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RoleofGlacierMeltwaterinDischarge鉦omtheGlaciatedWatershed＄  
OfLangtangVa11ey，NepalHimalaya  
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Abstraet  

HydrologicalcharacteristicsinaglaciatedregiorLhavebeenstudiedbymeasuringtheamountof  
runo庁■intb¢L孔nが払ngXム01awaters血d（LAW）andtbeLir叫gXムolawatersb¢d（LIW），OrL叫g－  
tangHimalintheNepalHimalaya，duringtheperiod蝕）mAugust27toOctober26，1982，thatis，  
fromtheJatemonsoontothepostmonsoonseason，withthefo1lowingfindings：tllrOughoutoverone  
monttlOnrain1essdaysinthepostmonsoonseasonwhentherunO仔ofrainwaterseemstobe zx！rO，  
thedai）yamountSinlheheightsofrunoffofglaciermeltwaterinLAWandLIWestimated bythc  
Obscrvedairtemperatu代uSingthedegrec－daymethodaresmallerthanthetota）runofrbysomel．7  
nⅥ1／dayinLAWandneaTIyequaltototalruno仔inLIW．Thus，inLTWlhechaJlgeingrourtdwater  
StOrage，Jrg，isnegJigibJysma11；then，therunofrcoe餓cientisapproximatelyequattoIontheassump－  
tionoran喝1igiblysm扇iamountofe俺pOtmnSpiratio丑；也伐ぬLÅⅤβrダissomel．7ェ皿7day．Th¢  
heightofrunO打duetorainfillcanbeevaluatedfairlywellfromthemeasuredamountorrainfallon  
theassumptionthatrainfaJloccurTTdunifbrmlyintheamOuntOVerthewholerainfallareainLang－  
taJlgValteyandthctotalaLmOuJltisdrainedintotheriverwiththerunoffeoe栴eientconsideredl．It  
isconciudedtbattbemnoぼdlaraCteristicsinagIaciatedwatersbedcanbe¢ⅩpI扇nedfuily魚・Omtb¢  
topographicalfbaturesofaglacierorglaciersinthewatershed．  

l．IntrodⅦCtioII  

RiverwaterintheNepalHimalayacontainsalargeamountOfmeltwaterfiomglaciers，  
becallSetheycovertheheadareasofit．Astheabundantriverw如erisexpectedtobeoneof  
theimportantwaterresollrCeSinNepal，tOdevelopandllSee蝕ctivelyitrequlreSanunder－  
Standingoftherolesofglaciermeltwaterasthesourceofit．Glacio－hydrologicalstudiesofthe  
glaciermeltwaterare，however，fbwintheNepalHimal叩aSeXCePtthestudiesintheKhumbu  
region（Higuchietal・，1976）andinHiddenVal1ey¢ねkawoetal．，1976）．Thepresentwork  
hasbeenconductedformakingclearhydrologicalcharacteristicsofthe丑owof＄1acierMftd  
riversinL＆叩t叫gValley．  

2・Hァむ¢bgitdo蝕rY＆竃io鮎   

LこIngtこIllど＼√iLTTぐさi、loe；ll”lintt－eWtJlhernrronlOr－heGreatHiTnaliL）・”SCこIll亡dl・ユーlさtanざ  
Hitlli11いnLh：hい「山rregionorNepこ11andぐllillこl、SOrnCl（WkmTMrth≠・uTdrrom Kiltllmil！ldu  
；Lrldislh山一eiLdiLr亡iLO川一亡Ri、・CrTTi”liinlh亡Nara）PdniRi、でTS）・st川一・rOrCいnlrl；1ri∫lきthe  
血aracteristicsorぷsぢぬ拶Snlnni喝0打たonalargeandasmll由ciatedⅥ温terSbed，仏e  
amollntOrrunOぼw孔SmeaS℃rdin掬OWaterSheds，壬ar辞a王1dsma㍊，inl為nが繊gV扇1ey倉om   
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用ぢ餅肌噂持，SO也at抜毛ぬ騨d主＄e壬姐一書emⅣeWaSO如ain¢d；t圭ほ盈mOⅦntOrmnOぼwasmeas一  
温r8d敵om洩everti¢a重ぼOSSSe任官ion乳王ar飽Of洩eでiver弧dt鮎鮎wve王ocityat也¢甜％d甲仏  
Jcvelrr州ItllC仙T－1tLe”i］0－LILl山一いilliトilteLLuこl！in盲！血t・、・i11、こICrい、、Illヾ一・i、－er：1hc恥、、・、・高一叫・  
“こl、－nビ氏、u－でdh）用－いヾこl！erCLlrl、拙－－－el打いl、th亡eleclt・ic・－ぎ川er山トl〉・l－亡・1－h亡n，ll－ビ；1－－－いuntいl・  
－・u－1い汀in亡ilCh、、、こいe－・ゝlled、、こl→…－1、・erh弐1n・州－tI－C“山山ハ・、、！、山∫lきt－－eこIbl汀eCl＝・、で・－nこl（l（lト  
Iiい－l・－－一己こlゝ一肌－－－こ∫－tい、・erしぐいnti＝ll皿、Iym山1い両■“山〃－川－ドー・ill11reいt、l－－しl・・こIn引こl哩Kl－い】辻h〉′  
u→i一一ぎIhcT州ぎー1亡rn一一e川P甘こilurじT””r11er山←igrl山tl）・∧Lh町叫け甘．＾l【hゝCHuu、CnlCte－  
OrOいg心Id；11Li、、・ereoh汀一・、・”J：Ltl；tLiト、ユiTt川一PerこIIUre、、・；l川一ビュ川re（ll一）・tt－eTeul一心t・いr11－e  
こIhl）V叫1－〕：Pr画一i加jl一丁l…‥、トヾ打、山川・j亡e；ldこ11・血rill書t）h1日1ヱInt】Ⅰい怖1＝JleX【血〉うiII  
N叩I11・し一山11‾i汀Ie（（i11一仁5】刷Iml：仙！亡l皿dnしゝSミl！ld、、eこl！llビー・≠・汀eハトsen－ヾ山、・叩H甘しe  
漁owsatO石，09，12，15andま馳瘍  

t・一転1・∧l叩いきTa小心l！Tll吊、山一l．；叩てiil†1ド＼i州ぐトT！1iしkヽいIiも11主tlハinし！i亡JllJIIlじtlいu11、1こ汀iハい卓、！Ⅰ－e  
揖肌が弧g馳daw離ぽぬ感（め駅訂Vation細雨Sり誠d班eもkung馳dava篭訂ぬ涌くぬ耶a鮎n＄i雲母  
a毛S2）■避技：避aseHouse食灯∬蜂モ鮒rOlo感撒lob＄eⅣaぬns．GC：01∝ierCamp，避S：BodngSite．   
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3．Resultso【obserYadons  

Dailyvariationsinhourlyruno茸intheLa31gtangKholaandtheLir叫gXムolawatershed  
areshowninFig・2，tOgetherwiththoseinhourlywatertemperat11reintileLa喝tanSKhoh  
andinhollrlyairtemperatureatBaseHouse・Asseen丘omthedailyamountofprecipitか  
tioninFig・2，in1982themonsoonseasonwasoveraroundthemiddleofSeptemberin  
Lang也ngValley．   
Theruno払Q，Showsadistinctivebehaviorinitsdailyvariationinboththewatersheds，  
asfbundinFig・2；thatis，thedailyrangeofrunO払AQ，decreasedwithtime；thedaily  
rilngel、r rurlOIT ag山nht LlこIilyrunし一1Tilllhe LirungJ（hいIi＝＼・ユl亡rShcds、」QJ．；！Qい、WaS  
markedl）11aTgerlhiLIIJQJ，／Ql．．：i－11heLlrtぎt11nぎKhい11LWこIterゝlled：inlhe Lirung KllL）h  
Wat亡l・ShdlhぐdこIilyl－1aヽil1111111runい汀“・ユゝSmlleい、・いIitlle、】こIrgel・lllilnth＝山1〉●111i山rlltlnl  
runt｝爪Tlliscxtr川l亡t）●lこl「ざe＼－こ山亡t－r」（？／臥．・SllきざeStドIl－；lttheこII－－Ⅲ1nlいrrun（一打dl▲＝いユ  
血喝el正夢0血waterstoragemaybeIm一女edlysmallin也eLin瓜gXム01awatershed．The  
dai1yrangedecreasedintwotoafbwdaysafterthewatershedswerecoveredwithsnow，  
Whichmighthaveresultedfromalittlemeltingd11etOhighalbedovaluesofthegrollndsur－  
face．Comparlngtheamountofrunoffwithairtemperat11reinFig．2，thedai1yvariationin  
runOLrwascorrelatedwiththatinairtemperaturemeasuredatBaseHouse．Thetimelagbc・  
tweenairtemperatureandaresultantChangeinrunojrwaslOT13hoursfbrtheLangtang  
Kholaand4－6hollrSfbrtheLirungKhola．Themaximumandtheminimumairtempera・  
t11reWereObservedaTOllnd12－1：払and5」払，reSpe¢tively．   
Thcdail）rmrlぎt：OrilirteTTll㌍rillure、－こLricd＼、・ilhlhew亡ilthere（一ndilit！nS：thillis．1hcTこIrlgC  

incrca、Cdtosome15、ぐ（一n†in亡da）’sirLlh亡POゝl111OTISOOnS亡aSOnJ．nddecreil、CdtいSOme3C  
Onrai几）・、SrLOWyaTldcIotld）・山y、．Thcdilit）・miTl三mum≠・ltlL・rlemT，erこIturい、－iLSaSC（tldasユー3で  
餅eniユ也eLa喝ね喝ⅩムolaandnearOOCin也eLir払ng馳01a；aSSもowninFig．2，tbedaily  
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Fig．2．Seasonalヽ・ariationinthedailyaLmOu血OfprecipitationatBaseHouse（＊：SOlidpreeipita－  
tion）；daily varjationsinrunOfrintheLaTtgtaJlgK上olaandtheLirungKho］awatershed，Watertem－  
peratureintheLangtangKholaandairtemperatureatBaseHouse．   
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mini乱mWatertempem餌resbi魚edtothe重owerまeYelinthepostmonsoon＄eaSOn，Whi血  
migbtIはVebeenc孔nSedby紬¢absenceorrⅦnOfrorratberwamrainwafer；也edailyY訂iか  
tioninwaモertempera餌rea鮮eedw油tもatinairtemperat11reWitbtもetim8伝書oflぺ之bows  
asatrend；也edailyra喝eO摘atertemperatⅦ柁Varieぬ1sowithtぬt｛）fairモモmpe罰沈Wed主d．  
Thus，thedailyvariationsinairandwatertemperatureweremarkedlyrelatedtotheweather  
COnditions，i．e．thedailyvariationinshortwaveradiation・   
Tbeobsemtionalres山tsindicatetbattberはnOぽorbotIl血ewatersbedscontainsalarge  

ano籠ntく）f威a¢iermel掬ater；andt量Iattあeamo℃ntOrmnOぽeYidentlyco汀elateswi血air  
temperatl汀e，Whidbdependsontheamou雨OrShor価郡eradiation，i．e．w組漣erconditio狼  
For¢Ompari喝tb．eamo11ntOfmnof＝汲theLangtangKbolawatershedwi也tbatintbe  

LirtlllぎLllいlこl＼、・こIlげ、tl亡J．1Ilい…いnal、・こIrhli州、i‖hじiぎIltい川ilit）rllnい1いト ¢－・′1．≠ll亡re  
jisthev如er＄もedar8a），i‡lbotわ也ewatershedsareshowni池野ig・3，一雨血沈eseaso且alvaTiか  
tionsin㍍，thedailymeanairtemperatllre，and，Zm，theuppermostaltitudeoftheablation  
areaorthealti餌deof也eOOCiineinthedailymeanⅥ血einLa喝tangVa王1ey，Wもichv群ied  
抒om5300to4200maふl．血ri喝tbeobsemtionperiod・   
TheheightofdailyrunoirintheLirungKholawatershed，rLi，isextfemelylarBerthant‡1at  
intheLangtangKholawatershed，rLa，eSPeCiallyduringtheearlierperiodoftheobserva－  
tion；tbebeigbtsorrェ電皿drェαdecreasedwitba払11in晃（Oradecreaseing偽）．Asaresl11t  
Oftbel甜詳rdecreasi喝mteOrデェ£Wi払tまmet】泌nthatoデ㌢ェα，仏ehe呈由tor㌢ェ乞もecome＄tO扇サ  
mostthesameheigbtofrLaarOundtheendoftheobservationperiodiIlthepostmonsoon  
SeaSOn；then，itseemstbatthe血angein㍍wi也timeismoree飴ctiveint壬IeCぬngeorrェま  
thantぬtorrェα．   
T血esedi飴re混eSin七島e桓血0logiGalcぬra改訂isticsもetwe弧tbe小野OWaterShedsmaybe  

attributedtothedi蝕rencesintheamo11ntOfglaciermeltwater，Whiehresultsfitomthedi飴r－  
encesintopograp払i8a掩a蝕resortbeglaciers心血舶theait血di温1distribⅥtionortぬgl弧ier  

Fig．ユ．Seこlヽ川1こIl、．汀iこItj州、ilI′・い′・Jトニ・・／∴′■い：t】1ビ11しせ、tいI－－■l肌111、il－tlこヾl；ltlglこ川・・：Kllいl・l  
watershed；′L‘；thatin theLirungKllOJawatershedこ＝肋；thedailymeanuppermostaItitudeofthe  
ablationareainLangtangValley；㍍：themeandai王yairtemperatureatBaseHou＄e・   
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area，themtiooftbegkcierareatothetotalar¢aOrthewatershed，et¢．ktust壬IenaSSeSS也ら  
COntributionofBlaciermeltwatertorunOLfbythcanalysi＄OfdailynlnOffinthewatershed  
intbe払1lowi喝Sedion．  

4．A月山ysiso一礼血ilym札賂も細孔nC¢0れー細山e梼血ys  

In辞neral，adailymassbaねn¢einawatersもedisrepres雄tedby  
r土d量＋g＝」㌔十ち  （1）  

inunitsormm掬y，血合reristbeheightordailyr旺nO紬tbewa勧S鮎d；dちa血g∬¢rモー  
SPt＝Cli、で】ythe（1ailychangeirtgrいtJnd≠PalerゝtL一一・ilgearldLhed山l）・こLmOuntOrじViLPOtril－1、pi－  
r’LtionirLlheユ「亡iltmeiln、・’Ll11eS：J，．，，ilndP，aTer亡叩CCti、・eIylhedこLi））・areatanlいunlsOf－こIhl’ト  
tionandrainwaterinth¢arealm孤nVdueortbewater血ed．Risa＄紬mモdtぬモガisn喝Ii一  
癖biy＄mallb既aⅦSeOr¢OmpamtiⅦ1ylowairt¢mpem餌reandab＄en捉OraYe鮮地点Ⅶ¢0Verin  
lJlnぎt揖lき＼・■ユ甑ysitl】al亡tlin【h亡山pincヱ0】le．  
ドorev三IIlutirlgtheL：（一JnributionorP”，l（一r、Ihcdailymassb；Lh－1CehasbじenSll▲diuloJl  
rainlessdaysinthepostmonsoonseasonwhenP，SeemStObezero．Thentheheightsofrin  
tIl¢LangtangX五01aandtheLir址ngKholawatershedar¢glVenもy  

ド一丁】”亡」∫p  一三I  

andalso  
r＝αj㌔  （3）  

Wh亡re〟is止亡t・u110汀clletliek肌il11hewこIt亡1・ゝIlビd．Now．telusし11iIllate【lleanlいぃIt（汀♪…ill  
ea洩w如e指血ed（〉ntheba＄isorairtempera血reobservedatlきaseHouseandtbet叩時評aphiぢd  
m叩いFLangtiLngVal］eyonゝu血l－1eassumTltionsI   
T数eamo℃離Ofj㌔i＄鮮魚訂扇1yglYenbプ   

ア勒＝÷∫；：椚（z）埴ゐ  P）  
、Vhercl付＝J‘たi、IhegliLeierilreal岨、、■”nthe山1itl▲d亡S＝aTl（L＝．‘たこ＝，．．and＝．ilrCr叩eClivcl）．  
1hcllppernlOStこIltil11deいrtheabtこLli（一nareaalldlh亡altilutl川rlhcさtaCi亡TtermirLtJSこ111（＝）is  
thedailyamollntOfめ1ationatz．Adoptedforestimatingm（z）isthedegreかdaymethod，  
Whi洩is¢OmmO血IyllSedfbrtbeestimationof椚（カintemsorairt¢鱒は血rea＄g毎enby  

〝J（ニト たr∫ぐニ）  （5）  

Wh¢re也¢COnぬntたi＄撒11edth¢d喝ree－day払ctor；㌔（ヱ）is也emeandailyairtemp汀atl㍊℃  
llighcrthanOぐilt＝．TheviLtllCOI、7こ．t＝1isgivcnby  

T．申＝丁：J（ニ．．1イ’（ご－－ニい1  （61  
Where7Lせ。）istheairtemperaturemeasuredatBaseHouseatthealtitudez。andristhe  
lapserateorairtemperatllre．   
GJaciellmellinsoccuT→いIllさIirtthL：ubhlil－nilrCabel≠・ee［llheこItliltldes＝，and＝れ．1heYiL］ue  

Of＝．・beingconstiLTltaTOu－1dヰ00（1mこt．S．l．itlbolhlhe、＼●こIlerゝhedsbut＝．hV呵・ing［l＝mCZllarily  
Witbtbev打血ioninairモempera血ーちaSprOVidedby  

ニれニ rl（二ご。）〃、－・ニn  （7）  

ThcrenlrC、amilrkedvariillionocぐurSCVerydユyiJllhe；lbhliollareil．deT）CrLdjllgO（ltheLlヱIily  
Variationinzm．Theabhtionareaexpandsinthedaytim¢andshrinksatnight伽mwhich   
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Fig．4．AltitudiJ］aldistributionofratio（Aq）z／AfortheLangtang Kholawatershed（SOlidline）and  
theLirungKholawatershed（dashedline），Where（Ag）zistheglaciera托ainthcsectionboundedby  
twoadjacentcontourlinesgraduatedevery500mwiththemeanaltitudeofzandAisthcwatershcd  
area．  

itfb1lowsthatthemostreasonableestimationcanbemadeofPmbythesuⅡun王止ionofits  
hourlyamount，（Pn）t．Thissumationmayberatherbetterthanthedirectestimationo  
byuslngeqS．4and5．Ontheotherhand，becauseofthelimitationintheaccuracyofthemap  
OfLangtangVa11ey，aneStimationcanbemadeoftheglacierareaineachsectionboundedby  
twoadjacentcontourlinesgraduatedevery500msuchastheglacierareabetweenthealti－  
tudes4㈱and4500；4500and5000ma．s．1．，andsoon．Thealtitudinaldistributionofratio  
Oftheglacierareainthesectiontothetotalwatershedareawasobtainedthen，aSisshownin  
Fig．4．Thus，（P，n）lWaSObtainedbythesummationoftheareameanhourlyablationineach  
section．   
Consequently，Pnis evaluatedbytheequationsmodi丘edfromeqs．4and5as   

タ仇＝∑（㌔）£＝＝（÷＝刑z，棚』z）  （8）  

and  

椚z，‘＝（㌔）z，£  （9）  

Wheremz，land（TL）z，tarethehourlyablationandthehourlyairtemperatureinthesection  
atthemeanaltitudez．Whenthemeanaltitudeofthesectionislowerthanz，1，thesectionis  
regardedastheablationareainthewatershed．Andifitislarger，thesectionisregardedas  
theaccumulationarea・NowwecanestimatePmonlyffomairtemperaturemeasuredat  
BaceHouseuslngeqS．6，7，8and9andthereasonablevaluedof17andk．   
Thevalueofrisassumedtobel．0×10‾20nthecleanglacier（snowandbareicearea）and  

O．6×10－2OC／monthedebris－COVeredglacierandthearea丘eeffomtheglacieronthebasis  
OftheobservedairtemperatureatBaseHouse（3920ma．s．1．），GlacierCamp（GCinFig．1，  
5090ma．s．l．）andBoringSite（BSinFig．1，5405ma．s．1．）inLangtangValleyd11ringthe  
Periodofhydrologicalobservationsandalsoonthebasisofthevaluesofrobtainedby  
Ageta（1983）andYamada（1970）intheNepalHiⅡは1aya．Meanwhile，kissollght，uSingthe  
pIotsofm（z）against毛inatemperaturerangenothigherthan30CinGlacierAXOlOinthe   
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Fig．5・Re】ationsofthe mean dai）y air temperature measured at Base House、TL，With the area］  
amountof－daiTyab】ationinthea∫ealmeanvaIuees†imatedin the LangtaJ】g Khota watershed．La，  
andthatjntheLirungKhotawatershed．Li．   

ト叩a＝1im止1）こl什iざ・b＝t、Ill叩叫一己l－bトlぎetilピーこl！‥川M）l．ド川■te！－叩e－－こIlllre吊呈tlel●lllこ11－3（∴  
Val籠eSOf椚（わareoもtainedbylimeare裏mporation；then，たisoも旭ined，aSlOⅡ江n／OC／血y  
fromeq・5・Thisvalueofkisapplied，tOfirstapproximation，tOthewholeablationareare・  
g孔rdlessorthesⅦr血ce¢OnditioIIS．  
1’hean10untSnrJ】．・Jビ＼tirl】こIledt－さ・叫、．b．7．8an【＝intIICl．こl叩tこl叩Kllnlこlこ111dltl亡Liru哩  

Ⅹムolaw離モーSbd，Whieh群ereS匹C如elysもownもyband工．i，arep18tteda伊inst馳em粗放  
dailyairtemperature，㍍，inFig．5．ComparingPnwithrinboththewatershedsonrainless  
days，aSSbowninFig．6，itisrevealedtbatrニj㌔＋1．7mmプdayintheLanがangXムoia  
Water血edandr＝タ勒mm／dayintheLirじngX、holavatershed．Inぎig．右，theseasona王variか  
tionsinrLaandrLi（thesameasinFig．3）are＄hownby粗ethicksolidlinesandtheresi血al  
Ⅶl且¢（＝r血州l・勺issbownbytbe血insolid払e（埠elover魚群Ire）．  
Intl－eLir＝nきKh（｝lい、・山eI・ゝl一山、i－isc】aTi鮎（1行ぃⅣ＝l－eilbn、eTじゝl山II－allhe；1t－－11u－－川r」∫！J  
ineq．2isneg最giblysmallasexpectedinSection3andthattherlmO仔coe缶cientineq．3is  
approximatelyequaltol．Then，almostalltheheightofrunOffintheLirungKholawatershed  
COIISistsoro最y如ciermeltwater，Whererェ£isr¢伊rded孔Stbebeig餌ormno粍rm，dlletO  
が就ier王nelting，i．e．，㌢エ盛ニ㌢彿On仏8raides＄d野S．Si服t壬IemnOぼぐOe銃cientisas凱皿edto  
belfbrrainwaterruno∬inthesamewaya＄glaeiermeltwaterruno銑P，ineq．1canbere－  
g乱rdedast血合beigbtorruno銭rr血etorainwat8r．Tben，tileもe毎払torruno払rェゎintIleLi・  
rungXム0】awatershedisrepresentedas，  

rェ名＝j㌔＋ち＝r訊＋rγ  （10）  

TheabsenceofASgintheLirungKholawatershedmaybeconsideredtohaverestlhed丘om  
tl－L：ab、erlt：eO！1therj亡hヽ亡dil11L：TILこISthcgTO1111dⅥ・こ1ieT・basi几11CLenLL甘いrLh亡netiヽでmいVemCntl）r  
th宅威acierontbeもeむ0¢kandsueぬsteepslopesofare及Saまmost餌食録omgl批ier＄tぬtね餅e  
no sediments．   
EachglaciatedsubwatershedconstitutingtheLmgtangKholawatershedisassumedto  

h狛稚thesamebydrologi侃lたat℃reSaSthel．im喝Kholaw扇erぬed．ThereR汀¢，且S払ー也e  
I・ユnざモangt（hLltユ、、、LLlerゝIlml、illmい、Il11htlCumいuIllo「gl肌心rmcIl、ヾillじrandTait11、●iLter主nttl亡  
SubwatershedsisbelievedtodischargeintothemainriveroftheLangtangKholainthe  
SameWayaSin沈eLir籠ngKholav及terShed．Then，㌢血isaisor印reS8ntedas  

rェα＝プ㌦＋タ㌢＋1．7＝㌢軌＋rγ＋1．7  （11）  

inⅦnitsor∬皿伽．TbevalⅦ¢Ofl．7mm7dayineq．11implies払ehei塵btofdailyr吐血o抒血e   
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Fig．6．ComparisonintheLangtangKholaandtheLirungKholawatershedbetweentheob醍rVed  
heightofdailyrunO打inthew孔terShed（thicksolidlines）andthesumoftheestimatedarealmn  
valucofdailyablationintheglacier（thickdashedlines）andthatofdaiJyarealam0untOfrainfau  
（dottedareas）．Athinsolidlineinthelowerfigureshowstheresidual（rLa－1．7mm／day）inth¢  
LangtangKholawatershed．  

t（〉thechangeingroundwaterstoragち也isheightbeingco叩arativelylargeinco叩rison  
、、iththeheightorrI．．EinLh叩いStmOnSL）OnSeaStlrLil、Sho≠llinrig・6・ThegrourLd＼＼●nlL：rbェLSirL  
iTltIICLaTlgtanぎKhoh“●iLIL：rゝheLlm叫一CLmSistmこIinlyorlhL＝こLhun（1ilntSedimentaccu－1111lLLICd  
irLthebolloml、fttlelnrぎel：－、hlPed、●iLHc）’orL孔nぎtユIlg＼’i111t：y．in、、・hiぐhil］argcanl（ltl）l10r  
Waterhasbeencontainedasgr㈹ndwaterdⅦri喝themo‡1SOOnSeaSOn．  

5．ComYerSion01tIlem用SWed乱mO仙tOrraiIlぬmtotbeheightor川皿○灯血etorainwater   

Sincewecanestimatetheheightofdai1yrunOffduetoglaciermelting，rm，WeCanSimply  
CalculatetheheightofdailyrunoLrduetorainwater，rr，Onrainydaysastheresid11als，  
r山一（r耽＋1．勺andrヱ′£－r彿，iIl血eLangtangKholaand血eLiru喝温血olawatersbed，ーか  
Spedive短．Nov，1e拍SCOnVerttbedailyamountofrai且以1，ダ，meaSured融8aseHo籠SモtOrγ  
inthewatersheds．   
Therclnl山nいrr√l（1J）iゝこ11、unledこIS   

rr＝笠ぎ；ニ月餅  （1勾  

Wheretheintegrationcoverstherainfallareainthewatershedbetweentheuppermostalti－  
tude，Z，，Ofrainfallandthelowermostaltitude，Zl，Ofthew孔terShed；αisthecorrectionfactor  
OfmakingPtheresonablevalueapplicabletothewholerainfhllareawhenmultipliedbyα．  
Inpractice，theapproximateequationglVenby  

rγ＝＝抽＝＝（÷∑αβ勅）g』⇒  （13）   
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isusedfbrtheconversionofPtor，becauseofthe＄amereaSOna＄Wa＄discussedintheesti－  
mationofr糀・Themeaningsofthesu伍ⅩeSarethesameasineq．8；βistheprobabilityof  
rainたI11“henlllegTOllndairtenlP亡riLtun：isncart）lC．   
＾slheresidulLtS・rL，，－（，，n・］・71ilndrI．t－－r，q・aきrCCWiththeheighlSOrr，CaleukIledbycq．  
13inboththewatersheds，themost丘tvalueofαi＄determinedonrainydays．  
Ingeneral，itshowsevenwhenthegroundairtemperatureis＄lightlyaboveOOC；thatis，  
thereiss11ChatransitionalrangeofgroundairtemperatureasTk＜7L¢）＜Tふbeyond  
Whichprecipitationisliquidasin㍍（z）≧Tzlandsolidasin㍍¢）≦㌔；andthealtitudinal  
rangeorthetransitionalprecipitationzoneis㍑1cⅦ1atedもぎeq．7as  

（㍍（み）イ㍍）／r＋z。＜g＜（㍍せ。ト箱）げ＋z。  （14）  

Fromthe免eldobservationsoftherelationsbetweenthetypeofprecipitationandgroundair  
temperature，Tk¢），madebyAgeta（1980），theprobability，（l－j9），Ofsolidprecipitationis  
representedby  

l－β＝（－34㌔（⇒＋118）プ100  i15）  
Lbrprecipitationinthedaytime什om6－18hinthetransitionaltemperaturerangeofO．5＜  
㍍（z）＜3．50Cand  

l一βニ（－3S㌔（z）＋106）／100  （1り  

atnight如m18ぺ〉6丸かextd野）i‡10．2＜㌔くz）＜2．80C，Hence，thearealamo籠ntOぎmi乱払11  
inthetransitionalprecIPltationzoneprovidedwitheq．14wasestimatedbyconsiderinBthe  
PrObabilityofrainfh11，β，givenbyeqs・15and16．  
Inthecalc111ationofl・，byeq．13，theparameterαischangedinarangefromO．5tol．5and  

母乳¢bcalcd融edv蝕1Ⅶeiscomparedwi払theresidlは1s．Then，止emost五tvdueorαisdeter－  
minedby也emleortrialanderror．Co】班IudiI鳩Iy，itisrevealedthatrγa∝Ordsbest頑也the  
r¢＄i血血swもenぽ＝1．Theおightsorち払kulatedもyeq．13ar¢Sも0Ⅵ1もyt毎dotteda一組  
inFig．6．AsaresultrLaandrLiCanberoughlyest；matedbyeqs．6，7，8，9，13，15and16，  
asindicatedinFig．6．   
AsseeninFig．6，therunoffofglaciermeltwaterisrevealedtoplayanessentiallyimportant  
parti‡ltktotalruno抒inbothtbe職terShedsintbeseasonllnderobservation．  

応．Relationsもetweeれru皿0∬eb紺乱Cteristicsandt叩0伊apbicat鮎atwesorgIade帽  
intbe由aciatedw如ershed   

AssbowninFigs．2and3，＆餅eatdi飴renぐeisnotedintberllnO∬cbaTaCteristiぢSOrtbe  
LiruTlきKholil；1TldlhcLaTlぎl：Lnきにhい1こlⅥ－こuCrゝhe（l・T）is亡uiゝionsこIrL：TTudL：irLlh三、Sccljonl（一  
e甲1ai王Itbedi蝕reれCeたomtb£tOp喝rap壬1ical総atwesor也eがa¢主eror也egla¢料siIlt壬Ie  
WaterShed．   
Forthealtitudesinwhichablationtendstooccur，theratio（A，）z／Aineq．13intheLang－  

tangKholawatershedislittlelargerthanthatintheLirungKholawatershedaccording  
t（）仏ereadi喝taken鉦om也etopo許apbicalmaporbnがangVa11野．Since也esamevalues  
い［（t．P：unLl＝，iIrCCnlploさt：JiIlhoththe wこItL：r、ll亡山and＝／i、uJ1110＼ttheゝこl】11CiLLLitude．  
4000ma．s．l．，血eheig王1tSOfrrinthewatersbedsar¢nOtSOⅡn膵hdi鮎reIlt鉦omeaGbother，  
asshownbythedottedareasinFig．6．Therefbre，agreaidi飴rencebetweenrLaandrLi  
ShowninFig．3isconcludedtobeattributedtoagreatdi飴renceinl・nbetweenthetwo  
WaterSheds．BecalエSetheamountofm¢）isalmo＄tthesameinthetwowatersheds，thisdi飴r－   
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ヲnCeinr勒ismainlycausedbyagreatdi触enceinaltitudinaldistributionofratio，（Aq）z／A，  
1neq，Sbetweentもe摘OWaterSheds，aSSbowninFig・4・AsぬtdinSe¢tion3，neiti工場∝－  
Curredillltl亡ar亡aトclロ、Vth亡d山l）●ln亡はnこl＝hl▲d亡Or53α）lいヰニ00】－1a・S・l・dllri－1glheperiod（汀  
Observ融ion．TbeTefbre，tbeamountor指扇0い∂z材htbemelti喝areaWaSⅡ随一ke亜y如詳r  
intheLirungKholawatershedthanintheLangtangKholawatershed，Whichresdtsinthe  
largeheightofrmintheLirungKholawatershedthanthatintheLangtangKholawatershed．   
AsseeninFig．5，Pnorr隅intheLirungKholawatershedisremarkablymoresensitivc  

to㌔也a乱夕幼Orr瓢intもeLanがa喝Ⅹム01aw離ersもed；thed∝reaSi喝ー融e、Orr諷Wi也de－  
CreaSi喝㌔intbe鈷merw融ersbedism血1aT野ー也antぬtinthe如terv離耶kd；Vi也a  
decreasein亮，rndecreases；thentheheightofrninthefbrmerapproachestheheightof  
rninthelatterwithdecreasing7L；COnVerSely，withanincreasein㍍，anincreasecomes  
abouthlthedi飴renceinrmbetweenthetwowatersheds．Thesedi蝕rencesintherelation  
betveenr隅and㌔int壬IetWOW裏ershedsresultinak汀辞di飴renceintbecぬ罰氾teris血sor  
rlln（1汀bごい、・亡川tllel＼、し川山爪ll山、SuCl川ヽ」（？∴．凱J．・」（）′．！い軋．い′山、・rノ．。、‘〟／．りー／Jニイれ．り／－  
di，etC．，aSStatedinSection3．   
Asaconclusion，therunO翫haracteristicsintheglaciatedwatershedcanbeexplainedfu11y  
fromthetopographicalfbaturesofaglacierorglaciersinthewatershed・  

7．Con⊂lt】Sion  

HydrologicalcharacteristicsofrunOLrinaglaciatedre由onhavebeenstudiedbymeasllr－  
ingtheamountofrunOfrinthehngtangKholawatershed（333kmB）andtheLirllngKhola  
WaterSbed（13．Skmうinl．anがa喝Va壬1ey，Orb喝ta喝HiⅡはIi‡ltbeNepalHjmdayadwing  
也eperiodたomA℃き弾St27toO戎0もer26，19＄2，tbatis，たomthelatemonsoons組SOntO也e  
postmonsoon＄eaSOn・Tbe丘汀meTWaterSbed¢OnSistsormanyglaciatedsはbwaters血edsin也is  
Valley．   
ForinvestigatingtheroleofglaciermeltwaterintheamollntOfrunOLfinthewatersheds，  
thedai1ymassbalancewasstudiesbythedegree－daymethodemployingthevallleOflOⅡ皿／  
OCfd野aStbede詳eetd呵払¢tOrOnrai‡11essday＄intIlepOStmO王ISOOnSeaSOn，VbenrじnOだ血e  
torai王IWaterSeemStObezero．Åsaresdt，aS払rtheLirはngKbohw扇er血ed，七重鵜tOtdamou雨  
Ofdai1yablationwasfbundtobeapproximatelyequaltothedailyanolmtOfrunoifthrough－  
Outalmostonemonthinthepostmonsoonseason．Thus，inthiswatershedthechangein  
groundwaterstoragewasrevealedtobenegligible；then，therunoLrcoe伍cientwasdetermined  
tobenearlyequalto10ntheass籠Ⅱ甲t10nOfthenegligiblysmallamountofevapotranspト  
Tation．恥itTIPI）ljnglhisnn（1iIlgtOltlel．anきt；1几gJ（holい、－iltCrSh亡d．theL；hこLngeingro11nd－  
VaterStOは騨WaSClaTi鮎dtoもel・7mm相野・Conseq混nt頓，theam㈹ntOfTⅦnO抒hagk－  
ciateds11bwatershedofthiswatershedconsistsonlyofglaciermeltwateronrainlessdaysin  
thepostmonsoonseasonbecauseofthelackofasedimentwhichserveSa＄agOundwater  
basin．SincethebngtangKholawatershed，however，iscoveredwitharichsedimentinthe  
もottomortheiむ苫eローS桓匹dLanが鱒gVa11ey，a許0Ⅶぬw涙rstora野OC叩IeSCOmpara・  
tiマelyalargeam（〉untOrmnO粍espeぬ11yin血epo扇monSOOnSeaSOnt   
AsfortherainwaterrllnO銭itwasrevealedthattheamo11ntOfrunoirdlletOrai脚aterCan  
beevaluatedfairlywellfromtheamountofrainfallmeasuredatthefbotofthewatershedon  
theassumptionthattherain払11precipitatesunifbrmiyoverthewholerainfhllareainLang－  
taユgValleyandisdrainedintot壬1eriverwi漣t壬l¢r皿0ぽcoe頗£ie如¢OnSideredl・   
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Concl旭丘ingly，tb∈heiめtofMOぽin也eLanがangXも018VaterShed，ア加，and血atintもe  
Lim叩gX血olawater血ed，r朗，arerepreSentedbyr加ニr珊＋rγ十1．7andrェ豆ニr彿＋rγm／  
day，Wberer訊andrrindic離etbehei由tsorr破瓜o抒血etogladerm軽重摘aterandrainw融¢ー，  
Te叩亡亡Ii＼・中．＼州．“・CぐこIllrいugl巾・pr己山ellheこ‖－10ult川－lleiglllいf－ru－101TiIl；ln〉・仙blヾi山r－  
＄hedofLangtangVa11eybyasimplecalculationllSingthedataofairtcmperatureandamount  
Orr孔infhll．   
Theobservationalresllltsshowgreatdi飴renceinrunofFcharacteristicsbetweenthetwo  

WiLtCrSllCds．1lli～dilrcn：（u：eis）nこIint）lduribulCdtoadi恥tle．1C亡i，lr．∫beL：auSeildi爪汀CneL；in  
rrlSnOtSOgreat．Sincer勒dependsonthealtittldinaldistriblltionoftheglacierareainthe  
WaterShed，a蝕Iiexplan乱tion飽nbegiventorはnO抒¢bam虎eristi¢Sbythetopo卵pbiぬ1兵温－  
twesoragねCieror如ie指int王Iegl鑑i離edwat訂Shed・  

A（来れOWldgm¢れ他   

職vodd放¢細そⅩp柁SSOⅥrapp耽iaモiく〉ntOぬemぬsofG王鑑io重0感見iExpedi藍ion8f摘pぬ柵  
IIoringPrqject，1982、SuperVisedbyProf．K．HiguchiofNagoyaUniversityforthelaboriousassist－  
anc¢givenusthroughoutthe鮎1dwork．WealsowishtoexpressourthankstoProf．G．Wakahama，  
Prof．Y．SuzukiandDr．D．KobayashiofHokkaidoUniversityfbrreadingthemanuSCriptando蝕r－  
inguse餌criticisms，tODr．Akitaya，alsooftbeaboveunive指ity，払rmakingt王】e鮎1dequ王pn妃nt＄  
avaiIableforusaJldtoDr．H．1kedaofTsukubaUniversityforcalibra（ingthewatercurrentmeter．  
Theresearchhasbensupportedbyagrant－in－aidforscjenti伝cresearchrromtheMinistryofEduea－  
tion，ScieneeaJldCulture，OrtheJapaneseGovernment．  
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