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Abstract  

Di或ribl止ionofg里ac主訂maSSinplユtisinvestigatedbymeansofmeとeorol（智icalot〉父Ⅳationsand  
SnOWSurveySintheLangtangVal1ey．Amountofsurfacemassbalanceduringthemonsoonseason  
islowerintheupperpartthanthemiddlepartoftheval1eyduetolessprecipitationandhigherair  
temperature．ThedistributionofthebalanceduringthenoTトmOnSOOnalperiodsisalmostuniformin  
the肌・intt、r Of199OL－1991∴Whileitisnot unifし1rTninthtユWinterof1989－－199（）duetol（LSSa（でumulation  
in theupperreachesofthevailey．Thesouthwarddecline oftheequilibriumline a宜itudesinthe  
LangtangValleycanbeexplairledbythedistriblltionofthemassinput＄howninthi＄Study．  

1nputOntheglaciersarediscussed．   

2．Studyarea  

LangtangValleyislocatedatthecentralpartof  
the NepalHimalayas（Fig．1）．The va11eyis surA  
rollndedbyhighmo11ntainrangesⅥrhicbpartlyexceed  
7000minaltitude．The＼TallビyOPenSSOuth＼l，ardinits  
upperreaches，andturnstosouth～WeStatthealtitude  
Of4100m．Configurationoftheval！eyistbetypical  
U叫Sbaped tro喝b havingⅥ7ide蔦00r deli11eated by  
precipitoustroughwaまIs．  

Glaciersdevelopattheheadsofeverytributaries，  
andtheyoccupyabout138km2inarea（Shiraivaand  
Yamada，inpr農S）．Therearetwotypesofglacier主n  
thisarea；thecleantypeglacierandthedebris－COV－  
ered type glacier（Moribayashiand Higuchi，1977）．  
Thecleantypeglaciersar’erelativelysmall，andthey  
aremai‡11ylocatedatthealtitudinalbeまtbetween6000  
mand5100minwhichhypsograph圭calpeakappeared．  
Thedebr壬swcoveredtyf妃glaciersare，Onthecontrary，  
iargevalleygiaciersextendingた0汀1Slユmmitsofprom－  
inent peaks down tolower valley bottoms．The  
equilibriumline altitude（ELA）in the valleyis re－  
portedto declinefrom thevalley headin thenorth  
≠WeSttOtbemotぬ主n洩ewestくZbenggfα£，198祖   

From the analysis of the meteorologicaldata   

1．lntroduction  

nistribution of glaciersitla drこIinこIge basinis  
doselyrelatedtoavariationoflocalclimate＄throl唱h  
the process of surface massinput and output．A  
Slgnificant spatialvariation oflocalclimate can be  
expectedtomakeaspatialdifferenceofmassbalance  
reglmeOfglaciersinadrai王Iagebas主nifthesamp王ing  
areaisenoughlargesuchasvalleysintheHimalayas．  
BecausemostofthevalleysintheHimalayasconsist  
Of tトshatx）d deep villlt、yS SurrOLmded by ovELr6川10  
meters molユntain ridges，altitudinaland borizontal  
Variationsofthelargescalemountain¶Valleysystems  
iTldLICe StrOng tOCこ1leirctllations of windin theIllOn－  
SO（〉n‡妃riod to make a significa王1t Var妄融io110f払e  
Smallclimate（YasunariandInoue，1978）．  

Distribution ofmassbalance componentsinthe  
Himalayanvalleyshas，however，nOtbeen fu11y obr  
SerVedin sp豆e ofinte†憶ive ob父rVations of specific  
glaciersslまCbasthe AXOlO（Agetaどgαgリ1980）and  
Yala桝da創㌧扉1987；Ozawa，1991）．In order to  
Cまarifytheef短ctsoflocalclimateorlthemassbalance  
Ofglaciers，SnOWSurVeySandmeteorologicalobserva－  
tions have been conductedin the Langtang Valley，  
NepalHimaiayas，Since1989．王nthispaper，reSultsof  
th【！reCtさnt Observations are shown．and se：lSOnalcha－  
racteristics of the spatialdistribution of the mass  
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3．Observations  

The distributi（〕n Of mこISSinput on the glaciers  
Werein＼′eStigated by nlea11S Of the air teI11perature．  
precipitation，maXimumsnowdeptb，andtbedaもaof  
Sl10Ⅵ7SurVeyS On three gla（：iers、In tbe followl喝  
discussions，NepalStandardTime，WhichisGMTplus  
5i10urS45minutes，isu艶d．  
Theairte汀1peratureWaSmeaSuredattbeGlacier  

Camp（GC，5890m），Gang妻a La（GÅ，5090m）卸d  
Kyungka Ri（KY，5ま80m）たomJune1989もO Mar仁h  
1991．TbemeasuremenもSiteswereまocated at w主nd－  
bloⅥTlmOrainic fields，Whビre a pいSSibleinnuence of  
snow on the thermistor sensorsis minimum．The  
thermistor sensors wereinstalled at180cm above  
ground st汀ねce afとer shaded with white pipes，Witb  
nこItUralヽでntilation．DatこIWere reC（1rded autornこIti・  
Callyevery30mirlⅥteS，anddailyaveragevalueswere  

takenattbebottomof也el．anがangValley（3920m  
a．s．l．）．itisfoundthat55？bOfthビannua】prⅨ：ipitation  
israinduTingthemons（一OnSeaSOn．1Vhiletherestisb）‾  
thes）・nOPticdis【urbanecwhichbri［lgSSnOWinwinter  
こIndsIIOW！：raininspring（T；1kahashi（T／（7／”1987：Sek（ヽ．  
1987）．In addition to the seasonalchange，barrier  
effe（：tS Of mountains andlocalcirculatiorlSlargely  
modifytheprecipitationsystemstomakediurnaland  
regionaivarねtions，andinducealtitudinaldifferences  
Of軌eprecipitatio11aSrepOrtedbySek（〉（1987）．  

The diurmlvariation of†he pTeLCipitation with  
a重titudewasinitiallydisc11∬ed主n軌eLar感angVa重1ey  
by Ueno and Yamada（199軋boⅥreVer，ぬe spatiai  
distributionofprecipitationwasnotciarifiedbecause  
Of the difficlllty of simuttaneous observationsillthe  
high－La圧itudinalsites．  

Fig・1・Lar喝tangVa11eya！1dtheobservationsites．Solidcirclesandso呈idsqⅥareS   
in8iぐateモもemeteorol（感calob＄erVationsitesandtbesiteswberemaximumsnow   
dep琉wasmeasure邑㌻餌p∝tiⅦ1y，1：Ⅹyan酢わ訊（3920m），2こGlac童erCamp   
（5000m），3‥pemdangG王acier（5013m）．4：Pem8a噸Ⅹalkba（4677m〉，5：Lanがa喝  
RiBaseCamp（4942m）．   
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glaciers，the Yala，Gangja La and Kyungka RiNW  
Glaciers（Figs，1and3），T‡1eyareCleantypeglaciers，  
havingthealmostsamedimensions（Yala，2．49km2；  
Garlgja La，3．54km2；Kyungka RiN弐Ⅳ，l．6km2，  
respectively），andextendingatalmostsamealtitudin▼  
albelt．They are mainly nourished by’snow fa11s  
ratherthanavalanches，Sincetheyarenotsurrounded  
by precipitous walls．Furthermore，they represent  
tI汀eegeOgrapbicalcollditionsofthevalley；SOutiland  
north－facingslopesinthemiddlereaches，andupper－  
mostreachesoftheva11ey．Theequilibriumlineson  
eachglacierareconsideredtopassatthealtitudesof  
approximately5200m，5200mand5350m，reSpeCtiveq  
ly．  

The snow profileswere observed on May199l，  
when the annual balance most Iikely closes to the 
maximumintheHimalayas（Ageta，1983）．Snowpits  
WereeXCaVateddoⅥ7ntOtbedeptboftbeprevio11Sdi豆  
IayeratseveralaltitudesonthcglacicrsfromMay5  
to22，1991，Snow structure，thickness，density and  
temperatureweremeasuredateachprofile．   

4．Resutts  

・J．J‥1汀んり〃ハソ融／川－   
Seasonalvariationsofmonthiymeanairtempera－  

tureatGC，GAandKYfromJtlne1989toMarch199l  
are shownin Fig．4．Pre－mOnSOOn SeaSOn，from  
MarchtomidLJtlne，is characterized by gradualin－  
CreaSe Of air temperature．Monsoon season，from  
midJune to theend of September，is dominated by  
pos主tive value of air temperature．1n t壬Iis seasolュ，  
diurnalvariationoftheairtemperatureisgenerally  
VerySmalldtletOathickclolユdcover．Themonsoon  
SeaSOnSuddenlyendsattheendofSeptemberandis  
followedbytheposトmonsoonseason，fromOctober  
toDecember，Whichischaracterizedbyfineweather，  
Theairtemperaturedecreasesinthisperiod，andthe  
WinterseasonbeginsinJanuary．T壬IeWinterisdoIⅥi－  
natedbythemonthlymeanairtemperatureofapprox－  
imately－1．00C，a旭ot喝barelativelywarmperiodis  
observedinthe winter of1989M1990．  
Althoughtheannualvariationsoftheairtemper－  

atureshowedasimilarpatternamongtheindividual  
Sites，Variationsofanomaliesfromtheaveragevalucs  
OftilreeStationss壬10Wedseasonaまcharacteristics（Fig．  
5）．Inthisfigure，9－daysrunningmeanisperformed  
とoexciudethedaytodayvariations．FromNovem－  
bertoJanuary，threecurvesarealmostclosetoeach  
Other．Onthecontrary，dlユringrestoftheperiod，KY   

Fig．2．Maximumsnowdepthmeter at the Langtang Ri   
BaseCarnp（4942Tn〉．Uppermostbe－－tbardenotedby  
thearrowsindicatestheleveiofmaximum snow sur－  
face．  

usedforarは1ysIS．  
Precipitation was measured fromJune1990to  

April1991by tippingLbucket gauge at Kyangchen  
（KYN，3920m），GC，GAandtheLangtangGlacier（LÅ，  
5300m）．Hourlydatawereobtainedfromtheauto－  
matic data－logger syまem．Daily accumulated data  
duringthemonsoonseason，JunetoSeptember，Were  
usedfortheanalysis．Periodsforprobables110Wfa11s  
are exciuded．  
Maximumsnowdepthinwinterwasestimatedat  

fivelocationsin the valley using maximum snow  
depthmeters（Fig．2）．Themeterswereinstalledat  
KYN，GC，tbe Pemdang Glacier（5013 m），tile  
PemdangKalkha（4677m）andtheLangtangRiBase  
Camp（4942m）onDece汀1ber1989（Fig，1），andvere  
withdrawnonJune1990．  

Snow surveys were conducted on three sma11  
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Fig．3．Glacierswheresnowsurveyswereconducted．Solidcirclesindicatethesites   
wheresnowpitswereexcavated．A：Yala，B：GangjaLa，andC：KyungkaRi  
NWGlaciers．  

hasrelatively higher values and GC haslower ones  
COmparlngtOthethreestations’average．Particular－  
1y from the premOnSOOn tO mOnSOOn SeaSOnS，KY  
shows almost＋lOC warmer conditions thanthat of  
GC．GAshowsalmostaveragevaluesthroughoutthe  
yearexceptfromFebruarytoApril，1990．Regional  
characteristicsofthecloudamountandrelatedsensiT  
ble heating from the ground surface contribute to  
thesecharacteristics．  

J．ユPれ－（、小／／／J／わ，＝山九噸－／ん＝肘〃∫（）り〃∫t▼心り〃′！／－J∫）叫）  
Precipitationisconsideredtobeliquidduringthe  

monsoon seasonin Kyangchen，Whileitis supplied  
bothasliquidorsolidinothersitesconsideringfrom  
the empiricalrelationshipbetween mean surface air  
temperatureandthepercentageofsolidprecipitation  
（Agetaetal．，1980）．Thepercentageofsolidprecipi－  
tation，however，doesnot affecttheamount ofdaily  
precipitation，Sinceits contributionis recorded as  
liquidwaterinthegaugeduetothemeltingintheday  
time．  
Daily precipitation changes during the monsoon 

SeaSOnin1990areshowninFig．6．Monsoonseason  
in1990，defined on the time series of precipitation，  
ambiguouslystartedon15Juneandsuddenlyendedon  
28September．The four timeSeries changein the  
relativelysamephasewithcyclicfluctuationsoflOto  
20days，Whileabsoluteamountofprecipitationvaries  
COnSiderably from stationto station．Totalamount  
Oftheprecipitationduringtheobservationperiodwas  

asfollows；541．5mminKyangchen，818．5mminthe  
GlacierCamp，959．OmminGangjaLaand556．Ommin  
theLangtangGlacier．Totalamountofprecipitation  
atKYN（3920m）isalmosttwothirdofthatatGCand  
GA．Station KYNislocated at the bottom of the  
valley where less precipitation from the cumulus 
Cloudsisbroughtcomparingtothestationsalongthe  
mountainslopes，aSrepOrtedbySeko（1987）andUeno  
andYamada（1990）．Ontheotherhand，theprecipita－  
tionatLAandKYNisnearlythesamealthoughthe  
LAislocated at almost the same altitude as GC and  
GA．Thisisbecauselessmoistairisconveyedtothe  
upper part of the valley by monsoonal circulations 
prevailingfromthesouth．Mountainbarrierrunning  
WeSトeastinthesouthernside ofthevalley prevents  
the moisture atlowlevelfrom penetratinglntO the  
uppermost reaches of the valley．Meanwhile，the  
SmalldifferenceofprecipitationamountbetweenGC  
and GA indicates the nearly the same precipitation 
COnditionbetweenthesouth－andnorth－facingslopes  
atthemiddlereachesoftheva11ey．  

イ．、？‥lJ′山J…川～ざナノ（り＝／ゆ仙／ナノ〃れ・J†イ〃ん－J・Jさ媒トJf）∫水）  
Figure7showsthemaximumsnowdepthduring  

thewinterof1989－1990atfivestationsshowninFig．  
1．It showsthe altitudinaldependence ofthemaxi－  
mumsnowdepth；themaximumsnowdepthincreased  
Withincreasingaltitude．Butthestation5，Whichis  
located at the upper part of the valley，Showsless  
SnOWCOmparingtothat ofthemiddlereachesofthe   
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Fig．4．MonthlI・mt？anaiTtビnl匹ratUrビatthrecobst）rVationsitesfromJune1989toMareh1991・  

JJ A S O N D J F M A M JJ A S O  
1989  1990  

Fi貨＿5．Time－Serit！S（一f thビ9days rtlnning mean valtlt・S Of tht）こ1ir tぐnlperatureanOmalit）SfTOmtht）aVELrageValuesofthree  
Stations．Theairt督npera七ureattbe Stati（）nXY（5140m）wascalibratedtotheairtemperatureat払ea托itudeof509¢  
m，uSir唱aairtemperaturelapserateof60C／km．   
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Valley（Stations2，3，4），althoughbothareatthesame  
altitude．T壬IereSultsuggeststhattheprecipitationin  

winterisalsolessintheupperpartofthevalleylike  
tbesummer of1990．  

J∴∫．ゴ〃りJ（▼♪押／首／（・∫f川仙，gん甘ん－Jさ  
Figure8showsthesnow profilesin May199l，  

Obtainedattbeseveralaititudes（）ntbetbreeglaciers．  
1idaggαg．（1987）andXobshima（1987）ciarifiedtbata  
distinctdirtlayerisinitia11yformedinsprlngandis  
developed by biologicalactivities through the mon－  
SOOnSeaSOn．Therefore，Onelowermosticelayerand  
Onemajord妄豆iayer，Wbicbaredepicted attbebot－  
tomsofeachprof主1e，areCOnSideredtorepresentthe  
glaciersurfaceatthebeginningofmonsoonseasonin  
1990．Namely，theprofilesshownillFig．8represent  
tbe surface mass baiar！Ce between t‡le beginning of  
monsoonin1990toMay1991．  

Snow profiles，eSpeCially obtainedin thehigher  
part of the glaciers，are divided rougblyinto two  
majorsnowlayers；theUpperLayercomposedofa  
Series of thin stratified snowlayersintercalated by  
ambiguous dirtlayer oricelenses，and the Lower  
Layerrecognizedasrela扇velybomogeneolユS－grained  
SnOVtype．  

TheUpper Layer consists ofthe stratified thin  
layers．Eachlayeriscomposedmainlyofcompacted  
SnOW partl）Ti11terCalated both b）・icelellSeS and thin  
dirtlayers－ mringthissttldyit was observed t‡1at  
thecompactedsnowwasmetamorphosedintogranux  
lars‡10Ⅵrin払epro員Iesexcavatedint王Ieabはtionarea  
inthebt）gimlingofMayandinthビhiきミher－re如Inintlle  
lateMay．Butthegrainsize oftheUpperLayeris   
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Fig・7－ Relationsbetweenthemaximumsnowdepthand   
仇ealtitudeinthewinter1989－1990・1：Kyal唱Chen   
（3920m），2：GlacierCamp（5090m），3：PemdangGiacier   
〈50ユ3m），4‥PemdangXalkhaく4677m），5：La噂ta喝Ri  
BaseCamp（4942m）．   

JUNE JULY  AUGUST  SEPTEMBER  
Fig．6．Dailyprecipitati（）nCba！1geintbemo－－SOOn艶aSO－1  

0f1990．  
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dtlrillg th亡・mOnSOOn SビaSOtl．This shows that mon．  
SOOnWindsinitiallysひpplymoisturealongthevall町  
Llndthenthism（一isturertIaChestothetligheT－altitude  
Onboth slo匹Sb）’C川1VeL：tion．A slightly hii：herこIir  
temperatureatGAduringpre山mOnSOOnandmonsoon  
SeaSOnSmaybeascribedduetothelesscloudamourlt  
in血el10rtb－facingslope．   

う．ユ．舶血止血／刷〟坤血吊 r刷山前＝イ 〟軒 川根  
んJ山〃rtl  

Thebala11CPOr111aSSbalance（b）atan）▼tinleisthe  
algebraic sum of the accumuiation and ablation  
（Pnterson．19封）．The surfaee balancビW；lt；Ob（ained  
betweenthebeg童nningofthemonsoonseasonin1990  
amdMayま991at既Veralpointsont壬Iethreeglaciers，  
assumingthatthelowermostdirtoricelayersofthe  
SnOWprOfiles（Fig．8）representthebeginningofthe  
monsoon父aSOn，aIldtわattbeboundarybetveentbe  
LoⅥrerandUpperLayersreprese‡lttbebeginningof  
偽eposトmonsoonseasoriin1998、  

Figure9shows the altitudinalchanges of the  
WaterequivaienもVa王uesofthesurねcemassbalarlCeS  
Whicbaredividedinto払eもalance血ring払emoIュSOOn  
SeaSOn Of199O（b，：OPen SymboIs）and the balance  
fron】the beginning of tlle pOStmOnSOOnin1990to  
Ma）∴1991（b＝：St・Tni－Open SymboIs）．The terTllb．is  
SunlOftheareumulationandabl；1tiondtlringmonsoon  
SeaSOn，Whiletheterm b，repreSentS Onlyaccumula～  
tioridurimgrestoftheobservationperiodbecal】Setbe  
ablationdlユringthisperiodiscorlSideredtobevery  
Smalldtle tO the cold air tempぐrature（Fig．4）a11d  
negligiblegeothビrmalheatflllX．ThcLrefore，thesum－  
mationofthesetwodoes王10tneCeSSariiycoincidewi払  
theこmnllillnビtbalance b。、du亡・tOlackいfinformこItion  
ねramonthoりune，1991．  

ThビaltitudinaldtlpendulCビOf b、is ob＼Tiousin  
tbesetbreeglaciers，aStbevaluesofあareincreasing  
、、▼ithaltitude．Theternlb：SビemS tO beindet）elldent  
from altitude．Thisis because the snowdeposited  
from the beginnlng Ofthe postMmOnSOOnin1990to  
May1991didnotexper主enceanyintensiveablatiom－  
The altittェdiilaldependence of soiid precipitation  
amount（Seko，1987；Ohtag才α£，1990；Motoyamagg  
αgり1990）isnotverysign洋icantinthiscase，becau＄e  
the altitlldinalbel（Of onl）†4OO metersis coTlt：t？rned  
bere．  
Tbespatialdistributionoftbesuげacernassbaト  

ance＼＼▼aSfoundb）：eOmpnringthp＼▼aluビSOfthesurfat：e  
massbalanceatalmostthesamea旺itudeindiffererlも  
glac呈ers，In tわe汀10nSOOn SeaSOn，漁e Gangja La   

generallysmallertban触atof也el．ower‡Jayer，Whiie  
thetemperaturt：ishight！r．  
Tbe王ノOWerLayeriscomposedofabomogeneous  

【grai王1edsnow．Ådepthhoarlayerwasobservedi11  
theupperpartoftheLowerLayer，Whileitwasabsent  
intbeUpperLayer．The訂ainsize11ptO6mmwas  
folユndinskel戎On－typedepthboarwhichwasunder－  
1ainbyasoli（i－typedeptbboarlayer．Tbetempera－  
tureofthel」OWer Layer wこ1SSligh巾■lower than the  
Upper Layer．The boundary between the Upper  
Layerandtぬedeptbboarlayerwaso食enmarkedby  
ath呈ndirtlayer（profiles5305moftheYala，5130m  
Of tbe Gan感aIJa，5160m，5260m，5420m of tbe  
KylユmgkaRiGlaciers），  
Ådeptbhoarlayercanbeformedbyvapor豆ans・  

fer under the strong temperature gradient fieldin  
SnOW（Akitaya，1974）．Suchaconditionismostlikely  
OeruITedin theL Study；lreain the beginning of pいSt  
MmOnSOOnSeaSOn；COntinuationofthec王eardaycauses  
radiこItiヽでCOOlini！（）nthestlOWSurfat：e，Whilethesn  
isstillwetandwarminthisperiod．Athindirtlayer，  
Whkhis（ormdb）・thedry falloutin the posトmon－  
SOOn SeaSOn aS repOrted byIida ggα£（1987），also  
SupPOrtthatthetopofthedepthhoariayerindicate  
tbe end of monsoon season．On tbe basis of tbese  
Observedevidenct、S．WeSPeCulatethat theUptx）r and  
LowerLayerst’epreSentthesummerbalaneLI，andthe  
balancebetweenthebeginning ofthe posトmonsoon  
SeaSOnOf1990andMay1991，reSpeCtively．   

5．Discussions   

ご了．J．凡如肋J／－t加JIJ‘小五′ん、ざ（リ‾ 〃汗（ゾJ〃MんJん＝／打  
J．（7瑚／／川g－トb／／‘こl・  
Theupperpartsoftheva11eyhaslowerprecipita－  

tionandhigllerairtemperatureduringmons…111Sea－  
sonthan主n themiddle reaches ofthe va11ey．This  
may be ascribed to tbe differences of precipita貞on  
conditionsalongthe va11ey．Lessmoisturetransport  
totheupperpartofthevaueyduetothebarrierand  
inialld effectsinduce weaker co‡lVeCtiく）nS andiess  
precipitation around the upper reachest Sensibie  
heating from the grou11d due t（）theLlesser rloudこ1－  
molユntinducestherelatively high tempera餌recom－  
paring to that at the sameこIltitude．This heati一唱  
ビffc・CtisfundaIllentallythesallleaSthemet：hanismいf  
prodtlCingtheThermalLowovertheTibetanPlateau．  

On払e（：Ontrary，relativelysmaildif鎚renceswere  
foundin th亡・CliIllattさOf the south and the t10rth－  
facing siopesin the middle reacbes of tbe vailey  
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Fig．8．SnowprofilesexcavatedateachglacieronMay，1991．1二icelensandicelayer，2：thinandthickdirtlayers，3：neWSnOW，  
4：1ightlycompactedsnow，5：COmpaCtedsnow，6：SOlid＝typedepthhoar，7：Skeletolトtypedepthhoar，and8：granularsnow．   



Shiraiwa gfαg．   ヱ汐  

partreceiveslesssnowaccumulationthanthemiddle  
partofthevalley．Althoughthemethodsusedforthe  
Observatiorlarediffere鴎itcalibesaidthaとthespa－  
tialdistributionofthesnowinwinterdi拝ersfromone  
yeartotheanother．   

Concludingremarks  

The meteorologicalobservatiorlS and仇e snow  
SurVeyShaveshowntheseasonalcharacteristicsofthe  
Spatialdistribution of glacier massirlptltin the  
Lanがang Valley．During the monsoon season，the  
glacierin the upper reaches of the valley wasless  
accllm111atedt壬Iarltheglaciersint‡lemiddiereaches．  
Tilisismainiyexplainedbytbespatialdistributionof  
precipitation；theupperpartofthevalleyreceivesthe  
precipitation approximatelytwo third ofthatinthe  
middlereaches．Tbeslightlyhi感Ierairtemperatt汀e，  
ascribedtotbelessclouda王nOtlntintheupperpartof  
theva11ey，alsocontributestothesma11valuesofbト  
Themassinputinthewinterof1990－1991，repre－  

Sented by あ，WaS aimost u11iform througbouもthe  
Valley，Whileitvasr10tunifomintbewinterof1989仙  
1990；theupperparthadreceivedlesssnowthanthe  
middlepartofthevalley．Thisinterannualvariation  
should bビStudiedin th亡L futurt）．  
The southward decline of the ELAsin・払e  

LangtangValley（Zhengetal．，1984）canbeexplained  
bythedrierenvironmentoftheupperreachesofthe  
Vail野during themonsoonseason as shown by our  
Observations．Inadditio‡l，tbedrierciimateobserved  
inthewinterof1989k1990intheupper part ofthe  
ValieyalsocoれtributetoamplifytbeELÅ’ssotl軌ward  
dビCline．tIoweヽでr．inordertoconfit‾nlthisphe110me．  
non，iとishighlynecessarytoobservethedistribution  
Ofmasslnputduringthenoれ二mOnSOOnalaswe11asthe  
monsoonalperiodsatleastforafewmoreyears．  
TheamountofmassiⅥputduring払enon－mOn－  

SOOnalperiodisalsoimportanttoconsidertheglacier  
massbalanceintheva11eyasnotedbySeko（1987）and  
SekoandTakahashi（1991）．Onthebasisofourtwo  
山yearSOb父r▽ationofsnoviIIWinもer，Wealsosupport  
theiridea．AIsofromthisstudy，itisfoundthatthe  
StlmmerbaianceblCanbedistingtlishedfromtherest  
OfthebalarlCeuSingsr10W■prOfiies†Hence，inorderto  
Clarifytbeamountofs‡10WaCClユmulationduringthe  
non－mOnSOOnalperiods，the resuits obtained from  
previousstudiesattheYalaGlacier（Watanabeetai．メ  
1984；Ozawa，1990）shouid be compared with tモIe  
presentresu軋   

50  
Balance（Cm）  

100  

Fig．9一 Å1七重tt‡dinalcha11geS Of tbe values of tbe s㍍Tface  
massbalances（equi∇alenttowater）obtainedfromthe  
SnOWprOfiles．Thetermsblandb2indicatethesurface  
masst）alancesduringtbemonsoon馳aSOr王Of1990arld  
betweerltbebe由nningofpo或－m（〉nSOOnSeaSOr10f1990  
arldMay1991，reSpeCtive】y。   

Glacierhadreceivedthehighestaccumulationamong  
tbreegiaciers．TbevaluesofみIattheYalaGlacier主s  
Sliglltll・highビr thこIn that of thp K〉TしIngka RiN＼＼T  
Glacier．Onthecontrary，thevaluesof b2doesnot  
Significantlydifferfromoneglacicrtoanother，eXCept  
forthealtitudinalbeltbetween5200mand5300mof  
tbeYalaGlacier，Wberethevaluesarelocallyhigher  
thantheothers．Theuniformityofb2mayberelated  
tothesotlrCeOfwinterprecipitationwhichisconsid－  
eredtobeassyl10pticscaieat汀iOSpbericdistl汀bance  
（Seko，1987），  

The spatially uniform distribution ofあin the  
winter of1990－1991contradicts the result obtained  
by琉e observation of maximum snov depthin払e  
Winterof1989－1990，Whicbindicatesthattbeupper  
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