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Abstract

TropユCalcoIIVeCtiveactivitiesplayanil'nPOrtantroleontllCg101)ala･tmospllerCulrOugh 1･e-

1ea,seoflatenthea･tandwa･vegcエ1Cratioll･Thereareva,rioustiIlleS(･･alesof,:oilVC(･tivca(:tiviti,_,S･

TllCtemporalvariationsconsideI･edinthisthesisarctimescalerl･OInOIl,_.da.yto30--60(_lays

(corl･espOndingtoil山 asea･sonaloscillations)･Sit-1cc1960ssolIICOfimpOrtalltl)11eI10m,Ina],e(:ul

lia rtothecquatol･ia･1reglOnS,SuchasinLraseasolla,1oscillationsalldequatorialwaves,havel)fIlCIl

founda･ndinvestigationsforthellユぐぐllanisn･1Salldth(Jirilll】Ja(:tSOr上theglol)allatl11OS])llelleha＼′e

beena,ctivated.011theotllel･hall(1,therearcafewstudiesforthediurllalval･iatiollOf(:orト

vcctions.ⅠⅠldollCSianlnariLime｡ontillelltisoneofulemosta･CtivecJloud･"eglOllSillLlleWOl･1,1L

ThediurnalvariationofCOIIVC(:tionsisl･ema,l･kableilltllisrcglOIlbecallSeOftllC,IOⅠIIplicated

lalld-seadistribution.Ina,dditioll,theintra･sea･sollalos(･illatioIISa･ndsomeorequatorialwaves

al4ecouplingtothecollVeCtionsan(1form theorgalli2leddoudsysteITISilltllisreglOll･ⅠIltrot)ilJal

reglOnSnumberofn･1eteOrOloglCalsta･tionsandtiIllCresolutionsof(lataarequiteinsulTi｡iellL

Inthisthesiscollditionsofconvectivc activit i e s atKotota,bang(0.20oS,100･32oE,8651-1MSL),

whichislo(.aもedillthernountairlOuSreglOllOfSumateraJsla･Ild,werea･11alyzedbyutilizlllga

boundarylayerradal.(hereaftf,,rrefelTedas BLR)alldothergroundlbasc(il土Iea･Sul･emeI.tS･

ABLRhasbeerlOPerateda･tKototaballgSinceAugust1998,an(I(･olltilluOuSlyprovides

Hlreedimcnsiollaユwil,ldcom])onclltSuPtO6･5kmwitlltimeresolutionof1miliutealldlleight

resolutionof100m･TheBLRcallberega･rdedasakindofraingaugel)ecauseitisseユlSitiveto

raindl･OPSinl･ainyconditions.AdetcrmiIla･tionmethodtool)tainrainfa･11duratioIISareSllOWIl.

ComparisonbetweenNCEP/NCARol)jeCtivc reallalysi.sdataa,lldBLRllOl･izontalWinddata

a･realsoindicated.AtKotota･bangtotalsixirlt(-,llSivera･winson(lcobs<=tl･VatiollぐampalgllShal(-1

beenconductedb.yApril2002(wllichwerela･unche(Icvel･.yl'ourOIL(滋ghttillleSparday)･Tvvo

observatioIISperiods,whichi.sSeptelllber10ctobcr1998andMd･yJl_lIIC2001,wereanaly21e(1ill

thisthesis(sccChapter3)･Thesul･fa･ccmet,,orologi(･alinstrum,=､n t s durillg A ug-1St1999-April

2002wcrcutilizedby the statistic,alanalysis(seeChapter/1).The d a ta･ba se o r GMSequivalellt

blackl)od.ytemperatul･e alldN C EP/NeARobje(:Livereanalysis(la t a also lla VCbeen utiliz(-､d･

Twocasestudic,sha･d been conducted.Inthe (_･a･sestudyofS e ])teI111)ぐ1･-0(･tobel.1998tlle

correlationsbetweenwesterlies of1-3kmheightrallgeandprk.,lP ita tion s a･t liototabanghave
1 1 ^ 1

beenfound,'Theboth w esterlicsan(1precl])lta･tioェISVa･ricdal･Ol_111(1 1 U -(_Lay ])(:tl･io(liciLies.Tile

precipitationswereoccurre(1by theloca･lcloudsystemswhichdev e lo p e d ir上 tll(I a乱eHIOOnalollg

themOullta･inra,nge.T he cloud systemsmoredevclope(IwllCn th e w (jSt(-ゝ1llies be<:am(.iWeak･

Thedevelopmentoflocal cloud systenlSWasCXPla･ine(_I1)ytlle ぐ O n V C rgell(:eS Oflocalwiュlds,

suchassca･breezesorvalley breezesullderthegeographicalc o n d itio n s. IL wa･ssuggest(fd

thatthestrongbackground w esterlies pl･eVented t,l上e loca･lcircula t io n s fl･O n-i (lc velor)lIlg,and

astheresultstheprecIPitatillg local cloud system s did noteasy to (lcv elo ]) ,lndcr stlOllg

wcsterlics･Theca･use of the 10-day periodicities obsel･Ved d.-u･ユllg Sc])tem lJ,-.1.- O ctob･.T 1998

wel･ediscussed. Itis w ellkn ow n thatthe il山 aseasorlaloscillations som etim es follow stl･011g

westerlies in the low ertropOSPhel･e･Itw ads coIISidered thatthe w esterlics stl･eエlgthencd d.-1ring

thepassa･ge ofthe intra･seasonaloscillation and the n- 1 equatol･ialw aves elrllJeddcLd i工1tO the

illtraSeaSOIla･loscillation (.a･use(1the 10-da･y pel･iodidties. T he col･1･elatioIIS betweeエiW CSterli(_､s

a･nd 1)Ⅰ･eCipitations were obscrvc(1 durlng M a,y-Julle 2001 too暮 Ill ad(litiolltllC Va･riatiollS Of

vertical distributiol⊥S Of tellll)Crature alld llum iditv l)erol･e arュ(I arLer stl･Ollg WeStel･ly ド,-､1･io(ls

仙



ilr!り

l上adbeenobserve(1･Allali､laytoonedaytiIllela･gs1へ7,-,refourldfo rtlle(:01T,二1a･tioIISbdweell

west(Irliesarld]Jrc(_･11)italions.TlleSeillCludeaIIOthernewr(.lSultsfortlle l･(_,1a･tioIISllil)beh… 二･ll

strollgW(}StCrlies,ea･stwal･(1propagatillgmCSOS(talecloudsysteIllS,lowtrol)0叩llel･icatlllOSl)llere

drylng,an(1uleCXistell(･eOrlargeっ,:aユ(一一ぐOllV,-,l,:Livel.ylr.a←･tivereglOllSaft(汀1JaSSlllg工Il(_iSOS(ale

(･loudsystclnS.Howevel･,tlleil･intelll)retatiollSallCStilliIISuLliciellt.

Thestatisticala,nalysIShavebeellma(lcbyutilizlllg33-mollth(_lata.Tll(､preぐ1PitatiollS

tendedtooc(:UILWllerlthewestel･1ieswereweak･TlledaysorstrollgWest(_.llli(_lSWerCぐlearly

dividedb.yl･a･lnyda･yswitlllowsoユa,rradiationsa･IldIIOralnydayswithlligh solarradiatiolrlS･

Theralnydayswithmol･ethan30mm dailyraillfalla,mourltSWel･eS(Ilc(･t(_tdforIIIOredetaile(1

a･na,lysis.Ononehal上dthe rainfallsofwed,kwesterlyda,ysoc,:ul･1-edbythelocal(:loudsysteHIS

(leveloplnglntllC aftcrllOOllalongthe1-nOunta･inousreglOn.OIltlleOtllCrha･IldulCraillfallsof

strongwcstel･1.yda･ysoccul･redullderthelargecloudsystemsbyintl･aSea･SOIlalosぐillatioユlS,Tlle

raillfallsduringweakwesterly])eriodswereoぐCuPledlargeparts.ItmeaIISthattheraiI11●alls

1).ytl-lelocalclouds.ysteIIISaredoェIlina,Ilta･tKototaba･ng･ⅠtwasCOIISid(jredtllattllereaSOll

whytllCrearclittlera･infallsoccurrc,_11Jyilltl･aSeaSOnalos(:illatiorlS.Thcrcareapossibilitytlla･t

Llletl･ansfol･matiol-1SOftllelargeclouds.ystcIIISfollowingilltl･aSCLa･SOnaloscillations,whichw crc

])ointedoutbyNitta･clall(1992),wel･eOCCurredbytheliftillgeffe(･t." rSumatcl･a･mOurlta･ill

rangea･ctingtlleOffshoreconvcctioIIS･
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s】)ピeda】1drateofra･】llyda･ysa･resameastllat,fort10ta･lca･ses..

4A Diul･llalvariatiollSOftileda･ysofeachlllaXimtlmdailyra･illfaJ1sforfor(a)grotl】)

Aal-d(1))gl･OtlpB･

415 Tillle1011gjtudecrosssectionsofGMSTBBaJndNCEP700hPaillEel)tember

1999･Thedayofmaxilnumdailyra,infa･11forforgroul)Awasoccurlで(1illthis
pel･iod.

4.6 Tinle-]ongitudecrosssectionsofGMSTBBa-lidNCEP7001lPail一Noveml)el､

2000･Theda･yofmaximtlllldaHvraillfallforforgroul)Bwa,socctlrredilltllis
period.

4･7 MealldiurnalvariatiollSOffrequellCyOfrainfallfor(a)groul)Aa】1(I(1〕)group
Bformorethan30mlndailyrahlfa,llamount,

4･S Meandiurnalvariationsoffrequencyofrajllfallfor(a･)grotll)Aalld(b)gl･OuP
Bformorethan0.2mmdailyrainfallamount,.

4.9 ratesofrainfallfortotalda･ys(6Sca,se§)inwlliclldailyrainfallsaremorethal1

30mm･Threecontoursintllis汽gt汀eShowl､a,teSOfhourlyl一一aXilllulllra･illfalls

moretllall30mm/h(1)lackcolor),20mlll/h(dal.k(･olor)and15mm/ll(light
color)Irespectively.

4･10Diurllalva･rja･tiollSOffrequencyof T BBfor(a)lessthanalld(1))moretha】15m/S

700hPazolm,lwindsl)Fed.Contoursa,re drawnby･5It..

4ll(11nl11nnRj十･p,li.11･11月Iv-1月Iinllnf′托.3fly W eakwindraillydays,RightfiglJ.res~~A~~L<~~~~1~~~~~~〉L-~L--一日~ -1~~ーI-~~一一~~-JJ⊥ノー~ー

areoccurrellCefrequenc.vofTBBlessthan2301(,and]eftfiguresaresa,melmt
2301260I(at00,06,12alld18UTC.

4.12Sameaspreviousfigul･elmtforstrongwindrainvdarys.

4.13Coll叩OSite(liullllalvariatiollOfTBBforweakwind110rainydays.

4.14Sameapsprevious月gureexceptforstrongwindnoralllydays.

4･15Sl)e(･trala･nalysesof(a)GMSTBBdataat(00,100oE)avera･gedover0.05os(ltlalle,
(1))NCEP700hPazonalwinda･t(00,100oE)and(C)dailyrainfallalnOunt

obser､,.edbyraingaugeatKotpota,bangduring1August1999-30April2002

(lag-12S)･

4.1620-90-daybandpa･ssmtel･edGMSTBBdatail一0.05osqtla･re,andNCEP700hPa

zollalwiュld.Solida･】1ddashedcurvesrel)resentVa･ria･t,iollSat(100oE,Oo)and

(90oE,Oo),respectjvely･

37

l

ヘリ】

｣T

5

｣7

4

4

4ュ

46

47



IJISTOFFIE,TT_/TREE

4.17Colll】)OSjtevariationsof20-90-(lay1)alldl)assAltered(a)zo】la】wilュdand(1))GMS

TBB datafor90oE(daslledlilleS)a】ldlOOoE(solid]]'rleS),(C)Nullll)erorstrong

zollal雨lldsmol､et･hal15lil/sforea･cll】)llaSe.(d)Totra･haillfallall10tllltfol･each

])lュa,Se.(e)Nu】111)pllOfraillydaysforeaclll)ha,se.Horizollt,a日illerepreSeユ1tda.ys

Eac111101･izonta日illeOf(C).((1),(e)rel〕reSellta､,era･geValues(Solidlille)a】1d

widt110fstalldarddeviatioll(da･shed]ille).SolidctlrVeSOf(C),(d),(e)rel)reSellt

9daysrunmngmean･

4･18Time-1ollgittldecross-sect,iollSforL20JJO-daymteredGMSTBB data･alldNeEP

700hPa･zona･1willd.TimerepreselltrSdeviationfroml)aspdays.

4.19(a,)the】)rpcil)it｡ti.1,int,｡11Sity(mm/〔1｡y)estil-〕atedfr.ms｡.t▲eliit,｡OverllldiM l､d

t･11eArabiallSeaol1-24･Julle1979alld(I))tlleVertical1)1､Ohle(afterOguraalld

Yoshizaki,1988).

4･-20(a)Thedistribut･ionofGMSTBBdata･on6June2001･(1))Thea･vera･gedvertical

lX

51

willdpl･0fi1esdurillglj)Julle2001at(0090oE)drawnl)yNCEPreana･1ysisdat･a 52



ListofTables

2.1 Sl)eCificatiollOftheBLRsystelllalldtyplCa-1observation1)aramCt･PrSOftheBLR. 8

3.] Fea･tu.esoftheobservedqua･sj-10-dayequatoria･lRossl)ywave

411 Fea･turesofweakandstrollgW esterly ･

4.2 Ba･sedarysforcoml)OSitea,llalysIS.

Ⅹ

29

43
47



Chapter1

Introduction

1.1 Review forstudiesofconvectiveactivitiesaround

lndonesia

llldo11eSia,isaJregユ0110fthemosta･ctivecollVeCtionovertheworld,Theconvectj､-eclouds

I)rOduceala･rgeamountoflatelltlleatintheprocessesofconvertwatel･Vaport･0liquidalld

solid.Thelatentlleatproducedil一thelndonesiallreg】Ondrivesthegloba･11SCalecirculations,
soca･lledHadleycirculatiollandWalkercjllCulat,jo】l.T]leCOnVeCt･ionha･sva,riatiollSOfval･ious

time-scale,S.ThisstudyconcelllSt.hetimescalesfrom"nedayt,ointrasea,sonal(around30-60

days).

SillCet,he1960ssomeoft,heilnpOrtantPhenomena一,e,g.,t111eint･raseasollalosci】1atiollS(ISOs)

aJlldtlleequartOrialwaveshavebee】lfoulld(Ma･ddenand･Julia･n,1971),andsomanyhVeStj-

gatorslla,VeallalyzedalXldiscussedal)outthemechallismsofthephelWmena･andtheiml)acts

t,otllegloba･】scaleatmospllere.ISOswerefoun(1a･sea･stwa,r(】propagatillgWest-eastCircu-

]at,jollShav】11g30-60day1)eriodicitiesandtheirhorizontalscalesofseveraltllOtlSalldskil0-
met･ers,sosollletimesreferreda･sMadden-JuliallOSCjllat･ions(M･JOs).ISOsarefoul)]edwitll

t･heactivecol-VeCt･ionsaroundlndonesiallreg10n･Theequatoria】lwavesaret･hedisturbalつCeS

ai)peall111glilJLilee(1uatO上･iairビgJUll… ′･hel.('JLlle ellreLIJL,OrLr"ol.iolisrorL.eisslllailorvanishes･The

wa,veswereledtheoreticallybyMat,sullO(1966)a･lldwerefotllldobsellVat･ionally1)yYallaialld

Manlyama(1966)alldWalla,ceal〕dltousky(1968).Theperiodicitjesofthesedistul･bances

arefrom 1-2daysto20(lays.Solュ1eOfthesewaveswerecoul)ledwiththeconvectioll,a･11d

somestudiestlt,ilizillgSat,ellitedat･alla･Vebeendone(e.g.,Ta･kaya･bu1994,Whellereta1.1999,
2000)･Na･kazawa(1988)sllOWedthattlleSedisturballCeS(withdi仔erentsca一es)illteraCtWit･h

eachother,allda･reorgallizedtobea･hierarcllica･1stlruCture.

IntllisstudyarelatiollbetlWeenCOnVeCtiollSa･nd]Owertroposphericzonalwindvaria,tioll

willl)eal､gued.Forzollalwindvariation,ithasbeenwellknownsillCeMaddena,lidJulia･11

(1971)tllatZOnalwill(1ofthelowertrol)OSl)here(arotlnd8501lPapresstlre]evelor1.5klllabove

sealevel)alldoftheul)1)ertrOl)OSphere(around200hPal)reSSurelevelor12km a･boveseal

level)oftenhave30-60daysperiodicitiescorrespolldingtoISOs.Someoftheeqtla･tOl･ia･1waves

alsopl､oduceshortervariatiol10fzollalwilldolltheeqtla･tOr.1110bservatjollSandobject証e

analysisst･rongwesterlywjlldmorethall10m/S,ofwhichtimescalesarefrom severaldays

toseveralte】ldays,llaVel)Penalla]yzed(lteell,1982,1988;Nitta･andMotokj,1987).The

l
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StrollgWeStellliesalleOftencorrelatedtocloudactjvitjes.allda･cIJi､で COllVeCtiollis]Ocalpedoil

theeastellnendsofthestrongwesterlies･ltee]1(1982)consir1eredI,llerelat,iollSllipl)et,Wepll

st.rongwest,erliesandtwjllCyClolleSWhic]la･retwoSymllletricalc.vclolleStOtlleequatOl､.Nitta

al一(IMotoki(1987)110ticedISOsasatriggerofEINi六oc､,clltSIItwa･sregal･(1C(h]1atthest,ro】1g

wcsterlieswereolleOfill叩01･ta･11tfeaturespriortoEINj血o(Lauetal,1989).

ItllaSbcel101)served1).vraingatlgeS(Gl､ayalldJacobso】1,1977;OkialldMtlSjalte.,1994)a,nd

sat.ellit･es(Helldo]lan(1Woodberry,1993;NittaandSekjne,1994)t11at･tlle(1iurlla･1variations

ofrajllfallsandcollVeCtivea･ct証itiesareremarka･1)]eintplletrot)1Ca]reglOllS.Tllealll】)1ittldesof

diurllalvariat･iollSarelargeoverthelalldareasuclla,SAfrica,sotltllAmericaa･11dIndolleSia･,alld

a･1でSmallint･11eOCeanicreglOn･Tlle1)ha,sesofdiu111alva･riatiollSareCOmPletelydifferelltreglOll

l)yregiol" ndmay1)eaffectedl)ytllela'ld-sealdistril〕utioll?andtopogTtaPlnT(C･g･01-sawaet
aL2001)･Houzeetal.(1981)discussedo翫110reCOnVeCt,ionlnthemornlmga･SaCOllVel･genCeOf

lalldl)reezealldmollSOOllflow1)yut･ilizingtheradarobservations,satelliteima,gesan(11)ilot-

ba･11oolldata･il一Nort･11BorlleO.However,studiesdescriblllgmeCllallismsofc]Ouddevelol)mellt

alldl､ainfallarescarcebecauseillformationontlledjstributio】lSOfwilュd,temperature.,lmmidity

alldthejl･tillleeVOlut･iollSassociatedwitllthecloudsystemswa,sgellera･11yquiteillSu托cientil一

thetrot)1Calreg10nS･

TlleIndonesia,llmaritimecont,inelltislocatedinthèwa･rmpool'/regionWllCret･heseast】r-

faceteml)eratureisthellighestallovertheworld･OverthisregiontileISOsandtheequatoria]

wavesarecouplingwithtlheconvectjons･Theimport,allCeOftlleẁarm1)001つreglOl1lュadbeen

suggested,andallintensiveobservatiollalprojectTOGA-COARE(Trol)icalOcearlalldGlobal

Atmospllere-CoupledOcea･n-AtmosphereResponseExperimellt)wascarl･iedout(Webst･er
a･lldLukas,1992).Ma,nya･SpectsofstudiesforcollVeCtiveact･ivit,iesllaVel)ビelldolle,forexalTl-

ple,thestructureandevolutionoftheISOs(Yanaieta1.,2000),qtla･Si-two-daydist,url)ances

whichwereregardeda･Soneoftheequatorialwaves byTaka･yal)u(1996),t･11ellelatjonwitht,lle

low-levelwesterlies(LinandJolm son.,1996)anddjtlrnalvariatioll((_711ella･ndHouze,1997;

IttlbotaandNitta,2001).

However,mostoftlleOl)ser1,ationalareaofTOGA-COAREJ)orderedbylOoN,loos,140oE

a･11dtlledateline,wa･soccul)iedbytheoceall,a,]thotlgh the]a･nd-Seadistril)tltiolliscomュ)1icate(1

overthelndolleSia･nmallitimecontinent,Suclladifferenceofgeographicalcoll(litionslllay

1)1･UuLl｡ei,ileaml'iitudedlifFビrell(.eSOf(lliLu111diはridJLiollSOfL･Ull､′PL･JLioll.TijビS't･1.ltllJlgdiLu･11dl
_i_1 -1̀

va･riat･ionsofconvectivea,CtivitiesoverllldolleSiaisolleOft･11ei1111)Ortal〕tfeatures(Nittaalld

Sekine,1994).

InlndolleSiarelia･bleobservat,ionaldatahad1)PenquiteillSu托ciellt.Ha･madaetal.(2002)

collecteda,ndcollStruCtedda･tabaseofthedailyra,illfalldataoverIndonesia･a･11dcia,ssiBedthe

sea.sonalvariatiol" frainfallsateachoftheregionsintosomecategories.Theyalsodiscussed

thedi仔erencebetweenEINiflOalldLaNiflayears.Howeverっt･hera･illfallda,tawhichcall

resolve(liurllalvariatiollSarellOWCOllected,aft,erinstal]ationsofautomaticra･ingaugesat

severalpointsinthemountainl･angeOfSunla･tera.

Forothermeteol1010g】Calvariablestheoperationalrawinsolldedataof11st･atjollSj】1hdone-

siahavel)CellCOllected.a.Il°collhlmatjonofthereliabilitiesandconstnlCtioll0fa.datal)asp

ha,ve1)cell1?a｡ebyOkamotoeta･日 2002)inpara･11elwiththisinvestjgatioll･Atsome.re-

gionsjlltellSll,eraWinsondeobserva･tiollShavebeencarriedout(Tsuda･etpa.1.,1994;SllimlZu

andTsuda,1997:Fujiwaraalldltita,2000)･However,observationswitllllightimereSOlutJion

fora】011gel･tel･111aユteincollll)atil)1ebeca･useofthenecessit.vofman1)over.
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J]-1No†-elllbcr]992abotl】1darylayer1-a(tar(hereafterlでferreda･S-BLR'')wa"011St･rl-C1･p(1at

Serl)Ong(6.4oS,106.7oE,50m MSL)llearJakart,a,West.Java,I]ldollPSia.BLRisal･3GHz

lllegr01111dan(1sevpI･a】sIFu(liesre]atedtoclotldconvectjollSyStelllSllaVe1)eellCa,rricdotlt

(Haslligucl〕iet,al･,199r5,1996;Widiyatmietal･.199g)･IllAugtlStp199Sasjmi]artyl)eofBLR

lュa(11〕pc】lillSta]]eda†′1くotota･1)allgnearBukit,tillggi,WestSumatera(0･20oS,100･32oE､865nl

MSL)･A(15ffel･ellCel)et,weellSerl)OngalldItotot,a･bal一gist･1leirgeograpllica･1conditiollS･Serl)011g

islocatedinai)1aill･but,Ⅰtototal)al-glSlocatedil-a･1110tl山ail10uSreglOlll01-1)othBLRsites

auto1-1aticsurface1-1eteOl･OloglCa･1illStru111ent,Salsohavel)eel101)erated･Moreover,BLRs(letect

theprCCIPitatioll1)art,iclemotionollra･111yCOnditiollS.Atltototaballg,theseveralintensive

rawinsolldeobsel･VationshadbeellCOnduct･eda,lldtl1eVertica,1stl､tlCt11reOfl,llerlllOdyna,mics

lュadbeel101)t諒Ied.Asaresult･､tllelljgh t,impresoluHon(1atafromwhicllWecouldanalyze

tlhedit】rlla･1varia･tio】lSWereOl)t,ajlledatltototal)angforlor]ger1)eriods･Theauthorha･sl)ee1-
amelllberoftheseint.ensiveobservat.ions.

1.2 Contentsofthethesis

ThisthesisconcernsvariationsofraillfallatKotota･1)a･ng(100.32oE,0.2oS,865m MSL),
westSuma･tera,Illdonesia･a,lュdespecially,relationshil)l)etweenthem alldlower-tropospheric

windvaruvlllgwithditll,llalvariationsalldwitllISOs･

11】(11はlJtel･2,tlleObsel･Vat,iollSallddata･setselユ-1JloyedjrlthisillVeSl′igat･ion,wlli｡]1al･e

BLR,GPSrawillSOndes,surfacemeteorologicalinstrumelltS.,GMSa･ndNeEPreanalysis,are

descril)ed･Adctermilla･tionmethodofraillfallfrom BLRda,ta･is1)rOPOSedalldacompal･ison
betweellBLRalldNCEPrealla,lysisdata,iscal･1tiedout.

In(nlaPter3,resultsobtaineddurillgtwoilltellSiveobsel･､7ationperiodsa,represellted･A

corre]a･tiol11)et･ween1)reCipita,tトiolla･ndlower-troposl)hericwestel･1y,wllichisthemainissuein

thistlleSis,js茄1.StrlydescribedI)a･sedonda･taa,na,lysisforal一Observa,Lionperiod,andaphlSjb1e

explajlationispl,eSelltedinSection3.1.Theca･usesofzollalwhldvariatiollSa,reeXalllinedill

Sectiol13･2･Dataobtailleddurlnga･nOtherilltellSiveobservationperioda･rea]1alyzed,a･ndthe
similaritiesanddifferenceswiththeresultsoffirstca,SestudyaTediscussedil一Sect,∃oll3.3.

IllChal)ter4,thecorrelatiollbetweenlow-levelwestel･lyalldpreCil)itatiollatItototabanglS

exam illedst･atisticallyl)ytlSlngnearlyt,llree-yealldataimSectiol14･1.Domjllallt･Cloudsyst,ems

whichca･usemuchpl､ecipitationa･tItot,otaballga･lldarediscussedinSectjol14.2.Effcctsof

StlmateramOunta･inrangea,l･eCOnSideredil一Section4.3.

Thesumlnallyalldconclusionsofthisthesisarepresellt,edinChapter･5.
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Chapter2

Descriptiononobservationsanddata

Intllischapter,tlleObserva･tiollSallddat･a･ba･SetltJilizedillthisstudvaredescril)edil一delpail.
Ani11tl･Oduct.ioll0fol)serva,tiollSiteareshowninSectLiol1-2.1.BLR(seeSection2.2),intellSive

rawinsolldesol〕sen,at･ions(SeeSection213),stll.facemea別lremelltS(SeeSection2･4)havel)Cell

ol)erateda,tItototaballg.Somedataba･sewhic]la･reutJilizedtokllOWhorizollt,alinforlllatiol-are
describedillSect.ion2.5.

2.1 0bservationsite

mou11ta･11iousregioll(BarisanMotlnt,aims)alongwestcoa･stofStlma･teraIsla･nd.The(list･a･nce

frolnlndiallOceanisal･Ound50km.Tllerearea,traditJiolla]cityof'MinanIta･1)a･u',Bulくit-

til一gglHla･rOtllld30km southofltotota,ba･11g･TwolargemountaillSmorethal13000111,'Mt･･
Sillgga】allgJa･nd■Mt.Ma,rat)),existintl〕csouthandsotlth-ea･st･directionsand30-40km

■ヽ

awayfrom Iiotota.bang･Snla]]mountainsextelldfrom not.tlltOlmrt･h-eastofItototal)allg,
anda･1sotherea･rea,]ake'Ma,llmJau'surrotldedbysmallmoullta･insinthewest,direct･iom

Thisobservationsitewa･sfounda･ndopenedil一OrderIloCOnStJuCtionoflarge-sizerada･r,and
1 T1.~ヽ′ヽ/ヽ-trl11 1

110WつEquatoriaiAt′mospnereRada･r'havebeel101)era tedsillCeJuly ∠UUl,LTIOl)alAtmosl)llere

Wat,ch(CAW )statiol-hadc.01lStruCtedont･llissite1)yWorldMeteorologicalOrgal-izatio】'ill
1996all(1s上ll,facemcteorologユCalobsen,atjonsandira,cegapsobservationshavebeel10])Crate(I.

C】illlatOlog】calallllualrainfallsofWestSumateraare2000-4000mnl.TllerearetworalnySea･-

sonsintlleequinoxes,whichareMarch-MayandSepteml)el-November(IllOtleandNakamura,,

1990;Halllada.2002).Raillfal1sofSel)tember-Noveml)ertelldtoexcesst,ha一tofMarcll一May.

Theseasonalvaria･tionofraillfallscol･1･eSPOndt･0110rth-southtra】lSitionofITCZalonglOOoE

(Mtlrakami a･lldMatsul110tO,1994).

RoutinerawillSOndcobserva･tpjollSllaVebeenQl)PratedatTa･bing(0･SSoS,100･35oE,2mMSL)

nearPa,dal-gCity,whereislocat･edaround100km southofItototabangalldfa･cjnglndial1

Ocean.Theoperationa･1rawillSOndedatahavebep】lCOllectedanda･na】lyzedbvOkamotoet

all(2003)･Basedoiltheirresults,zolla]whldilllowertrol)OSl)llere(lesstlla･118klllalt,itude)at

PadanglSWeSt･erlythrotlghouta･year.IllupPel,tJllO])OSPhereeasterlywindisdomillantandlla･S

semianllualperiodicity,whicllbecomesmaximumin･Janual､y-Februaryalldil-July-Al一guSt･･

Itistrl10ughttpobeduetotiletra･llSPOrtOfeasterlywilュdmollle】山Iml)vHadla･ycircu]atiol1

5
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lュndercollSerVationof<111gu]armomenttlm･Theea･sterlywhldnlOmP】〕tull101,】gma]]vcomesfrom

i】ltellS捕edWalkercil･Culat･ionillSumlllerhemisphere(Okall101･oetaL 2003).Formpridiollal

wilュdalmt-alvariat･ioninul)1)Crt,rO.1〕OSl)llCre(soutl-erlyil一l〕orea･1wint･eral一(11-0rlrherlyinl〕oreal
sunllller)isdominant･っalldwhichlS COrlで】)011dtoHad1e.v circ11tatio]1.

2･2 Boundarylayerradar(BLR)

A1.3GHz(UHForL-1)and)botlll(1arylayerradar(BLR)withapealくtrallSmH,ter1)overOf

lkW wa.sillSt,a･11edbesidetheCAW sta･tio】1houseatKototal)a･ng(100･32oE,0.20oS,865mMSLっ
seeFig.2.1)inAugust1998.TlleClear-airpcllOeSarein(luredbyrcf]･act･iveill(lex飢ICt,uatiollS

duetoatmosphericturl)tlkllCeS.Ialldsl)atialdifferellCeSOftemperattlrea･ndllulllj(lity(see

e･g･,Ga･geet･a･].∴1990),andtheypl.OVi(killfor1-1ationo-1atlllOSl)herjcll10tio】lSjllCleal･air

by十･heDopplerprinciple.TheBLRha･sonepal･al)olicantellllaOf2m diallleteralldwhichis

st,eeredtowardthreedirections(vert,ical,northwardalldeastward)lTleChalljcallytoobtaint,hree

dimellSiolla･lwiュldcom])011elltS.Theol)serva･tpioIHlangeofBLRisfroITla･rOundO･6kmto2or

3kll10m ｡]ea,ra･ircol-dit･iolla･n(16･5km (whichcorュ-CSPOndst･ot,lieInaximtlmSamPli1-gheight)
ollrainyconditiollWith1milHtetrimelでSOlutiona･11d100lllhelghtrresolutioll.Theradio

waveswithtllisfrequencybaJldaJrel､e月.ect･edwitllmuCllgreaterechointellSit,yforprecll)ita･tion

partic]estlla･lltha,tfortheatmospheredullngrainfa,ll.BecausetheverticalDopl)lervelocitv

duet･ofa･11il'gPrecipita･tjoll1)articlesisaslargeasseveralm/srit･canI)e(1istil一guishedfrom
theatmosphencverticalnwtioll(1mrmallylessthan1m/S)･ForthesereasollS,tllerainfa･11
dtulationha･sbeendet.erminedbythedata,ofBLRverticalDopPICr velocit･yalWIBLRecho

power,aswillbedescribedinSectiol12.2.1.

BLRhadbeell01)eratedcontinuouslyduringtlleallalysisperiodofかstca･sestudy(September-

Octo1)er1998;seeSect,iol13.1,3･2),exceptforshortperiodsoftheelectric】)Overshorta･ge.For

stratistica･lallalysis(see(111al)ter4)110rizolltaJwindsofNCEPrea･nalysisareutilizedbecatlSe

ofnla,nymiss111gdatar.Conll)a･risonbctweellNCEPaJ】1dBLRisrel)reSent･edjnSection2.2･2.

SpecificationoftheBLRsystenlalldtypica,1observa･tiollparametersalledescribedil一TAT

b1e2.1.Further(letailsonBLRlュavebeendescribedinliaslliguchietal.(1995,1996)and

fienggonoetal･(-2OOl).

2.2.1 Determinationofrainfもlldurations

The1)reCipita･tjonechoesdet,ectedwithBLR aremt】cllStrOllgerthanclearÅilleCllOeS

(Ga･ge1990;Hashiguchietall.1995;Renggonoetal.2001).TheBLRDol)1)lervelocitydueto

fallhlg]'reCipitation.1'art･iclesbecomesa.slargea.sseveralnl/S,Whichismuchla･rgerthanthat
ofusualatmosphellCVert･icalmotrion･Conse(ltlently,rainfallcallbedetectedbyusingbotrh

theecl10powerilltenSity,a･ndt･hevertrjcalDol叩1ervelocityobsellVedwitllBLR.AlgoritllmS

todistinguisllPlleCll)ita･tionechoesfrom atmosphericechoesl)vthemagnit･udeofecho】)over

intellSjt･vlュavebeendevelopedatItvot･oUlliversity･1

1Tal-,T･It･,1995:Ash]dyol一thea]gol･it,lmーfordistLillCt･iol-Ofl1011-atlmOSphericechoesobsenredwH･11a】-
L-1〕alldぐleaトairdopplel･radal･.Baぐhelor'st･hesIS,Del)artmelltOfElect,rollicEllgilleel･111g,I(yotounilでr･Slty.

38】)p.
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Tal)le2.1:SpeCinca･tjollOftlleBLRsystema･nd1.V])ユCalol)servatiollParalllelpersoftheBLR･

R adarsystem
0 1)Cra tingfreq ue ncy
A lltelllla

Aperture
Beamw idth
Beamdjre ct.jollS

Tra.nsmitter

Peakpower

Averagepower
Balldwidth

Pulselength
IPP

MollOStaticptllserada,r
13r)7J)MHz

nleCllallicallvrotated】)arabolicante1111a

3.1m2 (2lilil一dial-1etrel･)

7.60(halfI)OWer)

(Azin1tlth,Ze】1ith)-(00.I00),(00,150),

(900,150)

1kW (maximum)

20W (dutyratio2.0(A,)
4MHz

1Its(tyl)icalvalue)

50/LS(tyl)jcalva]tle)

RallgelでSOllltiol1 100m
MaxillltmlObserva,1)1ehorizorltalwjlldvelocit･y 67111nS-1

Resolutionof1101･izollt･a]willdvelocit･y 1･Oms-1

Thetimeintervalandheigl1trallgeusedforthedetermi nationofrainfalldurat.ionswere

selectedl)ythefollowlngrea･SOnS:Icecrystals】〕1ayexistabovetJlelneltinglapyerataroulld

4km.Theobsel･Vedra･da･rechointensitybelow2kmist111derestJimatedduetposatlll･atpionin

thedynamicl･angCOftheradarreccivcr.Weselected'2<3kn".stheheightrallgeforrahlfall

det･ermillation.TherajllfallilltenSjt.ybyatipplllg-1)ucket-typeraingauge,whichwa･sutilizedto

(･01111)areWithBLRechoes,isdeterlllilledontheassumptiontllattllerainfa･Hsocculttlniformly

(lurillgthecoulltSOftiュ)1)ingoftllebucket･Thetimeresolut･iollS(1mil一)ofbothBLRa･nd

t･11era･inga･ugea･retooshortjorllOrmalralinfa･11t,ofulltlleVOlulne(0.5mm)ofthera･ingatlge

bucket･.a･ndthelifetimeofaconvectivecloudissufBcientlywitllill1llOur.Consequellt]y,We
took10iTliilaStllet.imeillt.erValforra.infa.lldeモ,eriTlina.lion.

Figure2.2((1,)showsadistril)tltiollOfvelltJicalDopl)∃er､,elocit.yversusecllO1)OverilltenSit.v

dtlrlllg27September-70Ctober1998,whicllCOrreSl)011dstothe firstsimulta】leOtlSOl)servation

periodwithra･illgauge･Positiveand1-ega･ti､,evaluesoftlleVerticalDopl)lervelocityare

downwardalldupl柑rd,respectively.Ea･Chdatasaml)lewa･saveragedfor213km illheig]咋

alldfor10minilltillle.RelTlarka･1)1erainfa･1lsobservedbytheraingaugesilm11ta･lleOuSlya,realso

illdica･ted.WeakechopowerintensitiesconcelltratpedllearthezeroDot)1)1ervelocitycorrespond

tothecleara･irechoes･Ontheotherllalld,1)1でCil〕ita･tionechoeshavelargeDol)1)1ervelocities

andshowstrongechoユ)OverintellSities･

Basedonthisdistribut･ion,wedetern1inedt･llreSholdvaltleStOdiscriminateatJnOSPhericalld

railldropechoesas'OdB'fortheecllOPower,and̀1111/S'fortheDopplervelocity.FigtlreS-2.2(1))

and(C)showacomparisonl)etweellrainfallintensityobse1､､,.edl)ytherainga･tlgeandtherainfa･11

duratio】1(leterminedbvtheBLRechoes.Botlltlleresult,Sareingoo(1cohCidencewitheach

otFher.ItshouldbementionedthattlleBLRechometho(1isl10talwaysusefulwhentheraillfall

htenSh,yisveryweak,whentlle1)reCipjtat,illgClotlds]la･VeVerylowclotld-1)a･se(below12km),
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orwhenthepreCipit,atiollOCCurSOna･S]10rttjllle(≪ 101-1in).

Usingt,liell-etl10dnlentioneda･1)ovc,thedetermillatiol10f1)reCil)itation(luratpiollSisex-

t･endedtrwol〕1011tllS,Septeml)er-October1998(seeFig.3.1(l))ofSectiol13.1.1).

2.2.2 ComparisonwithNCEPreanalysisdata

Theda,ilya,vel･agedBLRzona】wiュldarec01111)bredwjl･lltlle700]1Pa]evelN(二1EPreallalysis

(lataof1,lュenearestgrid1)Oilltat･1totot,al)a･11g(00,100oE)illFig･2.3.TIつEdetai]ede);])lallatiollS

ofNCEPrea･nalysisdat,aare(lescribedil一Sectiol12.ち.

ThetlPPerfigureofFig･2･3showsa･col-1Parisonl)etweelltimeBelliesdurlllgAugust1998-

July1999.Tllicklinea･lldthilllinel､el)1,eSelltBLRzo】1alwiュldof1.6:2･5kmllPjgllt･S(2･5-3･41くm
a･1)ovemeallSea,level)a･nd700hPa(aroulld3kmal)oremeallSealevel)levelN(lEPl･eallalysis

data･,respective]y.TllebotlllilleSareallllOSt･goodcoincidelltWit･11ea･CllOther,exce】)tforthe

anll)lit･tldesofBLRarea]itt]e]a-1､gertllallNCEPdata,･T]lelowerhgureofFig･2･3(l))isa

scatterPlotofBLRdataverstlSN(l,EPdata.Thelille ,Wllichisl)Pstfittingtothedistribt-tiom

isy-0･85Ⅹ-0.49,whicllnleallStllatNCEPdatalla･Sa1)ia･sof-0･5lil/sandtheal)so】utevalue
tendtobelowerl)y15(晃.

ThevaltleSOfNCEPrea,nalysisaretllCrepresentativeover2.5ogrid(arolllld250km)sqtlare･

Theva,luesofBLRa･rctllerePreSelltativeovertheorderof0.01kmsqtlareJustaboveItotota-

1)allg.However,the1)Othvaluesa･ndva･riationsweregoodcorrelatiollSWit,heachothel,.This

g1､7eStwoinsights.First,ly,itillll)liest･ha･t･111ledailyaveragedwindsaboveItot･otal)angarecol--

trolled1〕ytJhelargescaleba,ckgrotlnddisturba1-CeS･Secondly,itisava･ilal)1etoutilizeNCEP

datatoexalnillet･11eValliat,ionsofdailyaveragedwindobsel-VedatIiotot･al)allg.Ill(111al)t･er4,

NCEPvaluesareutilizedbecauseofma,nymissingdat,aofBLR.

2.3 Descriptiononintensiverawinsondeobservations

AtKotota･ballgtOta･】sixintensiverawillSOn(leobservatiollShadbeellO])Crated1)yItobe

Ulliversitydul･ingAllguSt1998-April2002･Firsttwointel〕ShTeOl)serrationperiods(IOPs)
WereconductedillC00Perai･iollWithRASCITtvot･oUnivel,S]ty,ÅobeTLTlliversll･y,TLTnivers]tyof

Tokyo,AgellCyfortheAssessmellt,alldAl)1)1icat･iollOfTeChllO]ogy(BPPT)andIlldolleSjan

Meteorologicalall(IGeol)hysicalAgency(BMG)durillg27Seュ)t･elllber-70cl･ober.1998(1･ailly

sea,son)and8-14August･1999(dryseason)Ta･1tllOugllthesecolld一opwerecancelledbecause

oftilereceivertrouble.Themainlmll)OSeOftheseIOPwa,Sthemuttlalcomparisontothe

BLRwhicllha,dbeellinstal一edAugust19981Il一tlleBrstIOPsevel･alozolleSOndesla･ullChedby

UniversityofTokyocombilledwitllaillborneobservatiollBIBLE-Acaml)a･】gnWhicllObserved
threedimensjona･1distributionsofozolleandozollePreCtll･SOrS,Tlle茄1,Stlopalsocorresl)011ds

totheendofGAME(GEWEX Asia･nMollSO?nE叩eri.ment,)TOP(Al)ri1-Septeml)er1998)
whicllha･dheel"OnductedinmollSOOllAsia,regloncoverlllglll(]0-Chilla1)ellillSulatoSiberia･

Thethirdtosixtpll01)servatiollShadbeellOperatedbvFrolltiprOl)servationResearchSystem

forGlol)a,1Cllallge(FORSGC),RobeUniversit,さ,,BPPTalldBMGdtlrillg17Mayll-2･June

(transitionseasollfromrainytodryseasoll),1-28August(drysea,soll),ト28Novellll)er(one

oftworainysea･son)2001alld2-29Al)1,j12002(al10therrainyseason).Illtト11e鋸tha･lldsixthIOP

silllu]talleOtlSrawi1lSOlldeobservatiollSlladbeellCarriedoutat,｣aml)i(1.63oS,103.64oE,26111
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MSL,ea,StofSumateramountainousregion)dllrillgl12SNovcllll)er2001alld4-25Al)rj1200-2

alldTabi】1g(0.88oS,100.35oE,2mMSL)int･11eSul)tlrbsofPa(1allgCity(westofSumal･eraalld

facillgllhellldianOceall)during12-18Noveml)er2001alld12118A])ri12002.Tllea･il1-0日OPs

w eretotlnderstandseasona･lvariationilltl〕eatlllOS])llereoftlljsareaalldtorevealtJhedeference
l)et,weellStat.ionsinSumateraIslalld.Theseol)servatio】1a.1(!atawerea】sout.i]ize(1toevaluate

EARwhichlladstartedoperall,io]1SillCeJtHle2001･TlleUPSwaterval)OrObservationsalld

stal)leisotopeObservationshaveheel"tal､tedandcolltilluedoverStlllla･teraandotherllldolleSia･

reg10nSOna･1)ararllelwiththeseIOPs.

(∃PSrawillSOlldes1)rOVidevertica･1pl･Ofilesof1)lteSStlre,te】111)Crat･ure,lmmidityalldhorizontal

両11dul)tOaround30klll･Tilel10rizonta･1wi11dsaredetect,edbythecha･ngeofso】ldepOSitioll

nlea･Sured1)yUPS(GlobalPositjoningSyst･em)･InfirstIOPweeml)]oyedanAIRGPSollde

soundingsystem witllmeteOrOlogjca･11)a･lloons(TA-1000typefordaytJime,alldTX-1000for

lljghttjllle)i)rOVidedbyTOTEX Co.Ltd‥ TX-1000isal一i1111)rovedtyl)e1)al]oonforthe

balloonburstaroundt･hetropOPauSe(allOund16118km)wheretreml)era･tureSOmetillleSbecomes

lowcl･thall-SOoC.TheywerelaullChedfourthlleSadayat0030,0630,1230alld1830LST

(col･reSl)011dillgtOObservationsfor1800,0000,0600a･】ld1200GMT,respectively),excel)t

roll27a]ld28Sel)t･emberonwhichthelallnChwasdoneonce1)erday(1630a･nd1230LST./
respectively).

Intllirdtosixt･11loptllel･eCeiversa･lldtransmit,tersbyVaisalarcolllpa,nyW ereem1)lovedat

Itotota,bangand･Ja･mbi.TheyutilizedMW15typereceiveratItotota･1)a,lュga･ndMW21tyl)ea･t

Jambi･aVaisa･la,RS80-15GHradiosondes(eqllil)1)edwithaGlol)alPositioningSystem(GPS)
alltennaforthehorizontalwindmea･surement･a･nda･Humical)-Htypere】at･jl′ellunlidit,ysensor

whichdata,isa,vailableuptOaround12113km)a･reutilizedwithmeteol･OlogicallJa･lloollS(TA-

1000typefordayt,ime,andTX-1000fornighttime)providedbyTOTEXCo.Ltd･.illa･ddit･ion

totheuseofTX-10001)allooll,We1)ut,tileballoonintokellOSC】1efol､aroulldt･111･eelllilluteSbefore

laullChing,lnOrdertolessentllellllmberofballoollburstinlowallJit,ude.TlleyWerelaunched

eighttinleSadayat0030,0330,0630,0930,1230,1530,1830and2130LST(correspondhlgtO

observatiollSfol･1800,2100,0000,0300,0600,0900,1200alld1500GMT,resl)eCtively)durillg

secolldaJlldthirdweeks(24Ma･y15lJune,8-lilAugust,8-21November2001a･11d9-22April

2002),alldfourtimesadayduringot,llerda･ys.

AtTabingwhichisolleOftheoperationa･1rawinsondeobservationsitesinindo】leSiaalld

soundingsyst･elllandtra･11SmitterSnladebvMejseicompany]la･Vel)Penol)erated.ThetrallS一

mit･tertyl)eWasRSthird89with600gballooll,Whichwadslighter仙a･11Otherst,at,iollS,110WeVer.

norma]1yreachedupto30km.
IllthisthesistwoIOPswhichisobservedatItototal)allgalleana･1yze(l(SeeChapter3)･

2A Surfacemeasurements

(a)Raingallgemeasurement

Weuseda･sta･11dardtipping-1)tlCket-typeraillgallge(1)rOdtlCedbyOga･sawara･Co.Ltr(1･)

durmg-27Sel)tember-70Ctober1998.Themillilllum SellSjtjvit,yforraillfal]amotllltWasO･5

mm,a･】ldtllet･emPOra･lresoltltionoft]1erecordeddatawads1mjll.Tllerainga,ugewars1)utOn

tllerOOfoftheCAW stationl)llildillg,Whicl…7aSjustont･llelleiglll)orl100doftheBLRantelllla･
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(b)Standa,rdoperat,ionalmea･Surements

TllPdataofsurfacetemperature,i)ressure,all(11で1atjve]ltlmi(lilytlSedinthisst･tldvwere

I)1･OVi〔1e(1from sta一l-(1,11､｡ol)Prat,ionalol)servatiol〕S(l)al_10graphall(=hel･11-Ohygrogr<lPll)at･l･lle
CAW statioll.Two-111011thddt,a(1ul､111g00LSTol11Set)t･enll)er-23LSTo】1310ctol)el･1998

wereused.Theyweresaml)ledeveryhourollt,llellOur.

(C)AutomaJl･icweatllPl･St･atioll

AllautOma･ticwent,herst･a･tJion,whjcllWa,SPrOVi(1e(1l)yVaisa】a,colllPally(1)1･OdtlCtt･yl)e:

MAWS201)っhavel)eellOperatedsillCeAugust1999011tlleroofoftheCAW statio】11)uilding,
whichwa･sjustolltlleneighbo1,1100doftlleBLRa111･elllla.Itobserves])1でSSure(siliconca,-

paCitiveplleSSureSensor),teml)erature(resist･iveplatinulllSellSOr),1･e]ativehumidit･y(I)01ymer

sellSOr),g]ol)also]al･radia･tion(p110t･Odiodetyl)e1)yranOmeter),Willdsl)ピedandwiュlddirectioll

(conlbined雨lldva･llea･ndrotatingcul)allemOmeter)a･ndra･infa･11amount(tiP1)ing-1)ucket-tyl)e

raingauge).Thetemperatul･eandlmmiditysensorswere1)rOteCted1)ysolarsllield.TI〕Ellli】1-

imumsensitrivityoftheraingaugewas0.2mm.Thesolarpa･11elwasattachedtosecurefrom

e】ectricpowel･Shortage.Theallmca･sulでmentSarerecordedbyevery1mintlte.

2.5 0therdata

(a･)Satelliteclouddata

GMS(Geostationa･ryMeteorologicalSa･tellite)isa･geosyllChrollOuSSa,tellit･eopera･te(11)y

･JapallMeteol･OlogicalAgency(･JMA).It･islocatedon1400Eabovetlleequatorandis35786hl
a,wadyfromtheeartll.GMS-5lュave1)eencal･riedoutsince1995.ItsVISSR(Visibleandinfrared

spinscallradiomet･er)obsel､1,eSOlleVisibleandnear-infrared(0.55-0.9FJm)a･ndthreei】1frared

(10J)-ll.5,ll.5112.5,6.･5-7.0//m)wa.velengh 1)andsorcllannelsofre鮎ctiveand1･a･diative

ellergyfrom trheearth･TlleWaVelellgthba,ndnearbyllilnlisalmost,tl､anSparCnCeforthe

eartllatmOSl)here,thentilel･adiatiollfrom earthstlrfa･cesalldclouds,whicllarerega･rdedas

bla,ckbody,ca,nl)eobserved･AbrightnesstemperatureOf10,5-11･5/lm W aVelellgth1)andis

ofteiH a,iied'eq-L-LIValielltlJla(k1)o(lLytelllPei-at･-L-Ii.e'(TBB). Thespatia･ii-･eSOl-LIJLioi-lotii-'frared

(･hamnelis･5kmjustbelowthesatelliteandgodownaround718klllatlOOoEallda･roulld
10km at80oEforl､Oundnessoftheeal･th.Tlletilllel･eSOlutionisollehour.Thedat,afor

Septeml)er-October1998wereobtainedtllrOugh theDisasterPl･eVelltionResearchlllStitrute,
ItyotoUniversity.ForotllermOntllStheywereobtainedthrough RASCKyototTlliversity,
whicllisol･】glnallydownloa,dedfrolllfollowinginterlletSite./cotll･teSyOfItochiUnivcl､Sityalld

I】lStituteofllldustriaJScience,UllivellSityofTokyo.

http://weather.is.kochi-u･ac･jp/

(1))ObjectiveaJIalysisda･ta,

Anol)jectivea,nalysISisa･met･110dofillSertingmeteorologlCalvaluesaltaCertaintimeillt,0

regula･rlyarra･11ged1)Oi】1tS(gridpOilltS)011t･11emapObjectivelyWithuniformamuracy.VarjotlS

observatiollS,Suchasstlrfaceobserva･tions,upl)erairobservatjollS,(lataobservedbvvessels

a】ldbysa･tellites,aresettedil一Objectiveanalyses.Astheol)servatjonsdistll'1)tlteulltllliformly

alldhavevariousrallgeOfaccuracy,theyareCOmParedwith6hourforeca,stvaltleS(oftellCaJ]ed

竹 1･St,gueSS')ofl川meri(･alforeca,Stingmodel.Theforeca･Stvaluesal､einsertedforanareawhere



14 CHAPTER2.DESr'RIPTIONONOBSElnlATIONSANDDATA

ol)serva･tionsa･rcsparse.TllisnletllOdisingenerallcalledfourdimellSionala,ssimilatioll･A

numericalforecastingmodelisaprogra･nltOforeca,statmospllereCOndit.ionsf0日owlllgtOtlle

governlllglawsofa,tmosl)hericn10tions･Theycomposepa･rt,Sofaforeca･sl･jllgSyStelTl.

NCEP/N(二つAR(Nat･iollal(1ellterSforEnvirollmentalPrediction/Na･tional(1enlノerforAt-

1110Sl)]1el･icResearch)ofUnit,edStat･eshavel)eellCall､iedonareallalysis])rojectill1990S･A

develol)edlltlmericalforecastillgSystem Wa･Sal)p一iedtotl1e1)a･StWea･tllerSinor(1ertoobtrain

auniform datasetsthatdidl10tdel)endontlle(1ifferencesofforegoing01)erationalsystems･

N(1EP/NCARreanalysisdata･a･ssimila･tionsyst,em ,whiclM7aSut･ilized】)a･st･40yearrea･]la]ysis･I

llaVel)Penol)era,tedsince1995untilpl･eSentt′OmOllitortlleClilnateCllangeOftlleearth･



Chapter3

Casestudies

Illtllischa･pter,theresultsoftwointensiveol)servationperiodsa･redescribed.Firstly,t･11e

resultsdullngSepteml)el1-October1998a,representedillSection3.1.Acorrelationbetweell

precll)ita,tionandlowertropOSphericzonalwind,whicllis十･hen〕ajllisslleOff･11isstJudyis

foulldillthisperiod.Thecausesoflowertrol)OSPhericzonalwindva･riatriollal､ediscussedil一

Section3.2.AnotllerCaseSt･udyduringMay一･Jtlne2001is1)reSelltedinSectiol13.3･

3.1 Casestudy1:September-October1998

Intlljssectionresultsobt･ajnedduringSeptember-October1998aredescril)ed･Wema･inlv

focusourselvesilltOarelatiollShil)betweenra･infallandwiュldvallia,tiollS,Whichissuggestedかstl

from resultsobt･ailleddurlllgthetwoIWeekilltellSiveobservat,ionperiod,alldtlle1)eriodal･e
ext,endedtothetwomollt.llSa.SWillbedescribedj】1Sect.iol13.1.1.Theobserva.tiolla,1resultsat

ltototaba･ngarecoml)aredwiththel10rjzontaldistributiollSOfGMScloudinessdataandN(1EP
red.llalvsiswindda,taillSect.iol1.3.1.2.ThedisctlSSionsfortlleO♭t.aillC(1resllltsaredescribed
jnSectJiol13.1.3

3.1.1 0bservationalresults

Figtlre3LIshowstLheresultsoftlleint･ensi､,eobservatjollWit,hBLR,GPSrawi】lSOlldpsa,ltd

tilerail.'gauge･Figures3･1(a)and(1))aret･jlne-height,crosssectionsofzollalwilldobserved
bvrawlnSOndesandbyBLR,resl)eCtively.Inthisperiodwesterlywindisdolnillant･1)elow

6or7km,alldisesl)eCiallyst,rongbelow3km.Froln29Sel)telllbertot,lュedaytimeof2

October,andalterthedaytimeof50Ctober,westerlywindstrongerthan10m/sal)1)ears

1)Plow3lm ･Figures311(C)al､d(d)areyarjatjonsofBLRecho1)Overa-lidrainjntel-告itybytl'e
rainga,uge.StrollgBLRechoesshowlllntheformercorresl)011dtoheavyrain,asmentioned

illSectjoll2.2.1.Precil)itationsdollOtOCCureveryday,a･lldthatstrongertha･n2mm/hotlr

arecorjcentrateddumngtheafternoonof215October,whichistheweakwesterlyperiod

suggestedinFigs.3･1(a)alld(1))･Therefore,thewesterlywindvariatjollisalltri-col､1･e]at,edto
prec】pltation.

Figure3･1(e)S]10WStime-1〕eightvariat･ionofeqtlivale】ユー,potellt･ja]temperatureI)y.rawinson-
desITlle e(1tuVaJe】lt1)Otelltjaltemperaturebelow3kmgellerallvsl10WSCOnVeCti､･emStability

15
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4timeヲPerdayalld(1))b.yBLR (60-mi1-averaged)･(C)601mi1-a･Vera･gedBLRcello
powerll-tel-Sjty･(d)SⅥ1,facerainfalljntel-Sjt･.vobservedbyaraingauge･(e)Tiュ-1e-1-eight

cross-sectiollOfe(111ユValellt1)01elltia･】tenll)Prat,ureObservedbyrawjllSOrldes.
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60-mil一a･Veragedzonalwhld(avel･agedover112kmheiglltrallge)･(1))Ra･illfalldurations
decidedbvBLR.

durillgtlleint,ensiveobserva･tiollPeriod.Thisisthetyl)lCalst,rat詣catjolljnt･11et･1､OplCalreg]on

(seee.g.,Fig.11･lofHolton1992).Duringtheweakwestel,lyperiodtrhee(1uivalellt1)Otelltial

telュIl)eratureisdecrea･seduniformly】nvertical,itiml)liest,llattheatmosl)hereha･Sbeellmixed

bycollVeCtioll･WhentlleWesterlywindisstrong,theequ]valellt,pOtelltia日,elllPeratureis
millilllullla.t1-2km.

Figure3･2sllOWSthezc,illa･lwilll.dvariat,ioll(avera,芭edo､7erト2km height,rallge),alldtl,-e

raillfalldullaJtionsobservedbyBLRduringSeptelnber-October1998.Therainfa･11dtll､atio]lS

dtlrlngtlletwomonthsarealsocorrelatedtOtheweakwesterlyperiods.a･ssuggestedil一tlle

t,wo-weekintensiveobservation1)eriod.IllParticulall,dur】ng15Septeml)er-150ct･obcr,tlle

zollalwjlldvarieswitllaperiodicityofa,bo11t･10da,ys.Therainfa･11alsohasasimila,rperiodicitv.

Spectralanalysishasbeenma･defloCOnかmthequa･sj-10lday1)eriodicity.Figure3･3shows

t･heellergy-COntentformofpowersl)eCtraldensitiescalcula･tedforzona],alldmeridional,Wind

colnl)011e山sa･veragedfor1-2km heiglltrallgedur】ngSept,embe1-October1998.Apeakof

8-10da･ysisobviousfortlleZOllalwind.Tllemeridjona･1windalsoha･saclea･rpeakaroulld

10-20da･ys,but,thespectralaml)1itudeismuchslnallert,ha･llthatofthezonalwind.Tlle

diurllalcomPOllelltOfmeridiollalwindvariat･iol1llalSaSinlilara,mplitudet,othequa･sil10-day

componellt,buttlla･tOfzonalwilュdvariatiolliswea･k.A3-4da･ycompOnelltisa,Isofoundfor
boththezonalandmeridionalwinds.

Figure3AshowsfreqtlenCyPowerSpeCtl･aldensitiesforsul･facepressure,teml)eratureand

specifichumjdjty.Fora･11thevarjablestheditlrnalcoml)011elltjsdom]'11a･11t,andaperjodicity
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Figure3.3:Spectralallalysesof(a)BLRzolla･1winda･nd(b)BLRmeridionalwjnd
avel,agedfol･1-2kmlleightra1-gelVerticaldaslled-and-dottedlilleSilldicatethediurnal
oscillatioll(periodofoneday)a･ndthe10-da･yperiodicity.

of2da･ysisfound.TelllPera･tureandpl･eSSurellaVeClearsemi-djurllal1)eriodicities,wllicl1111ay

col･1.eSPOndtotheatlllOSl)herictide･A1)eriodicityof1.5daysappearsintelTIPera･turealld

lmmidity,anda･periodicit･yaround6da,vsisfoundfol､teml)era,Lure.However,the10-day

col叩Onelltisgenerallyverysmallint,lュeStlrfa･cemet,eorologlCalqualltit･]'es.

ThereforetlleSl)eCt･rala,】lalysesfortlle〕ower-trOpOSphericwill(1,alldtlleSurfacemeteor0-

10glcalquantities,showexistenceoft,liediurnalcomponelltandt･hecolllpOnentSwithperiods

from a･fewdaystoal)out20days.Afterthisweparticulallvnoticetllediurllalcol叩011entr,
___J⊥1_- _̂___________⊥_J--1__ー_⊥1∩_l___L,__A__̂ー⊥二___1一一
dlluLllt'LU1111)UlltfllLUlall)UuL⊥Uud.)'･bTltfbl)eLL･い′t'13/I

01101-ella】1d,illOrdel,tOeXamillethediurllalvariatiollOfra,illfal】､Figtllle3.5showsa

histogra1-10f1)reCipitatjonforeacllhouratItototaballgduringSel)tembpr10cI,ober1998･Tlle

pllCCipitationperiodswere(1etermilledbyBLR(seeSectrion2.2.1).TheocctlrrCllCeOf1)1℃Cil)ト

tatiolltendstobeconcentl･artedat12-24LST.Thisresultisconsistentwitrllanalysisforlollger

periodsbyHamadaetal･(2002)andRellggOl10etal,(2001).TllemaXimuln1)reCipitation
telldstooccurdurlng16-18LST.

Ontrheotherha,nd,tlleqtlaSi-10-da･y1)eriodicitvwa･sweakbutappea･1､edforalltllePallam-

et･ers,Toinvestiga･tethepha･serelationshil)SbetweentlleSePara･meterS,a,COmpOSitea･nalys】s

ismadeforト13dayfi1teredBLRhorizontalwjlld(a･､,era･gedforト2km heightrallge),alld
surfa･cemeteorologica･lvaTial)】es(1)reSSure7telllPerat,ure andspeciTiclmnljditvv)(seeFig.3.6).
Thereferencetimesal･et･akena･S6LSTol122Sep tember,16LSTol130ctpol)era･nd16LSToll

llOct,ober,corresl)011d]'ngtominima･ofzonalwilュd.The1)lュa,SedifferencestotlleZOllalwilld

al､e1/4cyclefortilemeridiona･lwill(1,5/8cycleforthepressure,3/8cyclefortllet,emperattlre./

al一(11/2cyclefort,hespecihclm midity.
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Fjgure3･5:Aliistogram0fprecil)it･ationforeachollehouratltototal)a･11gduringSeptelll-
ber-October1998.Theprccipita･tionsweredecided1).vBLR.

3.1.2 Comparisonswithhorizontaldistributionsofzonalwindand
clouds

lnordertoexaminethehorizolltalscalesofthequa･si-10-daycompOnelltSfoulldil一the

precedillgSeCtioll,thelal･ge-scalehorizollta,1distributionsoflow-leve一zollalwindanddeveloped
cloudsareanalyzedinthissection.

Figtlre3･7(a,)colllPallestheBLRzolla･1windaveragedfortllCheightrangeof0.611.0km

(corresl)011dstothealt,itudera,ngeofl･511.9km from MSL)wit]1NCEPS50hPada,ta,at

thenearestgrid1)Oint,(Oo･100oE)t10Itotota･1)ang･Bot,hr｢rVeSarequantita･t･ivelyi1-good
agreelllellL.TilequaSi110-LILayPeriodicH･ycanlr)eseellalsoIlli,ileNCEP(llataaS】esst･lnan

IJ

2m/szol'alwindswhichcoITeSl)Ondt,ot･11eWeaJ'west,erlyi,'erio｡sathroloial)allgdurillgl･5
Sept,ember-150ctobelL･TlmswetltilizetheNCEPda.tal,0111VeSt,iga･tet･hezollalstructureof

thequa,si-10-dayperjodicity･Figure3･7(1))ist,lュetime-longittldecrosssectiol10fzolla･1windfor

40-1600EalongtileequatOr･InthisfigtlreStrongWesterlywin(Iappearsill70-100oEdurlng

15September-10Oct,obera,nd20-310ctober･Moreovel､,al)out･10-day1)eriodicityappea,rs

inea,ch1)eriod.However,thecorrela･tionwitllthequasi-10-dayperiodicjtryatItototabangユS

tl]lC]ear.Al"therrelnarkablepointisthatthesestrongwindregmnsdolWtCOntinueeastward
1)eyolldlOOoE.ThezollalwiユId茄eldisdifferellt1)etweelltrllebothsidesoflOOoE.

Next･therainfalldura･tionsa･tKototabangarecomparedwitlltplletinle-】011gitudecross

sectionofthe12-hourlyGMSTBBdata･(Fig.318).TheTBBda,taareaveragedjn2.6oS-2.6oN.

∫llt･11isperiodtlletwolarge-scaledjsturballCeSal)1)ea,rin80-100oE:011eaPpea,rSduringll

Sel)tember-60ctol)er,andtlheOtheral)Pearsdul･illg22-310ct･ober.However,t,herainfallsat

Kototal)angallella･rdlycorrelatedwitrht･hecloudimagesIThisstlggeStSa1)eCtl】iarjtvofthe

1)reC]1)ltatjollat･Ⅰtotota,1)allg･TheTBBdataalsoshowadifferencebetweenbotpllSidesoflOOoE.
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Fig一lre3･9:ConlPOSjtenlaPSOfGMSTBBdatafort･hest,rollg､VeSt,erl.vpcrjods[(a)00

CMTand(1))12GMT]andfort･heweak",eSterll′1)eriods[(C)00GMTalld(d)12GMT]･
00GMTalld12GMTcorrespolldto7LSTa,ltd19LST,rest)eぐtjvely.

illt･11eWeSt e rllSideman.yI.a】iぐjouds<lredomillal-t･.Coml)al･jllg theTBBdat･alFjg･3･S(I))]with

t･hezolla】w ill(1held【Fig･･317(1))い hest▲rongzol-a】､へ･･indfieldsal･elleal力′cohCjdellt･Wit,llllle

large-sca･lecloud(ljst･ul･ba･11ぐeS(i･p ･･,llSeptre111t)Cr-10Octoberal一(I1201310ぐt･Ober).,butthe

smaHersca一evariat,io】-shave】10goodcol･re】at.iol-SWitheachot】1el･･

Figure:3･9showst1-ecompositeofGMSTBBdat･aof00GMTa･ld12GMT(col,1-eSPOl】dillg

to7LST alld19LST･,resl)eCtjvel.y)fort,hewea･kwestel･Juv1)erjods(2ト23Septelllber.,2-i

Octobera･11d12-13October;the(1ataofllOct･ol)er＼､,asl10ttlSedbecatlSeOfmjssillg(lat,a)

andthest･1･OngWeStel･ly1)eriod(16-1SSel)telllber,27-29Septe】11berall(16-80ct･obe)守 Thelで

alで0'1】yfcwぐlou(lso】'Stlmat･eralsla】'(Iil-themol空 ､g【speFigs･3･')(a)al一｡(C)]･･1)I-t′ma】-さ'
C]ou(1saredjst･ril)し-te(1ont･hemotl】lt,{linrallgell711ic1日S一ocatedaJo】1gtlle＼へ′eSt,erユlCOaSt･j】lthe

e､･e.njng[seeFjgs･3･9(1))a11｡l((1)]･Itim])]iestllat,Cloudsol-Sum,ltreraIslal肌 IaVCClear｡iLll'】1a]
va･r】atio】1.FigurellalsosllOWSthatthedoudso】1Su】llat･eralsla】1darenltlChmore(lCtj､,e

durhlgWeakWest,er]y1)er主o(ls[Fig･･3･9((l)]thal-Stl･0.〕g､､′eStelly1)erio(lslFig･3･9(l))]･
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3.1.3 Discussionsontheprecipitation-windrelationshipoverSu-
materamountains

AtItotota･bangt1-e1)reC】1)itatiollOCCtlrlでdwhent･11elow-levelwest･erlywhldbecall-e Wealく

(Fjgs･3･land3･2)･Bothtl-ezolla･1willdal一(1t,heprecil)itatJionvariedwit･11qtlaSi-10-da･yI)priod-

icitips(1tlril一glうSepteml)el°-1･EjO ctol)el'(Fjg･3･2),andlJhepl)CCtralanalysュsSllOWedtheclear

I)eakSarOu]ld10da･ysforllOrizolltalwindoftlle1-2kmhelght･range(Fig.3.3),T]1eStlrfa･ce

meteorologica･lvariablesha,dweaksilllila･rfeatureswitllVariouspha,Se-1a･gs(Fig.8),alt･hougll

0vert･11eIl-dianOcea1-(80--100oE)tileC]011da･ctivities(lidllOt･llaVeC]ear10-day1?erio｡ici-
ties(Fig.3.8).However,t,hezonalwind(70-100oE)alsovariedwitlla･1)out10-daypell10(licities

(Fig･3･7).lngenera･1,1)eriodicjtjesofthetropicalclotldsyst,elTISha,vebeellmajlllydiscussedill

therelationshiptot･hetheoreticalc(111atOrialwaves.Forexample,Ta,kayabtletal.(1996)foulKI
outa(ltlaSi-2da･yl110defromcloudactjvitipsbvGMS,raillfallda,t,abymeteorologlCa]radars,

rawillSOndes,a･UHFwjlld1)1､0mera･ndmeteorologicall)uoydataovertheeql.a･tOria･lPaci紘

alldident･ifieditwithwestwardpropagatingillertrio-gl､aVitywaves･Widiyat･mietall(1999)

foulldotltaquasi-4da･vmodeilltheSerpongBLRda･ta･.andGMSdat･ail一raillySea･SOllSOf

Java･Island,alldcollSideredtllatitmayl)emixedRossby一gravitywavespl･0pagatingwestward･
However,thesea･reshorterthallthetimescalesofperiodicitiesfotlndillthiscasestudy.

Theqtla,Si-10-dayperiodicitiesofwindalldrainfallobservedatI(otota･ba･ng(Fig.3.12)did

l10tWe]]correspondtothelarge-scaleclouddisturba･ncesoverthelndiallOcea･n.Itseems

tha･tthelollgittldelOOoEwa,sazonalboulldaryforthecloudsystemsoverthetroplCa,1lndian-

PaciLcOceallregions(Figl3･8)･Thefa･ctimユ)liesthateHectsofthemotllltajllrangel)loclくedtlle
large-scaleIlldian-Ocealldistull)a,ncesISomestudieshavealreadystlggeStedtheiml)OrtanCe

ofthel110ullt,aillrangeinSumatera･Is]aJlldtot･llelallge-SCalecloudactivity.Njtt･aetal･(1992)
allalyze(1I,hewest,erlywindl)urst.wlliclliscollSideredasoneoftllefact,orstrhatcallSeEINh～10

evelltS,a∬ect,edbySullla･teralslalld.Itisa･1soknowllt上atISOissometimesdel)reSSednea･r

lOOoE(e.g.,MurakamialldMa･tsumoto1994).

Thelocal-sca]ec]ou｡lsystem.salo1-gthemoullt,aillrangeOfSumaterainFigllre3･9(d)are
collSidereda･stheca,useofprecll)itat･ionswitrht,lleqtlaSi-10-dayperiodicitiesa･tItotot,a･1)a･11g.

TlleClolldsystemswerea･ctiveil一tlleevening.Theobviousdiurlla】variaJ,io】lSalsoappear

commonlyillFigures3･;3(1)),3･4a･nd3･5･Niu,aandSekine(1994)showedfrom GMSIR
datathatdiurnalvariatiollSareStrikingi1-louda,ctivitiesin/aroundthellldolleSianmarjtiln e

colltineユ1tr･Diulllla･1varia,tio1-sofrainfallcharactpel･isticsin/aroulldSumatera･Isla･ndhavebeell

stlggeStedbyOkia･11dMusiake(1994)forMalaysia,andbyHama･daetal.(2002)forIlldonesia･･

Thegeographica･lcollditiol"ndtheclouddistril)ut,iollSillll)1ytlla･tthelocal-scalecloudsystems

hadoccurredbytheconvergenceofseabreezesfromtheIndia,nOceal"ndfromtheS上ra,itof

Malama,Orvalleyl)reezes.

eomparisonl)etweellFigure3･8(1))and(d)repl･eSellttlla,ttheloca･1-sca･lecloudsystelnS1-ad

sl-1)pressedduringthestrollgWesterlyperiods･Itisgenera]]vthoughtthatlocalcirctl]ations

al､edomjllalltu]1derweakbackgroundwinds,Thedevelopment･Oft･helocal-scaleCloudsystems

t･11emSelveslllayhave1)Pencol-trolledbythest,re11gtl10fthe1)a止groulldwjnd･



26 CIIAPTER3.CASESTUDIES

3.2 0therresultsduringSeptember-October1998

Acorrelat･iollbetweel11)reCi】)it･atiolla･tItotota,ballgalldzolla1両11(1wasfoundanda･p]allSil

1)1cmecllallism.,thestrongbackgroundwindsul)PlでSSt･11edevclol)ll-elltOflocalc]oudsystems･/

weresuggestedinSection3.1･TlleZOnalwilXIvariedwit,ll(1ua･Si-10-da.Y])er主o(1icitiesalld】1a･d

tlleClearspectral])eakallOund10days(Figs.3.2a･11d3.3).InthisSection,thecatlSeSOfthe

qua･Si-10-da･yperiodicitiesa･redisctlSSed.

equatoriaHtelvillWavesWllicll1)rOPagateeaStWalld,anda110therisequatorja】Rossl)ywa･ves

wllicll1)rOl)agateWeStWard･TlleequatorialltelvinwavesllaVebeel1ObservednlainlyHlthe

upi)ert,rOl)OSl)llereal)ovelndo】leSia(Tsudaet(I左 199圭Fujiwaraeta1.,1998)alldoversotlth-

ea･stAsiaa,lidwesternPa･cifiC(e･g･,NishialldSumi,1995)･TheexistenceofequatorialRossby

wavesareindicatedbysa･tellitecloudilleSSdata(Za･11gVil,1975;Tat(ayal)u,1994;Wheeleralld

ltiladis,1999).Itilat1isandWheeler(1995)wasfoulldcquatoriaJRossbywavein theol)Pra-

t,iollalallalysISdataa･11ddiscussedthestructtlrCOfthewave.

Figure:3･10(a)istilTleSeriesofzonalwhldofN(1EPreallalysisda･taa,t85011Pa,(dottedline)

alldBLRdataaveraged1-2kmheightral〕geS(solidline).Thel)othlilleSareCOincidellt,with

ea,chother,thellWejudgedtoutilizeNeEPTea,nalysisdata.

Figt-res3･10(1))alld(C)aretime-heightcross-sectionsa･t850hPa･ofzollalwillda･110malya】1d

geopOtent,主alheightanomalyfrom twomonthsavera･ge.Inzona･1Windfield,thewesterlvwilld

a･110malya･ppearill801100oEonSeュ)tember19andpropagateeaStWa,rdwitl1a1)llaSeS])ead

of5m/S･Moresmallerdisturl)allCeSWhichpropagatewestwarda,l)out10-day1)eriodicityare
alsoappearinthisdistul･bance.Tllequa･Sil10-dalydisturbancescanl)espellmoreClea･rlyln

t･llegeOl)Otentia･1heightallOlnaly･TlleWeStelllya･nomalvcollleS】)Ondstolow1)reSSureandtlle

easterlyalWmallycorl･CSPOndstohigh pressul･e.

Figure3･11(b)a･nd(C)a,rehorizontaldistril)tltiollSOf8501lPawilldsandgeopotelltialheight

dul･ingthestrongwesterlyperiodsa･tliototabang･Theseare7-13balldpassfi1tel･ed.Low

1)reSSureal10maliesall)1)earinbothsideofequatoral-dthevl)rlllgthestro】1gWeSterlywilld】1ear

theequator,TlleStructureOfthedistlユrbaJICeSissimj】artotト11atOftlleOreticaln-1eqtlatOrial

Rossl'ywave(seeFig･3111(a)).Thefea･turesoft,he.(ltla･Si-10-｡a･yeq､lat･Oria･lRossl)ywaveare
listedill'T-able3.1.TileequivalentcLel)tlla･ndthevert･lCaiwaveiengl,na･reestilllatedbyLollggel･

Jl

a･ndHiggillS(196町 Itwasa･greedbytlledisper･siolllでla,t･io11･

Figtlre3.10ShowedthattheWestward1)rOPagatingzollalwilュda110ma･lieshav】11gal､Oulld

10daypel･iodicities,whicllisclearonlyintotheeastwar(I1)rOl)a･ga･tingISO,maycolllpril)tlt･e

tothezollalwiュldvariationobservedatIiototal)allg.Thehollizolltalstructuresofthewave

a,ndtlledisl)erSionrela･tionsuggestthatthewavesareidentlineda･sl1-1equa,torja･lRossl)y

waves.Tllerea,rea･Fossil)ilitythattilelarge-scalecollVergenCebytheWavesa･ffectthe1)reCユp-

itatiollSatltotota･bang.Butthema･inconvergellCereg]OnSOfthen-1e(1uatOrja･1Rossbywave

(Fig.3･11(a))arreawayfromtheequa･tor,thenitmightbedi托cu]ttocollSiderthatdirecteffect

oftherainfallatltototabang.

Attheelldoft,llissectiollWerecal一Fig.･3.1.IntheequlVa】C11tpOt･ent,ialtrelllperatureもeld

relllarka･1)1elowvaltleapt)eareddurillgStrongWeStel､lyperiods.Figtlre3.112isa･time-heigllt

cross-sectriol10fspecifichumiditval10ma･1y(1urlllg27Sept′ember-7October1998.01)viouslow

lmmjdit,yisseendul111gr5170ct101)er,whicllCOrreSpOndstoloweqllivalelltpotentialtempera-

ture.But,before2October,whichjsallOther1)eriodof]owe(ltl】Va･]pl〕tpOtentia･]telllperattlre,
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Figure3111:(a)Tlletheoretical1--1eqllatOria]Rossb.vwavesohltiol-tOr,lleli一-earShalJow

watereq11a･tionsol-al-eql-al･OriaH)etaphlle(MaTsu1-0]966日ora】101-dill-e)lSio】-a】zoml

wavenllmber1.Hatぐ11jllgrel)reSel-tぐ01lVergenCealldshadil-gl･el)reset-t(livel･gel-ぐe((1raw】l

I).yWheeleretra･1..2000).CompositelllapSOfh0rizolltal"linds(arl･0､､′S)andgeopol′ellrja】

llPighr(coll1-01汀)at･8･50】lPadlH･jllg日))27-29SeptCLmberand(C)6-80clol)e7･199･S.
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Fjgu)で3･12:Tjll-e-lleightcross-sectioユ10fsl)eCi汽cllumjdjtydtlrillg27Septembel･-70ctol)er1998･

decrea･seofhumidityisullClear,StlChacol､1.CSPOllda･nce1)et,ween〕oweqllivalelltpOtentia･】tel111

1)el･aturealldlowhumidjt,yhadbeel10bsel･Ve(IdullllgMay-Julle2001,whjcllisdescribe(lill
】1e〉;tSeCt′iol1.

3.3 Casestudy2:May-June2001

Int,heIOPdur】】1gMay-Jtlne2001･,t･hesimilarrehtjonsbetweenwesterlywindalldpre-

cjl)itatiolldisctlSSedinSect,ion3.1wereol)served.thisperio(1coITeSpOndstot･hel･ransit･ioll

sea-sollfromraH1ySea･SOllilodryseason.Simiiarjt･iesanddifferenceswitht･herestlltsapl)eared

jllCasestL1d.)∫1al･ediscussed.

3.3.1 0bservationalresults

FigL一子'e3･13showstheresultsoflopduring17Ma･y112Julle2001･Figure3･13(1))isa,

timese】､】e.sofdailyrainfallamou】1tOl)served1)yrain.ga･tlge(resolutionjsO･2mm)･t･jme-1leight

cross-S.ecいon.sofzol-a]wind(Fig･3･13)andt1-eequl､′a]ent])Otel､tJialt･eml)el､at･ure3･13fortlle
allalys】s1)el,】Odol)servedbyra･Winsondes.ManyrainfallsocctlrreddtlrH1gJulle117･Thoug1-

thewesterly＼vi】ldillt･he一owert,ropospllereWasWeakdul･】11gtJheperiod,st-rollgWeSt･el､1ymore

t･ha･1-10111/sal)pCal･eddllringMay28-29andJune7-9attheheightof1-4】くmWit･llaintel･､'al

ofabout10days.Therai】1fallsdidnotoccurdull】1g29-31Mayalld8112Julleafteral)1)earal-Ce

ofst･1.011gWeStel･1ywhld.The10､岬rahnosphel･ebecallledryoverolledayforseveralda･ysafter

theal)1)eal･al-CeOfstrollgWesterlywiュld(lul･ユngMay29+30alldJu】1CS-12,a]t･110ugh thediurnal

v<wiatjonoflmnlidit.vwa,srelllarhbledlll･】11gMa･y17-21andMav31-Julle7.
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Figure3.13:ResultsoftlleintellSiveobservat,iollperioddurlllg17May-1-2Julle2001.

Time-heightcross-sectionof(a)zonalwind,(C)theequh′alelltPOtelltjaltemperature

and(d)thespecificl川midjt.vobser､ノ,edb.yl･aWinsolldes･(d)Tiュ-1CSel･iesofdajl.yaveraged
raillfall.
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N(-EP7001lPazollalwinda】ollgeql]atOl･areSholvl-dllnllg1May1301Jul-C2001

3.3.2 Comparisonswith horizontaldistributions

Fjgure3･14a･retlletjlne-longitudecrosss.ect･iol-SOf(a･)GMSTBBdata{llongO･2oSall'l(1))
NCEP7001lPazollalwindalollgeqtla･tOl･dtlrlllg1Ma･y-30Julle2001.GMSdataal･ea･Vel･aged

overthesqt-al･eOfO･50,i)t-t･t･lleinterva】ofNCEPgridpoilltda･tais2.50llllGMSdatao111y

higherc]otldswhichal･eCOrreSPOlldtot,hecloudto1)temperatureslessthan2401taresllOWn.

11-t1-is1)eriodtllela･1tgeClouddisturba11〔eCOltlteSl)011dingtoISOhave】)rol)agat･edeastwal･d

since25Maya･11dt･hestl､OngWeSter]JVhaveal)1)ea･redatthesametillleOnt･11eequatorial

IndianOcea】1･Howevel､,thehigh C]oudshave1)ecomesparselyalldseellledt,0I)ewealくelled

aff･erpas…lgtIl一､01.gllS1.-1→atel､aTsla-i(]･TlleSf･rol一gWeSf･e1､1yalsohavFLre】〕1∂1-bl,lyweal脚1∂十･し) ～

theeastofSumat,era･Tlleeastwardpropagat･illgCloudsystemswhichllOllizont.alscalesare

several】川11dl.edskilol-〕etersIl°,Vei)a･SSedth rotlghItotot,al)allgOn2SMayalld7June2002

jnt111eaftel､IIOOl一･Theset･imesc?lTeSl)Olldtot.he1)egillni】lgOfmorethan10m/Swestellyart
Itototal)ang.Theeast-,wardlTIOV】】〕gWeSterliesof3-6m/sseem tofollowthec]ot-dssystel-1S･

Aftel･t,he1)a･SSageOfthec]oudssystem s7tilelargel･eg101lSOVerSeVera]tllOuSall(lskilometers

a･rc]ac]くOfhigh cloudsalldtllis1)el･iodscorrespolldtothedl･yeVellt,Sinlowertrol)OSl)hereat

Kotot･abang･

3.3.3 Discussions

Ol〕theillt.ellSiveol)sel･Vatiolldurll-gMayJu】1e2001silllilaHelationsllil)betweenlo､吊evel

westerlya】1〔11)reC]1)】t,atio】1SWereOl)t･aine(llDulll〕gStrOllgWeStel･lyperiods,low]eveユ(lryll〕g

wereanalyzed･Therewel､ea･little〕agbetweellthebegユlln]ngOfstl､011gWeStel･1yanddrylllgっ

a]1ddryHlgCOnt･jnuedseveraldaysevenjfthewesteltlybecalne＼へ′eal(.Tllepl､eCipitatjollSdidllOt
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CJlAPTER3.C'ASESTUDIES

Fjgulle3･15:Time-101-gitt]deぐrOSSSeCtjollSOf(a)SpeCはc1"lni(1両 a･lld(1))itsanomal.y
fronltwomOllt]laVera,gealollgequatOl･areShowndllrillg1Ma.y-30June2001

Occurdtmnglowleveldry111g.T11ehorizont･a]stFruChllleOfGMSTBBdat･a,wdN(二{EPzolla]両nd

at700hPaindicatedtha.ttheeastwardPrOPagatillg]argescaledistul･ballCe叩peareddurlllg

tllisIOP･TlleStl･011gWesterlyeventsoccul･1.edwhenthest,rollgWesterlyfoJ]owlllgt･helal､ge

cloudclisttlrballCeSb]owe(Ii】lt,heequa一,oriaHlldial1Ocean.Thela･rge(･lou(ldjsturl)ancesalld

t･hcstrongwcstcrlybcca,meweakened<lfterpassmgthroughSumat,eraTs]and.Thea,ppearance

ofstrongwilulsobservedat1(otota,bangwerecorrespondtotheeastwardpropagationofthe

doudsyst.･elllSWhicl〕scales(lreSeveralllulldl･edski]ometers.After1)a･SS】llgthecloudsyst,ems･,

thehigllClotl(lsovel･SeVera]tl10tlSa･ndskilometel､SWere(ll)senceforseveraldays･1tjssuggest'･ed
t,hatthec一ouda,ctivjt,iesovel･lal･gereg】OnSal.eSt-PpreSSe(LItiscollSjdereclthat,tlleloca]scale

cloudsystelllSっWhichtlSua]lycleve]op】ntlleafterllOOn,areSul〕1〕reSSedatItotot,al)allg.

TheCOllteXt･OfthisdlaPterhasbeen1).Liblislleda･sRellggOl10FJl(ill(2001)員ildMul･at,aLCt
al.(2002).



Chapter4

Statisticalstudy

InSection4,therelationshil)l)etwee】l一ow]eve]westerlyalld1)reCipitLa･tionatItot･otaballg

isdisctlSSedbyutilizillglongerdatadurillgAugust19991Apl･i12002.InSect,iol14.1featul･eSOf

700llPawindalldprecil)itat,iol-SallddifferellCeSOfpreclpitatiollPerCenta,gealld1)1,eCipitat･ioll

tyl)eSbetweenweaka･ndst,rollgWesterlyarediscussed･InSection4.2diurllalvaria･tionsof

convectivea,ctivitiesforweakalldstrongweSterliesarediscussed.RelatiollSWithseasonal

varia･tiona,ndintra-seasolla,1variationarea･rgtledinSectiol14.3.DiscussiollSthl､OugllOuttpllis

chaptera,ndtheHftinge∬ectsofmounta,inollSregionOfSuma,tera･ontheconvectionsoffthe
westcoastofSunlatera.(1escribedil一Sect,iol14.4.

4.1 Relationshipbetweenzonalwindandprecipitation

TlleCOrrelatiollbetweenwest,erlyandprecipitationsuggestedinCllal)ter3isconfimlled

S†at,istica]1y･700hPaNCEPzol-alwindsa･tnearestgrid1)Oillt(OolOOoE)ofdai]ya･vera･gedsul)-
stittltedforBLRbecauseofillSufhciellta.mount,OfBLRdata.Thehot.hvaluesalldvallia.tions

aregoodcoillCidelltWitllea･Chotller,thellitisexl)eCtedthattlleSamereSultswill1)elea･dby

上lseOfNCEPdata.Ra,illfallsobservedbyraillga･uge,WhicllVOlumeresolutionis0.2mlll.and

totalsolarraClliationobservedi)y1)yrallOlllei,er■lleyal.ea,JLJtacileda･uJt仙11aJLiL･Wt,aLilPrSLdJtJiull

atltotpotal)ang,areanalyzed.

Figt-re411(a)isa･scat･terplot･ofzol-a1-meri(1jona･1winddistril〕utiol一･Avectorfro】1-01･igi.n
toea,chpoilltShowswinddirectioll.Whicllupwarddirect,ionollaPara･11elwithvel,tlicala･x】s

corresl)011dstonorthWardwindorsoutllerlywjnd･A distaJllCebetweentheorlglllalldeach

pOilltrePreSelltSWindspeed.Thea･vera･gewilldwa,snorth-westerlywindwith2,63m/swes t-

erlycom ponentand0.96m/snortherlycomponent.Standard deviationsofearl"oml)Onent

are4.02m/sforzonarlwindalld2.43m/sformeridiona･1Wind.Itcorresl)Ondstoclillla･tOlogica･1

analysis)WhichwesterlywindisdominantinbotllSummeraユIdwintersea･sonsinlowtropo-

sphere(Mat,sumoto.1992)･Strongwindspeedstelldedtooccuril",eSterlywinds･Itisknowll

thatthestl･011gWeStel･lval10maliesappearfollowlllgtOISOillt,heequatorialeastem Illdia･11

Ocean(e.g.,NittaEt(Ill1992)･

Illthisallalysisweinvestigateonlyzonalwindcoml)011ellt.Figtlre4.1(l))sllOWSfrequency

djstributiollSOfzollalwjlldcoml)Onent.TllillSOlida･11(IdashedlilleSOf(1))representt,hat･

i■orraillydaysa･lld110rainydays,respCCl,ively.Tllicksolidlineisfortotalca･ses,thatis,a

33
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(I))
TOTALNtTMBER = 969

0 10

zollalw111d(111/S)

Figure4･1:Generalfea･tureof70011Pa･willd･(a,)As(･attel･I)lot･ofzona1-meri(liolla･lwilld
distril)utioll,a,nd(b)Adistributionoffrequencyofzollalwilュdintlleana]ysjsperiod.

Thinsolidalldda･shedlilleSOf(b)represelltt,ha一tforraillydatvsalldnorainyda.vs,
respectively.Thicksolidlilleisfortota,1ca,ses,thatis､asulll0frainyalldIlora･illyda･ys.

sumofrainyalldnora,inyda･ys･Theaverages(stalldarddevia･tiollS)ofdist,ril)ut･iollSarel･76

(3･83)】n/sforrainyda.vsa･nd3･09(3.49)m/sfor110ra,inydays,respecl･jvelyLTosiml)1ify
thediscussion,zona･1windspeeda･reconsideredandtlledifferellCeSbet･weellW eSterliesalld
ea.st,erliesa.releftasfl.ltureWOrks.BecauseeasterliesareweakalldllltlChlessthanwest,erlies.

resultscouldbeillterPreteda･sdifferencesofwesterlystrrength.

Figtlre412(a)jsallistogramofratesofeadl1m/sz?nalwindsl)ee｡l)arndsfortotaldays
andFig.4.2(b)relWeSentratesOCCuPiedl)ywesterlyw]ndineachzollalwindspeed1)alML

Ra･teofwesterlywindincreaseswheュlWilldspeedisstrong,a】1dt･herateofwesterlyexceed80

1)erCelltfordaysofmoret,ha･】14m/swilldsl〕eed.InFigul'C4･2(a)t･hil-SOli｡linejsa]1jstogrP･m
fori.amV(1LaVSalldtllindashedliileisthatforFlora･lrlydays. Thicksolidline】ss.i.till0fralrlV

｡ユldI-0Ur｡i.1ti,days.63percellt｡fI.｡1.｡1da.ysarer｡illydays.Thedays.f]essthal-3】-1/swind

speedocclll)yaround501)erCelltOftotaldays.TllerateOfllalllydaysdecrea･seraユ)i(llvaswilld

speedbecomesstrong.Noralllydaysarekeptaroulld.51)erCelltOftotaldaysill eachwilld

1)aユIdswhenwindspeedislesstrlla,n5m/S.Thera･teofllOraillydaysexceedthatofra･illydays

in6-9m/sWindspeeds.

Figure4.3(a･)showsratesofra･illfa･]1amountsinea･chwindsl)Fedl)alldsfortotalrainfa日

amoullt,･60percentoftotalrajnfaJ1soccurilldaysoflessthal13m/swilュdsl)eed･Aso]idline

(da･shedline)ofFig･4･3(l))rel)reSelltSratesOfraillydayswhenwilュdsl)ピedsarelower(higher)

thallthex-axisva.1ues.tlleratesareCa.1culat,edformoretha.n50cases.Athinsolidlillealld

twodot-dashedliliesrel)reSelltl･a,treOfrajllydaysfol､totalca･sesand95.4(klCOnndellCeillterl,al

underalla･SStlmPtiollthatrateofrainydaysdollOtdependonwillds])eed,a･ndratesofrainさ,

daysaresamea,sthatfortotalca･ses.

TllerateOfrainydaysgetmaximum forcasesoflesst111al12m/Swill(1speedalXlget

nil-i1-1umforcasesofmol.ethan6111/swiュldspeed･Thefa･ct1,hattheseextl･emeValuesareout･
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10

zclnalwllld E=pe亡d (m E)

:0

zollalwュnd speed (111/冒)

Fjg､11-e4･2:(a)Al､istogra･1?Ofocぐurre]､.CellateilleaCl11m/szol-alwindsl)ピedbandsfor
tota･】days.ThillSOlidlinelSthatforralllydalVSa,]1dtllindashedljlleisIJla･tfornorarllly

da.vs.Thicksolidlilleissumofra･in.vand110rainydays.(I))Rateofwesterlywilldill

each1111/szollalwindspccdband･

10

zona一wlrld speed (m/S)

20

Figure4.3:(a)ra,tesofraillfallan10ulltineachwindspeedbandsfortotalraillfalla･moullt

duringthea,nalysisperiod.(b)Asolidlinerepresentrateofrain.vdayswllenWindspeeds

arelowerthanthex-axisvalues.Ada,slledlillerepresentrateOfraillydayswhcllWilld

speedarelligherthalltileX-axisvalues･ThillSOlidlineshowsrateofraill.Vdaysfortotal
ca,ses,t.lleSeratesareCalculatedformoretha,n50cases.Twodoted-dashedhorizolltal

linesrepresellt95.4(拓con免dencejllterVa･1underallaSSumPtiolltha･trateof1.ainyda･ys

donotdepelldoilWindspeedalldrateofrain.ydaysaresa111eaSthatfol一十･ota･1ca･ses.
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Figure4.4:Diurnalva･ria･tiollSOftheda･ysofea･chmaxilnumda,ilyrajnfa]1sforTor(a)
groupAalld(b)groul)B.

of95.4%confidenceintervaHml)liesthart,theratesofra･illydalySdependollWiュldsl)eeda･nd

theya･rehigh (low)underwea･k(strong)700hPa･wilXIsl)eeds,basedonmaxilmlmlikelihood
method.

4.2 Differencebywesterlystrength

lnt,hissectionfeaturesofpreCl])ita,tingcloudsystemsullderwealくa･ndst,rollg700hPawilld

areexamined･Conditio1-Saredividedbyzona･1Whdspeedof5m/S,whirl-corresl)011dsto

aroullda･minimumthresholdofrainfallprobabilit･yforstrongwinds.Thedaysoflesstl-a･n5/ / つ 1

Thedomilla】1tCloudsystemsh eachgrotlPalleCOnSidered.Wea･11alyzeo111yolleStation

data･Generally,sca]esofcloudsystemsa･reseveraltelltOlmndredskilometersalld1)1､01)al)jlitv

t･11a･tCloudsystem anditscenterofco】1VeCtionl)a･SSthrougha,hoveltotot･al)allg】SllluChlow･

Thellt]lemaximum ra,infa]]evelltSarehlStlyana･lyzedtoknowtplletyl)lCalfeaturesofcloud

systJelllS,1)ecauseitmightcorrespondtotlleCaseOfcenterofcloudsyst,ems.Durillganalysis

periods･Itotot,a･1)angexperiellCedtwocasesofstrollgdiurnalrainfallall10ulltSmorethal190.

1nm､btltWesterlywindspeedwadsdi庁erent･.Figul･e4.4showsdiurllalvariationofrainfallson

theseextremeca･ses.Figure414(a)representsaca･seofgroupAorweakwinddays,whichisl･2

m/S･Diurnalra･infallamotm twas96.6m lll.Ra･illfallamountof66.2mm (arolllld70(A,ofdaily
rainfallamoullt)occtlrredCluril一gOlle1-ouro1-17LSTIFigul,e4･i(b)slwwsaca,seofgrotlpBor

stro1-gu 'indda,ysIWhich is5･11-1/S･Diurllalra･infallamotlntWa,S95･Omm･wl-ichjscomp?ral〕1e
toformerca,se.However,thediurllalvariationofrainfa･11iscompletelydifferent.Themaximum
hotlrlvra.infallis17.6mm.whichismuchlesst,hamformercasea,lidwlljcllOccurredonうLST.

TlleSeCOlld1)eakal)1)earsarOtlnd19123LSTa･n(1relativelysmall1)ea]くeXistrsol114LSrr.A
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Figure4.5:Tjllle-longitudecrosssectiollSOfGMSTBBalldNCEP700hPaj】1Septenll)er
1999.T】1eda.vofnlaXimumdai]vraillfallforforgroupAwa･soccurl･edjllthis])erjod･

l､e､空wfor1)eaktimesofdit､ll-alra･i】､fallval､iatiol-1)yFujil〕e(1999)describest･hatmorlljng
nlaX】】1la･tendt･Obel)rOI10unCedfor°eel)erdoudthallSha･Howerones,andlnidnightmaxima

overlalldareasmaybecl〕al､aCt･erist,ict･oユ○】1g-la･stillgheavyPl･eC]1)1tations.

Figures4.5alld4･6re】)resellttimellollgit･udecrosssectjonsofGMSTBBandNCEP700hPa

forthedaysofeachmaximullldailyrainfallsforgrotlpAa･ndgroul)B･Inthecaseofgroup

A,manyact･iveconvectionsapt)ea.rSil一I,hellldia･11Oceanbet･weel170-1000Ealldsomeoft･11elll

areorganized･Btlt.theconvectio】101117Set)tenlbera】o】1glOOoE(】oca･t･io110fItot10t.abang)

doesllOtSeem tOl)eorganized.It,(leve]01)Sintlle(lft･ernoonbet･weel198-100oE,West′erljes

al)i)earsdtHlllgthefirst,week-,l)tlteaSterlies1)rev(lHduringthislnOnth･Theca･seofgroul)
1 /●

B LOl･1,eSl,UlldeJLuLilt-j)el･iodwllelledS1.､へノとllu1)llOlJagaい11g｡Oll､′e高ive(.iouCllSySLerllPa･SSed

t･11rOugh 100oEo1-21-212Novembel･･Thecloudsyst･emsbegm t･ofollo､へ′St･1･OngWeStel･】ieso1-19

Nove】l11)er,tJleSt･rOl一gWeStel･1yreglollpassedKotot(lba】一gJtlStaft.erPassageofl〕1･01)agatioll0f

clouclsystem.

Figtlre4.7alld4.8rel)ⅠでSentSthatmealldiul･11alvariationsoffrequencyofrainfallfordaily

a･mou11tmoret･ha･1130111111and0.2m111,1､eSpeCtive]y.Thedistl･jbutionsarenol･lTla】izedbv

da･ilyrainfalls･Thedistributionofgl･OupAsllOWSdomjllallCeOfafter11001日 aj】1faHs.Alitt･Je

jncrea･seofmorl-ingrainfallsal-eilldicatedinca･seoflowt.hreshold(0･2m1-1)･The1-1?al-di上-lLl-al
varja･tiollfol､moretllan301nmdailyrajnfal】Silldica･tela･rgeaftel･nOOnra･infallmax]maexce】)t

fornlOrlllllg】)eak･Thisjsd漕ere]ltfromca･seoflllaXimumdaj】yra-infallday.Thedistl､il)tltjoll
ofmeandjurllalvariationforlowt.hreshol(Iilldica.tedomillant,aftlernOOllra.jllfallandl･at.her

similartogroul)A･

Fjgure4.9(a)sl〕owsra･tesofl･ajnfa,llanlOuntSil一eachwilュdsl)eedbandsfortota･ll･aillfal】

all10unt･601)FrCelltOftotalrajllfallsocctll'indaysoflesstrllal13m/swindsl)ee'1･Jan'lmost
ofcasesh{lVe】l〕tellSellOtlr]yraillfa･11S･Figulで4･9(1〕)sl10WSllleall(la巾′rajllfaHsjlleach､､7jnd
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FjglH.e4.7:Mealldiur】1a,]va･]､iatLionsoffreqtlellC.VOfraillfallfor(a)groupAalld(I))grot]])
Bfol･morethan30mm daHyrainfallamoullt.
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Figulle4･8:Mea･11diurnalva･riatiollSOffrequellCyOfrainfallfor(a)groupAa･11d(b)group
Bformoretllan0,2mmdail.yrainfallan10unt.

DAILY RAINFALL :>30rrlrn

10 20

zonalwllld(m/S)

Figure･4･9:ratesofraillfallfollotalda･ys(68ca･ses)illWllichdailyraillfallsaremoretllal1

30mm.TllreeCOntOurSillthis五guresllOWratesOfhourlvma山mumraillfallsmoretllan

30111111/h(b]adくCOlor),20mm/ll(dar]HOlol･)a･nd15mm/h(lightcolor),rest)CCljvely.

3 9



40

iO
Lo⊂EIJtlnle(LST)

こい

O

C

n
V

0

CC

′U

つJ

Jr

I

I.(

つ
'

-T
r

(
Ln

m
g
ト

Cliノ1PTER,4.S71ATl.5'TICAlJSTtlTDl

り 10 こ:0

Lo(a)111L-)e･tLST)

C
白
rD

TT
つ
-

E
闇目

口

Fjgu】･e4･10:Diurllalvariatiol-SOffreqllellC.VOf'IbBfo7･(a)lesstllanall(l(l))morethall
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Table4･1:Featuresofwea･ka･11dst】､01-gWeStellly

groupA groul)B

zolla･1whldsl)eed ]psstllallr5m/s l110retllal15111/S
tot.a]raillfall

maximumdailyllajnfa]]

111eandailyl･ajnfall

rlai]yraillfallilltPllSh･y(≧30llml/(1)

hotlllyraillfa･11intensity(≧30mm/h)
so】a.rradial.ion

lllOrlling/aflJe】･1100nratio

76(R, 24(R,

96.6mm 95.0nm1

7.3mm 6.ち111m

S3.8(A. 16.'2%

100.(R) 0.(R)

14.4M.Jm2 11.6MJm2

14･6/85.4 30.0/70.0

13

zJOna,1winddaysa】1doll1)reCipitathlgdaysatltotot,al)allg･Riglltfiguresa･1でdrawllforTBBless

thal1230I(,andleftもgtllleSaredrawnfor230-260It.00,06,12alld18Zcorresl)011dto07,13,19
and01LSTa,tItotot･a･1)allg.AtOOZl110rethan15%occurrellCeOfactivecollVeCtionsoflessthal1

230Itiswidespreadineastel･nlndial1Ocean,esl)ecia]lydevelopSeVerallmndredskilometersofr
thewest･coastofStlmatel･a,Ma.la･cca･Stra･itaユIdo打the110rthwestcoastofI(alima,llta,ll(BorlleO).

TlleOffshoreco】1VeCtjonsmoveseawar(1tomoreseveralkilometersoffwitrhdecrea･smgtheil･top
height,satO6Z.(7011VeCtioninlandsbecomea･CtiveillWest,ernpartOfSlmIa･t,era.,Java,western

alldl10rthernItalinlarntall,SOutllernPal､tOfMala･yPellinsula･andsoutllernpartOfllldo-Cllina･.

At18Zact,ivecollVeCtiollal)pearsjusto拝tphewest･coa･StofSuma･t,era･.Convectiveactiveregion

ofwestcoa･stofSumatel･a･Seem tOmoveWeStWa,rdsystematically.TBB occurrenceOflniddle

levelcloudsfor230J260ItillCrea,SeOllla･ndregionshlthelateafterl10011tOmidllight(12Za一l-(1

00Z).Figure4.12jssamea･sFig.4･11exceptforstrollgwillddays.Comparedtoweakwind

days,collVeCtionsintheocea]1hllOoN-loosregionaremoreactiveandoccurrencesofhigh

cloudsbecolnCma,Ximum atO6Z.(プhenalldHouze(1997)1)Ointedt･11atdiurna一vaTiatiol10f

oceanicconvpctiolldependedollt,hresholdvalueandclotldcovera･gebecamema･Ximumaroulld
14LSTfor205-235Ⅰ(.Thediurna.1varjatjonisobviotlSalldlola.tiollSWherecollVCCtionstend

tooccurarealiTiOStSairleaSt,ila･t,forwc-akzoillalwinddays.TilealrlOILiiltOfmj(lIdklleVelclo･Li(lLS

instrollgZOllalwj]1(1(la･ysisa･bout10(Rllallgert･11allt･llatinⅥ7eakwinddays.

Figures4.13alW14.14sllOWCOll叩OSiteditlrllalvaria･tionsofTBBhorizontaldistJil)tltionoflュo

raillyda･ysatItotot･aballgforwealくandstrrong､血 dda･ys,respectively･Coml)aredt･ocolllPOSite

mapsforrainydays(Figs･4･lla･nd4･12),couvectivea,Ctivitiesoveroceallicl､egiolla･reillaCtive

forcompositema.psofnorainydays.InlalXll･eglOnSClotldsdevelol"t12Zoversamereg]ons

a･sdistrjbut,ionsoframydays,exceptJortlleVicinityofKotot,abang･Itisinterestingtlla･t

convect証ea･ctivitiesoverequaJt･orjall･egionsacrossover3oSand30Nareinactive(occurrence

frequellCyOf]essthal1-230Ⅰ(islessthal110(A,)inallfourlocaltime.Overtheoceallicregi0110f

theea･stofMala,ysiaTBBoccurrellCeSOf230-2601(islesst,hall20(A,l,l)esideslowocctlrrenCeS

of]essthan2301(･TlleOCCurrenCeOfTBBlessthan2301(jshigherthanthatinstrongwil-d
da･ys,1)tlttlleOCCtlrl,ellCeOf230-260Ⅰ(insa.111eareaislow,tllentrheseclotldsarecollSidered

a･snotconvectivebut･lligl"louds･

Tal)1e｣･1issummaryOfanaJlysesforcolldit,ionsofweakandstrongwesterlydays.Themost,

ofrailll-ailsoccurunclerweakwest,ellvcolldit,ions･ThestrrollgilltellSityra･infa11stpelldtrooccur
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Figure4･15:SpeCtrralal-a･1Lysesof(a)GMSTBBda,taa,t(00,100oE)avera･gedovel･
0.05osquare,(b)NCEP700hPa･zollalwindat(00,100oE)alld(C)dailyraillfallamountr
observedbyraingaugea,thTotot,a,l)allgduril一g1August1999130April2002(la･g-128).

il一Weakwester]ydays,wllichconsjstel-t,Wit･11relativelargesola･rl､a,(ljat,ionsa･11dlligh cloud

t,ol)tell-I)erat･ureS(whicllar?nearthest-rfaceteml)el.at･ure)inthedayt･ime･TllelllaXiI'lul-1
(lailvraillfallsdur]ngallalysISperiodsalldmea】1dailyraillfa･lla･mountsaresinlilal､Witheach

ot:herd'Therainfallsgenel･anvoccurredfrom di111･1-aJJydevelolnllglocalclotldsyst,emswhich

al､ede､′elopalongt･11el110untajnousreglOnilltl1eaftel･110011･

4.3 Effectsofothervariations

Figure4.15sl10WStheresultsofsl)eCt,rala･lla･lysIS.ForGMSTBBtimescripsofolleday

lnea･nO･05olongit,ude-]at,ittldcsquareavera･geddataat(00,100oE)aretlti】ized.TBBalldl･aillfall

dat,a･lla･Velallgehigh frequellCyperturbationswithil110da･ys.Frequenciesarotlnd10daysa･11(I

30-50da,ysalledetectedinallthreeda,ta.

Figure4.16shows20-90dav1)a】1dpaSSA]teredGMSTBBa･ndNCEP700hPazo】1all血 (1

tjlneSeries.ThetjnleSeriesut,ilizedthisalla･lysisissa･111eaSthatuti一izedinsl)eCtl･a･1allalysis

(Fig･4･15)･Solidli】leSallddashed〕inesshowt,impSeriesat(00,100oE)andat(00,90oE),
respectively,BotlltimeseriesofTBBa･reSimilarwithea･Chother,1)tltforzol〕aplwiュld1)ha,sealld

allll)lit･udesaresometillleSquit,edi仔erent.
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zonalwindsnwretha･n15m/sforeachphase.(a)Totalraillfal1amoulltforeachphase.

(e)Numl)erofrainyda･ysforeacllpha･se.Horizontal1illerepresentdaysrelativetobaトSe

da.ys.BasedavsaredecidedbyTBBmillilnulllValuesa,t80oE.Ea,Chhorizontal1i11eOf

(C),(d),(e)represelltaVera･geValues(solidlil-e)alldwid仙ofstalldarddeviatrioll(da･shed

li]1e).Solidcurvesof(C),(d),(e)represellt･9da.vsrunllillglnCall･
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Figure4･18:Time-longitudeCrOSSISCCtionsfor20-90-daymt,eredGMSTBB data,alld
NCEP700hPa･zollalwhld.THY)erepreselltSdevja･tiollfrolllbaseda.ys･

･i(J

ToaJla･1yzetherelationshipbetweenintraseasollaloscillationsalldraillfallsa･11dstrongwill(ls

a･tKotpotabang,Compositeallalysjsal､eal)1)lied･141)a･sedaysshowninTable4.2a･reselected

a･sitta】くeSmjllilmlmValuesof20-90bandpassAlteredTBBandarnl)littldesaremol･etlla･n10lt

Irlt･raSeaSOnalconvect･iveactivitiesbetween900EalldlOOoEarenea･rly】np上a,se.The1)11a･SeOf

zollalwindat900Eisaround10dayseal･lierthallt･llatOfTBB a】〕dafter5daysthelllaXjmtllll

collVeCt･iollSWeSt･erlyanoma]yre{lCha1)eal(.The1)ha･seofzolla･lwindatlOOoEha一､7ellli】limum

at-8(]ayalld111aXilmum a11･Otlrld+13day,wllichlla･Salmostllalfwavelengtrh]ags･,I)utthe

arnl)]itudesal･e､TeryWealく･Occtlll･el-Ceda･ys of5m/sstrongwilュdatI(ototabal-gi】-c re asea･ft･er
ma.ximumcollVeCtiveact･jヽ7itya】1dhavetwopea･1くSat+3alld+17day.Thepeakofmeallldaily

rai】1falJscol･reSl)OndtoTBBminilm l-IalldillCrea･Seal､oundl･5tjnleSOfa､reragedail.yl･aillfalls･

Theocctl】･l･ellCeOfraillyda,ysisah柑ySlllOrethan50% a･lld10-20% illCreaSedtlri】1gactive

1)ha･SeOflSO.

Figure411Srel)reSellttime-lollg】t･udecross-sectionsfor20-90-da･.y別teredGMSTBB data

andNCEP700hPazolla･1wind.DayswrittenillTal)1e4.2arelltilizeda,sl)asedays.The

a】11])1jtudeofTBBjsweakelledat･100oE､whichjscollSistentpl､eviousa.na･1ys]sresult,S.Avel･age

phasespeedofTBBisaround6m/S,l)utt･he1)has.esl)eedtel一(1to1)eslowlya･ftel'l)a･SSingtl-rough
l'20oEa】-denterwestel･nPac流cwal､m1)001reg1011･Forzolla]wiュld,betweel170-120oEpha･se

speedsaresameastlmtofTBB andphaseisproceedingarotuld10daysIAttheeastof1200E

westellywiュlda.110maljesextendrapjd】yea･st･wal､d･Suial-(ILal-(1992)analyzedea･StIl〕dia･n-

west,erllPacificoceanreg】onil一1979ofllOrf･hernwillt.el･CO】lCerl川lgintra･seasollaloscillatjo】1

all(1higherfreqtlenCy(list,url)a】lCeS･Theslow1)1･0pagatiollOfclotldsystemsinwester】1Pa･cjrjc

reg】o】ljscollSistellttOtheil､rest-]t･SITlleya一sosllOWCdthat･t･11eStrOllgWesterlyext･endt･owide

reg】011Sl)etween1400Eallddateline.
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4.4 Discussions

IlltllischapterrelatiollSllipbetwee】… est,erlywilュdspec(1alldI)reC]1)itatioll,Whichal)1)ealle(1

il一Ca･SeStudiesdescril)e(1in(二111al)ter3｣sexamjlledbvtlti】iz]11g1011gerdata,set,(ltll､111gAugtlSt

1999-April2002･Tlledomina･11tWil-ddil･eCtiollatItotpot,a･1)ang】sllOrtll-Westerlyal-dst,rollg

windal)1)ea.,rilM eSterly(Fig･4･1)Ill-t晶 allalysiszollalwindsl)eeC1sareutilizedtosillll)1i鮎(1
t,hediscuss]on.StrollgZOllalwilld11Cal･lvcorl･eSl)011dtowester]va,sstrollgeaSter]yisscalてe･

Mostofiota,1rajnfa-llamountsoccupied1)ywealM7eSterly1)erioC1S,alldmoreover.he1)reCll)-

it･a･tion1)erCellta･geSarealsola･rge(Fig･4･3)･Therat,eofpl･eCil)ita･tionforst･rongwesterl.vhas

millilnumat6m/salldillCrea･SCa･SWilldspec(11)ecomestrong(Fig.4.3).T】1isindicat･estwo

])ossil)ilit,ies.

j)Tllerearetwodi庁erentc]oudsystemsaffect･e(1rainfallstoI(otJOtal)allg.Tl]eclotldsystems

wllichdomillateunderweakwindcollditJiollSt･e]1dtosul)pressOrral,ビlyoccurullderst,rollg
willd,vicevel･Sa.

ii)Ittelldstooccurconvectivelysul)1)reSSedconditiollSun(1erlTIOderatezonalwindroll(1itJioll

(4-8m/S).

IllSectiol14.2differencesofclot-dsystemsunderweaka】1dstrollgWjlldwereinvestigated.
AtfirsteachlTla･Ximum dailyrajllfalldaysa,reana･lyzed.Therajllfal】ofw eak(1avoccurred

illt･11eafternoolla･ndintenserainfallocculTedinasllOl､ttjllle. Therainfa,llofStro】1gdaywa･s

lollg-lastingra･infa･11(Fig.4.4).HoWe､′er,thenlea･nditlrna･1､7al･iationofl･aillfallsa･tI(otota･ba･ng

aregenera･11.vdomillantinhot,hcolldit′iollSanda･ftel･1100】日ainfa11sdurlllg14118LSTaredom-

inant(Figs･4･7and418)･Thediurna･lvaria･tionsofTBB aboveItototal)allgarea】sodominallt･

a･ndbecomemilli1- m (orcloudtopheightsbecomelljghest･)durillg18123LST (Fig･4･10)

underbothweakandstlrOllgWeSterlvcollditiollS･TllCrema･1･ka･bledi仔erenccSbetweellWea･k

a･ndstrollgWest,erlydaysarecloudtopheight,illtlledaytillle(6-18LST).011Onehalュd,weak

westerlydaysrangesof2701290Itaremostfrequellt,Wllichllearlycorrcsl)Ondtothesur-

face･Ontheotherlland,TBB Of2r501270Itfreqtlellt]yal)1)ea･1･SillStrongWesterlydays.This

illlPliesthegroundt,endstocovercloudsinthedaytime.Tlle01)17iousdiurna･lvariatiollSOf

TBB distribl】t･ionsal)Pearsinl)othcollditions,whicharemostfrequellCiesoflesstha･11230i(

ill1alldregjol-Sat12ZICOa･St･ah egiollS(t･illarot.111｡200kュnfl･Om t･11ela]1(1LLOaSt･S)al,00Z,alld
oceal-icregions(morethal1200knlO打shorc reglOllS)at･06Z.IllW eakⅥTeStel･lyda･yswestward

propa･gationofcollVeCtiollSfl･Om Suma･teramoulltainrallgea･reClearlyspellilltlleequatorial

ea･sterllllldianOceall(propagat,ingspeedisa･round8m/S).Thesea･resimilarto1)a･StStudies

(e.蛋.,Nitt･aandSekine,1991).Inst･rongwesterlydays7the])lacesalldtjllleOfactivecollVeC-

tionsarealmostsamea･sweakwesterlyda,vs,butconvectiollSintheocealljcreg】011Sa･remore

act,irethalltha･tinweakwesterlydays.TheclouddevelopmentonSumateramot111tainrallge

duringStrOllgWesterlypel･iodsanddillrlla･1variart,iol10frainfa･11a･tKototal)a･11gllllP】iestllatthe

d]'tlrnalva,ria,tionsarea･lsoimユ)Ort･a･11tOnStrongWesterlycondjtjollS,alldthestrongwhlddoes

]10tCOlltril)tlteSupplleSSionoflocatscaleclotldsystems,whicllSu g g estedinSect･jo】〕3.1.The

possibilityt･lla･tCloudactivitiesaresuュ)pressedunderstrongwind , areol)tailledillCaseSttldies

(seeClupter3.3).

TherelatiollSllipsbetweenwester】van(11)reCIPita,一iononse aso nal alldilltra･SeaSOllaltime

scalearediscussedillSectiol14.3･The1)eriodicitiesof10-day al一 (i 3 0-50(layaredolllillant
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(I))

BASICSTATE ∪ m/S

22-60Liidl41一1822 1603 6101418

Figure4･19:(a)t,helnでCil)itatjolljlltellSit.y(111111/da･.Y)estrjlllatedfromsatelliteoverIlldia
alldtlleAl･abiallSeaol124Julle1979alld(b日lleVertical1)l･0允1e(afterOguraalld
Yoslljzaki.,1988).
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ont,hesl)eCtlLalallalysisofl･ainfallsatItototabang./NeEP700hPazonalwindat･nearestJ

gridpoillt･a･thot,otaba･llgandGMSTBB al)OveItotota･bang(Figl4･15)ITllePeriodjcityof

10-daycojncidelltWit,llt,heqtlaSi-10-daydistul､1)ancesa･1つPearedinSel)telllberl0ct,obel･199S

(Sectiol13･1)･Theperiodicit･yof30-50days.i?considereda･sISOs･ThecolllPOSiteallalysis
I)a･sedonthe20-90-da･yba･11d])assmteredmml】11um TBB at･(90oE,00日ndicatearou,ld50%

incl･eaSeOfrajllfallsformealldai】yrai】1fallamotlntillactivePha･seofrSO.Therat,eofrai】1y

daysalsoi】1Crea･SearOtllld10(Rocom])aredwiththelllealll･ate.Ontheotherhand,thestro】1g

westerlydaysl〕avetwo1)ealくSaround5andl･5daysafteractive1)haspofISO,whichiml)lies

that･theexist･erlCeOfotherfa･CtOrSWhichbringSt,rOngWeStel･ly･

TtisknOWllthatISOsaresoITlet･imes(le】)resse(linthelndolleSial1111al･itilneCO】lLillellt.

NittaEloLcollSjderedthat.t.heStrongWest,er】ywhichfollowstoISOwasbloc】くe(II)ySLInlat･era,

rnountajnl､ange･InSect･io】13･1a･stheeXl)lanatiollOfthewealくjl1月uenceofISOil一thellldiaI1

OceanollraillfallsatItot,otabang,jtwa･sstlggeStedtllattJheloca･tjonofKototaballgWasthe

ea･st･ofmoul〕taillrangeandmostofraillfallswereoccul･redil一thewestem side･ liowever,

jtlTl】ghtbereasonabletol･egal･dthelocationofKotota･ballga･SmOulltainousreg】onbecatlSe

e】C､′atriol10fIiotot･aba･11gis865m,alt･hough about1000mnlOunt,aimsexistbetweenOcea･nalld

liotota,bang･TheactivecollVeCtiollSOftenappearintheIlldianOcea･11a.djacenttoSumat.el･a,

Is】alld(e.g.,Figs.･3.8alld3.14).Thesilnila･r1)henomella･t･hatt･herajnfa】lsonmou】1taj]11･a･ユ〕ge

arel10tSOllluClla･nddevelopedcloudsdistrril)し-teOl]tlleadj(1cc】1tOceallhave1)eellStu〔lied<lt

hdjadurjllglllattlrelnOllSOOnSea,SOll.Fjgtlre4.19is(a)thepl､eCipitatiollillt,enSit.Y(mm/day)

estjlllatedfro】llSat･eH]'teoverIndiaandtheArabianSeaon24･Julle1979､alld(1))t･hevel心cal

!)roTjleoft.I-eeasLwestcomponentoftl〕ewind(AfterOguraall'1Yosl'izaki1988)iThepeュ-主od
】scorresl)0】1dtomatureperiodofmonsoollal-dstl､0】1gSOtlt･hwesterJv1)Jowstowa･1･dthewest一



(,'llAPTER4.STATISTICAL,STTrIDr

6Jun 2001 00Z

抑

帥

叩

州

印

53

閃

86

o

N

●▲

-

1

1

2

3
P
rL一n
r

]

｣山 L

き 転 _-:_-II -I----I_; _,

70E ElDE OOE l00E 1lOE 120E laOE 140E lbqE 160E

b ng)tudo
ト 6 Junt2001(90E 0)

0

8

だ
U

Lu
lソこ

一息

laH

-30 -20 -]0 0

Landllardl､●)ndtm/S)

】0

Figlユre4･20:(a)Thedist]､ibutionofGMSTBBdata,01-6Julle2001･(b)Theave】･aged
verticalwjndpro允1esdurjllg1-6Julle2001at･(0090oE)dla･WllbyNCEPreallalysis(la･ta｣

coastoflndia･･However,ma･xi】11uml･ajnfallsoccurovero作shorereg】011a･11dllOtovert.heWestern

Ghai･mou'-tajnsIGrossrヮa･na･ndDしけr<ln(1984)il､VeStigat･edi1-I-･eractjollSOflow-levelno､… ith
'LheWestel･11Gha･t･sLll･jliぇjlJgObselVatiorla･lda･t～1･,品 S(Ll･SSedl'､ノdllUllljllビdllllUL1ビidllLllCullClu(led

t･haH･heWestel,】1GhatsprOdtlCedoffshoreconvectjons1)ygel〕t11ylifti】1gPOt･entiahlnSt･ableair･

Ogura･a･ndYoshiza最 (19S8)argtledl)yatwo-dilllenSiollalcolll])1でSSil)]emoistclou(1modeland

co】1Clt-dedt,hati】1additiontoliftinge打ectof1--0u】1taill･,St･rO11glysheared丘owsalュ-dnuxesof

】atel〕talldsensil)lehea･tfromtheoceallareeSSentia,1toexplaintheobsel･17e(1featuresofrajnfa･11s
overtheArabia.nSeaalldt.heGhat.MountaillS.

Itiscoml)aredthestudiesofrainfallsovertheArabianSeaalldtheG】〕atMoullt,aimsd111･-

]ngll10】lSOO】1I)eriodswit･1〕t･11erainfallsat･1totot･al)a,llg･,Clotldsdjstl引)ut,ionsaroundSulllat,era

lsla･nd,a･ndverモ.jcalstl･uCtul･eSOf＼へ.･illddul､】11gactivepllaSeOfISOsoverea･stTndia･110cea･1-a･11d
Stlnlat.era.Island.Thel､earesomeSilllj】alうt,iesbetweent.heGhat.Mou】1t.aimsa.ndI.】lemOulltain

l･angeOfSumatera.First･1y,bothlllOt111taillS(listr血1tealongtheWestCOa･StOft･helaplld･Sell

011dly,SulT】ateralslalldexperiencestl･0ユ1gWeSterliesilHowertrOl)OSphereal一(lul)1)erlevelstl･Ong

ea･Sterlywhel11(lrgeClotldclistt-1･1)allCeSbyISOsl)ecomeactj､reovereast,el､lle(luatOrialllldjall
Oceall･TlleSePOil〕tSSatjshedt1-ecolldit･iollSOfact.iva.t･ingoffsllOl･eCO11VeCt･io11SSuggeSt･e(11)y

Grossa･lldD111･all(1984)al一(10gura･a】1dYoshizakj(1988).Thenitispossiblet,hattllelift･ing
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effectsofmou]1tai】lra,ngeOfStlmateraaCtjva,teo翫110reCOnVeCtionsillhldianOcean･

Thecontextoft･hischal)tel､Wi]ll)esubmit,teda･sMura･taf･tol.(2003)･
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Chapter5

Summaryandconclusions

Tllist,lleSisha･sl)eel〕(lescl･il)edconcerningtlleVariatiollSOfrainfallsal,ltot,ot･abang(100.32oE.

0.2oS,865nlMSL),WestSumat･era,Illdonesiaa･11despecially,ontl〕erelat,ionshil)withtllelow

tropOSl)hericwesterlywind.

IllC]1a,1)ter1,theforegolllgStt-〔liesconcern】llgt,hecloudactivitiesil一trOplCall･eg】OnSWitllil-

timescalesof30-60dayscoITeSPOlldillgtOintrasea･sollaloscillatiollS(ISOs)a･ndrela,tledst･tldies

forthetrol)OSPhericzolla･lwindvariatiollSllaVeheel"eViewed.Illaddition,thepa･still､7eSti-

gat･ionsondiurna･1variatjollSOfcollVeCtivecloudandprecipitation,a･ndonorogral)hic1)reCll)-
jt,ationhavel)eelldescril)ed.Finally,theobservationaleffortstroullderstalldtheweatherand
clima.teoflndolleSiawereintroduced.

InCha,p上er2,theobservationsalldmeasurementsemployedinthisthesis,havebeen(le-

scribed.lthasbeellSllOWnthatthedataofecllOPOWera･ndverticalDol)1)1ervelocityoft･he

boundarylayerradall(BLR)can1)rOVidea･deterlnina･tionnletllOdofraillfall.ThellOrizontal

winddataofBLRa,l･CShowntobeconsist,elltWitlltheNCEPreallalysis.

IllSection3･1,theobsellVationalresult"1ul･111gSel)tembelLOctober1998illCludillgal一i11te1--

issueil一thist,lleSis,a･corre】atiollbetweenprec]1)ita･tjollalldlowertrol)OSPhericwesterly,have

l)Cellallalvzedallddescribed.ThelJreCipitationatKot･otal)allglSmainlydlletOtlle】oca】Cloud
1 ＼

s.ysi,e】11S(ie､′elOl)edollJLilell】Oulli,di】jOuSrビglOllS(BarisdllMot111't･ajllS)aluit･11ビLlouLllSySJLelllS(･dl1-

110tl)edevelol)edunderstrollgWeStel､lywh(I,1)ecallSet･helocaJcirculatiollSalreSuPl)reSSed.

Discussionso】1thecausesofzonalwindvariatiollSObser､-edjllI,his1)eriodandtlle1)OSSible

effcctontheplでCIPitatriollatItototabanghavel)eellalsodescril)edinSectiol13.2.

IllSectiol13.3,ithasbeendescribedtha･t･therestlltsofa･nothel･intellSi1,eobserl′atioll])eriod

dtlrjngMayJune2001alsosllOWedsimila.rresultstothepreviousca･sestudy,aswella･snew

filldillgSSuchasalittle一agbetweellSt,rOllgWesterlya,lidstrol)1)ageOf1)reCipjta,tioll.

lll(1ha･pter4,thecorrelatiol11)etweenlow-levelwesterlyandprecIPit,atiollat･Itototal)a･ng

hasbeelleXamilledl)yusingnea,1,1ythree-year data.Theresultsstatisticallyhaveindicated

t･11atthe1)reCjl)jtationa･tKototal)a,ngtendstooccurwhellthewest･erlywindislessthal15m/S.

TlleanalysisforC1avswithpl･eCipitatJiolllargerthall30mnlha,srevealedthattheprecipitation

by]ocalcloudsystemsgelleratedwithadit11･nalcycle1)reVaj]satItototal)a･ng.Notmuchcases

ofthelarge-scaleclouddistul･1)allCeSa･SSOCiated扇thISOsleadapossibilityoftheljftillge恥ct
ofBarisallMou】1t,aimsolltheco】lVeCt,ionsojrthewestcoastofStlllla,tera,fromlplleSimilarit･y
totlleStudiesof117est.erllGhatsMountaillSinllldia,.
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Thelllaill COnC]usionsoftllist.hesisareasfol]ows:

●TheprecユpitatiollatItotot･abangoccurswitllah】ghprOl)a･bi】it･ywhe)1I,hewesterlywiュld

islesstrha･n5m/S.

.Theprec]】)itatiol11)yloca･lcloudsystemsdeve】01)edilltheafterllOOll1)reVailsatItotol･a-

1)al一g･

●Theol)sel､Vationalres111tsat,Itotota･banglea,da･1)OSSibilityoftlle]ifti11geffectofBarisall
Moullt,dillsOl11,hecollVeCtjonsoffthewestcoastofSumatera.

Theseresultsobviouslyindicatedi仔erencesfrom t･heforegoingnlanyinveStigatiollSforthe

variationsofocealliccollVeCtiollSalldrevealtllei1-1pOrt･anCeOforogra,1)hiceffectsoiltheI,l･01)】Cal
collVeCtJivea-ctivities.

Toillll)rovetherelia･bilityoftheresultsdescril)edillthisst･u(lyitisllereSSarytOCOml)are

wi仙 observatiollalresult,Sofotherst,at,iollSarOu】ldSumat･eramo1111tainra･ngealldoffshore

reg1011S･,1)ecauset,llisst･udymainly1)a･sedol101)servationa･lresultsofa･S】nglest,atioll･Esl)eCially,

ulldersta･ndillgOftrlleStructuresOflocalcjlてulatriollSalldtlleircomleCtjollSt･Ot′1lClocalcloud

systemsinSumateralsla,ndisrequired.Webelievet･11attheseol)servat･ionalstudiesmust

cont,ributetounderstaJldbehaviorofconvpctivea･ct･ivitiesillhdolleSiallreglOl11110replleCjselv

andelurbletoforeca･sttrolnCa]weatherintllefllture.
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