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Abstract  

One叫yearlongbydrol喝icalandmeteorologicaldatainglacier¶fedriverswereobtai王Idねra  
period払）mJuly1985toJuiy1986in洩el．anがangKholaandtheIJirlまngKbolawatershedinthe  
LangtangValley，NepalHimalayas・Åsimplemethodwasdevelopedtoestimatetheamountofmass  
input corlSisting ofmeltwater and rainwaterin thewatershedstlSingft111－yearhydrologicalarld  
meteorologicaldataincludingtheamountofrunoff，preCipitationandairtemperatureinadditionto  
thearealdistributionsofwatershedsandthoseofglaciersobtainedfromreadingsofthetopographical  
mapofLangtangHimal・Thecontributionofglacier／snowmeltwatertorunoffintheglacialized  
WaterShedhasbeenevaluatedbyestimatingtheamountofmasslnput，bythesimplemethodsothat  
theamountofmassinputcametobeconsistentwiththeobservedamountofmassoutput，i．e．，runOff．  
Itwasconcludedthattheamountofglaciermeltwateraccountedforsome54％ofannualrunoffin  
theLangtangKholawatershedand76％intheLirungKholawatershed．  

1．lntroduction  

Fortheeffectiveutiiizationoflate11ta‡ldundeveト  
Opedwaterresourcesontheearthinthenearfuture，  
hydrologicalstudiesarebecomingnecessaryinglacia・  
lizedwatershedsintheworld．Infact，aSthecaseof  
theNepalHimalayas，thedevelopmentofwaterres－  
OurCeSiscalledforashydroelectricenergyinsteadof  
uslngfirewood，Whichistheonlyenergyresourcesfor  
hiuside residentsin the NepalHimalayas，because，  
Wi払anincreaseinpopulationarldanenhancementof  
living standards，aS We are WOrried about，timber  
resol汀CeS terld to be exbausted especiallyin bigb  
motlntain areas，Where forest resotlrCeS are SCanty  
because of the severe climate．Disappearance of  
forestscauseslandslidesandfloods．Asa result，We  
arecalled ontodevelopwaterresourcesforhydro－  
electricpowersothatanaturalenvironmentwi11be  
COnSerVed．  

To develop and use effectively the water re－  
SOurCeSWehavetounderstandhydrologicalcharac－  
teristicsofglacier－fedwatershedsinthe Himalayas  
becalユSerivervaterinhighmotlntainreg10riSissup一  

piiedbygiaciermeltwaterinalargeamount．Giaciow  
bydro王ogicalknoⅥrledgeintheNepalHima壬ayasstili  
remains unknown becauseitis difficult to obtain  
necessarydatabymeasurementsinsuchremotereg－  
ions．  

Fh．st systcmatic glacio－hydrologlCalinvestiga－  
tionsin the NepalHimalayas were carried outin  
glacializedwatershedsoftheLangtangValley，Lang－  
tangHimal，fromAugusttoOctober，1982，fromthe  
monsoontothepostmonsoonseason．  
Followlng a preliminary study，One－yearlong  

bydroio衰calobservationswerec珊ductedfromJuly  
1985toJuly1986asweilasobservatio‡1SOfmeteoro－  
logicalelementsatthesameobservationsitesaswere  
madein1982．Seasonalvariations in runoff were  
Obtained then for the first time（Fukushima et al．，  
1987a）．  
The Lar）gtal唱Valleyislocatedin Langtang  

HimalontheborderofNepalandChina，SOme60km  
northwardfromKathmanduandtheheadareaofthe  
River Trisuliin the NarayaniRiver System．For  
COmparingdifferencesindischargevarylngWiththe  
basinscaieaれdalsoⅥritbtbeaititudinaldistribtltionof   
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glaciers，tWOWaterShedswerechosenforhydrological  
investigations．TheyaretheLangtangKholawater－  
shedandtheLirungKム01awatershed．Theformeris  
alargewatershedbelongingto the LangtangKhola  
（KbolameansariverinNepalese），也emainriverof  
洩e LanがangVali野COnSisting of many glacialized  
watersheds；and thelatteris a smaiiwaterdled  
belongingto洩eIノirungKbola，OneOftbetr呈もutaries  
oftheIJaTl離angKboia，Whichiso11iyfedby Lirung  
GlacierasshowninFig．1．Hydrologicalobservation  
Sites are situated at3840m a．s－1．in the LaIl離ang  
KholこIW；1terShビd（1－Al＼●）；lndこlトl（1川1111こ1＿S．l．justinthe  
vicinityoftheLirungGlacierterminusintheLirung  
Kムolawatershed（LIW）．王naddition，meteOrOlo感cal  
observations were carried out at Base House in 
KyangchenGompa（3922m）nearthetwosites．The  
SitesarerespectivelymarkedbySl，S2a‡ldBHinFig．  
1．Of333and13．8kmZ，thetotaiareas oぎLAl好a王Id  
LIW，127and6．2kmZ，Or38and45％arecoveredwith  
giaciばSOragiacier，re＄peCtively．   

In a preliminary study using data of1982，We  
analyzedthedailymassbalanceofLAWandLIWto  
evaluate tbe co‡豆riもution of glacier meユ摘7ater tO  
runoff．Tbeamountofruno曹astheamountofmass  

F主g．i．Topograpぬica壬map of tbeIノa喝tang Vailey．Thick  
SOlidlinesindicate the boundaries of the Langtang Khola  
WaterShed（observationsiteatSl）andtheLirungKholawater・  
Shed（observationsiteatS2）．BH：BaseHouseformeteoro】喝i－  
こa王observations．  

7  8  9 10 1112 1 2  3  4  5  6  7  
1986  1987  

Fig．2．Seasonalvariationsin5Ⅷdaymeanairtemperatureand  
5－ぬyamountofprecipまtatior王atBHくupper蔦gure）；5－ぬymean  
runoffintheLangtangKholawatershed（thicksoiidl主ne）；that  
intheI．irungKholawatershed（thinsolidlinc）．   
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output from the watershed was compared with the 
amount of massinput（glacier／snow meltwater and  
raillWater）．TheamotlntOfmassi王IptltWaSeStimated  
byasimplemethodsotbatitwasconsistentvi琉払e  
amount of mass output observed（Yamada et al．，  
1984）．In this paper，first of all，Wewillapply the  
SameSimplemethodtothefullqyeardataandexamine  
Whethcrthemethodisadaptableornottoestimatethe  
amotlmtOfmassiilplユtint‡leWaterSbedsforaperiodof  
One year，Which was to consist with the observed  
amountofmassoutput，Second，WeShouldfindout  
morereliablevaluesofparametersinthemethodas  
the estimated amount of mass input agrees more 
acclユratelywiththeobservedamountofmassoutput、  
Finally Ⅵre Wiilevaluate tbe colュtribtltion of tile  
amount ofme汀waterto the amount ofruno抒．  
The details of hydrologlCaland meteorological  

observations and those features in Lhe Langtang 
Valleyhavebeenpresentedforthefullyearfrom1985  
to1986byFuktl洩ima gf戌g．（1987aandb）andTaka－  
hashieiai．吏1987a and b）．Seasく〉nalvariationsin  
runoffinLAWanduW，andthoseinairtemperature  
andprecipitationat BHinfive－daymeanvaluesare  
ShowninFig．2．   

21Procedureforestimatingrr［aSSinput  

Presentedhereisaprocedureforestimatingthe  
amount ofmass mput employedin the analysis of  
1982－data．   
Ingeneral，thedailymassbalanceofawatershed  

isrepresentedby  
r＋△Sg＋EニニPm＋PT，  （1）  

inthearealmeanvalueofthewatershedinaunitof  
mm，Wherer，ASg andEarerespcctivelytheamount  
Ofrunoffinthewatershed，thechangeingroundwater  
StOrageandtheamouTltOfevapotranspiration；Pmand  
Pr are respectively the amounts of glacierプ＄nOW  
meltwater and rainwater．The amount of Eis as・  
Sumedtobenegligiblysmallincomparisonwiththe  
Otherbalanceterms，becauseairtemperatureiscom・  
parativelylowandthewatershedsaredenuded．The  
maxilⅥumairtemperatureof16．30Cevenins11mmer  
a王1dtbereiativeiylowanntlalmeanairtemperature（〉f  
2．7OC were observed at BH during the fullyear of  
1985－86（Takahashiet alリ1987a andb）．   

10  20   0   0・5  1・O  

2           AltitudinalArea（km／100m）  
Fig．3．Alt壬tudinaldistributionsoftheareaofwatershedsand  
g】acierseverylOOminaltitude，Dottedarldhatc壬1ed areasres－  
pective】y represerlt tわe parモS Of debrisCOVered glaciers a11d  
debrisfreeglaciers．   
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degree－day method，i．e．，m（z）is presumed to be a  
linearfunctionofairtemperatureT（z），  

m（z）＝kT（z），  （3）   

Wherekiscalleddegreerdayfactor．T（z）iscalculat－  
edusingthealtitudinallapserateofairtemperature，  
Il，Obtainedbyobservations，  

Inthe analysis of1982－data，thetermsofmass  
input，Pm and P，in the watersheds were estimated  
OnlyfromtimeSeriesdataofairtemperature，T。，and  
precipitation，P。，Observed at BH；the altitudinal  
distributions of the watersheds，A（z），and those of  
glaciercoveredareas，Ag（z），Whichwereobtainedby  
readings of the topographical map of Langtang 
Himal，aSShowninFig．3a（LAW）andFig．3b（LIW）．  
Theflowchartforestimatingthetermsofdaily  

masslnputisshownin FigA．The amount ofPmis  
Calculatedby  

Pm＝主上㌻m（z）Ag（z）dz  （2）  

Wherem（z）istheamountofmeltwateratthealtitude  
Z；Aisthetotalareaofthewatershed；Zm andz。are  
respectively the uppermost altitude of glacier／snow  
melting area and lowermost altitude of the snow 
COVeredarea／glacierterminus．Theamountofmelt－  
Waterm（z）isassumedtodependonlyonzregardless  
Ofsurfaceconditions，thedirectionandinclinationof  
the slope．The amount of m（z）is estimated by the   

トニ］  「モコ  

T（z）＝T。－r（z－Zo），   

wherezoisthealtitudeofBH（3922ma．s．1．）．  
Priscalculatedby   

Pr＝去a（1Tb）Po上ZrA（z）dz  

（4）  

（5）  

Where z，and zIare reSpeCtively the uppermost alti－  
tudeoftherainfa11areaandthelowermostaltitudeof  
thewatershed；thecorrectionfactor（ta”isintroduced  
becausenoreasonabledataareavailablefortheareal  
distribution of precipitation in the watershed；aP  
representstheaverageamountofprecipitationinthe  
WaterShed；bistheprobabilityofsolid precipitation．  
In general，SOlid precipitation even occurs when  
groundairtemperatureisslightlyaboveOOC；thatis，  
thereissucha transitionalrange ofground airtem－  
peratureTasTs＜T＜T，；preCipitationissolidinT＜  
Ts andliquidinT＞T，；and the altitudinalrange of  
transitionalprecipitationiscalculatedbyeq．4as  

（TTr）／r＋z。＜z＜（T▼Ts）／Il＋z。．  （6）  

In the calculation of snow melting，the snow－  
COVered areais estimated by considering eq．6and  
A（z）．AsforthesnowCOVeredarea，ifthearnOuntOf  
m（z）calculatedbyeq．3islargerthantheamountof  
SnOWCOVerinwaterequlValent，Hw，i．e．，m＞Hw，the  
true amountofsnowmeltisevaluated asHw．  
FromafieldobservationmadebyAgeta（1980）on  

Glacier AXOlOin Shorong Himal，eaSt Nepal，the  
probability b is represented by 

b＝（118－34T）／100  （7）   

for precipitationin the daytime from6－18h at the  
transitionaltemperatureofO．5＜T＜3．50Cand  

b＝（10638T）／100  （8）   

atnightfrom18¶6h（nextday）ofO．2＜T＜2．8OC．  
ThevalueofIIwasdeterminedtobeO．6×10▲2cC／  

monthearea freefromglaciersanddebris－COVered  
glaciers，andl．0×1020C／montheclean（debrisfree）  
glacier on the basis of air temperatures at BH and 
Othertwopointsatthedifferentaltitudesof5090and   
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m（z）＝m’（Z） for glaciモー  
m（z）＝m’（z）if HW≧m’  

＝HW（z）if HW＜m’  

P r＝∑A（z）R（z）   Pm＝∑A（Z）m（Z）  

－－   ∴－－  
T o t al Ma s s In p u t  

Fig．4．Flow chart for calculatingthe amount ofmassinput．  
Notations areindicatedinthetext．  
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nualchangeingroundwaterstoragemaybezero；the  
annualamount of evapotranspiration，E，WaS also  
assljmedtobenegiigibiysmall；tberunoffcoefficie！lt  
VaSregardedaslfortbefullyear．TIlen，也evalue  
Ofawasobtainedasl・12forLAWandapproximately  
2．OforLIWastheratioofthetotalrunoff，ra，tOthe  
totalamountofprecipitationatBH，Ra，inbothLAW  
andLIWduringthefullyear：aニニra／Ra．Themostfit  
Vallユe Ofk was deter汀血ed by tbe rule oftrialand  
error．Thevalueofrwasusedasthesamevalueas  
usedabovesinceitisbelievedtobereliableenough；  
thevalueof bisalsocalculatedfromeqs．7and8．  
The seasonalvariation and the totalestimated  
amountofmasslnputOVerthewatershedwerecom－  
paredwitbtbo父Ofmassol豆puもObserved，reSpeCtivet  
ly．Thenwefolユndoutthatthemostfitvalueofk  
WaS20mmrCday for LAW andlO mmrCday for  
LIW．A comparison between seasonalvariation of  
estimated masslnput and observed mass outputis  
ShoⅥⅥinFig．6aforLAWandFig．6bねrLIW．  

5405ma．s．lobservedin1982and1985舶86；thevalueof  
degree－dayfactor，k，WaSemployedaslOmmrCday  
byextrapolatingli‡1earlytllerelatiorlSbipbetⅥ7eenm  
and T obtainedby Ageta（1980ラin the temperature  
rangeofOto3QC；thecorrectionfactor，a，WaSderived  
asnearlyequaltolbytheruleoftrialanderror，aS  
theestimatedvalue，Pr．ismostlyfittedtotheobserv－  
edrunoff（Yamada eial．，1984）．  

31Daily massbalanceestimationin thefullyear  

Atfirst，theamountofmassinputduringthefu11  
yeari985／86was estimated by applying the same  
metbodandparameterstl父dねr1982柵dataanalysis  
jlユStmenti（）nedabovearldcomparedvitbtbeobserved  
amount ofmassoutputi．e．，runOff．The amount of  
dailymassinputwaspracticallyderivedbythesum・  
mationofhourlyamountsofglacier／SnOWmeltwater  
and rainwater as the most reasonable estimation  
becatlSethedailyvariationinairtemperatureresulkd  
inmarkedvariationsinmeltingareainthewatershed；  
thus the mass balancc? terms varied considerably 
duringtheday．Theestimationofthemeltwaterand  
rainwaterwasactually madein eachsectionalarea  
bolユnded by tⅥ70aくわacent contourlirieS gTad11ated  
everyユ00m．  

The result of estimationindicates a big discre－  
pancybetweentheestimated amount ofmassinput，  
Pm＋Pr，andtheobservedamountofmassoutput，r，aS  
Shownin Fig．5，eSpeCiallyin the Langtang Khola  
WaterShed－ Tbeestimatedamo11ntOfmasslnplltarld  
theobservedamotlntOfmassoutputarei11tlStratedby  
histogramsandasolidlirleinthefigure，Whichrepre・  
SentS the average values of every five days so that  
largedailyfluctuationsaresmoothed．Theestimated  
amount of massinputis unquestionably too smali  
especiallyintbemonsoonseasoncomparlngWitbt壬Ie  
amount of mass outptlt．Å carefulexamination  
shows that this discrepancy is considered to result 
mainlyfromthelackofreliabilityintheusedvalues  
Ofparameters，kanda，Whicharerespectivelyderived  
undertheassumptionoflinearapproximationinthe  
relation of m to T andたom tbe result of a mass  
balancestudyanalyzedfromthedataobservedinthe  
limited durationin1982．  

Next，We made an effort to find out the most  
reliableparameterswithoutchangingtheestimation  
method．Theanntlalmassbalaneeinthewatersheds  
WaSaSSumedとobepreservedillequilit〉ritlm；thean－  

4．Discussion  

Alargediscrepancy wasfound outbetween the  
estimated amou琉Of massillput and the observed  
amountofmassolユ極utint量Ieanalysis扉1985786data  
whenweemployedthesameparameterasusedinthe  
analysis of1982，data（Fig．5）．Forinspecti咽the  
SenSitivity ofthevaluesofparameters，boththe old  
andnewvaltleSOfparameterswereappliedto198200  
datainterl℃SOfthesameanalysis．Figures7and8  
showthe resultsinLAW and uW，reSpeCtiveiy．In  
boththefigures，fi糾1reSaandbshowrespectivelythe  
results using old parameters，a＝1．0 and kニニ10  
mmrCdayandnewparameters，a＝l．12andk＝20for  
LAW；a＝2，O arld k＝10for uW．Comparing be－  
tⅥreenfiguresaandbinboth血ewatersbeds，discre－  
panciesbetweentheestimatedamountofmassinptlt  
andobservedamountofmassoutputare almostthe  
Same degree between the old and new parameters．  
Thatis，forsuchdataforashortperiodasobtainedin  
1982，thevalueofparameterwasfo11ndtobenotso  
sensitivevhe11theamountofmassinp！jtisestimated  
astofittheamountofmassoutput．Thenewpara－  
metersderived from a fulトyear dataissurelymore  
reliable．   
Inconclusion，duringtheperiodfromlOJuly，1985  

to30June，1986，Wh主ch covers almost the fuilyear，  
runoffastbeamot】ntOfmassoutpl鷹is1316mmand   
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Fig．5．Comparison between the amount of runoff and the  
amountofmassirlputin5－daymeanvaluesfromlOJuly，1985  
to30June，1986．Parametersaandkadoptedarel・OandlOmm／  
。CdayinboththewatershedsTthethicksolidlinerepresentsthe  
amountofrunoff，r；histogramsrepresenttheamountofmass  
inputinwbichdottedbarsaretbea－nOuntOfrainwater，Pr，and  
もIankt〉arもheamoⅥntOfglac主erプs王ュOWmeitwater，Pm・   
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Fig．6．Compar重son簸tween洩憩amOunt Of runoff and tbe  
am（）un仁Ofmassinpljtin5－daylⅥeanVaiuesfromユOJuly．1985  
to30June，1986．Parametersaandkadoptedarerespectivelyl・  
12and20mmrCdayfor（a），theIィangtangKholawatershedand  
2．O a王tdlO m／OCday hr（b），t‡）eI．irung Khola watershed・  
Notationsare汰esameasi王1Fig，5．  
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Fig，7．Comparison between the amount of runoff and the  
amount ofmassinputin5－day rnean valuesin the Langtang  
Khola watershed from September to Octoberin1982．Parか  
metersaandkadoptedarel．Oandl（事mm／pCdayatlef亡andl，12  
and20mm／OCdayatrigbt．NotatjoriSaret！leSameaSinFig，5．  

8 9 10  8 9 10  
1982  1982  

Fig．8．The same asin Fig．7except主n tbe Limれg Xbola  
watersbed；a＝2．Oandkニ1¢mm70Cdayaとrig奴   

snowmeltⅥraterinIJAl野andLIl好．Ithasbee11repOrト  
edbyFukushimaetal．（1987a）thatthecoefficientof  
theriverregimeis only25．6for LAW．Ingeneral，  
precipitation haslarge annualfluctuations but air  
temperatureshowsnolargeannualfluctuations．As  
the amount of meltwater markedly depends on air  
temperature，annualfluctuationsin river discharge  
are concluded to be relatively more stablein melt－  
water－fedwatershedsthaninrainfedwatersheds．  

FromacomparisonbetⅥree‡lF呈g．6aくLAl野）arid  
Fig．6b（LIう好〉，itisseerlthatt王IeamOuntOfrlユnOだin  
LIl野is some two timesiarger tban thatin LA一瞥．  
Why does this large difference occur between the 
two？Itwillbethemostreasonableanswertoconsider  
thattheamountofprecipitationinLIWissometwo  
timeslarger than thatin LAW．According to the  
observationsofprecipitationinKhumbuandShorong  
HimalintheEastNepal（Ageta，1976；Yasunariarld  
Inoue，1978），theamountofprecipitationatridgesand  
peaksinamountairlisreportedtobetwotofivetimes  
largerthanthatatthebottomofthedeepandwide  
vaileyduetothed呈urnalvariatior主Ofcloudscau饉dby   

giacier／snowme汀waterPm a‡1dra童nwater Prasthe  
amountofmassinputarerespectivelyestimatedl127  
mmand278mmfortheLangtangKholawatershed；  
massbalanceofthewatershedwasfoundtobeslight・  
1ypositiveas89mm．Considerablepart，80％，Ofthe  
amountofmassinputconsistsofmeltwater；andonly  
lessthan20％ofitconsistsofrainwater．Asforthe  
LirungKholawatershed，althoughwecouldnotobtain  
tbetotalamountofrunoffbecausewewereT10tableto  
obtaindataespecia11yinwi‡lterbecauseoffreeziれgOf  
tberiver，tbetotaiprecipitati（〉ninthesameperiodas  
mentioned above was assumed to be totalrunoff，  
wbic‡1isaP，tbatis，2，0×1174＝2348mm；Pm alld Pr  
wererespectivelyestimatedas2133mmand344mm，  
whichoccupicdrespectively86％and14％oftotal  
massinput．Thenmassbalancemaybe129mm・  
TotheamountofPm，thecontributionsofmelt－  

water from glaciers or a glacier were respectively 
estimatedas753mmforLAWand1887mmforLIW，  
whichoccupied54％and76％ofthetotalmassinput・   

1町e now found out tbat t主Ie great part Of dis－  
c‡large，0Ver80％ofmassillput，CO！1Sistsofglacier7  
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thelocalcirculationassociatedwithorc慣raphiccon・  
VeCtion．LAWincludesthedeepandwideLangtang  
Valleyln a great ratio to the totalwatershed area  
払anL‡1好，Wbicbislocatedintbepartoftbesteep  
SlopeareaofLangtangHimalandthevalleyareais  
COmparatively small．Thatis why precipitationin  
LIWshouldbemuchlargerthanthatinLAW．InLIW，  
thislargeamountofprecipitationbalanceswiththe  
relativelylarge amount of giacier／sr10V meiting，  
Which results from the preseTICe OfgiaciersinloⅥr  
altitudes，IfLIWandLAWhavethesameamountof  
precipitation，thelargeamountofmassoutputinLIW  
should be attributed only to the large amount of 
glaciermelting，withqt‡ickshrinkingandretreatingof  
LirtlngGlacier∴Tilisisbelievedtobeobviouslyim－  
practica王．Thus，it may be reasonable to consider  
thatthevalueofcorrectionfactorofprecipitation，a，  
isderivedas2．OforLIW．Therelativelysmallvalueof  
a，i．e．，1，12，forLAWmaymeanthattheamountof  
precipitationgraduallydecreasefromdownstreamto  
upstreamalong払eLarlがangva11ey，  
Asseenin Fig．6a，thecomparativelylargedis・  

CrepanCies of Pm＋Pr and r are found outin the  
postmonsoonandthepremonsoonseasoninLAW．It  
indicates that the estimation method is reasonable 
becausethepberlOmenaareCOnSi（】eredtooccurprac－  
ticaiiyintheglacier】飽dⅥ7aterSheく箋in tbe monsoon  
region．Afterthemonsoonseason，PmandPrsudden－  
1ydecreasesinceairtemperatureabruptlydecreases  
andthereisnoprecipitation．Meanwhile，theamount  
Of groundwater storage may reach the maximtlm  
immediatelyafterthemonsoonseason．Therefore，r  
isiargertbanP－n＋Prthroughthepostmonsoonseason  
towinter．Onthecontrary，inthepremonsoonseason  
justafterwinterandjustbeforethemonsoonseason，  
the amount of groundwater storage may reach its 
minimu肌 Themeltwaterandrainwaterinthepre－  
monsoon season may be stored in the groundwater 
basi王1．Tbus，Pm十Prislargerthanrinthisseason．  
Asno meltingand no rainfalltake placeinwinter，  
meltwaterinthebottomsoftheglaciersand waters  
SuSpendedin theglacier bodies may contribute to  
riverdischarge（Motoyamaetal．，1987）▲Infact，eVen  
in L‡1野where主tis considered払at tIlereis no ric壬1  
Sediment，thatis，nO development of groundwater  
basin（Yamada et alリ1984），WaterWaSfound strea－  
mingthroughoutwinter．  
ThevalueofkisderivedaslOmm／OCdayforuW  

and20mm／OCdayforLAl野．AlthougbtheamotlntOf  
meltwaterisdecidedby a壬Ieatbalance olュtheice／   

SnOWSurface，WeaSSumeinthispaperthattheamount  
Ofmeltwaterisproportionalto airtemperature and  
thatthevalue，k，isdefinedastheproportionalco‡l－  
Stant．As discussedin detailby Takahashieial．  
（1981），k varies with the contribution ratio of each  
heatbalancetermtothequantityheatusedforice／  
SnOWmelting．Forinstance，atafixedairtemperature，  
alargecontributionofshortwaveradiationcausesto  
increase；a higher wind speed also catlSeSit toin－  
crease．Thedifferences ofkinboththewatersbeds  
areattributabletotheamountofshortwaveradiation，  
windspeedandotherlocalmeteorologlCalconditions  
which affect the surface heat balance in the areal 
average of the watershed．In fact，for example，it  
WaSObservedthatL‡1好vascoveredもycioudsearlier  
tbanLAl野inthemorningduriTlgtbemonsoonseason；  
thus，thecontributionofshortwaveradiationinuW  
isregardedassmallerthanthatinLAW．  
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