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Abstract暋Antarcticsea灢iceoscillationindexwithaseesawpatternisdefinedu灢
singNCEP/NCARreanalysisgirdsdataofmonthlyAntarcticasea灢iceconcentra灢
tionfrom1979to2002.Therelationshipsbetweentheindexofwinterandthe
summerprecipitationsinChinaaswellastheonsetdateofthesummerEastAsia
monsoonarepresented.Thestudyresultshowsthatthegridsofcorrelationcoef灢
ficientspassed5%confidencelevelbetweenAntarcticsea灢iceoscillationindexand
Antarcticsea灢iceconcentrationaremorethan1/3ofallgridsofAntarcticasea灢
ice,thatmeanstheindexcanrepresent1/3sea灢icearea.Thewinterindexhasa
significantcorrelationwithabnormalsummer(June灢August)precipitationinChi灢
na.TheareaofpositivecorrelationliesintheYangtzeRiverbasinanditssouth,
andthatofnegativecorrelationliesmainlyinthenorthofYangtzeRiverbasin.
Whilethewinterindexispositive(negative),theonsetdateofSouthChinaSea
monsoonisearlier(later),withaprobabilityof79% (80%).Consequently,a
conceptualmodelisgivenintermofdiscussingthepossibleprocessbetweenthe
winterAntarcticseaiceandthemonsoonprecipitationinChina.
Keywords暋 Antarcticasea灢iceoscillationindex,summerprecipitation,EastA灢
siamonsoon.

1暋Introduction

AntarcticaisdistinguishedfromtheotherEarth暞sclimatesystemscharacterized
byhugeicesheets,largeoceanicareascoveredbyseaice,andmassiveanddeepper灢
mafrostlayersthatplaysaroleasa“coldsource暠.Actingasacoldsourceofthe
globalatmosphere,itplaysanimportantroleintheexchangeofheat,momentum
andmoisturebetweenthesouthernandnorthernhemispheres,whichhaveimpacton
theatmosphericcirculationsandclimatechange.Theresearchoftheclimatechanges
intheAntarcticanditsenvironmentalchangehasattractedattentionoftheinterna灢
tionalscientificcommunity.ChangesintheAntarcticseaicehavethepotentialtoin灢
fluenceglobalclimatesignificantlyandisoneofthemajorchallengesinmodernme灢
teorologicalresearch.

InordertogetbetterunderstandingoftheAntarcticseaicechangestherearea
varietyofmeasurementsandobservationalplansonAntarcticseaiceintheworld.



ResearchresultshaverevealedtherelationsandinteractionsbetweentheAntarctic
seaiceandatmosphericcirculation[1灢3]andinrecentyearsChineseresearchershave
workedontheimpactofthechangesofAntarcticseaiceuponChineseclimate.For
example,Lietal.[4灢5]showedthatkey灢regionsofAntarcticseaicehaveclosecorrela灢
tionstotheeastern灢Chinaseaside暞sprecipitationinthefreshetperiodof1973灢1986.
Bianetal.[6]showedtherelationshipsbetweenthetemporalandspatialdistribution
ofAntarcticseaiceandthefeaturesofwesternPacifictyphoonsandsubtropicalanti灢
cyclone.Xieetal.[7]showedinfluencesoftheAntarcticseaiceinabnormalyearson
summerfloodsinChina.Inordertomakeshort灢rangeclimatepredictioninChinau灢
singsouthernhemisphericsignals,westudythecorrelationsbetweentheimpacts
changesofAntarcticseaiceinkey灢regionsandprecipitationofYangtzeregionsinthe
freshetperiodandNanhaimonsoon,aswellastheirinteractionsusingthe1973灢2002
NCEPmonthlyglobaliceconcentrationsand160灢stationrainfalldataofChinainthe
freshetperiod.

2暋Data

暋暋Earliersatellite暞sseaiceobservationswerecompiledasicecharts.In1991the
USNationalClimateCenterconverted1973~1989weeklychartsfromtheUSNavy/
NOAAJointIceCenter(NIC)intoWMO灢definedSIGRIDdigitalformat.Andthe
USNationalSnowandIceDataCenter(NSIDC)extendedthetemporallengthofsea
icedatabyprocessingmicrowaveradiationdataandbrightnesstemperaturedataof
SMMRandSMM/1,buttheprocessingmethodsofthetwodatasetsweredifferent
andthereforecreatedsomeerror.NCEPglobalseaicedataminimizessucherrorby
re灢analyzingandprocessingthetwousingastandardscheme.NCEPglobalseaice
datais360灢monthGaussiancontinuousunequallyspacedgriddeddatasetfromJan
1973toDec2002.Thedataisglobalgriddedby192暳94at1.875曘resolutiononlon灢
gitudewith192gridsandat1.089曘~1.804曘resolutiononlatitudewith94grids.The
NCEPiceconcentrationwhichiswidelyappliedisdefinedastheicecoveredpropor灢
tioninonegridbypercentage,ifthegridisfullycoveredwithiceandtheiceconcen灢
trationis100%,ifthereisnoiceinthegrid,thentheiceconcentrationis0.We
studytheinteractionsbetweenthechangesofseaiceintheAntarcticandChinesecli灢
mateinsummerbyNCEPmonthlyglobaliceconcentrationdatafrom1973to2002.

3暋Antarcticseaiceoscillation

暋暋ResearchesaboutAntarcticseaicecoveranditskeyregions[8]showedthatthe
seasonalvariabilityofAntarcticseaiceisasymmetricandinterannualvariabilityof
Antarcticseaiceisobvious,anotherfeatureistheseesawpatternofchangesinice
concentrationsbetweentheouterregionoftheRossSeaandtheeastAntarctic.
Chengetal.暞s[9]researchrevealedthatthesignalofseaiceoverintheouterregions
oftheRossSeaandtheAntarcticPeninsulaisoppositebyusingtheUSNSIDCdata
andAntarcticseaiceconcentrationdatawithEOFandSVD methods.Itisdefined
thedifferenceinspatialmeaniceconcentrationbetweentheRossSeaouterregion
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(RegionA:61曘~63曘S,138曘~144曘W)andtheBellingshausenSea(RegionB:61曘~
63曘S,60曘~66曘W)astheASOI(AntarcticSea灢iceOscillationIndex),i.e.ASOI=
ICE(A)-ICE(B).AftermanyexperimentsusingNCEPicedata,wefindthatitis
moreappropriatetoselect23gridsover62曘~66曘S,137曘~151曘WasRegionAand24
gridsover64曘~68曘S,69曘~82曘WasRegionB,andduetotheversionsandlengthsof
NCEPicedata,thereselectedregionsareclosertotheSouthPoleinlatitudeand
morewestwardinlongitude,andtheareasareexpanded.Fig.1presentsthesimulta灢
neousmonthlycorrelativitybetweenASOIandiceconcentrationsfromJanuary1973
toDecember2002,indicatingthatthereisastronglynegativezoneinRegionBcen灢
teredon65.7曘S,85曘W withthecorrelationcoefficientof-0.717,andtheoceana灢
roundAntarcticcontinentarepositivewithtwocenters:oneisinRegionAat63.8曘
S,144.5曘W withthecorrelationcoefficientR=0.731andanotherisinthewestern
WeddellSeaat60曘S,7.5曘EwithR=0.323.Inaddition,therearetwopositivecorre灢
lationcentersintheeasternhemispherelocatedaround63.8曘S,121.9曘Eand63.8曘S,
178.1曘EwithR =0.232and0.238respectively,whicharesignificantat0.1%lev灢
el.WecanalsoknowinFig.1thatthereare361grids(is28.6% oftotal)passing
significancetestat5%level,suggestingthattheASOIcanrepresentsnearly1/3
Antarcticiceconcentrationchange.Asdemonstratedinmanystudies,theinterannu灢
alandseasonalvariationshappen mainlyintheRossSea,BelligshausenSeaand
WeddellSea[8].

Fig.1暋ThecorrelationbetweenASOIandAntarcticseaiceconcentrationofeachgrid.pointfortheperi灢
odof1973January~2002Decemberwithredfornegativecorrelationandblueforpositivecorrela灢
tion(passedthelocal99%significancetestisshaded).

暋暋ASOIandAAO (AntarcticOscillation)aredifferentinphysicalsense.Thefor灢
merisdefinedtodemonstratethaticeconcentrationschangeasaseesawbetweenthe
BellingshausenSeaonthewestsideoftheAntarcticPeninsulaandtheRossSea,
whichisincorrelationtoSOIandNino3index.Thelater,ontheotherhand,isthe
mainpatternofthesouthernatmosphericcirculationsin middleandhighlatitude
markedbyobviouszonalsymmetryrepresentinglarge-scaleexchangebetweenthe
polarregionandmidlatitudes,alsoindicatingaseesaw灢formvariationbetweenthe
southerncircumpolarlowbeltandsubtropicalhighbelt.Hence,theresearchintoa灢

31AntarcticaSea灢iceOscillationandItsPossibleImpacton…



nomalouschangeinASOIandAAOanditsapplicationtoclimatestudyservesasa
criticalapproachtothestudyofclimateinteractionsbetweenAntarcticseaiceandat灢
mosphere.

ASOIpowerspectralanalysis(figurenotshown)showsthattherearethreepe灢
riodsandtheirsignificancesareat>5%level.Thefirstperiodismorethan120
months(wavenumberis1).Followingpowerspectralanalysis,themaximallag
correlationoccursgenerallyatthe1/3oftheserieslength,i.e.,120monthsinthis
example(denotedastheperiod1)andanylongerperiodscannotbedetermined.The
120灢monthperiodapproximatestothe11灢yearperiodofsunspotactivity.Thesecond
period(calledperiod2)are40~60months,i.e.,3~5years(wavenumbersare2~
3)whichisclosetotheperiodoftheoceanandatmosphere,forinstance,periodofEl
NinophenomenonasstudiedbyLin[10].Thethirdperiod(period3)spans17~30
months(wavenumbersare4~7)forbiennialoscillationthatiscommoninthehigh灢
levelatmosphere,especiallyinthestratosphere.

Thepolarregionsarethecoldsourcesoftheearth暞sthermalengine.Andthe
changesofoceansandatmosphereinpolarregionsaffecttheglobalatmosphericcir灢
culationsandweather/climateregimesgreatly.Theexistenceofseaicealongwithits
seasonalandinterannualvariationisthemostprominentfeatureofpolarmarinecli灢
mate.Becauseofitshighreflectanceandsuppressionoftheexchangeinheatandwa灢
tervaporbetweentheoceanandairaswellasinlatentheat,seaiceisboundtoinflu灢
encetheair灢seathermalbudgetatthepolarregions.Asdemonstratedinmanystud灢
ies,thereiscorrelationbetweentheAntarcticseaiceandtheglobalatmosphericac灢
tionthatcaninfluenceChineseweather/climateregimes.Consequentlythestudyof
ASOIanomalyisnotonlyfavorabletoChineseprecipitationforecastinrainy灢season
basedontheteleconnectionbetweenAntarcticseaiceandChineseclimatechange,
butalsohelpfultoestimatetheAntarcticseaice暞sinfluenceuponglobalclimate
change.

4暋RelationshipsbetweenASOIwinteranomalyandChineseprecipitationofthefreshet
period

暋暋ThecorrelationsbetweenASOIofDecember灢February(i.e.australsummer)
hereafterasASOI12灢2andprecipitationdeparturespercentageinJuly灢AugustoverChi灢
na(figurenotshown)indicatethatpositiveareasaremainlyinthemiddleandlower
YangtzebasinandsouthoftheRiverwiththecorrelationcoefficientssignificantin
excessof5%level,andnegativecorrelationsoccurinnorthoftheYangtze,andmost
ofthecorrelationsfailtopassthesignificancetestat5%levelexceptafewstations
suchasthatofBeijingandTianjin.

Fig.2presentstheinterannualcurve(solidline)ofASOI12灢2andtheinterannual
rainfalldeparturespercentageaveragedoverJuly灢Augustofstationshavingtheposi灢
tivecorrelationssignificantover5%levelincludingNanchang,Changsha,Fuzhou,
Quxian,Wenzhou,Guangchang,Ji暞an,Ganzhou,Hengyang,Chenzhou,Pucheng,
Yong暞anandGuixi(dashedline).WecanseefromFig.2thatthetwolinesaresimi灢
larandfrom1977theASOI12灢2beginstosteadilyriseaswellastherainfallinYangtze
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basinwiththecorrelationcoefficientof0.36andstatisticallysignificantat5%level,
suggestingthatwhenASOI12灢2abnormalincreasestheprecipitationismorethanmean
andwhenASOI12灢2abnormaldecreasestheprecipitationisless.
暋暋TofurtherstudytherelationbetweenASOI12灢2andChinesesummerrainfall,
fouryearsofASOI12灢2whicharelarger(smaller)thanmeansquaredeviation氁arese灢
lectedasthehigh (low)ASOI12灢2years,i.e.,1974,1998,1999and2002 (1975,
1976,1977and1986)formakingcompositeanalysiswithChineseprecipitationde灢
parturespercentage(showninFig.3).
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Fig.2暋TimeseriesofwinterASIO12灢2(solidline)andpercentagesofsummerabnormalprecipitationo灢
verYangtzeRiverregion(dashline).

Fig.3暋CompositefieldofsummerabnormalprecipitationpercentagesinChina.Separatelyforthelow
ASOI(Rg)yearsandforthehighASOI(Rd)years.

暋暋Duringthelow ASOI12灢2years(Fig.3Rg),precipitationofYangtzeRiverand
Huaiheintherainyseasondecreasesby>30% comparedwithnormalsituationin
themiddleandlowerYangtzeriverandHuaihe,whiletheprecipitationincreasesin
theYellowRiverandSouthernpartofYangtzeRiver.Infact,in1975theprecipitati灢
onofrainyseasonislessthannormalwhilethereismoreprecipitationinthemiddle
andlowerYangtzeriverandthenorthernofChina.In1976precipitationofrainysea灢
sonisPatternIwithlessrainfallinYangtzeRiverandHuaihewhilemoreinthe
northandsouthofChina.The1977patternissimilartotheoneof1976.In1986the
rainy灢seasonrainfallismostlyinthesouthoftheYangtzeRiverwhilelessprecipitati灢
onisinthenorthernoftheYangtzeRiver.Therefore3ofthe4low灢ASOI12灢2years暞
precipitationsarelessthannormalintheYangtzeRiverandYellowRiverbutmore
thannormalinthenorthandsouthofChinaexcept1975.
暋暋IntheyearsofhighASOI12灢2(Fig.3Rd),summerprecipitationismorethan
meanintheYangtzeandthesouthernofChina,especiallyinthemiddleandlowerof
YangtzeandsoutheastofChinawheretherainfallis>30%,higherthannormal,
whileprecipitationoverthezonenorthoftheYangtze,particularlyregionsbetween
theYellowRiverandHuaiheRiverandnorthernofChinawhereprecipitationis<
30%,lowerthanthemean.Infact,intherainy灢seasonof1974nationalprecipitation
iscategorizedasthepatternIII,i.e.,therainfallisconcentratedinthesouthofthe
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YangtzeRiverwhilelessrainfallisinthenorthofit(thenegativedeparturezone).
Theyearof1998isrichofprecipitationoverthecountryandtherewasabigdeluge
overtheYangtzewhichintensitywasnexttothe1954equivalent.Theprecipitation
of1999isapatternwithfloodinthesouthanddroughtinthenorth,leadingexcep灢
tionalrainstormovertheTaihucatchments.The2002rainy灢seasonprecipitationover
ChinaiscategorizedaspatternIII,indicatingmoreprecipitationinthesouthofthe
YangtzeRiverandlessinthenorthofitexceptthebendoftheYellowriver.Itre灢
sultsthatinthe4yearsofhighASOI12灢2therain灢seasonrainfallismoreinthesouth
oftheYangtze(4/4)andlessinthenorthofit(3/4).

Table1.暋RelationshipbetweenearlierorlatterofsummermonsoononsettinginSouthChinaSeaand
ASOI

Yearsof
earlier

Onsettime
(month灢pentad) ASOI12灢2

Yearsof
latter

Onsettime
(month灢pentad) ASOI12灢2

1976 5暋4 -2.065 1973 6暋2 0.646
1977 5暋4 -1.144 1974 5暋5 1.816
1978 5暋4 -0.607 1975 5暋6 -1.451
1979 5暋3 -0.776 1982 6暋1 0.352
1980 5暋4 -0.624 1983 5暋5 0.282
1981 5暋3 -0.327 1984 5暋5 0.239
1986 5暋3 -1.523 1985 5暋6 0.396
1990 5暋4 -0.874 1987 6暋2 0.570
1992 5暋4 0.178 1988 5暋5 0.517
1994 5暋1 -0.531 1989 6暋2 0.488
1995 5暋3 0.872 1991 6暋2 -0.653
1996 5暋2 0.514 1993 6暋1 -0.321
1997 5暋4 -0.261 1998 5暋5 1.897
2000 5暋3 -0.394 1999 5暋5 1.875

2001 5暋5 1.613

WhenASOI12灢2arenegative,theonsetareear灢
lierwiththeprobabilityof11/14=79%.

WhenASOI12灢2arepositive,theonsetarelatterwith
theprobabilityof12/15=80%.

暋暋Asoneoftheworld灢famoussummermonsoonregionsChinarainfallinsummer
isgreatlydeterminedbytheintensityofsummermonsoon.Study[12]showsthatthe
onsetofsummermonsooninSouthChinaSea(SCS)servesasoneoftheearliest
signsforthetransitionofatmosphericcirculationsfromwintertosummerandalsois
afeatureofseasonaltransitionoftheAsian灢Australianmonsoonregion.TheSCS
monsoononsetischaracterizedlargelybytheSouth灢Asianhigh movingintothe
northernIndo灢Chinapeninsula,thewestern灢Pacificsubtropicalhighkeepingoneast灢
wardandretreatingoutoftheSCS,northeast(southwest)windsoccupyinginthe
high(low)levelofSCS,theSCSmonsoontroughformattingrelatedtotheestablish灢
mentof~105~110曘Ecross灢equatorialflow,thedevelopmentofconvectiveprecipita灢
tion,abruptchangeintemperatureandhumidityaswellasthesettingupoftheme灢
ridionalcirculationofSCSsummermonsoon.Theintensityofthemonsoonrelatesto
theonsettime.Commonlyearlieronsetassociateswithstrongermonsooninthat
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yearandv.v.ThetimeofsummermonsoononsetinSCSisgenerallybasedondy灢
namicandthermodynamicconsiderations,i.e.,selectingsomecharacteristicparam灢
eterswhicharecapableofreflectingthemonsoonestablishmentasindiceswithcer灢
tainthresholdvalues.Becauseofdifferentregionsandparametersselectedbydiffer灢
entresearchers[12]thetimeofsummermonsoononsetinSCSaredifferent.Table1
showsthetimeofsummermonsoononsetinSCSusedinourworkbasedonthepa灢
per[13].Andtheonsetbefore(after)the4thpentadofMayisdefinedastheearly
(late)occurrenceoftheSCSsummermonsoon.Wecanseetherelationshipsbetween
theonsetandASOI12灢2fromTable1thatASOI12灢2arenegative(positive)andtheon灢
setareearlier(later)withtheprobabilityof11/14=79% (12/15=80%).Wedid
compositeanalysisofearlyandlateonsetyearsinrelationtotheJuly灢Augustrain灢
fall.Theresultsshowthatintheearlyonsetyearstherainbandisinthenorthover
theHuangRiverbasinandthereisless(more)precipitationintheYangtzevalley
(SouthChina)whileintheyearsoflateonsetmorerainfallhappensintheYangtze
basinandlessinthenorthandsouthofChina.TheearliestestablishmentofSCS
summermonsoonisinthefirstpentadofMayandthelatestestablishmentisinthe
secondpentadofJune.Atmostoftime,theonsetsofSCSsummerareinthemid
decadeofMayindicatingthatASOI12灢2firstaffectstheestablishmentoftheSCSmon灢
soonandtheninfluencestheJuly灢AugustrainfallinChina.

5暋PossibleprocessofASOI12灢2influencineChinaclimate

暋暋Accordingtotheaboveanalysis,ASOI12灢2probabllyaffectsthetimeofSCSmon灢
soononsetatfirstandthenthedistributionsoftrainbandsoverChina,andthesum灢
mermonsoonoutbreakoccurs mainlyin May.Fig.4isthecorrelationfieldof
ASOI12灢2andanomalyof850hPameridionalwind(v)inMay.Wecanseethatthere
arenegativezonesinAustraliaandnearbyoceans,withoneeachintheeastandwest
thataresignificantat5%level.ItmeansthatwhenitisthehighASOI12灢2year,the
AustralianhighisweakinMayandv.v.FromFig.4weseeanegativecorrelation
zonearound110~120曘Ethatisstatisticallysignificantat<5%levelsuggestingthat
thereisobviousnegativecorrelationbetweenASOI12灢2andthecross灢equatorialflows
inJuly~August.Manyresearchesshowthattherearetwocross灢equatorialairflows
intheAsianmonsoonregion,oneisinthevicinityof105曘E[13]andanotherisina灢
bout120曘E[14].Thetwocross灢equatorialairflowsareoppositeinphaseandthefor灢
merisstronger[11].AndfromFig.4,onlythesummercross灢equatorialflowinthe
neighborhoodof110~120曘EcorrelatesstronglywithASOI12灢2.
暋 暋Intheconceptual modelofeastern Asian monsoonproposedby Taoand
Chen[15灢16]thatthereisanEast灢Asianmonsooncirculationsystemrelativelyindepend灢
entoftheIndianmonsoonsystemintheAsianmonsoonsystem,whichconsistsof
systemsatmid灢lowlevel(Australiancoldhigh,cross灢equatorialflowin105~125曘E
overeasternAsia,SCS灢westernPacificITCZ,thewesternPacificsubtropicalhigh,
theMeiyufrontandwesterlytrough)andsystemsathighlevel(theEastAsianpor灢
tionoftheSouth灢Asianhigh,easterlyjetstreamsinthenorthandsouth,andthe
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cross灢equatorialcurrentsgeneratedbytheeasterlyjetstreamsinthesouth).Sowe
canseehighandlow ASOI12灢2yearscorrespondstodifferentcirculativesystemsin
easternAsiansummermonsoon.
暋暋Fig.5showscompositefieldof850hPawinddeparturesinJune灢Augustsepa灢
ratelyforlowandhighASOI12灢2years.InthelowASOI12灢2yearthereisananomalous
anti灢cyclonic
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Fig.4暋CorrelationfieldbetweenASOI12灢2and850hPameridionalwind(theisoplethsintervalis0.1,pos灢
itiveissolidandnegativeisdashed.Thefractionsabove5%areshaded).

circulationineasternAustraliawhichintensifiesthecoldhighthere.Thereisana灢
nomaloussouthwindaround105~120曘Ewhichmakesthelow灢levelcross灢equatorial
flowstronger.Andthereisaconvergencebeltofwindatabout0~10曘Ninthenorth
(solidlineinFig.5)suggestingtheSCSmonsoontrough(ITCZ)isfurthernorth.In
thelowlatitude(20~25曘E)overthemainlandofChinathereisananomalouscyclon灢
iccirculationcenteredontheYun灢Guitableland.Andinthehighlatitude(40~50曘E)
avigorouslyanomalouscycloneisseencenteredinthesouthofLakeBaikal.The
Meiyutroughisfurthernorth.Betweenthetwolowcyclonesthereisananomalous
anti灢cyclone.Andthesubtropicalhighextendswest.ComparingwithFig.2Rdwe
canseethatprecipitationinJuly灢AugustovertheYangtzeislessandtherainbelts
aremainlyaroundtheHuangRiverarea.

DuringthehighASOI12灢2 year,incontrast,thereisananomalouscyclonein
summer(June灢August)easternAustraliawhichmakesthecoldhighweakenthere.
Thereisanorthwindaround105~125曘Eintheequatorwhichmakeslow灢levelcross灢
equatorialflowweaker.Andthereisadistinctconvergencebandbetween0~10曘S
suggestingtheITCZisfurthersouth.Themonsoontroughisformedviatheconflu灢
enceat20~30曘Nofwarm,moistairbroughtbySCSsouthwestwindanomaliesand
coldaircarriedbynortherlyornorthwestwinddepartures,andthetroughisposi灢
tionedfurthersouth.InthevicinityoftheYangtzebasin,withthesubtropicalhigh
movingeastward,precipitationismoreespeciallyinthesouthofYangtzeRiverin
sharpcontrasttothenorth.

Table2presentsthecharacteristicsofsummerEastAsianmonsoonsystemsfor
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thehighandlow ASOI12灢2years.Andintheyearsoflow ASOI12灢2,theAustralian
highisstronger(theanti灢cycloniccirculationdeparture);low灢levelcross灢equatorial
flowisalsostronger(anomaliesofsoutherlywinds);theITCZpositionisfurther
north(between0and10曘N);thesubtropicalhighextendsfurtherwest;theMeiyu
troughisfurthernorth(between30~38曘N);andtherainbeltsarealsonorthward
(intheHuangRiver).IntheyearsofhighASOI12灢2,theAustralianhighisweaker
(isthecycloniccirculationdepartures);thelow灢levelcross灢equatorialairisalsowea灢
ker(northerlywinddepartures);theITCZisfurthersouth(between0~10曘S);the
subtropicalhighextendsfurthereast;theMeiyutroughispositionedfurthersouth
(20~30曘N);therainbeltsaresouthward(intheYangtzeRiver).

Table2.暋ThecharacteristicsofsummerEastAsiamonsoonsystemforthehighandlowASOI12灢2years
EastAsianMonsoonsystem ASOI12灢2lowyears ASOI12灢2highyears

Australianhigh stronger(anti灢cyclonicdeparture) Weaker(cyclonicdepartures)

cross灢equatorialflow stronger(southerlywinddepartures) weaker(northerlywinddepartures)

ITCZposition furthernorth(between0~10曘N) furthersouth(between0~10曘S)

subtropicalhigh furtherwest furthereast
Meiyutrough furthernorth(between30~38曘N) furthersouth(between20~30曘N)

rainbelts northward(intheHuangRiver) southward(intheYangtzeRiver)

Fig.5暋Compositefieldof850hPawinddeparturesseparatelyfortheASOI12灢2highyears(left)andforthe
ASOI12灢2lowyear(right),solidlineisconvergenceline.

暋暋ThereisacloseassociationbetweenthesouthernAustraliancirculationandEast
Asianmonsoonsystems.Chenetal.[17]proposedthatwhenITCZisstrong,Austral灢
ianhigh,SCScross灢equatorialflowandsouthwestmonsoonarestrong,thesubtropi灢
calhighextendingwestornorthwhiletheIndianmonsoonbecomesweakandv.v.
Thisconclusionhasbeenconfirmedbynumericalsimulations.Heetal.[18]imposed
ona1982Julymeanfieldwithalow灢levelanti灢cyclonicdeparturefieldonlylimitedto
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theAustralianregiontorepresentthecoldaironsetthere,andthenintegratedfor14
days.Andtheirresultsshowedthatwiththeanti灢cycloneimposedthesoutheast
tradewindinthesouthernhemisphereenhancesfirstandthecross灢equatorialflowin灢
tensifiesafter5days,thenSCSmonsoonbecomesstronger,andprecipitationover
theIndo灢ChinaPeninsulaincreaseandthenspreadsintotheYangtzeRiver.There灢
sultsaresimilarwithcharacteristicsofsummerEastAsianmonsoonsystemsgiven
byTable2fortheASOI12灢2highandlowyears.Accordingtotheaboveanalysis,we
summarizetheprocessofASOI12灢2influencingthesummerprecipitationoverChinaas
follows.
暋暋DuringthelowASOI12灢2yearsthespring(May)circulationsareaffected,leading
toastrongAustralianhigh,strongeastern灢Asiancross灢equatorialairandearlyonset
oftheSCSsummermonsoon(beforethe4thpentadofMay),andtheninfluencethe
summercirculationsbyreinforcingtheAustraliancoldhigh(anti灢cycloniccirculation
departures),makingthelow灢levelcross灢equatorialairstronger(southernwinda灢
nomalies),theITCZbeingmorenorthward(0~10曘N),extendingthesubtropical
highwest,takingtheMeiyutroughamorenorthernlocation(in30~38曘N)andthe
summerrainbeltsofChinabeingnorthward(overtheHuangRiverarea).During
thehighASOI12灢2years,ontheotherhand,thespring(May)circulationsareaffected
insuchawaythattheAustralianhighandeastern灢Asiancross灢equatorialairareweak
aswellastheSCSsummermonsoonbreaksoutlater(afterthe4thpentadofMay),
followedbyinfluencingsummercirculations,resultingintheAustralianhighweaker
(cyclonicdepartures)aswellasthelow灢levelcross灢equatorialair(northernwindde灢
partures),theITCZbeingsouthward(0~10曘S),thesubtropicalhighpositioning
eastward,theMeiyutroughbeingsouthward(20~30曘N),andtherainy灢seasonrain
beltsbeingsouthward(overtheYangtzeRiverbasin).

6暋Conclusionanddiscussion

暋暋Thedataof360monthlyNCEPAntarcticseaiceconcentrationsareusedtodiag灢
nosetheAntarcticseaiceseesawpatternwithdefiningthedifferenceofconcentration
betweentheRossSeaouterregionandtheBellingshausenSeaastheASOI.Through
correlationanalysiswestudytherelationshipsamongtheASOI12灢2,Chinesemonsoon
rainfallandEast灢Asiansummeratmosphericcirculationsandinvestigatethepossible
influencingprocesses.Andthemainpointsasfollows.

(1)Thesynchronouscorrelationcoefficientssignificantat5% levelbetween
ASOIandAntarcticiceconcentrationaccountforroughly1/3ofthetotalgridpoints,
mostofthemareintheRoss,Weddell,andBellingshausenSeas.Itsuggeststhatthe
ASOIisindicativeoftheinterannualvariabilityoficeconcentrationsinthekeyre灢
gionsofAntarctica.

(2)TheASOI12灢2obviouslycorrelateswiththeJuly灢Augustrainfalldepartureo灢
verChina.Whenthecorrelationsarepositive,therainbeltsaremainlyintheYan灢
gtzeRiveranditssouth,withthecoefficientssignificantat5%lel.Thenorthof
YangtzeRiverisnegativecorrelationzones.
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(3)TheASOI12灢2iscloselyrelatedtothedateofSCSmonsoononset.Forthe
negative(positive)ASOI12灢2year,theonsetoccursearlier(later)attheprobabilityof
11/14=79% (12/15=80%).ThecorrelativitybetweenASOI12灢2anddeparturesof
850hPameridionalwindsdemonstratesthatintheEastAsianmonsoonregion,there
arezonesofnegativecorrelations(significantat5%level)inwesternAustraliaand
thecross灢equatorialairregion.

(4)InvestigationisconductedofpossibleprocessesasregardsASOI12灢2influen灢
cingsummerrainfalloverChina,togetherwithaconceptualmodel.Itshowsthatin
thelow (high)ASOI12灢2year,thecirculationsareaffectedinMayfirstleadingtoa
strong(weak)Australianhigh,intense(feeble)cross灢equatorialair,andearlier(lat灢
er)onsetoftheSCSmonsoon,thenfurtherimposeduponsummercirculationsin
suchawaythattheAustraliancoldhighstrengthens(weakens),cross灢equatorial
flowatlowlevelintensifies(weakens),theITCZislocatedinnorth (south),the
subtropicalhighextendswest(east),theMeiyutroughisinnorth(south)andrain
beltsintheJuly灢Augustareinnorth(south).
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