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Abstract

The predictabilityof the 1997and 1998southAsiansummermonsoonwinds isexaminedfroman

ensembleof 10AtmosphericGeneralCirculationModel (AGCM) simulationswith prescribedsea

surfacetemperatures(SSTs)andsoil moisture.Thesimulationsarestartedin September1996so

that theyhavelostall memoryof theatmosphericinitial conditionsfor theperiodsof interest.

The modelsimulationsshowthatthe 1998monsoonis considerablymorepredictablethanthe

1997monsoon. DuringMay andJuneof 1998thepredictabilityof the low-levelwind anomalies

is largelyassociatedwith a local responseto anomalouslywarmIndianOceanSSTs. Predictability

increaseslatein theseason(JulyandAugust)asaresultof thestrengtheningof theanomalous

Walkercirculationandtheassociateddevelopmentof easterlylow levelwindanomaliesthatextend
westwardacrossIndia andtheArabianSea.During thesemonthsthemodelis alsothemost

skillful with theobservationsshowingasimilar late-seasonwestwardextensionof theeasterly
wind anomalies.

The modelshowslittle predictabilityor skill in the low levelwindsoversoutheastAsia during
1997. Predictablewind anomaliesdooccuroverthewesternIndianOceanandIndonesia,

however,overtheIndianOceantheyarearesponseto SSTanomaliesthatwerewind drivenand

they shownoskill. Thereducedpredictabilityin the low levelwindsduring 1997appearsto be

the resultof aweaker(comparedwith 1998)simulatedanomalousWalkercirculation,while the

reducedskill isassociatedwith pronouncedintraseasonalactivity thatis notwelt capturedby the

model. Remarkably,themodeldoesproduceanensemblemeanMadden-JulianOscillation(MJO)

responsethatis approximatelyin phasewith (thoughweakerthan)theobservedMJO anomalies.

This isconsistentwith the ideathatSSTcouplingmayplayanimportantrole in theMJO.
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1. Introduction

A number of recent simulations of the Asian summer monsoon with atmospheric general

circulation models (AGCMs) forced with observed sea surface temperatures (SSTs) suggest that a

substantial fraction of the seasonal variability is not directly tied to remote forcing from El Nino-

related SST anomalies in the central and eastern tropical Pacific (e.g. Arpe et al. 1998, Lau and

Wu 1999; Soman and Slingo 1997; Ju and Slingo 1995; Lau et al. 1999). Lau et al. (1999)

suggest that boreal spring warming in the North Arabian Sea and subtropical western Pacific may

play a role in the development of a strong South Asian monsoon. Lau and Wu (1999) show that

about 34% of the variability of the 1997-98 Asian-Australian northern summer monsoon is

attributable to basin-scale SST influence associated with El Nino. Another 19% is attributable to

regional coupled processes, and the remaining 47% is due to other factors such as high frequency

transients.

Soman and Slingo (1997) show that for 1983 and 1984 the modulation of the Walker circulation

(additional subsidence) is the dominant mechanism by which E! Nino weakens the Asian summer

monsoon, however, the delayed onset during El Nino may be associated with the complementary

cold SST anomalies in the western Pacific which delay the northwards transition of the tropical

convective maximum (TCM). They further suggest that during cold events it is primarily the warm

SST anomalies in the western Pacific that enhance the TCM and lead to an early onset and stronger

monsoon.

Lau and Wu (1999) note that India is not a major center of action in their dominant coupled

precipitation-SST relationships. Arpe et al. (1998) studied the differences between 1987 and 1988

summer monsoons and suggest that, while the large scale dynamics over India are largely

governed by Pacific SST, the variability of precipitation over India is impacted by a number of

other factors including SST anomalies over the northern Indian Ocean, soil wetness, initial

condtions, and the quasi-biennial oscillation. They show that the two direct effects of EL Nino are

to reduce precipitation over India and reduce the surface winds over the Arabian Sea. They

suggest that the latter leads to an increase in SST and more precipitation over India acting to

counteract the direct effect of E1 Nino. They further show a substantial seasonality of the

predictability, with the model simulations and forecasts differing most during July when

precipitation variability has no relationship to ENSO in their model simulation. They also show

that the 1987/88 differences are of opposite sign in May and September and that this is reproduced

in the simulations.
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In this study, we present the results of an ensemble of I0 simulations of the 1997 and 1998 Asian

summer monsoons with an AGCM forced with observed sea surface temperatures and soil

moisture. The focus is on the interannual differences and seasonal evolution of the predictability of

the monsoon winds. We are particularly concerned with the nature of the predictability and its link

to local and remote SST forcing. Section 2 describes the AGCM and the simulations. An

overview of the development of the 1997/98 ENSO and monsoon is given in Section 3. The

results are presented in section 4, and the summary and conclusions are given in section 5.

2. The AGCM and Forecast Experiments

The AGCM is an early version of the Goddard Earth Observing System (GEOS-2) model

described in (Chang et al. 2000). It has 43 sigma levels extending up to 10hPa and a horizontal

resolution of 2 ° latitude by 2.5 ° longitude. The mean boreal winter extratropical ENSO response of

this model is described in Chang et al. (2000).

For this study, we generate an ensemble of 10 simulations for the period l September 1996

through 31 August 1998. The simulations were carried out as part of the Asian-Australian

Monsoon AGCM intercomparison project sponsored by the CLIVAR Asian-Australian Monsoon

panel. Simulations were started from 10 independent 1 September initial conditions taken from

several previously-completed long (1979-95) model simulations with prescribed monthly mean

sea surface temperatures (SST). Beginning with 1 September 1996, the SST are prescribed from

the weekly SST data of Reynolds and Smith (1994). Anomalies are computed with respect to a

climatology computed from a single 13 year (1980-92) simulation with this version of the GEOS-

2 model forced by observed monthly mean SSTs. It is important to note that this version of

GEOS-2 did not have a land surface model. The prescribed soil moisture is determined from an

off-line calculation using monthly mean observed precipitation and surface temperature (Schemm et

al. 1992).

We use both the National Centers for Environmental Prediction (NCEP) climate data assimilation

system (CDAS) and operational European Center for Medium Range Weather Forecasts (ECMWF)

analyses for validation (the choice of which to use is based on the in-house availability of the

analyses). While these data (especially the velocity potential fields) are clearly impacted by

deficiencies in the assimilating models we shall, for brevity, occasionally refer to them as the

observations.
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3. Background: The 1997/98 ENSO and Monsoon

The 1997 Asian summer monsoon developed during the early stages of a major El Nino event.

During May, the average anomaly in the Nino 1+2 region had reached 2.9"C and strong low level

westerly anomalies were observed just west of the dateline (CPC 1997). Tropical convection was

enhanced over the central equatorial Pacific, much of the central Indian Ocean extending over

Australia, and suppressed from the eastern Indian Ocean eastward to the western Pacific. During

June, the low level westerly wind anomalies extended across much of the equatorial Pacific Ocean

and northwestward to the coast of China. Large easterly and northeasterly low level wind

anomalies occurred over the Indian Ocean acting to suppress the development of the southwest

monsoon. A weakened Somali jet led to reduced cold water upwelling and warm SST anomalies

in the western Indian Ocean. Convection was reduced over Indonesia extending to southeast

India, while it was enhanced over the eastern equatorial Pacific and the western Indian Ocean

extending to northwest India.

During July of 1997, substantial warming occurred over much of the Indian Ocean (Webster et al.

1998b; Murtugudde et al. 1999). The warming continued into 1998 with unprecedented February

1998 SST anomalies of 1.5-2 degrees in the western Indian Ocean. SST anomalies exceeding 1°

continued well into the beginning of the monsoon season (May and June 1998). The 1997 July

low level wind anomalies were much reduced from the June values over the Pacific and Indian

Oceans (CPC 1997). Also in contrast to June, convection was near normal over much of

Indonesia and IndoChina as a result of intraseasonal activity during this month. During August,

low level westerly anomalies strengthened in the central equatorial Pacific: these extended to the

northwest to IndoChina, with very weak anomalies extending even further west across India.

Reduced convection returned over much of Indonesia together with enhanced convection to the

north extending into the South China Sea. Anomalous large scale sinking motion was largely

confined to the southeast Indian Ocean in a region centered on 100°E, 15°S. Strong cooling was

evident in the eastern Indian Ocean from September - January 1997/98, with surface easterlies

replacing the climatological westerlies along the equator (Murtugudde et al. 1999). Considerable

month-to-month variability in the ENSO indices suggest a strong impact from intraseasonal (MJO)

activity, which had been prevalent since February 1996 (CPC 1997). In fact, the 1997 southwest

monsoon developed over much of Indo-China and the Bay of Bengal during an active phase of the

30 to 60-day intraseasonal oscillation (ISO) in May. Another active phase of the ISO was evident

at the end of June (Cleland 1998).
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The 1998Asiansummermonsoondevelopedat atimeof transitionof the 1997/98ENSOfrom

warmto coldconditions.Troup'sSouthernOscillationIndex (SOl) wentfrom -25 in April 1998

to zeroinMay andto +10in June(Courtney1998). DuringMay convectionover theequatorial
IndianandPacificOceanswasmorevariablethanobservedduring thepastyear,possibly

associatedwith theMJO(CPC 1998).PrecipitationwasnearnormaloverIndia andIndonesia.
SSTsremainedabovenormalovertheIndianOceanduringMay andJune.DuringJunetropical

convectionwasabovenormaloverIndonesiafor thefirst time in overoneyear. Rainfallwasnear

normaloverIndia,thoughit wasabovenormalin thesouthernBay of BengalandtheArabianSea.

Low leveleasterlywindanomalieswereconfinedto thewesternPacificeastof 90°E

DuringJuly,SSTsremainedabovenormalin theeasternPacificandIndianOcean(CPC 1998).

TropicalconvectionwassuppressedacrossthewesternequatorialPacificOceanandpartsof Indo-
ChinaandtheBay of Begal, andenhancedto thesouthacrossIndonesiaandtheeasternIndian
Ocean.Convectionandrainfall remainednearnormaloverIndia. BothJuneandJulyhadupper

levelwesterlywind anomaliesacrossthewesternandcentralequatorialPacificOceanin

associationwith ananomaloussubtropicalcyclonejust southof theequatornearthedateline.The

associatedlow leveleasterlywind anomaliesextendfrom thecentralPacificacrossIndonesia,the

Bayof BengalandIndia,actingto suppressthefurtherdevelopmentof thesouthwestmonsoon.
IndianOceanSSTsremainedanomalouslywarm in August. Tropicalconvectionwassuppressed
acrossthewesternandcentralPacificOceanandenhancedacrossIndonesiaandtheeasternIndian

Ocean(thispatterndevelopedduringJuneandpersistedfor 3 months).Rainfall wasslightlyabove
normaloverIndia. Thelow leveleasterlyanomaliesin thewesternPacificnow extendwestward

well into theBayof Bengal,with theupperlevelcyclonenow situatedoverAustralia.

4. Results

In thissectionwepresenttheresultsof themodelsimulationsandcomparethemwith the

observations.We definepredictabilityin termsof theagreementamongthetenensemblemembers
of themodelsimulations.We defineskill in termsof theagreementbetweentheobservationsand

ensemblemeanof thesimulations. Theformeris apropertyonly of themodelandtheboundary

forcing,while thelattermeasuresbothpredictabilityandtheveracityof themodelsimulations.

Figure 1showstheevolutionof the850hPawindsdeterminedfrom theoperationalECMWF

analyses.Thecorrespondingmodelresultsareshownin Fig. 2 for themeanof all 10ensemble

members.Theformatof thesefiguresfollowsthatof Websteret al. 1998aandhighlightsthe

seasonaldevelopmentof theAsian monsoon. The model produces a realistic evolution of the
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monsoonwindsover theIndianOceancharacterizedby thedevelopmentof southerlies(cross-

equatorialflow) andthelow levelwesterliesnorthof theequatorin earlyMay. Theobservations

showa suppresseddevelopmentof thewesterlieswestof 90° duringJune1997asmentionedin

theprevioussection.This isnot evidentin themodelsimulation.Both themodelandsimulations

showwesterliesextendingwell eastof 135°Eduringthewarmevent,while theyaregenerally

confinedwestof 135°Eduring1998.Thewesterliesremainstrongthroughoutthewarm season,
with substantialintraseasonalvariationsevidentin theobservations.While this is lessevidentin

theensemblemeanof themodelsimulations,wedo find similarintraseasonaivariabilityin the

individualensemblemembers(notshown).Thetransitionfrom westerliesto easterliesin October

markstheendof themonsoonseasonin boththemodelandobservations.

While themodelproducesa veryrealisticevolutionof the low level monsoonwinds,thereis a

tendencyfor themodelwind fluctuationsto beweakerthantheobserved.While this is to be

expectedin theensemblemeanfields shownin Fig. 2, we find this to bealsotruefor the
individualensemblemembers.Theweakervariabilityin themodel,andits impactonpredictability

estimateswill bediscussedfurther in theconclusions.

We next focuson thedifferencesbetweenthe 1997and 1998monsoonwinds. As mentioned

above,the 1997monsoondevelopedduringtheinitial phaseof amajorwarmevent,while the

1998monsoondevelopedduringatranistionfrom warm to coldconditions.The 1998-1997

monthly mean850hPawinddifferencesareshownin Fig. 3 for theAGCM ensemblemean(left

panels)andtheobservations(rightpanels).DuringMay theAGCM showssignificantwesterly
differencesovertheeasternIndianOceanwith acycloniccirculationovertheArabianSea.

EasterlydifferencesoccuroverIndonesiawith confluenceoverthecentralIndianOcean.The

observationsshowgenerallyweakerdifferencesthoughtheyaregenerallynot inconsistentwith the
simulations.TheSSTfield showspositivedifferencesexceeding1° C in theequatorialregionjust

southof India. A comparisonof theSSTdifferenceswith theensemblemean850hPawind

differencessuggeststhatthesignalin thewind is primarily aresponseto thewarmSSTs.This is

examinedfurtherin Figs.4 and5, whichshowtheindividual 1998and 1997anomalies,

respectively.DuringMay 1997thesimulationshowsfew areaswith asignificantresponse.In

fact,theensemblemeanMay differencefield isdominatedby the1998anomalies,atatimeof
substantialwarmSSTanomaliesin theIndianOcean(Fig.4).

TheJune1998-1997850hPawind differencemaps(Fig.3) showsignificantsimulatedwesterly

wind differencesin theequatorialwesternIndianOcean.Theobserveddifferences,on theother

hand,showwesterliesextendingacrosstheIndianOceanandacycloniccirculationoverIndia and
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thesurroundingregions.Comparisonswith the 1998and1997anomaliesin Figs.4 and5,

suggestthatthesimulationisrespondingto theL998warmSSTanomaliesin thewesternIndian

Ocean(Figure4), while theobserveddifferencemapsreflectprimarily a strongsuppressionof the

Somalijet duringJuneof 1997.This is accompaniedbyawarmingof thewesternIndianOcean

apparentlyasaresultof reducedupwelling(Murtuguddeet al. 1999).In fact thesimulatedJune

1997anomalyin thewesternIndianOceanissoutheasterly(insteadof theobservednorthwesterly)

suggestingthemodelis respondingto thewind drivenSSTanomalies.Significanteasterly

anomaliesoccurroverIndonesiaandIndochinaduringboth1998and 1997.Thesearenot
inconsistentwith theobservations.

July andAugustarecharacterizedby largeregionsof significantensemblemean850hPa1998-

1997wind differences(Fig.3). Bothmonthsarecharacterizedby easterlywind anomalies

extendingfrom thewesternPacificnorthof theequatoracrossIndochinaandnorthernIndia.

Westerlyanomaliesoccuracrossmuchof thetropicalIndianOceanandIndonesia.The
observationsshowagenerallysimilarpatternof differencesin thewinds,with generallyeasterly

anomaliesnorthof theequatorandatendencyfor westerlyanomaliesto thesouth. Substantial
differencesexist,however,in thedetailedstructureandlocationof theobservedandsimulated

differences.Duringthesetwo monthsanextensiveareaof positiveSSTdifferences(> I°C) occurs

eastof about90°E. Large negative differences (< 1 °C) are confined to a region just off the

equatorial east coast of Africa. A comparison with the wind anomalies (Figs. 4 and 5) shows that

the ensemble mean difference fields to a large extent reflect the 1998 anomalies. The 1997

simulated anomalies (Figure 5) tend to be of opposite sign to the 1998 anomalies to the east of 90 ° .

On the other hand, the 1997 wind anomalies in the western Indian Ocean continue to reflect the

anomalous SST in the western Indian Ocean and Arabian Sea.

In order to better quantify the predictability and skill of the AGCM simulations, we compute the

spatial correlations between various 850hPa wind difference maps for the monsoon region (30°E -

120°E, 20°S-30°N). Fig. 6 shows the spatial correlation between all pairs of the 1998-1997

difference maps for the 10 members of the ensemble for the two wind components (black dots). If

the differences were completely random the dots would be scattered throughout the four quadrants

of the plot. A highly predictable signal would have all the points clustered in the upper right hand

corner (all correlations near one). The model results show a tendency for the dots to fall along a

line in the upper right hand quadrant suggesting the interannual differences are predictable, though

some of the correlations are close to zero. July and August show greater predictability in the zonal

wind differences. This is consistent with the large regions of significant ensemble mean

differences during these months shown in Fig. 3. The green dots show the correlations between
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eachensemblememberandtheensemblemean.Thereddot is thecorrelationbetweenthe

ensemblemeanandtheobservationsandmeasurestheskill of themodelsimulations.Theextent

to which thereddot is anoutlier from thegreendotsisanindicationof modeland/orforcing

deficiencies.That is, for a perfectmodelandperfectforcing(e.g.SSTandsoil moisture),the

observed"realization"shouldbestatisticallyindistinguishablefrom anyof themembersof the

ensemble.

Theenhancedpredictabilityof the low levelzonalwindsduringJulyandAugustis associatedwith

thestrengtheningof theanomalousWalkercirculationduringthematurephaseof the 1998
monsoonseason.This is evidentfrom Fig. 7, which showstheseasonaldevelopmentof the

upperlevelvelocitypotentialanomalies.Both themodel(left panelsof Fig.7) andobservations

(rightpanelsof Fig. 7) showanincreasedtendencyfor sinkingmotionoverthePacificduringthe
courseof thesummerseason.Thereis alsoatendencyfor increasedanomalousrisingmotionover

theIndianOceanin thesimulations,thoughthis is lessevidentin theobservations.

Figure8 showsthe3-dimensionalstructureof theanomaliesduringJulyandAugustof 1998.The

modelsimulations(left panelsof Fig. 8) showthatthelow leveleasterlyanomaliesoversouthAsia

arepartof a larger-scalecirculationanomalyconsistingof ananomalousupperlevel (low level)

cyclonic(anticyclonic)coupletstraddlingtheequatoroverthewesternPacific. Low level

convergenceoccursalonga lineextendingfrom theArabianSeato Indonesia.Thecorresponding
anomalousWalkercirculationshowsatendencyfor enhancedrisingmotionovertheIndianOcean

andsinkingmotionover thecentralPacificasdiscussedabove.Theobservations(rightpanelsof

Fig. 8) arenot inconsistentwith themodelresults,thoughthemainfeaturesdiscussedaboveare
somewhatnoiser. In particular,thebroadregionof anomaloussinkingmotionoverthePacificis

lesswell definedcomparedwith thesimulation.Theupperlevelcycloniccoupletis alsolesswell

definedparticularlynorthof theequator. At low levelstheeasterlyanomaliesoversouthAsia do
notextendasfar to thenorthwestasin thesimulations.Thelowerright panelof Fig. 8showsthe

anomalousSSTsduringJulyandAugust. The anomalouslycold equatorialSSTseastof the

datelineassociatedwith thedevelopingcold eventareclearlyevident.WarmSSTanomaliesoccur
overmuchof theIndonesiansectorandeasternIndianOcean.

Theevolutionof theWalkercirculationduring 1997(Fig.9) is considerablydifferentfrom thatof

1998(Fig.7). In additionto thegenerallyoppositesenseof theanomalies(anomalousrising
motionovertheeasternPacificandanomaloussinkingmotionwestof thedatelineassociatedwith

thewarmevent),thereis considerablymoremonthto monthvariability,especiallyin the

observations.For example,duringJunetheanomaloussinkingmotionisparticularlystrongover

9



Indonesia.This occursata timewhenthedevelopmentof theSomaliJetis inhibited(Fig. 5). On

theotherhand,duringJuly theanomaloussinkingmotionismuchreducedwith generallysmall

anomaliesin thevelocitypotentialovermuchof southAsia. Thesimulationsshowatendencyfor
asimilarbehaviorthoughnot nearlyasstrong. Forexample,theenhancedsinkingmotionover

Indonesiain June,is alsoevidentin thesimulations,thoughwith muchreducedamplitude. It is

alsonoteworthythatthedecendingbranchof theanomalousWalkercirculationduringJulyand
Augustoccursover thesouthernIndianOceanwell southof India.

Thelargemonth-to-monthvariabilitydescribedaboveappearsto betheresultof unusual

intraseasonalvariability associatedwith theMJO. Thefight panelof Fig. 10showsa time-

longitudesectionof the"observed"dailyvelocitypotentialfieldsasdeterminedfrom theNCEP

CDAS. Theobservationsshowevidencefor substantialMJOactivityduring thefirst half of 1997,

with well definedpropagatinganomaliesoccurringduring the period March through July.

Remarkably, there is a signature of these events in the ensemble mean of the model simulations

(left panel of Fig. 10). This suggests that the model is responding to the signature of the MJO in

the weekly SST observations. We note that the model is also forced by an estimate of the observed

soil moisture (see section 2), though these are monthly means, and so it is unlikely that they play a

role in these events as suggested by Webster (1995). During 1998, the model shows a stationary

development of the upper level velocity potential anomalies in response to the emerging cold event

with a transition from negative to positive anomalies occurring near 110°E. The observations, on

the other hand, show a tendency for the negative anonalies to propagate slowly to the east during

1998.

5. Summary and Conclusions

This study examined the predictability of the 1997 and 1998 south Asian summer monsoons from

an ensemble of 10 AGCM simulations with prescribed SSTs and soil moisture. The simulations

were started in September 1996 so that they have lost all memory of the atmospheric initial

conditions for the periods of interest. Results were presented for each month (May-August) for the

monsoon region (30°E - 120°E and 20°S-30°N). The focus was on the predictability of the 850hPa

winds.

The model simulations show pronounced interannual and seasonal differences in predictability.

During May and June of 1998 the predictability of the low level wind anomalies is largely

associated with a local response to the anomalously warm Indian Ocean SSTs during 1998. Such

a local response is also evident in the observations during May. During June of 1997 the observed
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windanomaliesaredominatedby areductionin thestrengthof theSomalijet associatedwith the

developingwarmevent. In contrast,themodelwind anomaliesreflecta local responseto the

warmingof thewesternIndianOceanthatis associatedin partwith thereducedupwellingin that

region. Thishighlightsaproblemwith prescribedSSTexperimentssincein naturethewestern
IndianOceanSSTanomaliesduringJune1997areapparentlyforcedbythewind anomalies.

Theincreasein predictabilityduring1998occurslatein theseason(JulyandAugust)asaresultof

thestrengtheningof ananomalousWalkercirculation(centeredonabout140°Ewith risingmotion
overtheIndianOceanandsinkingmotionoverthecentralPacific)andtheassociateddevelopment

of easterlylow levelwindanomaliesthatextendwestwardacrossIndia andtheArabianSea.

Duringthesemonthsthemodelisalsomostskillful with asimilarextensionof theeasterlywind
anomaliesoccurringin theobservations.During 1997thesimulatedanomalousWalker circulation

is of oppositesign,butweakerin amplitudecomparedto 1998.Themodelshowslittle skill

during1997. Thisappearsto betheresultof theweakeranomalousWalkerCirculation,and

pronouncedintraseasonalactivityassociatedwith theMJO.

Remarkably,themodelproducesanensemblemeanMJOresponsethatis approximatelyin phase

with (thoughweakerthan)theobservedMJO anomalies.It is unlikely thattheseareforcedby the

imposedsoil moistureanomaliessincethesearespecifiedon amonthlybasis.We speculatethat

thesimulatedeventsarerespondingto the imposedweeklySSTanomaliesthatdevelopedaspart
of theobservedMJOvariations.As such,thesensitivityof themodelsimulationsto suchSST

anonaliesisconsistentwith the ideathatSSTcouplingmayplayanimportantrole in theMJO.

Furtheranalysisof theseeventsis on-going,andwill bereportedonaspartof aseparatestudy.

Theresultspresentedhereareclearlymodeldependent.TheGEOS-2model,for example,appears
to haveaweakENSOresponsein theextratropicsduringborealwinter (Changet al. 2000). To

theextentthatis alsotrueduringsummerandthemonsoonregion,theresultspresentedheremay

giveanunderestimateof theENSO-relatedpredictabilityof themonsoon.On theotherhand,a
weakMJOsignalandthegeneraltendencyfor weakerthanobservedintraseasonalvariability
characteristicof thisandotherAGCMs,would tendto produceunrealisticallyoptimisticestimates

of predictability. We arecurrentlyaddressingtheissueof modeldependencedbyconductingan

intercomparisonof anumberof differentAGCM simulationsof the 1997/98monsoonsaspartof
theCLIVAR Asian-AustralianMonsoonAGCM intercomparisonproject.
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List of Figures

Figure 1: Longitude-time plots of the daily 850hPa winds from the ECMWF operational analyses.

Left panel: Meridional wind averaged between 5°S and 5°N. Middle panel: Zonal wind averaged

between 5°N and 10°N. Right Panel: Zonal wind averaged between 5°S and 10°S. Units are m/s.

Figure 2: Same as Figure l, except from the ensemble mean of the l0 AGCM simulations.

Figure 3: Left panels: Simulated 850hPa ensemble mean monthly mean wind difference (1998-

1997) maps. Right panels: Observed 850hPa monthly mean wind difference (1998-1997) fields

superimposed on the SST differences for May, June, July and August. The simulated wind vectors

are color coded to indicate significance at the 5% level. Red (blue) indicates that only the u (v)

component is significant. Green (black) indicates that both (neither) components are significant.

Units are rn/s for the wind and °C for the SSTs.

Figure 4: Left panels: Simulated 850hPa ensemble mean monthly mean wind anomalies for 1998.

Right panels: Observed 850hPa monthly mean wind anomalies for 1998 superimposed on the SST

anomalies for May, June, July and August. The simulated wind vectors are color coded to indicate

significance at the 20% level. Red (blue) indicates that only the u (v) component is significant.

Green (black) indicates that both (neither) components are significant. Units are rrds for the wind

and °C for the SSTs.

Figure 5: Same as Figure 4, except for 1997.

Figure 6:1998-1997 850hPa wind difference correlation scatter plots for May, June, July and

August. The green dots are the spatial correlations between the ensemble mean and each individ_al

ensemble member. The red dot is the correlation between the ensemble mean and observations

(ECMWF analysis). The black dots are the correlations between all pairs of ensemble members.

Figure 7. Monthly mean velocity potential anomalies for 1998. Left panels: the ensemble mean

AGCM simulation. Right panels: the ECMWF analyses. Units are 106 m2s _.

Figure 8: Left panels: The upper panel shows the simulated 200hPa ensemble July/August mean

wind and velocity potential anomalies for 1998. The lower panel shows the ensemble July/August

mean 850hPa wind anomalies. The wind vectors are color coded to indicate significance at the

10% level. Red (blue) indicates that only the u (v) component is significant. Green (black)
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indicatesthatboth(neither)componentsaresignificant. Rightpanels:Theupperpanelshowsthe

observed(ECMWFanalyses)200hPaJuly/Augustmeanwind andvelocitypotentialanomaliesfor

1998.ThelowerpanelshowstheobservedJuly/Augustmean850hPawind andSSTanomalies.

Thearrowin thelowerrightcomerindicatesawind anomalyof 8m/s.Contourintervalsfor
velocitypotentialare-9 -7 -5 -3 -1 13 5 7 9 106m'-s_. Units for theSSTare°C.

Figure9. SameasFigure7, exceptfor 1997.

Figure10:Time-longitudediagramof the200hPavelocitypotentialanomaliesaveragedbetween

5°N and 10°N computed from the ensemble mean AGCM simulations (left panel), and NCEP

analyses (right panel). Values plotted are 5-day averages. Units are 106 m2s 1.
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