
BulletinofGla（ニ主erResearch7（i989）プ95－a）ヱ  
⑥DataCenter払rGlacierResearch，JapaneseSocietyofSnowandIce  

ノブ）ご了  

Hydro10gicalobservationsin LangtangVa”ey・NepalHimalayasduring1987monsoon postmonsoon  
SeaSOn  

HideakiMOTOYAMA and TornorniYAMADA  
Institl鹿OFLovTemperatweScience，HokkaidoUniversity，Sap吉＞Orく｝亨060Japan  

（ReceivedBecember28，1988；Rev主sedrrla王1uSCriptreceivedFebruarylO，1989）  

Abstract  

Glacio－hydroio宮icalobservationswerecarr主edoutatagiacierw短dⅥ7aterShedinLan離a喝Vail野，  
NepalH主malayasfromÅugusttoOctober，1987，frommoⅥSOOnSeaSOntOpOStmOnSOOrlSeaSOn・Air  
temperature，preCipiもation，Stream幻owandelectricalconductivityoぞstrearnwaterfrornglacier（s）  
were observed at紬㌢O Sites，a‡1d洩e fluctuations of glacier sl汀faceleveユand meltiれg rate Were  
measured on Yala g‡acier．Discharge and specific eiectricalcondlユCがvity（S．E．C．）wereinversely  
correlated．Tbedil汀nalreiationshipbetweendiscbargeandS．E．C，洩owedclockⅥ7isebysteresis・The  
equilibriumlinewas5208¶5250m乱S嶋l，duringtheobservationalperiod．Meltまngねctor（degreehour  
factor）wasobtainedasO．53mm／やChonbareicesurねce，Yla（5096m乱S．1．）at血eablationareaofYala  
glacierandO，8mm／OCI10†ltbewet餅amularsnowsurねce，DS87（5304ma・S・l・）atthelowerpartofthe  
ac（：umulatedarea．  

1．1ntroduction  

Since1981，glacio一丸ydroiogicalobservationswere  
Carriedoutas払ecoopera昌veprojectbetweeれJapalて  
and Nepalat Lan離ang Valley whichisglacier…fed  
WaterShedofLangtamgHimal，  
Asa partoftheproject，COntribut主onofglacier  

melとWater tO rumOffin glacialized waters‡1eds of  
Larl離angVa11eyhavebeenrepreserltedbyYamada  
andMotoyama（1988）．Tbey showed thaとamou鵬Of  
gまa（：まermeltwateraccotlnted払rso‡罰e54％ofarlnuai  
runoffinIJangtang Khola watershed（333km2）and  
76％i11theLirungKbolawatersbed（13．8km2）．  

Tbe†leXヒStepOf偽ebydrologicalstu（まyis，（1）to  
Clarify tbe runoff process，hoⅥr meltwaもer（or rainw  
Water）moves なom glacier surface to a stream  
throu感Iglacierbody，（2）toimprove the calculating  
method ofmassinput to watershed，払r which such  
preciseparametersshou鳶dbeobtainedastbedegree  
day factor for esとimatil鳩もbe amount of sT10Wパce  
meltwater，tbecムaracterま＄もicsofareaidistribtitiorlSin  
air temperature and precipitation，altitudまnallapse  
ratesofsurfaceairとemperature，etC，Ⅰれthispaper，We  

present軌erela昌onbetweendiscbar那alldelectricai  
COnductivitytodiscusstberunoffproce∬Ofsnow／ice  
meitwater，and degree botlr ねctors on giacier to  
estimatemeltwater．Thecbaracteristics of areaまdis－  
tribu貞onofmeteorological短atureswere mair11yreサ  
portedbyUenoandYamada（198乳  

2．Area and rnethod of observations  

ObseⅣa七重orlSWereCarriedoutin払eglac主alized  
WaterShedinIJanがarlgValley，Whichwaslocatedirl  
Lanがa‡1g‡‡imalolュtheborder（）f NepaiarldC量血a，  
Sしml〔－i洞k】11†11）T・tl】＼＼∵＝・（lfl・Ⅲ111くこlthIllこ川dl1．alldi11tllビ  
わeadareaoftわeRiverTrisuまiintheNarayaniR主ver  
Syste乱  
Theobservedwatershediscoveredbygla（：iersin  

theareaoぎ127km20r38％ofthetotalarea of333  
km2．The h短hest part of the watershed extends  
beyoIld72（）O m a．s．1．Theまowermost altitude of tbe  
WaterShedis384（）ma息1．whereahydrologicalsta如n  
（Sl）wasestabiished．Nearthebydroま喝ica王sta浸on，a  
meteorologicaまstation（BH）were set up aも3920m   
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et．al．（1987）using the data obtained inthe period  
duringJuly1985toJune1986．Anotherhydrological  
and meteorological station were set up at glacier 
Camp（GC）near the terminus of Yala（Dakpatsen）  
glacier，atthealtitudeof5090ma．s．1，withinLangtang  
Khola watershed．The area ofthe watershedreferred  
toGCisnotdefinedinthisstagebecauseofnoreliable  
mapofthewatershed．Airtemperature，PreCipitation  
andstreamdischargewerecontinuouslymeasuredby  
Self recording system using digitalrecorders，and  
Streamtemperature andelectricalconductivity were  
manuallymeasured atthe stations above mentioned．  
OnYala glacier，Changein theglacier surface were  
routinelyobserved atninepoints（Yl－Y9）alongthe  
route of GC to Drilling site（DS87，5304m a．s．1．）by  
SnOW Stakes．Ablation and evaporation ofglacier  
Surfaceweremeasuredbyusing16cmdiameterpans  
at DS87．  
Observationalperiods are mainly from August．1  

toOctober．10，1987atBH andSl，fromAugust．26to  
October．10atGC andDS87．  

a．s．1．asshowninFig．1．Theannualmeanairtempera－  
ture and the annual precipitation were reported as 
2．70Cand1224．5mmatBHbyTakahashiet al．（1987）．  
Theannualrunoffas1357．5mmatSlbyFukushima  

3．Results and discussions  

、●7．／∴l／J▲／－〃申≠両町イ／‘汗小雨／／tりJ〟仙／油初刊／7州・  
a）Seasonalvar・iation  
Theseasonalvariationofdailymeanairtempera－  

ture，T，daily amount of precipitation，P，and daily  
mean discharge，r，are Shownin Fig．2．Average dif－  
ference of Ta between BH and GC was about8OC．  
Precipitationsofbothsites werenearly equalinthe  
amount，WhilesnowfalloftenoccurredatGCthoughit  
rained at BH，The discharge at Sldecreased mono－  
tonouslywithtime；runOffatGC，Whichdrainagearea  
WaS aSSumed to be constant，also decreased with  
irregularity．  

Since air temperature and precipitation at BH  
anddischargeatSIwerepreviouslyobservedin1982，  
1985inthe sameseasons（Yamada et．al．1984，Fuku－  
Shimaet．al．1987），COmparisonsweremadeofthedaily  
values with the data obtainedin1987to the datain  
1982and1985asshowninFigs．3a，b and c，reSpeC－  
tively．Differencesintemperatureanddischargewere  
limitedwithin20％inthesethreeyears．Therangeof  
daily precipitation was found to belO20mm／din  
1987，Whichwasthesamevalueofusualprecipitation  
in1982and1985．Daily precipitation over50mm／d  
Observedatthelatemonsoon（ortheearlypostmon－  
SOOn）seasonin1985wasconsideredtobeunusualin   

Fig．1．A typographicalmap ofLangtang Valley．Thick solid   
lineindicatestheboundaryoftheLangtangKhola water－  
shed（333km2，ObservationsiteatSl，3840ma．s．1．）．BIi：the  
station of meteorologicalobservations（3920m a．s．1．），GC：  
thestationofmeteorologicalandhydrologicalobservations   
（5090m a．s．l．），DS：drilling site forglaciologicalobservaL  
tions（5304ma．s，1．）．  
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Fig．2．Seasonalvariation of daily mean air temperature，T，  
daily amount ofprecipitation，P，daily mean discharge，r；  
Subscriptsmeanobservationalsites（Fig．1），intheperiodof  
August．1to October．10，1987．  
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COmparisonwith the datain other two years．The  
VaIuesofdischargeshowthatthestablertlnOffisone  
Oft壬IemOStiIⅥpOrta王Itbydrologicaicharacteristicsin  
theglacializedwatershed．  

b）Diurnalvariation  
Diurnalvariations of T and rin the monsoon  

SeaSOn（8／31－9／4）andthepostmonsoonseason（10i  
51←10／9）were sho耶Iin Fig．4a and b，reSpeC貢vely．  
DiurnalamplitudesofTwere5仙佑8OCatBHandonly  
5QCatGCinthemonsoonseason，Inthefine day of  
postmonsoonseason，diurnalamplitudesofTat B  
andGCwerelargerthanthoseinthemonsoonseason  
iritileamplitlユdeoflOOC．ThemaximtlmOfdischarge  
appeared19－21h裏Sland14州16h at GCin t‡1e  
monsoonseason，andl－2hearlicrinthepostmonsoon  
season at both the stations in decreasing diurnal 
amplitudesofrunoff．Asseeninthefigures，diurnal   
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Fig．3．ComparisollWithseasorla主variationsof（A）dailymean   
airtemperature，（B）precipitationand（C）disc‡1argeintbe  
salⅥe SeaSOnS Ofdi琵erer】t yearS，1982（tbick brokeTli主ne），   
1985（thinbrokenline）and1987（tilicksolidlirle）．  

Oct．5  6  7  8  9  

1987   

Fig．4．Seasona】variatior10fhourly汀王eanairtemperatt汀e，T，  
holユrlyprecipitaモion，P ar主d hotlrlydi∝harge，丁；S11bscripts   
meanobservatio11alsjtesくFig，1），intbeperiodsof（Å）Åu－  
gust．31September．4and（B）October．5▼October．9   
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Changeofrunoffisregardedasdependingrarely on  
precipitation．   

ユご 軋ん〟Jり〃∫／J小 わ‘ゾ7（・l川 ∫／汀〟叫／7州，－川（／‘イハイタブt－（J／  
くい〃（力付晶巾・  

a）Seasonalcharacteristics  
Spe（：ificeiectricalconductivity（S息C，）meams払e  

Valueofelectricalconductivityatthetemperatureof  
250C．Figure5shows the relationship between dis叫  
ChargeandS．E．C．atSl，Whichwereobservedat14鵬  
16beveryday．ぎ主gure6sbowsthesamerelationatGC  
at18h every day．Ås seenin Figs▲5and6，S．E．C．  
increasedwithdecreasingdischarge．hlgeneral，melト  
WaterOfsnoworice（freshwater）haslowerval11eOf  
S鼠C．tbaTlen仙glacialwaterand／OrgrOundwaterくold  
Water）asmentionedlattersect主orl．Thelargecontri－  

butionoffreshwaterresultsinhighdischargeandin  
the decrease of SE．C．of stream flows．The depen・  
dencyofdischargetoSE．C．wereshiftedatGCinthe  
moれSOOnSeaSOrl（marksx，inFig．6）t（）thepostmoriw  
soonseason（markso），thoughnoshiftappearedatSl．   

b）Dilユrnalcbaracteristics  
DitlrnaivariatiorlSOfdischargeandS．E．C，inthe  

streamdrainedoutfromglacierterminusatGCandin  
the supra鵬glacialstream near GC are respectively  
silOVniれFigs．7and8．1Ⅳaterlevei，1好L，andS息C，at  
EC－3inFig．8vereva重uesmeasured主nslユpra－g壬acial  
stream and S．E．C．at EC鵬2was that of en－glaciaユ  
waterintheboreholenearthesupra－glacialstream．  
TbepeakofdischargeⅥ㌻aSappearedi王1aboutlbour  
eariiertha‡ltbeminimumofS，E．CatGC．Tbevalueof  
S．E．C∴血drained water from glacier terminus were  
iargertban払atinsupra仰glaciaトwater．Whenwater  
levelirlCreaSed，S．E．C．oftbeen－glacialwaterEC¶2  
suddenlydecreasedandcontinuedalmosttheconstant  
valueofaroundO．3JJS／Cm；WhenWLdecreasedless  
thanOcm，S．E．C．quicklyrecoveredtonearO．8JIS／cm．  
Otherwise，S，E．C．at EC－3sbowed t壬1e almo或COn－  
stalltirllowvaiuesaro11rldO．15〟S／cnlT‡1elowvalues  
ofS鼠C．meansthatwaterinthesupra－glacialstream  
consideredとOCOllSistofmeltwateroficeorsnowoIlly．  

Figure 9s‡10WS t壬ie relation魂ip between dis－  
chargeandS．E．C．atGCindaytime．Theyhadgood  
COrreiationandcIockwisehysteresis．Samehysteriscs  
werereportedbyKobayasbi（1986）inseasorlalsrlOW  
－COVered watershedinJapan and Coiiins（ユ、979）in  
Alpineglacier，FigurelOshowsthesamerelationon  
theen欄glacialwaterat EC仙2andthesupra－glacial  
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Fig．7．Hourlyvariationofd主scbarge，r，andspecificelectrical  
C（〉ndlユCtivi吋，S．E．C．，atGC．   
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Thecbangeoft‡leSurfaceleveiontheglacier一指S  
observedbysnowstakesalongtheroutefromGCto  
BS87（Fig．11）．BareicewereexposedfromYltoY3．  
Upperotherpointsconsistedofsnowsurface．Despite  
Oftheheavysnowfallinmid－September，theequili－  
briumline，Wbich divide alぬtion and acctlm11latiく事n  
zone，isseemedtobesituatedattheaititlユdenearY6  
duringourobservationalperiod・Thealtitudebetween  
Y6and Y7is criticalfor the change ofthe surface  
levelasseeninthefigure，inspiteofonly24minthe  
differenceofaltitudebetweenthem．  

3．尋Gぬrお㌢研g存あ曙  
The rate of ablation and evaporation at glacier  

surface were measured by the smallpansin a dia－  
meter of16cm at DS87 from Sep．3to Oct．7＿ The  
bottomofapanemployedforablationmeasllrement  
vasrlettedandanotberwasclosed．Panswerefiliedin  
snowandwereburiedinsnowasthesnowsurfaceof  
thepanscoincidingwithglaciersurface，Therateof  
ablationandevaporationwereobtainedbymeasuring  
theweightsofpansevery3山24hoursintervals・The  
glacier汀1eltingratewascalculatedbytIledif良rence  
of ablat主0Ilarid evaporation．Tbis metbod has－－0  
influenceofsporadicsnowfa11s．  
Therelationbetweenaccumulatedhourlymelting  

index，∑Th十（OCh）andaccumulatedamountofsnow－  
melt，∑m（mm）is shownin Fig，12・Hourly melting  

StreamatEC…3‥HぎStereSisoft‡leen－giacialⅥrater  
waslargerthanthestreamatGC．ButSE．C▲Ofsupra  
－glacialstream was kept almost constant valucin  
Spiteofthechangeofdischarge．AssumedthatE．S．C．  
OffreshmeltwaterwasO．15JLS／cm（Fig．10）anden鵬  
glacialoはwaterorgroundwaterwas2．5＃S／cm（Fig．  
9），COntribu扇on of育esh w扇er to rlエロOff at GC vas  
80％at peak discharge when S．E．C．was O．6jiS／cm  
（Fig．9）．   
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Fig．8．Hourlyvariationofwaterlevel，WL，andspecificele－   
ctricalconductivityatEC2andEC3attheterminusofthe  
YalaglaciernearGC．WLandEC3arethevaluesofstlPra   
giacialstream．EC2istbevalueofen－glacialvaterina  
bore hoie．  

0  5  10  15  20  
湘aterしeveltcm）  009  00  0．05  0．10  0．15  0．20  （〉．25  

Discharge（m3／S）  Fig・10事Re－ationbetweenwaterieveiandspecificelectrical   
conductivityattheterminusoftheYalaglaciernearGCon   
Sep，29；SOlidline：enwglacier water，brokenline＝Supra  
¶glacialstream，   

Fig．9．Relationbetweenhourlydischargeandspecificelectrical  
COnductivityatGC；SOlidline：Sep．18，brokenline：Sep．29．  
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indexisusefulinour observation．Usualdegreeday  
methodforestimatingsnowmeltisnotapplicableat  
DS87becauseofthemeteorologicalconditioninlow  
temperatureandfrequentsnowfau．  
The accumulated amount of snowmelt ∑mis  

proposedto∑Th＋，Whichexpressed as∑m＝0．8∑Th’  
（mm）．Kojimaet．al．（1983）reportedthemeltingfactor  
asO．2－0，3mmrChforseasonalsnowinJapan．That  
was third times smaller than our values．Low air  
temperatureandhigbsolarradiationmayresuitinthe  
iarge proportionalconstant caiied hol汀iy melting  
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Fig．13．Relationbetweenaccumulatedhourlymeltingindexand  
changeinglaciersurfaceatYla（5096ma・S・11）・  

factor．   
Samea11alysisマFeremadebystirねceievelobser・  

vationatYl，tbeterminusorYalaglacier・Tbeupper  
siteswasaccurmlationarea，thenitcouidnotgetthe  
meltingamountfromthedata ofchange ofglacier  
surface（m料11）．Therelationbetweenaccumulated  
hourly meltingindex∑Th＋and changein glacier  
surfaced（IiS）wereshowninFig．13．Sincethelevelat  
thelateperiodwasvariedupanddownduetosnowq  
falland densification，the data of the early period  
（A11g．23川M”Sep3）were examined．Changein glacier  
surfaceis aiso proportionalto∑Th＋：d（HS）＝0．58  
∑Th十，Åssumed tbatice density of glacierⅥ7aS920  
kg／m3，aCClユmuiatedamountofme1日nga汀iOunt∑mis  
expressed tll紙∑m＝0．53∑Th＋．Tbe hourly melting  
factoratYIwassmallerthanthatat工）S87．Inmelting  
season，the energy sources of glacier melt consist  
mainly ofnetradiation，R，SenSible andlatent heat  
fluxH，E．ThemeltingfactorKis，  

10  20  30   
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20  30  

Fig・11・Changesintheglaciersurfacereferringtothesurface   
levelsonOct．5measuredbysnowstakesalongtheroute  
from GCtoDS．  
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where Lisquantity ofheatfor meltinglCe・Tn our  
observatioTIS，払emeltingrateⅥraSlligheratDS87site  
than Ylunder same condition．This mearlS t壬Iaと  
meltingdlまetOradiationwasprincipieatDS87and  
meltingduetoturbulentheatfluxwasprincipleatYl・  
Thedetailswereremainedinfutureinvestigation．   

0  50   100  150   200   250  
AccumulatedHourlyMeltingIndexドCh）   

Fig．12．Relationbetweenaccumulatedhourlymeltingindexand  
accumulatedamountofsnowmeltatDS（5304ma．s．1．），  
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4．Concludingremarks  

Hydrologicalobservations of glacialized water－  
shed were carried outin Langtang Valley，Nepal  
Himalayasduring1987fromthelatemonsoontothe  
postmonsoonseason．ThefollowlngreSultswereob－  
tained．  
1．Dischargeandspecificelectricalconductivity（S・  
E．C．）wereinverselycorrelatedbothh outlet of   
giacia】izedwatershed（333km2）arldstreamdrain－  
edfromglacierterminus．  

2．Tbediljrrlalrelationbetwee†ldischar嘗earldS▲E▲C，  
hadclockⅥrisehysteresis．  

3．Contribution of fresh water to discharge at stT  
rcam drained from glacier was80％at peak  
discharge  

4．Theequilibriumlinewas5200M5250ma．s．1・dur－   
ing observationalperiod from Aug．23to Oct・7，  
1987．  

5．Meltingfactor（degreehourfactor）wasO・53mm／  
OChatbareiceofablationarea（5096ma．s．l．）and  
O．8mm／OCbatsnoⅥrSt汀faceofaccumulationarea  
丘粧＝11こl．S．l．l．  
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