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HeatBalanceStudyonYalaGlacierinLanがangHimal，Nepal  
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Abs什aぐt  

ObservationsortheJledt balanceat theglaciersurrheewerecarriedout during theearZy post－  
monsoollSeaSOnin198二neartheterminuso［YaTaGJa亡jerinLangtilngHimal、Nepal．Onlhebasis  
Ofresultsfrom7dayswithoutpassageofsynopticscaledisturbances，itisshownthatnetshortwave  
radiationprovided83㌔andsensibleheat月ux17チ∴respeCtivcly．ortheheatgaininthedaytime．Net  
longwaveradiationwasfoundtobealargeheatsink．Latentheat且uxmadenosignificantcontribu－  
tiontotheheatbalance．ThecoJltributionofsensibleheatfluxtothedailyheatgainwasgreatdespite  
thelowairtenlPerature（mean，一一3．9で）．D亡tailed observationsrevealed that thestrongradiation  
inversionandtheresultantkatabaticwindplaymajorrolesintheenhancementofthelargesensible  
heat鮎Ⅹ．Itisalsoindicatedthatwarmairadvection鉦omthesnow－freeareainthedaytimehasa  
roleinmaintainingthelargesensibleheatnux，eSPeCialJyneartheglacierternlinus．  

1．血血血血瓶用  

Observationsoftheheatbalanceattheglaciersurfaceareimportantfbrunderstanding  
themassbalanceofglaciersandtkeclimatologicalandhydrolo由は1a甲∝tSOft鮎areas  
Wheretheglaciersare10Cated．Mostofthepreviousworksonheatexchangeattheglacier  
OrSnOWSⅦrねc8intbeNepalHima払yaIlaVebeenundertakenin仏esumermonsoon  
SeaSOninconneetionwiththestudyoftheablationprocess（InotleandYoshida，1980；Ohata  
andHigucbi，1980）．   
Undercoolmeteorolo由calconditionsd∬ing血epost－mOnSOOnSeaSOntheablationof  
glacicrsisbelievedtobesmall・However，aSrePOrtedbyYasunari（1980），SnOW一正eeareas  
S㍍0ⅥndiI嗜癖acierscanaもsorもasubstantialpa頭oftheincomi喝radiation血etolow  
Surfhcealbedo，aCtingasaheatsourcefbrtheatmosphere．Thereislittleinfbrmationonthe  
也emalin如enceorsuchsnow一触eareas℃pOntheprocessofbeattrans鈷rond征iers．   
Glacio－meteOrOlogicalobservations were attemptedinthelight ofthefbregoingftom  
Septembef27toOctober28血ringthepost－mOnSOOnSeaSOnin1982，neart壬IeterminⅥSOr  
Yala（Dakpatsen）Glacier，a＄mallglacierinLangtangHimal，Nepal．Thepresentreport  
describestheobservationalresultsoftheheatbalanceattheglaciersurface，withspecial  
扇tentiontot壬1e払ctorscontrollingtbesensibleheattransfbratthesllrね00andthee鮎ctof  
localwindsystem11POntheheatbalance．  

2．OtISer一札tionsit¢S  

TheobservationswerecarriedoutatYalaGlacierinavalleyfacingsouth，inLangtang   
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Fjg・1・MapofYalaGlacierandobservationsites（M，PandBH）．GC：GlacierCamp  

Himal，about60kmnorthofKathmandu，Nepal・Thetopographyoftheglacierandthe  
SurrOundingareaisshowninFig．1．Theareaoftheglaciersurfaceisabout2．6km9．The  
glacierice且owsftomthehighestpoint（5700m）totheterminus（5100m）inasouthwestward  
direction．   
MicrometeorologicalobservationswerecarriedoutatthesitesshowninFig．1byM，P  
andBH・Mindicatesthemicrometeorologicalobservationsite（5100m）ontheglaciernear  
theterminuswithanaVerageinclinationof8degrees．Theheatbalanceattheglaciersurface  
WaSObservedatthissiteatadistanceof70m蝕）mtheglaciericemarglninthedirectionof  
theprevai1ingwind・Pindicatesapointnearthe‘GlacierCamp’（GC）atthemoraine（5090  
血），atadistanceof30m丘omtheglacierterminus．Thegroundsurfaceiscomposedmainly  
Ofgneiss・BHindicatesthelowlevelobservationsite（3920m）atthebottomofthewide  
Val1ey且00rOftheLangtangRiver．  

3．MetbdsolobserY虞ぷom  

AtthemainobservationsiteM，amaStWithinstrumentswassetupontheglaciersurface  
anddetai1edobservationsofthewindandtemperaturepro丘1esweremadeinordertoesti－  
matesensibleandlatentheat且uxes．Windspeedsweremeasuredatthreelevels，aboutO．6，  
1・land2・3mabovetheglaciersurfacebytheuseof3－CuPtyPeanemOmeterSwithalower  
limitofO・2m・S．1・Airtemperaturesweremeasuredat3－5levelsuptol．9mwiththermistor  
SenSOrS，Shieldedbywhite shelters against radiation，and naturallyventilated．Wet－bulb  
temperatureswerealsomeasuredwiththemistorsensorscoveredbywetgauze，andsetin  
thesameshelters．Theobservationofwinddirectionwasmadebyawindvane．Theglacier  
Surfacewascoveredwithsnowduringtheentireobservationperiod．Relativeheightsofthe  
SenSOrSwithrespecttothesnowsurfaceweremeasuredtwiceaday，Sincetheychanged  
dependingonsnowmeltorsnowfa11．TheobservationsiteMisshowninFig．2．   
GlobalandreflectedsolarradiationweremeasuredwithpyranometersfacinBuPWardand  
downward，reSPeCtively，andthenetradiationwa＄meaSuredwithanetradiometer．   
Otherthermistorsensorsweresetinsnowcoveroriceatdepthsofl，7，20，40cminorder  

toestimatetheheatusedtowarmthesurfacelayer．Thetemperatureoftheglaciersurface  
WaSaSSumedtobeequaltothatmeasuredatthedepthoflcm．   
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Fig．2．PhotographofthemastwithinstrumentSatSiteMontheglacier．   

Thesemeteorologicalelementswcrerecordedmainlybyamulti†Channelchartrecorder  
powe托dbybattery．   
∧ceunll】latiいnこI11dilblこIti川l、、′じ■一己C山ctltこItC（lFr川IltI－ビSm－Wd叩IIl111亡aS11reJh〉－ilさtこ1k亡．  

andtbedensityorsn（〉WWaSmea＄じredもぎasnov＄ampler．TheoもseryationsatsiteMw合一¢  
madefbrtheperiodftomSeptember27toOctober28in1982．Thetimesinthepresentr¢－  
po戒arestatedinNepalStandardTime．  
・へttIlい、ト、ビーー、′とIlj川1、ileI）こItl！1じIrr111illil！111川■こIiIle、nle；l、ilr川l川tいIi亡111p亡riltur叩r（－胱叩  
tol．6mlevelwasoccasionallymadewiththermistorsensors．AttheobservationsiteBH，  
measurementofairtemperaturewasmadeataheightofaroundl．5meveryhourbytheuse  
Ofathermistor＄enSOr（Yamadaetal・，1984）．Inaddition，Preeipitationwascontinuously  
nlじこISulでdbyこ11iIl叩l亡I・こIi】lきallぎe．  

」．トlでt㈹rOlogi亡Ilぐ研Iditi巾nSduri叩Ob引汀一山i小爪l旺ri（山   

ヰ．1．PrecipitationandcloⅥdamount   
Oneortb．e血肝aCteristicsofthemeteorolo由¢al00ndidonsdwing也eobservationpedod  

in触sareaislovpre¢ipitation，TbetotalprecipitationobseⅣ8datsiteBHw払SaboⅦtま00  
m111jnSeptcnltler・butil血creこISeJh＝lboLItコUnlminOe10her．i11し1iぐこL【ingthビhL：か1ni11gl汀  
thepo＄t－mOnSOOnSeaSOn．ÅttheobservationsiteMattheglaeier，mOStOftheprecipitation  
WaSduetosynopticscaledistutbances，andftllinthefbrmofsnowduringtheobservation  
p¢riod．Contrarytothis，nearlyallprecipitationtookthefbrmofrainattheobservationsite  
T”lTllelemIinsuTrOUn、Ii叩tht：！！IILeier、、・n→、、●ithou†＞nL一＼、－eOVel・inSeptember，huLocciト  
Sio71a11ytherewasthinsnowcoveroflessthan20cmd叩inOetober，Whensynopticscale  
di血rbancespassed血朋励thisarea，  
l、l－eCIoud冊1OllntOh→er、、Cdal＜itt：ヽl“・uqJ…、・、、、・ilhi川ICnnV；lJuL：L－t、ヰ・10i一一thedn）・timt：・  

Th¢最由cioudam叩ntOfmore銃後nS710vassom¢融通SObservedtoもeassociated南仏仏¢  
PaSSageOfsynopticsealedistl血ancesorthefbrmationoforogra‡血icdouds．Den＄eOrO－   
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Fig．3．Dai1ymeanairtemperatureSfromSeptember27toOctober23．Opencircleshowsthedataat  
SiteM（5100m）；SOlidcircleatsiteBH（3920m）．  

graphiccloudswereoftenseenintheafternoon，andtheycausedthemarkedreductionofin－  
COmlngSOlarradiation．Generally，thecloudamOuntWaSquitelowatnightandinthemorn－  
ing．   

4．2．Airtemperature   
Fig．3showsthedailymeanairtemperaturemeasuredatapproximatelythel・5mlevelat  

theobservationsitesBHandMduringtheperiodfromSeptember27toOctober23．Similar  
Variationofthedai1ymeanairtemperaturecanbeseenatsitesBHandM．Theaverage  
temperaturefbrthewholeobservationperiodwas3・70CatsiteBH，and－3．90CatsiteM，  
excluding9dayswhendatawerenotavailableatsiteM．AtsiteBHairtemperatureseldom  
ftllbelowffeezlng．Bycontrast，atSiteMthedailymaximumtemperatureseldomroseabove  
50C．   

4．3．Winddirectionandspeed   
Fig．4（a）indicatesthefrequencydistributionofthe3－hourlywinddirection atsiteM  

basedonthedataffom2lobservationdays．ThegeneralpatternOfthewinddirectionwas  
nearlyalways丘omtheS－SWinthedaytimeandfromtheNEwiththehighfi・equenCyOf  
morethan80％atnighttime．Suchdirectionscorrespondtothoseoftheupslopeanddown－  
Slopewinds，reSPeCtively．TheupslopewindusuallystartedtoblowataroundO9：00andended  
alittleaftersunset．Suchadiurnalvariationwaspronouncedonfinedays．Sincethegeneral  
Windwasweakduringtheobservationperiod，SuChawindreglmeCanbeconsideredtoform  
partofthemountain－Valleywindsystemdevelopedinthisarea．   
Fig．4（b）indicatestheffequencydistributionof30－minuteaverqgedspeedofprevailing  
windsatl．1mlevelatsiteMobtainedfromwholedayobservationson16days．Windspeed  
WaSlessthan5m・S，1throughoutmostoftheobservationperiod，withameanvalueof3．1  
m・S‾1．ItcanbeseeninFig．4（b）thattheNEwindspeedismuchgreaterthanthatoftheS－  
SWwind；thefbrmeris3．4m・Srlandthelatter2．6m・S‾10ntheaveragerespectively．The  
greatwindspeedwasusuallyobservedintheearlymornlngOfafinedayduringthepost－  
monsoonseason．Sincemaximumspeedwasobservedoftenatalevelofl．Otol．5mabove  
theglaciersurface，thiswindcanbeconsideredasaglacierwindinducedbythestrongcool－  
ingoftheairlayerneartheglaciersurface（Hoinkes，1954，1955；MunroandDavies，1977；  
OhataandHiguchi，1979）．Di能renceinspeedbetweentheNEwindandtheS－SWonewas  
PrObablyduetothefactthatsuchakatabaticwindwassuperimposeduponthemountain－  
Valleywind，WhichwasffomtheNE．   
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Fig．4．TheffequencydistributionofwinddirectionandwindspeedatsiteMduringthepost－  
mOIISOOn SeaSOn．  
（a）3－hourlywinddirection．（b）Windspeedorprevajlingwindsatl．lnllevel．  
above：S－SWwind；beIow：NEwind．  

5．He加ゎ如榔e…t癖aぐiersw蝕ぐ¢山一ingpo＄t・mOn醐On馳aSOI1   

5．l．Cal血1ationo一息eatbalanc¢COmpOnentS   
Theheatbalanceoft壬1eSⅥr払cela■yer（〉ra尋aciercanbeexpressedasfb1lows：  

鮎十¢ェ＋eガ＋eg＋¢Ⅳ十e∬＝0  （l）  

WhereQsisthenetshortwaveradiation，QLthenetlongwaveradiation，QHthesensibleheat  
魚ux，QEthelatentheat且uxduetoevaporationorsublimatiorl，Qwtheheatusedtowarm  
SnOⅥ7andiceofti鳩SW払∝王ayerandeガtheもeattlSedtomeltsnovandice．Fl℃ⅩeStOWard  
血e威adersur払c8Wiilもede魚nedaspositiveandtboseaway蝕）mtheswね00aSnega由e．  
HeattranSfbrbyprecipitationwasneglectedbecauseofitssmallamount．  
（1）Radiation   
ThenetshortwaveradiationQswascalculatedfromtheglobalsolarradiationandthe  
re鮎ctedsolarradiationmeaswedindependently．T量Ienetlongw折eradiationクェCanbe  
O涙ainedasaresi血al触n払eobseryedYal豆es（〉regandlletradiationeガ（＝e方＋クェ）．  
（2）Sensibleandlatentheat餌xぞS   
Consideringthethermalstrati鮎ationoftheairlayerneartheglaciersurfacetobestable，  
thesensibleandlatentheat伽ⅩeSWereCalculatedbytheequations  

βCpた〟＊（第一れ）   
象首＝  

eg＝  

如1n（z彗7ヱ1）  

βエ富野た〝＊毎2一飢）  

Wherepisthedensityofair，Cpthe＄PeCi負cheatofairateonstantprcssure，kvonkarman，s  
COnStant，〃＊tbeftictionvelocity，rtheairtempera紬re，エ紬thelatentbeatorevaporationor   
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Sublimation，qthespeci鮎humidity，andztheheightabovetheglaciersurface．Thes政es  
land2denote匝Ohei由tsⅥぬereairtempera紬reorspecはc加miditywasmeaswed．Most  
O［the≠－indl、rOfilesⅥ・erelいgarilllmk・SOLL．eanトec、－111uilt”InnerlいgこIrith11ticrcgre～SiLln  
たomthewindspedpro馳・Here毎and如are知nctionsoratmosphe由仁stability，W出血  
arerelatedtoObukhov’sstabilitylengthLbyanempiricalrelationasfbllows（Webb，1970）：  

如＝毎＝1＋5・2÷  

βCタお＊8r  エ＝   
kgせJJ  

whereテisthetemperaturerepresentativeoftheairlayerandgisthegravitationalaccelera・  
tion・Forsimplicity，如and如aretreatedasconstantsindependentofzbetweenzlandz汲・  
T血se∬a托ObtainedtogetherⅥri払エbysolvi喝eqS．（2）and（5）witbeq．（弔；ク忍areObtained  
鉦omeqs．（3）and（やもytheⅥS¢Or也is£．   
Tominimizethee触tof魚ⅥⅩdiYe喝en亡母dⅥetOadvectionftomthe＄nOW一触∋ear飽，aCCOrd－  

ingtofヒtchcriteriaestablishedbyBradley（1968）andRaoetal．（1974），Zlandzgweretaken  
astheroughnessheight（mean，0．3cm）andthelowestpro＆lepoint（withinaheightof40  
Cm），reSPeCtively，Wherethetllrbulentheat伽ⅩCSWereCOnSideredtobeconstantwithheighL  
Thisdsomitigates也ee馳ctor蛙じⅩdiYergen∝arising如mt壬IeCbara戎eristicpro蝕o一丈atか  
baticwjnd．  
（3）Heatusedforwamingsurfacesnowandicelayerandmeltingsnowandice  
Inmostcasesthethicknessoftheoverlying＄nOWCOVerOntheglaciericewas5「20cmnear  

SiteM，TheheatusedtowarmsnowandiceQwwascalculatedftomthetimevariationofthe  
temperatl汀eprO丘1eintlleSW払celayerdoⅥrntOadeptbor40cm，aSS血ngthやdensityortbe  
gheierieeot、0．ボ5glenl‾一こIndthe叩亡Ciliel－e11LorieeorO・5cこIl・き‾－ll山g．l‥むり山一－Lhedensityot’  
SnOW，theactualmeast）redvaluewasused．   
TheheatusedinthemeltingprocessQMWaSeStimatedbythedirectmeasurementofthe  

lowerlngOfthesnowsurfaceandthedensityofsnow．Thefteewatercontentwaslikelytobe  
lessthanlO％eveninthecaseofmeltingsnow，SOitisnottakenintoaccounthere・   

5．2．D野毛imehe融もdance   
Forthecalculationofsensibleandlatentheat伽ⅩeS，30－minuteaver8gedprofilesofwind  

Speed，dry－andwet－bulbtemperaturewereused．Daytime（06：00－18：00）heatbalanceatthe  
glaciersur払cewasobtainedfbrtheperiodsffom September29to Octoberlandffom  
October12to15．Dailybeatbalancewasestimatedd血喝tbeperiodたomO6：00onOctober  
i2toO6：00onOcモOber16，Whencompleter∝Ordswereobtained．Alltheot〉SerVat毎ndays  
Werepnmarily血aracteriz¢dby五newea血合rconditionsandt王IedevelopIn印．tOr血elocal  
Windsystem．IntheafternoonthesiteMwasoftencoveredwithorographicclouds；however，  
SynOPticscaledisturbancesrarelycametOthisarea．Hence，theseperiodscanbeconsidered  
asrepresentativeofthepost－mOnSOOnSeaSOn．TheglaciersurfhcenearthesiteMwascovered  
Vitbsnow5J8cmindeptb，bⅥt也e詳OundneartbeglacierteminⅥSVaS魚ee録onsnow．   
Componentsofheatbalancein払edaytimeare＄hovndia伊amatic扇1yinFig．5．The  
meanvalue＄Ofcomponentsofheatbalaneeinthedaytimefbrthe7daysarcsummarized  
inTablel，tOgetherwiththosevaluesofdailyheatbalancefbrtheperiodfromOctober12  
to16．1tcanbeclearlyseeninFig．5thatthcpredominantcomponentofheatgainisnet  
Sも0れWaVeradiationeぷ，W餌c壬IamOⅥntStO83％ortbeIleatgainonthe折合ra辞，払1lowed   
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旭⊂m－2  

［コQs団QL  

ⅢⅢ皿旬■QE  
⊂コew；－コユ，t   

Fig．5．Daytimeheatbalaneeattheglaciersurface．  
q、：net、l－い「Nilヽ、亡「山ialiい‖：0ェ：－－etlし一喝“こl、er飢批山川1；り′J：ゝ即くihIekill11日ヽ：り∫：1illcnlIlビュl  
nux；QIr：heatusedtowarmsnowandiee；QN：heatusedtonleltsnowandiee．  

もyt血es¢n＄抽1eheatfhxクg（17％）・Tbesuぬαalもedoatmiddayra喝ed如mO，65toO．8（）．  
Thcnet？こIinoTltlSSOrIこItCntheLLtnu＼仇i、SmこIlI州ilCeいしl■一tLlrVapOrl－l・亡ヽⅧreneこIrthc＼・nTue  
at払eglaciersw払∝・Heatlossbynetlongwaveradiationクェwasia聯，Sinceradiation  
fromthecloudswas＄mallduetolowdoudamount・Therefbre，heatgainbynetradiation  
QN（＝Qs＋QL）issmall（mean，66cal・Cm‾a）；aCCOrdinglythesensibleheatflux（mean，27  
Cal・Cm‾望）isatasignificantlevel．ThenegativevalueofQwrevealsthattheheatusedtowarm  
tbesur払α1ayerwぉia聯rtba‡1heatrelease血etocooling・TもesⅦ・払∝iayeriscooleddown  
l（lten叩Cr汀＝＝・entrb亡lo“・l）（：utnight・iLnLlmu亡Ilh亡こIti、r叫uir亡JtL，rこ1iゝCil→leml一亡rこItureLい  
00Cinth¢daytime，Whicbresultsinalowpercentageorheatavailable紬rt鮎meltingproc¢SS  
QM．Asaresult，theaveragedailysnowmeltduringthese7dayswaslessthanO．5cminwater  
equivalent・Theabsolutevalueoftheheatgainisnotsolarge，PreSumablybecauseofthe  
reductionofincomngsolarradiationintheafternOOnWhentheorographiecIoudswere  
紬med■Thegeneraltenden野OreXCeSSiY合おatgaininrel融ionto洩e壬Ieatloss（感触n17％）  
皿野bepartially血etol‡nderestimationorheatingintb．esⅥぬcelayer，SinceitwascalcⅥ1at¢d  
ffomtemperatureat4dcpthsinthislayer，butnodatawereavailablebelowthedepthof40  
Cm．  

Tab］el．Meanvaluesofheatbalaneecomponents（caトcm－ヱ）attheglaeiersurfhee．  
Mean Mean  

OL：   QTT  QN  heatgain heat［oss  eぷ  ¢ェ  eガ  
Daytime balance 135  －69  27  ー2  w54  －20   162  －145  

－9  ¶15  －19   177  －196  Dailybalan（ニe  131  仙153  46  
DaytimebaJanee：meanValuesforSeptember29－Octoberlar［dOctoberlユー15（06：阻18：00）．DailybaJanec：  
meanヽこILLLビSrUrO山巾亡rl二0＾：叩l仙′＼‥軋＼1L＝こInhe；ItgこIiilr叩n：Senl、t卜ごSLHllい｛亡こIJll一い、iti＼Uし川1叩Lltl川l：  
meanheatTossttleSumOreaChnega（ivecomponent．   



56  

Ass8eninTaも1el，也emean触手atgalnin血ed野timewasinね■irlygoo卓agreementwith  
themeanheatlossinthedaytime．Sinceeachcomponentofheatbalancewasdetermined  
independently，itcanbesaid．鉦oms℃洩agreementthat也．emethodor毘1c℃lationorheat  
balancewasvalidin払edaytime．Formorea∝じr如eestimadonortもeheatbala∝e，払e¢触t  
Orlatentbeatfeleaseassociatedwitbre鉦eezlngOfmei抽ateralsonee舶tobeinvestigated．   

5・3・Dailyhe組も扇ance   
AsseeninTablel，largeheatlossduetonetlongwaveradjationisthemostsignificant  

ItこItL汀einlhediLit）he；lthこJlこ＝一Llt：lしLln、”1u亡nll）lLllt：lItllL－unlLlt－＝etrilLliこLli一一nbe山一一一己nL：glL－i、e  
（－22cal・Cm仙急），WhichwascompensatedbytheheatsupplyduetosensibleheatAux（46cal・  
Cm－2）．ThelowvalueofQwmeansthattheheatinginthedaytimeandthecoolingatnight  
Werenearlyt）alancedt壬IrO℃ghoⅥtthedayin血8SⅥr払001ayer．  
Itisalsoshownthattheestimatedvalueofheatgalnisabout20cal・Cmh2smallerthanthat  
Ofheatlossilltbecaseorthedaily】1eatもalance．Oneor血ereasonsわ㌻也isdisa許eementmay  
be血emetbodofc挽1cⅥlation℃Sed，ⅤぬichexclⅥdestbecontribution（）rねeatgainassociated  
withrefteezlngOfmeltwaterwhichremainedinthesnowcover．Inaddition，thesensibleheat  
貼mightbeunderestimateddl柁tOthecbaracteristicpro点1eor払ekatabatjcwindwhi（丸  
ShovsasteepwiildandtemperatⅦregradientneart壬IeSurねce．   

5▲4・DiⅥrnalvariationormaincoInpOnentSOrheatbぬnce  
InFig・6，atyPicalexampleofthediurnalvariationofnetradiationQNandsensibleheat  
且uxQHduringtheperiodOctober1306：0（ト1418：00isshownbyho11rlymeanvalues．The  
こLirl州Ir）e！－LtLun：lltl＝くnll亡ヽ・止7∴．thL・しIitlth：n亡eOrこIil・tL：11叩erこIiureiIlthelirヽlU．ト111こIt一い＼●L：  
theglaciersurface，AZl，thewindspeedatl．1mlevel，ul．1andthewinddirectionarealso  
Sbow汲inFig．6．e∬VaSne紺1y－0．12温1・Cm‾望・min‾1血ringalo喝pedodatnigbt．Tbisis  
areasonねrtもenegatiYeVai籠eOreガindailybeatbalance．‡ncontrasちegvasalwaysposi－  
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Fig．6．DailyeourseofmaineomponentsofheatbalaneeattheglaciersuTfaee、airtemperatureat  
O．8m】eve］、temperatutedi恥rencebet≠・eenO．8mlevelandtheglaeiersurfaee，windspeedatl．lm  
levelandwinddirection．Theperiodswhensnowmeltoccurredarealsoshown．Seetextfbrdetails．   
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tivewiththemaximumofnearlyO．1cal・CmP2・min－1ataroundO6：00．Thismaximumcanbe  
¢Ⅹpiainedbythemaximumor血ete翔pera血托di飴rence』ちandt壬Iema裏munor血ewind  
鱒eedな1．1reaChing5m・S■1，Whenakatabaticwindocc℃rred．T壬Iere払reitwo℃1dもereasonable  
toconsiderthatthelargesensibleheatfluxinthiscasei＄duetothestrongtemperatureinL  
Ve指ionw熟ic壬10CCⅥrredimmediatelybe知retil¢SⅥnriseandtも、eSnOWmeltperiodandthe  
greatspeedofthekatabaticwind．Theinversioninthedaytimecanbeexplainedbyhorizon－  
taladvectionofwarmair，aSwillbediscu＄Sedinthenextsection．  

fI．．亡恥etof、用rmair＆dYeCIionfmmsrLnY－free＆rCaOnItLJ11PCmlureT）rOtiTeaboICgladLLrSurlbce  

丁数epro£leorairtemperatⅥreabove仇e威aciers℃r払ceisessential払restimatingthe  
SenSibleheat触Ⅹattheglaciersurface．M毎orfactorsincontrollingtiletemPeratureprOAle  
aretb．ecbangeorradiativeheatbalanceat払es℃ぬceandtbelocaladv∝tion・Sincethe  
ObseryationsiteMisatadistanceoronly70mたomtもeglacieric¢m払喝in，thete‡nperatⅥre  
pro馳canbestronglyatrtctedbythewarmairadvectionfromthesnow－ffeearea（Treidl，  
1970；1材eisman，1977；Riordan，198勾．Suchane批dwass餌diedbysimⅥltaneousoもserva－  
tionsonmeltingofnewlyfallensnowatsiteP30maway丘omtheglaciericemafglnatthe  
moraille，airtempera血reandsurねcetempera紬reattIleSitesMand壬＞．Theoもsemation  
periodwasたomOctober17to2l．   
T短評0㍑ndwas触e釣℃mSnOWOnOctober17．ÅsnoⅥ7ね1loccl汀redonOctober18，lover－  

ingthesnowlinetotheelevationofabout4600m．Afterthattheweatherrecoveredbutthe  
SI10ⅥrCOVerremainedⅥntilOctober21．Considerabiecompactionortbesnowoccじ汀edon  
October19．ThewindswereSW，namely，丘omthegroundontotheglacier，throt噂houtthe  
d野timedⅥdngtもeobseⅣationperiod・  
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Fig．7．E鮎ぐtOfwarmairadveetionfromthesnow－freeareaonlhetemperatureinヽ・erSionabovethe  
glaciersurfaceatsiteM．Snowfa1loccurredonOctober18．  
J7l：：temperaturedi仔ヒreneebetweenO．4mlevelandtheglaciersuTface  
：持：Surfacetemperature（OpenCircle；SiteM，SOlidcircle；SiteP）  
d：SnOWdepthatsiteP   
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l－ig．7shいWS泄一Wdcr＞（ll（Ll）、hいurly、－こ11ue＝「ゝしIrRIC亡tempCriltur亡、（7二ヾ）atsitesMandP，  
atld teTllPt：mlLltでL＝ti：renし亡（」T。）l－Ct、、●しe（1O・ヰl†ll亡Velt71トて）andthcぎl肌元rsuTRLCe，i．e．、  
』為ニ㍍．4一花，aisiteMi正也ed癖m¢もe丘ば母乳nd温飯rt鮎＄nOWねlま．Iti＄0もvi㈹＄that  
』馬ぬsastrongd叩enden野Ont壬Iedi飴renceoぎsⅦぬ¢etempera紬r¢触紬既nt‡l¢＄itesM  
andp．  
1‡d心relhe川い＼＼・tbIIT）erilYltllCgrOund、VaSinte］lii＼でtl111CitLcJt（lこLmillimumtcmpcriLlurC  

of罰OC，托Sd臨場1n認許eatdi飴ren∝Or＄Wぬぐ¢temp訂如Ⅵ托もet間en也e劇ad群温ndtbe  
ぎー・皿Iltl・Un山rtt－i→川－－し】ili州」丁‾・i－－Cl・山ゝ山tい1・5ぐこIIsi－亡ゝⅠ・≠’山川Ill亡き「いundwこlゝ亡（－Vered  

≠・ithⅦOWtいこl】こIrgCじ山I11、til＝1itl王r州C亡Ol’sLll・tllCピーeml－erこtlul●e＝●ilゝ「亡duc亡ditInlt，StttJ  
z訂0，andd為WaS柁血00dtovithinl◇C（Octoもer19）．Ⅴ瓜enSnOV00Ⅴ¢rbecame触n（in也e  
こ汗l亡r11州11いn（）いいhい・ニーり．1Il亡ざrt）lユndこIhit亡l｝、、こ1ゞpIで、eIll山rr州Ieいい仙きしitllilju＼1トeh）r亡  
ゝlInSCt．山LCl（一111じile（reこl正一さiL！be山いl、Ihcsnい、、・Ⅷ！lthしeiLnJlhci”erじこL、inぎinRuビIle…rthe  
sensil17t：h亡nt叫叩1〉rrOnl111いpL）rildiL：、Ilm、・一汁亡eこIrCiLゝ（lLolmgrclh‥till・、tL）75：Iwu＝nd  
l′ilSullこIl・i、1tISll．11い＼＼・e＼ヾl∴JTl・≠・こl、ゝtitl＼111こ川．Wllelltll亡き…uIll】s11i●niCe叩pe；lr亡d・」r二  
血owedarapidincr¢aSeWiぬincr飽Singdi恥renceorsw払辞t∝叩era餌res（October21）・  
Duringthisobservationperiodradiativ¢COOlingdidnotocetLreXCePtnearSunSet，SOitwodd  
be代aSOm油1モtOCOnSider也atadvectionplayed乱prlmaryrOleincontro11ingsllr払α払ver・  
sionatsiteM．   
Fig・8血owst沖icぬpro馳sofモ毎払irte叩¢ごぬreat＄加島M弧dp雨ぬa雨vi蝕）雨  

用州CL一、・Cr．≠●illJ叩eULlこLtlhel．1I11k＼・J、、・こISnじ；1巾3m・SJintlOtJlビごl、eゝ・しn止汀t！1e”OW一  
触econ蛍tionぬtll合評珊ndsⅥr払ce（ll：300nOctoもer17）amarkedcontrastexis捷dもモー  
t“・亡じnlt－＝irte叩一亡rilture、油小・亡Ii－どぎlこlしi亡r州Jlt－eぎ「州エーしl皿「仁一じじ・l、し椚hげnlい「亡、IllじIe－－l－  
l、er；11Llr亡JilT已r即しeiI】thellr、tO．ヰr11こIl－n、ell－eざ1こl血1－トu‖llee・」7＼－■eこ雨IeJヰ・3（∴≠’11Ull  
th母野0Ⅵndwa＄00Ⅴ椚dvithsnowflま：300nOctoも群i野，tempera短ー¢p冷色l錯乱tbotぬsites  
resembledeachotherand」7l：decreasedtoO．8OC．   
SⅦCbadi批re鮎eCanもeexplainedintb81i感ItOrair・maS＄mOdi鮎ation・1nthesnow一打㍑  
conditionatsiteP，thereisadiscontinuityinsurfacetemperatureatthe威aciericemargin，  
andsⅥbstanti扇modi鮎ationorairmasswilltakeplac¢eSpeCiallym¢artbeglaciersw鮎e  
、Vitllinl“・ビnt）lいr11－irt）・t－lLttCrゝ01、theざ1心eritx＝一こIr苫in・Con、】己rJ）l・“血nlheざr州ndi、  
e小・亡red＼＼・ilhヽnい＼＼・．1JleこIirlllこIiく11川、Itr；l＼・eJiltい11ぎLli、Iitne亡いへ・erLtlいIlい、、・ゝUrRLe亡tlIrCiIじh  
thL：glllビier・＾→こl一・出＝1いh…i！ll－1こl、くi→nⅢrl）・i一一1州一Perこtlur”LtuitiL－l・i＝Il、、ithtl－eunLlい・J）i岬  
仙一“・、urtllee．こIt－LIlhe、・el・1iしこIltcn．pcrこtturegmLlienti‥一ellr7亡rOinthetいWt：rPltrlいrthc  
も0ⅦndarylaぎeratSitespandM．  

SnOW†wlt Sit●P  sJ■めW⊂OV●r▲tiitモP  

・－i‥∴∴  
TEMPERATUREぐC）  

Fig．ホ．、川i山Ⅳl血、川†、こIirモ州叩亡「：lこ＝・Calsit亡Sヽl（叩川C血I出し、！l！i：eざlこlし血・肌IP（、、い闇cit・し盲亡）  
Ontheground．  
（1疏）Sno隕蝕浩ぐOndition融Si紐p（Octo短ri7，1l‥3嘩・縛めt）Sn叩増0Ⅶ柁dc孤diti皿atSiteア  
10clいぃerIり．1l：封圧   
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Ontbeも舶i＄OfsllC壬1COnSi血路tions也esensibleもeat点じxat仇e痴acier＄Wぬ00Canbe  
expe虎edtobesmaliatthe辟ntm王partoft壬1C富まaci8L  

7．roれ⊂1udi叫ミービItl弘一kヽ   

Asdescribedinthefbregolng，theprimaryheatsourceinth¢daytimewasnetshortwave  
r盈dia電ionacco皿tiれg払r83％（135cal，Cm‾うort短heatga主n，and血合remaiI血gtook也e  
鎚mofsens払kh飽t蝕Ⅹ17％¢7cal・Cm‾う．鼠戎e戚ingt奴I母島s¢loⅥdycond絶ionesp群j扇王y  
＆tnigbt，tbeda羞ynetradiationもモeamenegativ章卜22偽1・Cm岬う，W緑血vasco王道pen＄融edl）y  
SenSib王ebeat丑ux担6Gai・m00う．In野iteof払ecooIweather，SじdlV扇ⅥeSOgSenSibie払e鉱  
山l＼こ1tでトe、・皿Iilitll亡く．l、lこIl・ざeこl、Illい・しニ、tltt、－卜Iili－1ごし1トさりhlしi＝1！lJ‖豆≠止＝11）相川u；・illぎt！le  
SumermOnSOOnSeaSO‡linさ払orol鳩Himal，Nep乱l．Th8di飴rentvindspeedcanp蝕托i扇iy  
汲880Ⅵntfbr也isco汲tra戯ction；払桧meanYalⅥ¢is3．1m・S‾lint払iss紬dyandl．2m・S－まin  
S壬10rO喝Himal．H耶reVer，itcanbemoredeadyⅦnderstoodintemsofthestrongk離汲も飢i金  
野indandtb¢Warmaiで汲dvection敵om也esn研卜鉦eear母乳domまnaぬgぬepro澤SSOrSenSibie  
heat transftr．This wou］d be considered as anindication that the sensible heat nux at the  
glaciersurfaceislargelya蝕ctedbylocalclimaticconditions．Localclimaticconditionsalso  
ll】こ1〉こ11、こIrlinい川い●いIlil－ざttlい■こtしIiこIti尺トニ山l－しeい）1ll亡n汀－－1こ両州いt、州－ざl・叩lliヾしlいIIしtゝ．1－llele  
払ds紺eCOnSid椚dasi叩0珪antcharacteristicsoぎheatbぬnceatth8威aciersw払∝血血さ  
IIlePし、、トtll川l叩川l、亡山川1、ill血etliざIllli111こIt；lさこl．   
Moreres¢arChneedstoもedoneontbet壬Iemaie蝕ctofbaregroⅥndⅥpOnぬeattrans如  

こIltlleぎlこICiじr・盲Ilじい＝－1Jetiいn“・ittl111＝1・ごこl！l、「汀ざi川1こ1lしlト高h出いnい＝leこミl叩tltてぃ州く＝1eこIt  
＄払ks，aSameanStOⅥnd椚tandmorecieaTiy払ere由Onalheatr喝ime呈ntbeぬighHimal野鼠．  
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