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Abstract  

Precipitatiollin Langね喝Valiey was arlalysed maiTlly focusi噌On OrOgraphic e猿≡CモS Oritbe a臨udinaま  
distribution ofprecipitation．A remarkable seasonaldifference of the altitudinaldependence of precipitation  
existed．Precipitationinthesummermonsoonperiodwascaused汀1aiIliybyconvectiveciouds．Tbealtit11dinaま  
dependenceⅥ7aSStrOnglycontrolledt〉ythecbaracteristicsofcumu】usclolユdsandmollntain－Va11eycirc111ation．ht‡le  
latterpartofthemonsoonperiod，SOmeStrOngpreCipitationandaltitudinalincreaseoftheamountwerefoundwith  
passageofwesterlytrougbsandvigorousdi或urbamces育omtheIndまanmo－1SOOnregiorl．壬nw■iIlter，preCipitation  
WaSprOducedbytbeoccasionaipassageofwesterlytrol痩bsandtbea汀10untincreasedwitIlaititude．‡tisstlggeSted  
汰at洩eoro許aphiceffectonp柁Cipitatio‡lplayedacrucia王roleontbeaccumulationofglaciersathigbaltitude  
througholittbeyear．Toconsidertbeaccumulationongiaciersi－1Nepal，itisimportal漉todetermi‡letbebebavior  
ofthethermalcirculationinmountain－Va壬Ieyscaleinthesummermonsoonseasonandthebehaviorofwesteriy  
troghsinthecoldseason．Especia11y，irlteトannualvariabilityoftheiatterismoreimpoTtantfortheacctlmulatior3  
0fgiacierstbanwasexpected、  

1．lntroduction  

The alt主tud主naldependence of precipitationiれ  
mountaiれOuSregioTISisveryimportarltfornot only  
mass－balanceofglaciersbutaisohydrologicalprob≠  
lems．However，itis very difficult to discuss this  
problemco王Ⅵpreher王Si】）iy，becauseoft‡leiargespatiai  
andte‡ⅥpOralvarial）ilityofprecipitatioll．  

Climatically，altitudinaidistributionofprecipita－  
tionhasbeenanalysedaccordi喝tOtbeclimaticre－  
gion（Barry，1981）．IntheNepalIIimalayas，Whichare  
iocatedintheMonsoo‡lCli汀はteregiOn，apparentSea－  
SOrlalvariationexistsin meteoroiogical洪elds．Tbis  
meansthat the precipitation mechanismis different  
fromseasontoseason．Hence，itcanbeexpectedthat  
the altitudinaldependence wi11vary seasonaliy as  
Flし直11（1ミ）7い）TllPtltiいned．   
Precipitatiorlin Lanがa喝Va11ey was analysed  

ma主nly わcuslng On the seasonaま variation of  
aititudinaldependenceanditsmecharlism．  

2．Data  

Observationoぎprecipitat主onwascarriedoutcon－  
t主nuousiyたomJuly1985toJune1986払Lanがang  
Valley（Takahasbigfβg－19S7）・Locationsoftipping－  
btlCketrairlgatlgeSareS壬10Vnin‡～ig．1▲Houriypreci－  
pitationdatavereobtainedi‡－Kyangchenbasehou紀  
く3920ma，S，i．，refe汀dasBHberea食er＝orawbole  

Fig．1．Loc孜tion of observation sit鶴 Of pr∝ipぬtion まn  
Lanがa喝ValleyIHatchedareaden（）teSglacier．   
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decreased gradually from previous mon沈s．This  
meansthatintermittentstrongprecipitationoccurred  
severaltimes．   

In winter，preCipitation occurred on only a few  
days．Howeverthemaximumdailyprecipitationwas  
ratherlarge，   

In thc pre－mOnSOOn SeaSOn（Aprilto May），the  
maximum daily amount became small，While the  
mmberofdaysincreasedmonthbymonth．  

Fig∴2sboⅥ唱t壬IeVariation of aititudirlaidepen－  
deTICe Of precipitation，The seasonalvariationis as  
follows；  
FromJulytoSeptember，theprecipitationdeeTea－  

sed with altitude from Kathmandu to BH．Thisis  
probablydue tothe decrease of water vapour with  
altitude．The amount ofprecipitable water at BHis  
aboutl／3timesthatatKathmandu，iftheatmosphere  
isassumedtobesaturatedwiththetemperaturelapse  
rateof6（’C／1000m．Anothernoticeablefeatureinthis  
seasonisthattheamountatGCwasl．3timcsthatat  
BH．Thistendencyisduetoconvectiveprecipitation  
associatedwithmeso－SCalethermalcirct11ationinthe  
Valieyt   

Inwiぬer（DecemもertoMarc娘tllepreCipitation  
increasedwithheight．TileamOuntatB王iwasabout2  
timesthat at BH．General1y，winter precipitationin  
Nebalisproducedbysynopticdisturbances，Whichhas  

year．6－bourly precipitation measureme戒S Were  
ObtainedinLangtangvi11age（3500ma．s．1．，LV）and  
Glacier camp（5090m a．s．l．，GC，data at GC are  
restricted from August to December1985）．Daily  
WaterequlValentdepthwascalculatedfrommeasure－  
mentsofsnowdepthanddensitywhensolidprecipi－  
tation occurred．  
Daily precipitation at Kathmandu，60km south－  

WeStOftheLangtangregion，WaSSuPpliedbyDepart－  
ment ofirrigation，Hydrology and Meteorology of  
Nepai．SatelliteINSAT主magery was suppi主ed by  
IndiaTIMeteorologicalDeparとmemt．  

3．Seasonalvariation ofprecipitation  

In Tablel，tOtalprecipitation，maXimum daily  
precipitationandthenumberofdaysofmorethanO．  
5mmprecipitationatBHareshownforeachmonth・  
Characteristicfeaturesaresummarizedasfollows；   

In the middie part of mo11SOOn period（July to  
August），tOtalprecipitationvaslarge alldprecipiね一  
tion occurred almost every day，However，the daiiy  
amou‡ltdidn（）teXCeedusualiy20mm．   
Inthelatterpartofthemonsoonperiod（Septem－  

bertoOctober）themaximumdailyamountwascon－  
Siderably greater，While the number of rainy days  

Tablel．Seasonalvariation of precipitation at BH  

Month  7  8  9 10 11 12 1 2  3  4  5  6  
Tota1  200125 218 283  0 82  0 60 31 50 48127  
Max．daily amount  2114 55112  0 47  0 4ユ 1117 14 29  

3  0  2  8 11 12 14  Number of davs  3（き 29 22 10  0  
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Fig．2．Altitudinaldependenceofprecipitationineachmonth   
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andlatermonthscanbefoundclearlyinFig．3which  
ShowsINSATimagesontypicaldaysfromAugustto  
October．In August，alarge cloud band onIndian  
Subcontinent was separated from the Himalayan  
range，Whilecumulusconvectionoccurredeveryday  
OnmOuntainrangesofNepalandTibet．Incontrasts，  
from September to October synoptic disturbances  
WhichoriginatedintheBayofBengalorArabianSea  
influencedtheNepalHimalayasreg10nSeVeraltimes．  
Persistent precipitation occurred associated with  
thesedisturbances．ThedisturbancesinOctoberpro－  
duced snowfallin CentralTibet．Kunlun Shan and  

been called’western disturbances’（Ramage，1971）．  
The disturbance is accompanied by southerly moist 
airflowinthemiddletropospher’e．Insuchasituation，  
probably，OrOgraphically forced ascending flow am－  
plifiesprecipitationathighaltitude・   

It is noteworthy that precipitation at BH was 
greaterthanthatatKathmanduinOctober，andthe  
the September profile seems to be between that of  
AugustandOctober．Thesemonthsareclassifiedas  
’monsoon period’conventionally．However，the alti－  
tudinaldistributionwassimilartothatofwinter．The  
difference of synoptic environment between August   
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Fig．3．INSATimageriesontypicaldaysfromAugusttoOctober1985．Visualimageriesat6．00G．M．T．areshowninreversed  
color．   
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Nyenc壬1en Tangla mountai‡1range Were COVeredby  
SnOWafterthepassageofdisturbancesonOct．7and  
Oct．16respectively．   

Itcanbesuggestedfromtheseobservationsthat  
the altitudinal dependence of precipitation can be 
Classifiedintotwotypes．Oneoccursinprecipitation  
associatedwithcumulusconvectionwithoutsynoptic  
disturbances and another in persistent preeipitation 
associatedwithdisturbances．Theywillbediscussed  
irltbefoilowingsectionsseparately．  

頁00r andlittle precipitation occurred during tbe  
daytime．  
Atnight，Ontheotherhand，preCipitationoccur－  

red at both sites．Nocturnalprecipitation was the  
dominantcomponentoftotalprecipitationatBH．Itis  
noteworthythatthe precipitationamount atGCex－  
Ceededthatat BH evenat night．Thissuggeststhat  
cloudsdeveloped upto morethanlOOO m from the  
bottomofthevalleyevenatnight．Actually，WeakupL  
Vailey wind continlユed to幻ow eve11at night duri‡唱  
precipitation．NocturnalprecipitatioIla‡ldpro王0喝ed  
up・ValleywindhavebeenobservedinKhumbuHimal  
（Higuchietal．，1982，Ohata eiai．，1981）andstations  
around the Tibetan Platealユ（Ye and Gao，1979）．If  
radiative cooling near the groundisconsidered，de－  
SCendingflowprevailsandprecipitationissuppressed  
at night．However，Observation shows that BH was  
mostlycoveredbystratusineveninganditcontinued  
untilafewhoursbeforesunrise．Insuch a situation，  
the stratus prevents the ground temperature from  
decreaslngandup－ValleyⅥFindmaybesustair把dlユntil  
mid11ight．Noct11malprecipitatio‡1bas significant  
meanlng aS a major source of valley soilmoisture．  
Future researchisnecessary toinvestigate the me－  
chanism．  

Thepatternofdiurnalvariationchangedwiththe  
month The typicaldiurnalvariationdisappcaredin  
Septembcr．PrecipitationinOctoberhadsimilarcha・  
racter，Whilequantitative6－hourlydataarenotavail・  

4. Precipitation caused by local circulation 

Fig＿4ashowsthediurnalvariationofprecipita－  
tionfromJulytoSeptemberatBHandAugustatGC・  
BHandGCarelocatedatthebottomofthevalleyand  
onaslopeneararidgerespectively．   
InAugust，typicaldiurnalvariationofprecipita－  

tioncanbefoundatbothstations．Duringthedaytime，  
ShoweryprecipitationatGCwasprodtlCedbycumulus  
clolユdsdeveiopi11gOn仏eridge．CorlVeCtivecioudson  
ridgewereformedi11eariymorningandsustainedat  
leastthroug壬10t止血edaytime．Inaccordancewitbthe  
developmentofconvectiveclouds，anup－Valleywind  
prevailedin daytime．It can be said that thewind  
alongva11eysuppliesmoisturetOCloudsdevelopingon  
both side slopes ofthe valley．At BH，On the other  
hand，there was cloud－free space above the val1ey  

Fig．4．（a）Di11malvariationofprecipita貢onatBHandGCinLanがangVa11eyineacbmontb．  
（b）DiurnalvariationofprecipitationatLhajung（4420ma．s．l．）andGlacierE9（5160ma，S．1．）inKhlmbuHimal．Periodofdatais  
fromJunelTSeptember30．1976atLhajungandJunelOSeptember30．1976atGlacierE9，   
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theotherhand，theinfluenceofmid－1atitudewesterly  
troughsbecamelargeinthelatterpartofthemonsoon  
period，YearldGaoく1979）illVe或igatedsevereweatber  
events on the Tibetan PIateau in September and 
Octoberwhicharesimilartothepresentcase．Owing  
to thehumidenvironmentandintrusion ofwesterly  
troughs，alargeamountofprccipitationcanbeeasily  
producedinSeptemberandOctober．  

Precipitatio‡linI）鑑e汀1ber and February was  
CauSedbywesterlytroughs．Troughswhichdeveloped  
onthewestsideofthePlateaumovedeastwardalong  
thesouthernperipheryofthe Plateauanddissipated  
around the southeastern part ofthe Plateau．Asso－  
ciated with theintrusion of troughsinto the Nepal  
Hilnalaya reglOn，Warm arld moist sot血erly winds  
prevailedat500mb．Thiswasacommonfeaturenot  
onlyinthewintermonthsbutalsoOctober，andmay  
be one of the most important causes of altitudinal 
increaseofprecipitationinthcseseasons，  
Precipitation from October1985to Marcb1986  

WaS Veryまargein Langtang Vall野．Fig．6sboⅥrS  
anomaliesofprecipitationand500mbheightaround  
Nepal．The excessive precipitation was recordedin  
NW－India and Nepal．The excessive precipitation  
COrreSpOndsto height field anomalies．Thissuggests  
morefreqtlentarrivaiofwesterndisttlbancestoNl好一  
IndiaandtheNepaiHimaiayathaninanormalyear．  

Excessive winter precipitation was amplified a: 
highaltitudebytheorographiceffect．Itcausedcon－  
Siderable snowfallon Himalayan glaciers．Actua11y，  
SnOWdepthmeasurenentonYalaGlaciershowscon－  
siderablea（：CumuiatioTlinOctot〉erandDecember（Iida  
eiaL，1987）．Itappearsthattheinter－annualvariabi－  
1ity ofwesterlytroughsaffectsthe accumulation on  
glaciersintheNepalHimalayamorethanexpected，  
AccordingtoclimatedataatKathmandu，inter・annual  
variability ofprecipitationinwinterinciudingOcto－  

able due to solid precipitation．This suggests that  
thermalcirctllationwithcumulusconvectionbecame  
weaka†ldpersiste一法precipitation∝Curredfrequently  
i‡1tムesemontbs．   

Fig．4b shows the diurnalvariation of preclpト  
tationinKhumbuHilTlal（YasunariandInoue，1978）on  
thesamescaleasFig，4a．PrecipitationatGlacierE9  
exceededtbatatLbaju喝tbrotlghouttheday．Tbisis  
sim壬Iar to the result from Langtang．However，琉e  
ratioofglaciertovalleyprecipitationisconsiderably  
greatin Khumbu・Furthermore，the amplitude of  
diurnalvariationislargein Khumbuand nocturnal  
precipitationseemstoceaseearlieratLhajungthan  
tbatatBIi，Totalannualprecipitationatl．hajunglS  
about haifthat at BH，Since Khumbu Himalhas a  
drierclimatethanLangtangval1ey．Amplificationof  
precipitationbycumulusconvectionmightbelargein  
adryregion．Itmightcreatespectacularscenery～  
glaciershangingonaslopeinadryvalley－－L・Future  
researchtoirlVeStigatetIleinteractionbetweencorト  
vective clouds and mountain－Va11ey circtllation，and  
effe（：tS Of them on the distribution of precipitation  
shouldbeencouraged．  

5．Precipitation associated with synoptic scaIe dis・   
turbances  

Largeamountsofprecipitation，mOrethan50mm  
withinafewdaysoccurredatBHseveraltimesfrom  
SeptembertoFebruary．Theywerecausedbysynoptic  
scaledisturbances．ぎig．5showstbeweathercIiartSat  
500mbaroundtheTibetanPlateauduringtheprecipi－  
tationevents．   
InSeptemberandOctober，theorlglnOfthedis－  

turbances can be tracedback to depressionsin the  
BayofBengaiorArat〉ianSeaasshowninFig．3．On  

1986Fさb．9  1985 Dec．26   1985 0ct．9  
F童g．5．Weatbercbartsat500mb，12G．M．Tontbed野Ofstro喝preCipitationinLan如喝・Hei由t（1¢m）andtemperature（8C〉  
areshoⅥlbys（）l主damddottedlineres匹Ctively■   
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rencesfromregiontoregion．Futureresearchtoinves－  
tigatethecoupledsystemofctlm11lusconvectionⅥrith  
mountainMVa11eycirculationandvalleynocturnalpre－  
cipitationmechanismarenecessary．  

Associated withintrusion of westerly troughs，  
strongl）reCipitationoccurredinthelatterpartofthe  
monsoon period andwinter．Altitudinalincrease of  
precipitationwasfoundintheseevents．Winterpreci－  
pitationisconsideredaminorcomponentinaccumu－  
1ati（）n O‡1giaciersin Nepal．HoⅥreVer，if altitu由一al  
dependenceofprecipitationistakenintoaccou鴎the  
colュtribu昌onisnotnegligibleatbigbaltitude．  
Especially，たomOctober1985toMarch1986，the  

amount ofprecipitation waslarge andit was cont－  
rolledby behavior ofwesterly troughs（westerndis－  
turbances）．Precipitationin the cold seasonis also  
associatedwiththeproblemoflargescalesnowcover．  
Futureresearchshouldbeencouragedtoinvestigate  
thebehaviorofwesterndisturbancesasaproblemof  
inter－annualvariability of precipitationin the  
Himaiayas－Tibetreg10n．  

Fig．6．Anomariesofprecipitationandheightat500mbfrom  
October1985to March1986．Unit of hcight anomalyis m．  
Anomaryofprecipitationisexpressedasfollows：   
○：mOrethan200％ofmormalvalue．   
△：from150％to200％ofnormalvalue．   
×：lessthannormalvalue．  

Averagedvaluesfrom1950to1980aretakenasnormalvalues．  

berisveryiarge．Todiscussthevariationofmass－  
bala‡lCe Of glaciersin the Nepalを‡imalaya，fur払er  
investigationwillbenecessary－  

Winter precipitation has a signiiicant effect on 
thcbehaviorofsnowline（Morinagaetal．，1987）．Itis  
noteworthythatEurasiansnow・COVereXtendedovera  
large area atthe end of1985（Ropelewski，1986）・It  
mightbepossibletosaythatanomalousprecipitation  
fromOctober1985toFebruary1986wasduetointer－  
annualvariability of planetary waves andit was  
relatedtoanomalyofEurasiansnow－COVerarea．  
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6．Conctudingremarks  

PrecipitationinLangtang valiey was observed  
fromJuly1985toJune1986．Altitudinaldependenceof  
PreCipitationinLantangValleyrevcaledremarkable  
SeaSOnalvariation．   

Precipitationduringthesummermonsoonperiod  
which is a major component from accumulation of 
glaciersin the NepalHimalayas，WaS StrOnglyinL  
fluenced by the mesorscale motmtain valley cir－  
Ctユiatiol了．Remarkablediumalvariation vasfound主n  
PreCipitation and had a cruciale独ct on払e（】istri－  
btltionofprecipitation．T王IisproblelⅥhasbeeninv雷－  
tigated缶■OmObservationsaroundtheTibetanPiateau  
includingtheNepaiHimaiayas．However，theratioof  
Valleytoslopeprecipitationshowsremarkablediffe－  
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