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Abstract  

HydroIogicalandmeteorologicaiobservationswereconductedduringafullyearfromJuly1985toJuly1986  
intheglacializedwatershedofLangtangValley，NepalHimalayas，Whereglacierscoveranareaof127km2，Or  
38％ofthetotalwatershedareaof333km2．Thispaperfocusesatterltiononthelowflowofwaterthatoccurs  
inwinterwithoutinflowofrainwaterandmeltwateTfromsnowandglaciersurfaces．Thedischargeofaround  
40m3s▲1（10mmday¶1）at max呈mum that occursduring themonsoon season decreasesto around2m3s¶1（0．5  
mmday‾i）at汀IinimuminⅥ7i‡豆er，Thewinterrece岱ionclユⅣeShoⅥ㌢SaCOnStantdecreasingrate，Witharecession  
rateofO．010day仙l，thehalf－Valueperiodofdecreasingdischargebeing67days，fromm品Decembertolate－March，  
whenthewatershedisentirelycoveredbysnow．Theconstantratcimpliesthattheproccssismaintainedinthe  
discbarge throughout wiIlter．Tbe basic and sとable winterdischargeisl－7×10S m3day…1at mi‡limum，Whicb  
correspondsto4％oftheannuaidisehargeof4．6×10Sm3．Thewinterdischargeisattribtltedtotheinfiowsfrom  
en－glacialwaterstoredduringthemonsoonseasonandfrommeltwaterfromtheglacierbottomduetogeothermal  
heat；theminimumnmoffisestimatedastherelativelylargevalueofl．3rrlmday▼l，referringtotheglacierarea，  
whichindicatestheimportantroleofglaciersasawaterreservoirandalsoasameansbywhichwinterlowflow  
ismaintainedintheglacializedwatershed．  

SameObservationpointsasweretlSedin1982．   
Intbisreport，Winterrur10ffisanalyzedナbecause  

tbefeaturesoftbedrairlagebasincouldbeu11derstood  
Clearlyin the simple hydrologicalcondition of no  
runoff from rainwater and glacier meltwater．Fur－  
thermore，汰e主n蔦ueIICeOflargeicemassesonⅥ′inter  
runoff was discussed、The characteristics of the  
riverdischargeduringtわefuliyeararealsopresented  
inthisIssueby Fukushima ggαJ．（1987）．  

1．［ntroduction  

lnordertoexaminetheeffectiveuseoflatentand  
undevelopedwaterresourcesontheearth，hydrol咽i叫  
calstlユdiesbavebeenconductedinrecentyearsintbe  
glaciaiizeddrainagebasinsofhighmountainregions  
o首班eⅥrOrld．Toclarま行thehydrologicaicharacteris・  
tics of the glacialized areasin Himalaya，the first  
systematichydrologicalinvestigationwascarriedout  
inLangtangValley，NepalHimalayasぎromAugustto  
October，1982，i．eリfromthelatem（）nSOOnSeaSOntO  
the postmollSOOn Sea＄On，a11d the role of glacier  
meltwaterindi∝bargeⅥ7aSdefined（Yamada ggαgり  
1984）．  
Thedevelopmentandeffectiveuseofwaterrep  

sources requlreS an understanding of洩e various  
hydroIog童caiquantitiescharacterizirlgriverdischarge  
suchasmean，maXimumandminimumannuairuno紘  
Thus，forafullyear，hydrol喝icaiobservationswere  
carriedoutfromJuly1985toJuly1986atalmostthe  

2．Area of observations  

Tbebydrologicalot〉紀rVatiorlSⅥ7eremadeinone  
large and two smalldrainage basinsin Langtang  
Valley．Thelarge one belongs to the Langtang  
KllOla（Kho呈ameansriverinNepalese），themairlriver  
Of Langtang Valley，Whieh consists ofmany giacia－  
1izedsub－WaterSheds．Thetwosmallbasinsbelongto  
theI．irtlngK‡10iaaridtheKhyimjtlrlgKhola，thetⅥrO  
tributariesoftheLangtangKhola，eaChofwhichisfed   
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by a single glacier，Lirung Glacier and Khyimjung  
Glacier，reSpeCtively＿ Thehydrologicalstationswere  
the same points as usedin1982for the‡。angtar王g  
Kム01aarldtbeLirungKbola，btlttbestaとionatKbyim－  
jung was newly established．MeteorologlCaleleT  
mentswcrealsoobservedatBaseHouse（BH），Which  
wasplacedatKyangchenGomba，Whichissituatedon  
ariverterraceinthevicinity ofthestationofLangr  
tangKbola、Thelattertwo smallriverswereenti－  
relyfrozeni】ュWinter，althoughflowvasrecognized  
under the riverice．It was not possible to make  
continuousrecords，butsporadicmeasurementswere  
made ofdischargebymanpower．ln the Langtang  
Khola，dataweresuccessfullyobtainedthroughoutthe  
winter．ミ野hilefreezillgOCCtlrredatbotbsidesofthe  
riverat nigbt，theiceflowedaway soonaたerbeing  
exposedtosunshineandrisingairtemperatureinthe  
daytime．Astheshapeoftherivercross・SeCtiondid  
notchangeduringthewinter，theanalysiswasmade  
OfwinterrunoffintheLanがaれgKムoia，  
Glacierscoveranareaof127km2，Or38％ofthe  

totalLangtang Khola watershed area of333km2．  
Thealtitudeofthestationis3840ma．s．l．，Whilethe  
highestpointofthewatershedextendsbeyond7200m  
a．s．l．For ftlrther details ofthe watershed such as  
altitudirlaldistribution and tbe method of observa－  
tions，詑eFukusllima g才α£（1987ラinthisIssue．  

Fig．l．Dailymeanairtemperature（qC）and30cm－deepsoil  
temperature（OC）at BfI．  
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ダig，2，Dischargeくmさs¶りor（】a主王y rlユnOぎf（mmday‾】ラof tbe  
LangtangKholaduringthecurrentot）SerVationpeTiod．   

andfelltoaroundw80CinwinterasshowninFig．1．  
Ablationandaccumulationoccurmainlyatthesamc  
timedtlringthemonsoonseasonaccordirlgtOaSCend－  
inganddescendingoftbe88Ciine．Fromtbemid（まIe  
OfDecembertothemiddleofMarch，dailymeanair  
temperaturecontinuesbelowthemeltingpointandno  
meltingoccursonthesnowandglaciersurface．  

Underthisclimaticcondition，theriverdischarge  
WaSVariedassbowninFig．2，Thedischargeof30to  
50m3s【1（aroundlOmmday‾linr11nOff）in払emonsoon  
SeaSOndecreasedtoaround2m3s岬1（around O．5mm・  
day¶1）in winter．As seenin Fig．2，the discharge  
decreased abruptly after the monsoon season，and  
relatedtothedecreaseofairtemperaturebelowOOC，  
therecessionrateofdischarge（tbelogarithmicvalue  
irltbe figure）became fairiy constant，0．010day】i，  
Which correspondcd to the half・Value period of  
decreasingdischargeof67days frommid－December  
tolate－March，Whendischargewasatminimum．The  
ratc was almost the same as that of the winter dis－  
Charge of a snow covered watershedi‡lHokkaido，  
Japan（Motoyama ggβま，1986）．The constant rate   

3．Resurts of observations  

．■～．／．ぐん√…Jル・Jふ／J（lJr！／‾J（イ〃んり■IT川吋r  
Since Langtang Valley belongs to the typical  

monsoonAsia，aCOnSpicuouscontrastofprecipitation  
is seen bctween winter and summer．During the  
Summer mOnSOOn SeaSOn fromJune to September，  
precipitation occurs almost every day，altbougb the  
inte王1SityofprecipitationisratberweakanddoesI10t  
exeeed20mm of the daily amount；the monthly  
amountisapproximately200mmduringtheseason；  
and heavy rainfallover100mmin daily amount  
OCCurSSpOradicallyattheendofthemonsoonseason  
almosteveryyear（Takahas‡lig≠αま，1987）．Aftert壬1e  
monsoon紀aSOn，tbe dry seaso†lCOntinues untilt‡妃  
followingmonsoonseason，Whileoccasionalsnowfa1l  
OCCurS and the watershedis covered by snowin  
Winter．During the19861987winter，the watershed  
was covered by snow from December26untilmid－  
March，aSi】luまratedillFig，4．Dailyrnearlairtem－  
perature rose to aroundlOOCinthemonsoon season  
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Fig．3．Discharge（xlO8m3）accumulatedfromthebeginningof  
thehydrologlCalobservation  

implies tbat the process ofdisc‡largeis mainねilュed  
throughout winter；COnSequently，winter runoffis  
Characterized by a constant recession rate of dis－  
charge with no inflow of rainwater and meltwater 
under the condition of air temperature below the  
meltingpoint＿   

In order to distinguish the hydralogicaI seasons 
from a fullyear’s discharge，aCCumulated value of  
dailydischargefromthebeginningdayofobservation  
was plotted against time as showninFig．3．The  
figure shows a very rapid and a comparably slow  
i11CreaSingrateOfaccum11iatedYalueint‡lemOIISOOn  
SeaSOn andin winter，reSpeCtively，The post－mOn－  
SOOn and pre－mOnSOOn SeaSOnS are regarded hydro－  
logicallyasthetraditionalseasonsbetweenthemon・  
SOOn and thewinter discharge．The posトmonsoon  
season is considerably longer than the pre-monsoon 
One．う野hilewillterdischargeoccupiesonly4％oftbe  
annualdischarge of4，3×10S m3，itis animportant  
WaterreSOurCefunctioningasabasicandstableflow  
intheLangtangKhola；theminimumisl．7×105m3  
day1．  

J‥ユバ（り…、Jり♪ん・＝リ▲汀わJ／け‘JJざ｛血，ぎlT  
Diurnalvariation of discharge occursin the  

meltingseasonduetotheinflowofglaciermeltwater，  
asiswellknown（Yamadaetalリ1984）．Airtempera－  
turemostlyrisesabovethemeltingpointinthedayr  
time，eVeninwinter，aCC（汀dingto払ebourly vaiues  
ShovnirlFig．4，butmeitingwasnotobservedevenat  
Base House，thelowest placein the watershed．  
Nevertheless，diurnalvariationwasalsorecognizedin  
dischargethroughoutthewinter．However，thevari－  
ation was quite unusual and considerably different 
fromthatof払eme1日ng饉aS（〉n，aSS壬10WninFig．5，aS  
itwasobseTVedinthecoldestseason．Thevariation  

1985  1986  
Fig．4．Variation of hourly air temperature（DC）andぬily  
maxim11mSnOWdeptb（cm）atB王i，and（董i∝bargeくmユsl）irlthe  
LanがangXムola．  
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Fig，5，Hourlyvariationofairtemperature（bC），discharge（m3  
S“1）andshortwaveradiation（kWm2）from21to25February，  
19a6．  

maybeattributedto汁eezingi11thenightandmelting  
in the daytime of the braided flow situatedinthe  
upstream of our hydrologicalstation・As air tem・  
peraturedecreasestoaround－5DCaftersunset，part  
oftbebraidedflowmaybefrozen，Whichmaydamup  
洩eriverwater．Åccordingly，downstreamdischarge  
abruptiydecreasestoIOto20％（0．2－0．5m3s‾l），1ess   
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than thati王1the daytime，and keeps an eqtlilibrium  
ieveiofdischarge throughout the night．Just after  
Sunrise，theicetbataccumtユIatedduringthenigbとis  
immediatelymeitedorbroke‡】upby‡neanSOfradia－  
tion a‡1d r主sing air temperature，Which causes mini・  
floodsforseveralhours，aSSeCninFig．5．Discharge  
a魚er七be m主ni・幻00d may reach tbe nor‡nalまeve王．  
Åfter eariy March，SnOW StartS tO melt and finally  
disappearsstarthgfromlowerpまacesandmovingup  
もObigher ones“ThetlSualpattern ofdiurnaivaria－  
tionreappears，SynCbronizipgwitbthestartofsnov  
lllelti叩＿  

Fig．1．Meltingpossibiyoccursonlyatthebottomof  
t主1eglacierdue毛OgeOtberma呈beat‰Ⅹaもthein短r◆  
facebetweeritbegまacierandbedrock．  

Di∝bargefromtbesoilstorage室scons主deredto  
besmali，COmparedtothat打omtbegまacierstorage，  
t壬Iatis，△払α。gだr＞＞△払抽 Soilstoragemayplaya  
reiativeiylessimporねnt rolein wiTlter di∝ba曙e．  
TheLangtangKholawatershedsituatedinthealpirle  
ZOneismai‡11yco王れpOSedofaglaciaiizedareawit壬Ia  
Steep barebedrock siope．TheSOilcovered areais  
distributedin aまimited area a王ong tぬe riverin the  
LanがangValley andissiとuatedi†1a relativelyiow  
alt主ttまde vitIlnO Steepinclination．Considering the  
lim注ed waもer permeabiiity of s（）i王，払e rate of dis岬  
Chargeisnotexpectedtothehigh，althoughnoinfor－  
mation on the th主ck‡1eSS Or tbe voiume of soi王is  
avaiiabie．  

ThtlrビSultofdrillingthr（一udltheftltl－del）thいftht、  
giacierrevealed払e exisモence of abundant waterin  
t王Ieglacierbody，Which幻owedint王1e pOSt－mOnSOOn  
season主nt‡leaCCumu王atio‡1andatぬtionzoneofYala  
Glacierin Lanがang Valley（王ida ggα～．，1984）．En｝  
gia（：iaiwater ha＄beenreportedin other temperate  
glaciers such as Mendenha11Glacierin Alaska  
（Waka量Iamaggαg．，1973），Va王1虔eBlancbei王l偽eMassif  
dtlMont－Blanc（Valion et ai．，1976）and San Rafeal  
Glacierin theIlOr洩ern Patagonia王ce裏e王d（Yamada，  
1987）；eVeni熊野inモer，atemperateg主acierc（）ntainsa  
large amolユnt Of e‡l－glacialwater（′rakabasbia11d  
う野akahama，1970）．王nねct，OC（：aSionalobservatま0れS  
revealedanunexpectedrunoffofO．6mmdayplinthe  
Lirung Kho主a a王Id O＿3miⅥday冊ユi‡lt‡le Khyimjung  
Khola as the minimum values，nOtwithstanding the  
ねct軌at tbe watershed coIIS主sts of a giac主er area  
located on a steepもedrock mounta払siope thatis  
almost completely Ⅵritわout soilcoverage．CαⅣ  
Seql王ently，theg王acierb（〉dyca壬1beregardedasagood  
Water reSerVOir．Winterdischargeisbelievedtobe  
Sllppまied from（〉ut‰w of en≠glacia呈water andits  
bottommeltwater，Whichcanbepresentedas；  

QニQ細峨α＋Å払£超。か  （4）  

Iftbisbypothesisisva王id，Winterrunofぎintheglacier  
area，Whicboccupies127km2，Or38％oftbetotalarea  
Of‡。an離ang Kbo王a watersbed，is estimated asl．3  
mmday≠1inminirnumvaluefrom払eO．5mmdayⅦ1in  
mirl圭mum va重ue，re転rri一隻gとo the toねiarea oぎtbe  
WaterShed．This valueindicatesthe亘mportantrole  
Ofglacierasawaterreservoirandaisoasmeansby  
Wbich of winterlow幻ow cam be maintainedin a  
glac主a‡izedarea．   

孔Discussion  

Asまndicaもedinぎig．2，therecessionrate ofdis－  
ChargeorrtlnOffwaskeptconsta鵡frommid－Decem－  
ber，COrreSpO‡浦ng to no主n蔦ow of rairlWater and  
me王tⅥrater．Then，the finalamotInt Of deこreaS重罰g  
rullい［f cこInlL：tO nruundい．5mIlldこl〉・▲1i［lIlliTliI11＝11in  
late－March．How，then，WaSthewinterrunoffmain－  
tained for more than98days without rainwater or  
me主twater？．Theねilowingexpianationissuggested．  
MassbalarlCe Ofa watersbedis generally pres－  

entedas：  
¢十ゑ＝払納十島離十△馳  （i）  

WhereQandgare，reSpeCtiveiy，tOもaldi紅hargeand  
evapotranspiration；¢㌻戊ゴ花is di蹴harge due to rain－  
Waとer and¢椚威fまs discbargedueもO meltⅥrater from  
SnOWandglacier；AQgisthechangeingroundwatcr  
StOrage．Q釈ggfarld△馳col丑dbeseparatedas：  

貌舶芳弘踊肌＋Q購助川十Qw敵十Qむ。緒払（2）  
aIl（1  

△鎗ニ△払〃ざる＋Å鵠£α。ぎgr，  （3）  

Where thesubscriptsofdiscbarge¢主neq．（2）imply  
Surねceandbottommeitofsnowaれdglacier，reSpeC・  
tively，denotedassursnow，botsnow，Surglaandbot－  
gla，and△払¢ぎiand△払ヱ£。ざ¢rin eq．（3）demorlStraもe  
dischargesduetotbechangeingroundwaterstorage  
Of soiland giacier．H訂ea鉦er，tbe term く1grollnd－  
Water”豆susedねrwaterstorediIltbeglacierbody．  

Q摘ざ花WaSZerOandEvasthol唱bttobenegligibiy  
Smaまiim winter becalユSe Ofcompara貞veiyiow tem－  
perature and absence ol a vegetative cover in the 
WaterShed．Surfaceme王tipgwasalsoabse王1tfrom払e  
SnOWandgiacier；nObottommeitingofsnowcover  
WaSObservedat B玖everlattileiowestpoint of軌e  
WaterSbed，dueとO freez王ng Of tbe soilsurねce，aS  
SIiOⅥrnbythe30cmdeepso主1tempera餌rebeiowOるC主m  
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