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Åb＄traCt  

Intensiveprecipitation observation waseollducteLdin Tanggulabasinfrom May to September，  
1993，tOgetherwithaerologicalobservations，tOprOVidebasicdataforabasinscalewaterbudgetand  
toinvestigate the characteristics of spatialand temporalvariation of precipitation distribution  
associatedwithuniquemonsoonalprecipitatio11disturbances．Theprcfipitationgaugesweremanu－  
auycalibratedatBaseCamp（BC），andthecalibrationdatawereusedtocorrectdatafromtheremote  
areas．MonthlyprecipitationinJulywas about150mmin thebasin，decreasing10－20％in the  
Centraibasinandincreasing35％aro11ndtheDongkemadiGlacier（GC）．Precipitationeventsla＄ting  
SeVeralhoursweresimultaneousthroughout the basin，btlt亡Orrelation oflコllPreeipitati〔一IlamOunt  
WaSnOtObservedbetweenlatitudinallyscatteredstations，eXCeptbetweenBCandGC，duetothesma11  
amount ofdaily precipitation，Only3to5mm．Diurnalvariation ofprecipitationis not obvious  
exceptatDlOOstationsituatedatthenorthernedgeoftheTanggulaMountainRange．  

Relationships between the percentage ofsolid precipitation and suT’face air temperature we［・e  
Observedusingautomatic2－minuteinteTValintensivetemperaturerecordingandeyeobservationof  
precipitationtype＄atBC．Theprobabilitycurveischaracterizedashighaltitudeinlandtype，andthe  
probabi批yofsolidprecipitationmarkedlyincreasesduringhai王astemperatureincreases．  

1．lntroduction  

MostoftbeannualprecipitationontbeTibetan  
Plateau takes placein the monsoon season．How－  
ever，iti＄Stillunclear howlocalatmosphererland  
i‡1teraCtions aだect theは棺e SCale monsoon activity  
around the Plateau，in this season．Precipitat主on  
distribution，withitstemporalandspatialvariations，  
isoneofthemostbasicelementsforthewaterbudget，  
andalsoprovidestbeimporta：1tinformationabouttbe  
Cloud system and related atmospheric disturbances．  
Intensiveobservationofprecipitationwascarriedout  
fromMaytoSeptemberin1993at5stationsintbe  
Tarl紗王abasinⅥritbdataca王ibrationat王うaseCamp  
（BC，5060 m a．s．i．）．Temporalobservation of the   

Phase of precipitation was conducted together with  
at止OmatictemperaturerecordingatBC．Theobser－  
Vationnetwork，methodsofdatacalibration，Charac－  
teristics ofprecipitation distribution andprobability  
Ofsolidprecipitationarediscussedinthispaper．   

2．Observation network  

TangguiabasirlislocatedinneariytlleCe‡lterOf  
theTibetanPiateau（33eN，92マE），Withanareaof4538  
km2，andismostlyabove5000m乱Sエ FigurelshoⅥ7S  
the topographyin the basin．A Tretyakov storage  
typeraingaugewithwindshieldwhiehistheWMO  
Sta王1dard，and a Chinese storage type rain gat噂e  
withoutwindshieldweresettogetheratBCfordata   
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Fig．1，Mapofobscrvationarea，Stippledareasindicateglaciers．   
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evaporationresul短d fromtbe smaiinumber of fair  
daysduetotbecontinuousraintbrougbtbemonsoon  
SeaSOnin1993，aSSi10Wniater．TIleCOrreCtedpreclpト  
tation amount for the Tretyakov is treated as the 
StandardprecipitationamountatBCinthisreport．  

Seco‡1d，tbeaerodynamice鵬ct（windeffect）was  
evaluatedbycomparisonbetweenthisstandard pre－  
cipitationandtbeprecipitationot〉SerVedbyChirleSe  
type（witboutwindsbieは）raingaⅥge．Åt責rst，We  
triedto formulate a correction coefficient as a func・  
tionofwindvelocityduringprecipitatio‡lperi（〉ds，btlt  
no significant correlationwas found between them．  
Tbe reasonforlack ofcorrelatiorlbeもWeen tbe wind  
Speed and precipitation correction coe窪icientis  
believedtobethatprecipitationwasmeasured over  
haばday払tervals，nOthoursorminutes，andmostof  
the precipitation was rain with weakintensity．  
Therefore，theprecipitationmeasuredbytheTretya－  
koval主dC‡1払e父typeSVaSく箋irecと桓compared，andthe  
fol払wingexperimental柁1ationobta主ned，  

y＝1，0616ズ仙ト0．0406（ダ＝133，ガ＝0．99），（1）   

where X and Y indicate the half day amount of 
precipitationobservedbytbeC壬IinesetypearldstaIl－  
dardprecipitationbyTretyakov，andダand忍indi｝  
cate tbe numもer of sampies and correlation coeだi檜  
Cient，reSpeCtively，The coefficientl，0616is nearly  
thesameincaseofrainasl．05，repOrtedby Rostad  
（1925）in case of rain and sleet，andis one order  
Smallerthanthatforsr10W，1．2－1A，repOrtedbyLapin  
（198乳  
Corrected tippingbucket type precipita如nげ）  

fromtheformula（1），andstandardamountofTretya－  
kov（y）vereく：Ompared，andtbe follow主ngequation  
was obtained：  

y＝0．829ア＋0．578（ダ＝104，忍ニ0．9），（2）   

Whichindicatesthatlargediscrepancy（underestima－  
tioT】）ofYontbeorderofO．5－1．Ommper12壬10uris  
CauSedif Tis sma11，This orderis not negligible  
COmparedwiththemeandailyprecipitationinTang－  
糾1a of5．1mm per day and dailyevaporation rate  
ObseTVedbyOhataeiai．（1991），rrhereasonmaybe  
evaporation from the O．5mm tipping blユCket and  
bouncingofbailoutfromthegaugecatcbme‡1tⅥrbich  
isfrequently observed at the beginnlng OfprecipitaN  
tion．Tbese mechanicalefねcts cat壬Se abotlt5％と0  
10％underestimateoftotaiprecipitationin軌ernoTl・  
SOOnSeaSOn．王n order to solve these problems，SeV－  
erai呈mprove汀1entSわrtbeprecipitatior10bservations   

calibration，Where the pr・eCipitation was manually  
measuredtwice aday，atOGMT and12GMT．Tip－  
ping type rainga噸eSWere Set at BC，DlO5，DlOO，  
Tanggula Pass（TS），and Glacier Camp（GC）．One  
pulseequalsO．5mm（0．2mminDlOO），andthedata  
WereautOmaticallyrecprdedeverylOmiIluteS．This  
type of rain gaugeis u＄efulbecause ofits simple  
structtlreandindependenceofelectricpoⅥrer，btltalso  
causぐS underestimates of the amoⅢ1t aS Sho＼VI11ater．  
Surface meteorological stations were set together 
witb．tbeseraingauges at allstations（0壬1ata g才β乙，  
1994），AIsointensive aerologicalobservation was  
conductedusingomega＄Ondestoobservethediurilal  
andintra【紀aSOna呈variation of plaIletary boundary  
layer and synoptic situation for・the precipitation  
disturbaneeatlミC（EndoLイ（l／‥1991）．AnothビrSimple  
StOragetypeOfraingaugeweresetatGCandNew  
Årmysta転on（NÅ），Wberedatawastemporarilycol－  
iecteddlユringtbeglaciolo宮icalobservationperiods．  

Phases ofthe precipitation，SuCh as rain，SnOW，  
hail，andsleet，WereObservedrandomlyandrecorded  
manuallywith time，at BC，a tOtalof232times．  
Surfacetemperaturewithaspiration atO．8mheight  
was recorded atltOmatica11y at2minutesintervals  
thro噸htheperiod．ThesixMminuterunningmeanof  
temperaturewastaken，andthepercentageofsolid  
precipitationwascalculated foreacbOぶCinterval．  
Sleetistreatedasbothliquidandsolidprecipitation．   

3．Calibrationo†precipitation  

l好berlWeObserveprecipitationonahigbeievated  
plateauwithdryandwindyweatherconditions，Obser・  
vationalerrorsduetoevaporatiorland wind eだects  
areexpectedindifferenttypesofraingaugcs．There・  
fore，む鴎precipitationoverhalトdayinもervalsmea－  
St汀edbytbeTretyakovandCbinesestoragetyperai王1  
gaugeandtippingbuckettyperaingauge werecalト  
bratedagainsもeacbotberatBC．Daytimeevaporか  
tionfromthestoragetyperaingaugewasobservedto  
be O．15mmh”land O．09mⅢか」on fair and clo11dy  
days，reSpeCtiveiy．Theseobservedvaluesaretwoto  
fourtimeslargerthaIltbose observedby Lapinand  
Samaj（1989）．Tbevaiueswereaddedtothedaytime  
datamea＄uredby Tretyakovreferred withfairand  
Cioudyweathermanual1yrecordedover3小心ourinteト  
ValsatBC．Nighttimeevaporationisa∬u‡nedtobe  
O mmb‾王．The acct里m11iated evaporationloss was7  
mm，1，6％oftbetota王precipitationtbrough払emon－  
soon sea＄0王ュ．The smallamount of totalestimated  
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areproposedsuchas：1）useasma11ertippingbucket  
forweakerintensityofprecipitation，2）installawind  
fenceaとaⅥ弓ndyplainorsummitstation，3）de＄igntbe  
ぬapeofgaugecatcbmenttoprevent也ebouncingof  
hail．  

Atlthe accutllulated12h precipitation anMunt  
measured by tipping bucket type rain gauge vvere 
COrreCted by using the combination ofequations（1）  
and（2）．Incaseofnorecordfor12hoursbytipping  
bucket type rain gauge，the equations were applied  
OnlywhenaprecipitationeventwasobservedatBC、  
Experimentaleqtはtio‡lS（1）and（2）are applicableto  
Llbser＼▼atioIIS uSing a tipping bucket t）†pe rai［1gauge  
Onl〉‾duT－ing thecontinuousrainrseason during mon－  
SOOn Wi血itsintensity of3鵬5mm per dayin the  
Piateau．  

4．Results  

・J．7．れ，川♪…打／〝〃（J坤‘J′ん、7／ⅢI五招（明5  
Time sequencビS Of12h prccipitation amount；lt  

重ve stations and temperatt汀e at BC witb diurれai  
VariationfromMay18toSept．21areshowninFig．2．  
PrecipitationatBCisthestandardamountobserved  
byTretyakovgauge，anddataatDlO5，DlOOandTS  
arecorrectedtippingもuckettypemeasurements．At  
（；C、theamouIltb〉TSinlplebuckettypegaugeisshown  
bec；luSeitis more reIiable for snowfallthan the  
automatedtipp主ngbuckettype．PrecipitationatBC  
WaS441mmthroughtheperiod，themonthlyamount  
inJulywas143mm，aboutl．5timeslargerthanthat  
fromtheChineseclimatologicalmapofprecipitation  
distribution（YehandGao，1979），Acontinuouspre－  
CipitationperiodlastedfromJune16untilAugust24．  
Averageddaiiyprecipitationwas5，1mm，andprecipi－  
tationwasobservedon91％of洩edaysin偽isperiod．  
This continuollS PrビCipitation wasillitiated with a  
Suddenjumpofthetropopausefrom13km to17km  
（Endoetalり1994）．Therefore，thestartofthiscontin・  
uous precipitation is defined as the onset of the 
morlSOOninTanggula．Increa＄eOftemperat11retrend  
js restrained by this（－nSet．and mininlunland daily  
mearltemperatlireSVariedlit畠ethroughtbemonsoon  
period，  

Severalfairdaysinterrupted洩emon＄00naCtiv－  
ityatalistations，SuChasJune13－15，22山24，July7鵬  
9，22M23，andAugust禦トSep．4（blacktrianglesinFig．  
2）．Theseperiodswereinitiatedbycooltemperature  
eventsin tbelowerもropospbere witb decrease of  
precipitation，folioⅥFed by severaiねir days witb  
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F主g．2▲ Tempera餌re var言ation with30mi王Iut農i雨erval  
毎搾er）andtぬe12－hoursprecipitaもionvariation（王ower）  
atBC，DlOOIDlO5，TSandGC．  

increasingsurfacetemperatureandnortherlywindin  
tbe middle troposphere（紀e Endo g才dム，1994）．In  
J11neandJt11y，these⊂OOlingeLVe11tSalsoinducesignifi－  
Cant decreaseofdisぐharge（Ohta E：I（l／．．199ヰ）due to  
the suppression of melting giaciers and severa巨w  
preCipitation days．This unique and systeIⅥaモic  
behavior ofthe atmosphere andsurface water rela－  
tionshipsmaybeassociatedwithintra≠SeaSOnalvaria－  
tionofthelargescalemonsooncirculationaroundthe  
Tibetan Plateau．  

Accumulatedpredpitati（一n（percentagerelativeto   
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F妄g．3．Times明uenCeSOfbot汀まyprecipiもa鮎natfour＄ta如ns董nTanggu箋abasれたomMayもOAllgⅥSt，ま993．  

BC）fromMay23toJuly28was244．1mm（100％）at  
BC，238．5mm（97％）atDlOO，223．7mm（91％）atTSaIld  
185．5mlll175Oム）atDl帆 All［hestationstゝ＼CePtr）105  
WerelocatedinthtさhilけareこISSurrOt11ldingthebasin．  
VVhere diffeLreneeS Of preぐipitation were within川㌔．  
Otltheothet’h；1nd，DIO5．locatedinaplainareaofthe  
L：entralbasin．reeordedasmallerarnountofpretipita－  
tion．AecuIlllllated precipitation maIlua11y obsビ1■Ved  
血rirl宮地esameperi（〉dat NÅ，主ocatedin洩e開墾e  
PlainareaasI）lO5（Set？Fig．1）、alsoreeor〔kd193．1mm  
179？ふ）11earl〉▼thesa111ビaS；ltDlO5．OTltllビいtIl打IlこIlld、  
ObviousstrongwindspeedwasnotobservedatDlO5  
COmpared with other stations（Ohata et al．，1994）．  
Therefore．tlle Preぐipitation amouIltin the central  
plaillisexpected tobeコO－3O？O Sllla11er thatlthat of  
thesurroundillg hillrareas．  

Hourl）・PI■eCipitこItionchangeiscomparedsilnutt；l一  
11eOuSl）r at foⅢ■stこ1tionsiTIFig．3．The eontinul〕しIS  
preeipitationperiodshowninFig．2actualまyconsists  
Ofseveralprecipitationperio由ofseveralbot汀SeaCb，  
Itisobvious that most ofthese precipitこItion pt†l・iods  
OCCtlrred simultaneousl〉Y at allstationsこ11though the  
Sta如れSareSeparatedbyupto70km．王nparticular，   

time＄equenCeS Ofprecipitation are similar between  
BCandDlO5，OnlylOkmapart．Meanwbiie，atDlOO，  
independentpuiseswi血Ia‡官erintensitywere obser・  
Ved．such as onJul〉，l、11．and25．Tht？reSllltsindi・  
Cate也at systematic mesoscaie d呈stめance or rain  
band＄ aSSOCiated w主ぬsynoptic d主stⅥrbances were  
basin朝WWideilleXもent．  
Ha王fdayprecipitatio王1iscomparedbetween8C  

aTld〔－tller Statiし）TIS；1S Sht川▼】li11Fig．ヰ．Sigll汗icaIlt  
po＄itiveco汀eiationisonlyobservedl）etWeenBCarid  
Gし＼as foll〔用・S：  

yニ＝0．95方＋1．22（ダ＝54，虎ニ0．80），（3）   

Where．Ta11dl，iIldiraLethe12hprecipitationamし、unt  
ObservedatBCandGC．Tota王precipぬtiomover54  
dayswas158．4mm（180％）atBCand215．1mm（135％）  
atGC．Tbus，血ec主imatoiogicalprecip主ta七重onaもGC  
isl．35timesiargerモhan軌atatBC，arldとheamoⅥntaと  
GCcanもeestimatedfromthedataatBじ Especially，  
軌esecondtermconsとant（1．22）inequation（3）isthe  
importantfact（一r．indit：atingthatprecipitation（r）しこIn  
beprovided e＼でIlnO Preぐipitationis obser＼でd atIうC  
（方）duetotbeor（喝rapbicdevelopmentofcloud＄．   
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ExceptforGC，therearenoobviousrelationsof  
12hprecipitationbetweerlBCandotherstations，eVen  
fortheneareststation，D105，OnlyaboutlO kmfrom  
BC（Fig．1）．Thisresultisthesamewhentheanalysis  
isperformedusingdaytimeandnighttimedata，Sepa・  
rately．Theresultseemstobecontradictoryto the  
factthatprecipitationisprovidedbythesamegroup  
Ofprecipitationeventsinthebasin，aSShowninFig．3．  
Itisspeculatedthat precipitationeventsareprovided  
bythemeso．scaleorsynoptic＄Caledisturbancesimul・  
taneouslyovertheTanggulaBasin，buttheamountin  
eachstationisstronglyaffectedbydevelopmentand  
trace ofcumulus convection embeddedin this distur－  
bancewithlessthanlO kmscale．At BC，thecloud  
SyStemmOVedfromwesttoeast，andGCwaslO km  
ENEofBC．Thesignificantrelationinprecipitation  
amount between BC and GC may result from this  
たequenteastwardpasslngOftbecloudsystems．Tbe  
resultssbow洩edifficu取ofexperimentalextrapoia－  
tion from point precipitation vaiues on a balトday  
timesca王earoⅥndTangguiadtletOthesmaiiintensity  
OfprecipitationvitbsporadiccorlVeCtiveacti扇ties．  

tユJ）′J′けJ‘J／n〃五け高明  

Figures5sbowdiurnalvariationof仇eamount，  
frequencyandintensity ofprecipitationobservedby  
thetippingbucket typeraingauges atfourstations  
throughthe same period．In thi＄figure，the values  
Were Calculated from originaldata of the tipping  
bucket type rain gauge，lncrea＄e Of amount and  
frequencyare shown atlO o’clock Beijing Standard  
Time（80’clocklocaltimeand20’clockGMT）．This  
isprobablyinducedbythemeltingofsnoworicein  
theraingaugebythesunrise．Thesamefeaturehas  
been reportedin the NepalHima】aya（Ueno et al．，  
1993）．Increase of precipitation amotlnt and fre－  
quencyisobservedintheeven】ngOnlyatD100，locat・  
edattheterminusOfTanggulabasinwiththelowest  
altitudeandoutofthemountainrange．Particularly，  
itisobviousinthefrequency－ Theaveragedintensity  
Ofprecipitationisaroundl±0，5m11血－1Ⅵ7itぬoutobvi－  
OtlSditlrnalヽ▼ariation．Theresultsshow［hatsignifi－  
Cantdiurnalvariationint壬IepreCipitatiorldistriblユtion  
isnotobservedintbeTangg℃1aMounはinRa王1ge，   

イ．ごJ．nl血裾／巾り／一り（、【7JⅢ？肛（－（そ／▲∫（）／∫〟♪汀（、小山偏Il  
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Fig．4．Relationshipsofthe12～hourprecipitationbetween  Theprobabilityofoccurrenceofsolidprecipita－   
a）BCandDlOO・b）BCarldDlO5，C）BCandGC，andd）   tionisobservedtoestimatethevariationofthepreclp－   
BCandTS，incasesofprecipitationintensitybelowlO  itation phase，Whichdeterminesthedistribution of  
mm／12h．  snowfallarea andinfltlenCeS the accumulation of   
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Fig．6．Reiationbetveentheprobabiiityofoccurrenceof  
so】idprecipita如nandtileSurfaceとe流peraモuナe（upper），  
arid obserYatio王Inumber（lower〉ir】0．50Cintervai＄－  
DasモIedcurveswithbiack（W王1ite）marksindicate tbat  
hailisincluded（excluded）assolidprecipitation．Solid  
CurVeSindicatethree－pOintrunningmeans．Blackand  
Whitebarsindicatcthefrequencyincasesinwhichhail  
isincludedandexc】uded，reSpeCtively 

excltldedbeca日記Ofinconsisもentincreasei‡1perCent岬  
agereiatedtotbesma重王samplenumbers．勒en壬Iail  
isexcitlded（whitecirc王es），thepercentagedecreases  
fromlOO％atOeCto6．6％at6．50C，Theprobabiまity  
trendsIlOWSaSligbtlyconcavecllrVeaStbetempera－  
tl汀ei王ICreaSeS．Tbe bigぬest temperatl汀e dlユring  
SnOWfa11was80C．andthelowestduringrainfallwasO．  
50C．Therelationbetweenthetemperatureandper・  
CentageisglVenbythefo1lowinglinearequation；  

P＝…1五2r＋91．8（0≦ア≦6，5），（4）   

≠▼here TandI）arethel）．SmtmllPビratUre＼＼■ilhこISpira．  
tionandtbepercentageofoccurrenceofsolidprecipi－  
tation，reSpeCtively．Higherprobabilityofsolidpre－  
Cipitationinwarmerconditionwasobservedincom－  
parisonwiththeob＄erVationsintheNepalHimaiaya  
byÅgeta a仁感．（1980）arldinJapanby‡to（1944）and  
Hasemi（1991），Theprobabi】itycurveint‡lisstudyi＄  
Similar to the result observed at a higher altitude  
StationintheinlandareofEurasiabyGlazyrin（1970）．  
Whenhai＝sincluded（blackcirclesinFig．6），perCent－  
agesofsolidprecipitationremainhigheraround40％，  
above40C．Thisresultsたomtbefa11i‡唱Of壬Iailinto  
low－1evelwarIn atmOSpぬere calユSed by strong  
COnVeCtiveclouds．王nね鴫precipitationi王1itiate（重by  
StrOnghaiishowerwasoftenobservedinBC．Unfor≠  
tunately，enOughsamplesofthephaseobserva如nof   
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Fig．5．Diurnalvariationofaveragedhourlypreclpitation   
（a），aVeraged frequency per hour（b），and averaged  
precipitationintensity（c）－ Beijing Standard Timeis  
used．  

glaciers（fligLIChi．19丁7こAgeしa（、t L］！．．19脚）．Ther  
are some experimental resuIts on the reiations 
between the phase of precipitation and surface air  
temperature（‡to，1944；Glazyrin，1970；Ågeta g才α£，  
1980；Hasemi，1991），butfewobservationsllaVebeen  
COnducted on the Tibetan Plateau．Precipitation  
typesalsovarydependingonhumidity（Matsuo and  
Sasyo，1981；Matsuoetal．，1981），Thepresentstudy  
Onlyconsiderstemperatureforconvenienceinobser・  
Vation and sy洩ematic comparisons with previous  
resultsin th（、Himala）la andJap；lIl．  

Figure6showst壬1eprObabiiityofso壬idprecipita・  
tionぬr tⅥrO CaSeS，inciuding and excまudir主g bailプ  
respectively．Temperature ranges above6．50C are  
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Or mO11ntains．Accl汀ate eStimation of the spatial  
distributionofprecipitationbyremotesensingobser－  
Vations，SuChasradarobservationandGMSimages，is  
necessaryontheplateau．Observationofthepbysical  
StruCtureOfprecipitationdisturbancesisproposedfor  
the future▲  
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