valuesthatcover mostof theEOF1spectrumandto somelesserextent thatof EOF2.Notwithstandingit also
featurestheclosestmemberto theECMWF analysisvalue(bluetriangle).With regardto 2WPand2WP+AN,
their member-distributionsarebothbiaisedtowardsthepositive phasesof EOF1andEOF2(wet northernand
southernEuroperespectively), however not concurrentlysuchthatanalysis-like valuesarehardlyapproached.
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4 Discussion

The resolutionsensitivity runsabove indicatethat the ECMWF modelperformancein midlatitudesis hardly
improvedby (i) thecorrectionof theSSTfield (from forecastedto analyzed)and(ii) theincreaseof theunder-
lying horizontalresolutionfrom T63 to T255.

This result raisesquestionsrelatedto (i) the generalability of the ECMWF model to simulateextremesea-
sonalrainfall over Europeand(ii) thepredictabilityof this particularevent. Indeedit is conceivablethat the
resolution/SSTimpactis conditionalto thedynamicalnatureof theeventconsidered.As anexamplea similar
ensemble-experiment(samecycle; T63), but conductedfor summer2002,producesa comparatively realistic
simulationof theprolongedheavy rainfall thatplaguedcentralEuropein August2002.

However therelative deficiency of theECMWF modelin theautumn2000casemight berelatedto themodel
representationof tropicalconvectionthatdonotnecessarilyimprovesasresolutionincreases(cf. parametrization-
effects).Indeedresultsfrom thewarm-poolbasedexperimentssuggestthatby reinforcingtheinitial SSTforc-
ing in strategic tropical locations,a significantimpact/improvementcanbe obtainedin both the tropicsand
midlatitudes.

Accordingto theforegoingresults,theECMWFmodelif adequatelyforcedin thewarm-poolregion replicates
comparatively realisticallyacrucialpartof thedynamicsinvolvedin theforcingof planetary-scaleteleconnec-
tion patterns.

5 Summary and Implications

TheECMWF model(cy23r3;60 levels)wasrun undersix differentset-ups(Section1.3) to examinetheinflu-
enceof horizontalresolutionandSSTforcing uponthesimulationof anextremeseasonalprecipitationevent
(Autumn2000).Resultsaresummarizedbelow.

(i) ForcingtheatmosphericmodelatT63,T159orT255with global/observedSSTsdoesnotimprovetheEuro-
peanforecastproducedby thecoupledversionof themodel.Major discrepanciesappearin thePV distribu-
tion of thenorthernhemispherewith eg. broadnegative anomalies(ridges)over theNorth Atlantic/Europe
andeasternAsia/Pacific. Theseconflict with ECMWF analysisandfail to provide the dynamicalsetting
favourableto rain formationoverEuropeandtheUK in particular.

(ii) Forcing the atmosphericmodelwith an intensified“warm pool” SSTanomalyat intermediateresolution
(T159) doesproducea more realistic representationof the PV field. In effect the PV discrepancy over
easternAsia/Pacific is reducedandthemidlatituderesponsedownstreamtowardsEuropeis improvedwith
precipitationsignalsdepictableoverEurope.

(iii) Althoughimproved,theforegoingsignalsdonotappearto capturethefull extentof thePV (or precipitation)
anomalyover the North Atlantic andEurope. Rathertwo of the warm-poolforcing settingsconsidered
appearto have thenumericalability to capturethedynamicalcharacteristicsof specificleadingpatternsof
planetary-scalevariability : EOF1in OctoberandEOF2in November.

Henceresultssuggest:

A significantsensitivity of the ECMWF model to horizontalresolution(T63 vs. T159 vs. T255) on the sea-
sonaltime-scale,however only conditionallybeneficial. In thepresentcase,resultsdisplayinconclusive fea-
turesin theextratropicsandmixedfeaturesin thetropicsthatessentiallyrelateto differing representationsof
land/orographyandparametrizationeffects(cf. Branković andGregory, 2001).
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An improvementof theECMWF modelperformanceunderspecificSSTforcing conditions.The concurrent
improvementof the warm-poolregion and the extratropicalPacific points to a more realistic representation
of both tropical convectionandtropical-extratropical interactionsin thePacific region. This resultsuggestsa
deficiency in themodelrepresentationof warm-poolconvection(andrelatedWalker cell).

Thephysicalprocessesinvolved in thesetting-upof OctoberEOF1andNovemberEOF2requirea compara-
tively accuraterepresentationof convectionin thewarmpool. A rider is thatanomalousconvectionover the
warm-poolmight beakey dynamicalcomponentof Autumn2000forcing.

Thusa betterrepresentationof convectionin the tropicsandthe warm-poolregion in particularmight be re-
quired to forecastEuropeanextremesof autumnalprecipitation. To what extent this factorshouldbe more
beneficialthanahighhorizontalresolutionmightdependonthenatureof theeventitself andthatof theaccom-
panying forcing. In thecaseof a comparatively weakevent, it is conceivablethat thepresentECMWF model
producesagoodforecast.Hencepartof theinterannualvariability in themodelperformancemightbeinherent
in thenatureof theseasonaleventsthemselves.
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