
BulletinofGlacierResearch5（1987）1ト18  
⑥I）ataCenterforGlacierResearch，JapaneseSocietyofSnowandIce  

Jj  

Runoff characteristicsin three glacier・COVered watersheds of Langtang VaIley，Nepal  
Hima】ayas   

Yoshihiro Fukushima一．Katsuhisa Kawashima．Masakazu Suzukil，TakeshiOhta，Hideaki  
Motoyama－，HiroshiKubota！，TomomiYamada andOmRatna Bajracharya  
lFacuItyofAgriculture，KyotoUniversity，Kyoto606Japan  
2 TheInstituteofLowtemperatureScience，HokkaidoUniversity，SapporoO60Japan  
3 FacultyofAgriculture，lwateUniversity，MoriokaO20Japan  
4 KarterArtLandscapeLtむCbuob－Cho，Meguro－ku，Toky（）】52Japan  
5 Hydrく）i8gyS∝tio－ユ，DepartmentofIrrigation，田ydr（事logyandMeteoro】ogy，BabarMahal，Ka払mandu，Nepai   

（ReceivedDecember25，1986；RevisedmanuscriptreceivedJanuary29，1987）  

Abstract  

HydroiogicaiobservationsiriglacieトCOVeredwatershedsⅥFereCarrまedoutねrafuilyear如mJuiy1985亡O  
June1986atthreesitesinLangtangValleyofNepalHimalayas．InthesummerfromJulytoAugust，thehigh  
water continued，and the discharge showed a clear daily fluctuation．September to October was thc period  
showingarapiddischargerecession，DecembertonextMarchshowedagentlerecession，andApriltoMayshowed  
agentleincreaseindischarge．InJunetherewasarapidincreaseindischargebecauseofrapidsnowmeltand  
icerneiとintheglaciersandsnowmeltinthesnoⅥrpaCk，eXCeptねrtbeglaciers，duetotheincreaseinairtemper－  
ature．corlSeqtlently，theseasonalvariationindischargefromglacier－COVeredwatershedsseemstodependmainly  
onthevariationinairtemperatureratherthanthedistributionofprecipitation．Therefore，thedischargeseems  
tobecomparativelystableeveryyear，andthedifferencebetweenthemaximumandminimumdischargcduring  
a yearissmau，aSindicatedby thecoefficient ofriverregime which was25・6・Thedischarge rate ofeach  
watershedseemstobedependonthedistributioninaltitudeoftheglaciers．  

JapanMNepalco－0perationonglaciology，meteOrOr  
logy and hydrology was carried out for a full year 
fromJuly1985toJune1986inthesameregionusing  
Yamada’s methodology．The meteorologlCaldata  
basbeenrep（）rtedbyTakahashig≠α乙（1987），arl（itbe  
hydroIogicaldatahasbeenreportedbyFukushimaei  
al．（1987）．Thispaperreportsonrunoffcharacteris－  
ticsinglacier－COVeredwatershedsusingtheobserved  
meteorologlCalandhydrologiealdata，  

l－1ntroduction  

Clarifying the elements determining runoff in 
glacier－COVered watershedsis neededin countries  
whichusetherlWaterforirrigation，electricpoⅥ7erarld  
others．InNepalwheremostriverscomefromhigh  
mountainregions，theforcastingdischargefromglaciq  
erMCOVered watersheds wi11have many benefits．  
tIowever，itisverydifficulttoobservethedischarge  
from glacier－COVered mountain regions owi一丁g tO饉－  
vereclimatecorlditiorlS－  

Yamada et al．（1984）have already observed the  
dischargeofLangtangKhola（means”river”inNapaト  
ese），locatedin60km north of Kathmandu，during  
about two months from August to October，1982．  
Tbatisthem（〉nSOOrltOpOSトmonsoon父aSOni‡iNepal．  
They have tried to ql】antitatively expiain the dis－  
charge of two watersheds，Onelarge and the other  
sma11，bytheprocessofsnowmeltandicemelt，  

2．Topographicalfeaturesofthreewatersheds  

The Langtang region，Where the meteorological  
and hydrologicalobservations were carried out，is  
located60kmnorthofKa汰mandu，thecapitalcityof  
Nepal．Figurels王10Ⅵ7S抽e Langtang region．The  
mainriver．calledLangtangKhola，hasitssourcearea  
atMt．LangtangRi（7232ma．s．1．），COmeSdowninthe   
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Tablel．Topo宮raphicalfeaturesofthreewater・Sheds  
Site  Altitude  
name of tbe site  

lT11〉  

Basin Glacier－   Mean altitude Mean altitude  
area  covered of tIle basin  of g主ac把rS  

こIt■Pこl  

（km2）   （k‡n2）  （m）  （m）  

Basin name  

S1  3840  
S2  4000  
S3  4200  

Langtarlg Kムoial村．  333  127  5140  5440  
Lirung Kboia W．  13．8  6．2  5310  4790  
Khyimjlユng GlacierlV．  6．6  5640  5550  4．7  

4000misinthevicinityof払etermin11SOftbeLirung  
Glacier andis thelocation of the Lirung Khola  
Watershed，S30f4200misintheoutletofaglacial  
lake oftheKhyimjungGlacier andisset up for the  
Khyim5ungGiacierWatershed．  

Tablels壬10Ⅵ7StlleirtopographicalfeattireS，Tbe  
basinareaofSl，S2arldS3is333km2，13．8km2and6．6  
km2，reSpeCtively．て、he area covered by giaciersis  
127km2，6．2km2and4．7km2，anditsratiototbebasin  
areais38．2％，45．1％and71．5％，reSpeCtively．  

ThedistributioriOfa王titudeat500minterva王sfor  
boththebasin area andthe glacierpcovered areainp  
cludedin each watershed，is shownin Fig．2．The  
mean altitudeis 5140 min the Langtang Khola  
Watershed，5310mintheLirungkholaWatershedand  
5640min the Khyimjumg Glacier Watershed．The  
meanaititudeoftheglacier－COVeredareais5440min  
tbeLanがangKhoialⅣatershed，4790mintheLirllng  
KhoiaⅥ「atershedand5550mintheKbyimjungGlac－  
ier Watershed，  
王tiscleartbattbemeanaltitudeofthegiacier岬  

coveredregionin払el．irlユngKbolal野atersbedistbe  
lowestoftIlethreeⅦaterSheds，andthedifferenceis  
650Ⅳ760mincomparison witbthe otber two wateト  
Sheds．The debris－COVered glacierin the Lirung  
Khola Watershedis distl－ibutedin code2（4500－5000  
m）．Debris－COVered glaciers are also distributedin  
theLangtangKholaWatershed，buttherangeofthe  
distribtltio11is bigber tbanin tbe Liru‡唱 Giacier  
Watershed；Itismainly distributedincode3（4500  
Ⅷ5000m）iTlthe Langtang Kbola Waters‡1ed．T‡1e  
upperslopesoftheLirungKbolaⅥ㌻atershedarevery  
steep，a‡1d tbe srlOⅥrpaCk on tIle uPper Slopes faiis  
immediateiy downward onとO tbegまaciers as avala11・  
ches．The Khyimju喝 GlacierlⅣater魂edis the  
smallest ofthe threewatersheds anddoesnothave a  
debris－COVered glacier．The glacier－COVered areais  
distributedinacomperativelyhighregion．Thearea  
inthealtitudeofcode5（5500－6000m）occupies52．2％，  
andtbeg王acier・COVeredareaislユniformlydistributed．   

Fig，1，Atopo訂apb主calmapoftbeLa貴がa喝Va伽y．Tbethick  
so】idlir把＄irldicate the botlndaries of琉e Larlがang KI101a  
WatershedくobservationsiteニSl），TheLirungKholaWatershed  
（observationsite：S2）a王IdT†1eKhぎil頭ungGiac毒訂1Ⅳatersbed  
をobsevation site：S3き．BH：Base‡iouseねr mete（〉r（）iogical  
observations▲   

SOuth－WeStern and joins the Bhote KoshiRiver．  
Their river name changes to the TrisuliRiver and  
flowsonto thesouth．  

Kyangchen，Where the meteoroiogicalstation  
weresetup，islocated6kmwestofLangtangVillage，  
isthecampoftheLangtangpeopieduringthesummer  
seasorlandis situated orlthe river terra（：e Which  
COVeredwithglass，BHirlFig．1isthemeteoroiogi－  
calstationarlditsaltitlldeis3920m．  

Tbreebydrologicalsiteswerechosellinorderto  
COmpare the differencein dischargewith the basin  
scale and with the distribution in altitude of the 
glaciers．InFig．1，Slof3840misthemainsiteinthe  
LangtangKholaWatershedwhichisthelocation of  
SeVeralglaciers，SuCh as the Langtang，the  
ShalbachumandtheLangshisaglaeiersamongothers，  
andhastheiargestbas主nareaofthethreesites，S20f  
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Fig・2・Ti－edistributionsoftbedraipagebasinsandtbeglaciersincludedintbeaitittldeat500mintervals主neachwatersb感  

Im Nepal‡iimalaya，themonsoonperiodis女・Om  
JunetoSeptember，anditrainedalmosteverydayat  
BH fromJuly to September1985．The amount of  
rainin the period fromJuly to September1985was  
about6mmaday．SinceSeptember，thefluctuation  
Ofthedailyprecipitationincreasedgradua11y，andthe  
amountsofprecipitationwere54．5mmonSeptember  
16，50．OmmonOctoberrlOandl12．Omm onOctober  
17．Thelast event with aintensive rainfallamotlnt  
WaSarareCaSeduetoacycione，andafloodoccurred  
intbeKhumbuIii汀Ialregion，eaStern Nepal，dtletO  
the sarnecyclone．Tbe monso8粟ISeaSOn finished on  
October19，andrainiessdaycontinueduntiitheendof  
December．The precipitationin the period from  
December26，1985totheendofApri11986wasalmost  
entirelyin the form of snowfall．The water equi，  
Valent amount of snowfalltotaled223．5mm，andit  
WaS18％oftheyearlyprecipitation．Theprincipal  
snowfallatBHoccurredbecauseoftwoevents，Oneat  
theendofDecemberandoneinthemiddlcofFebura－  
ry．Themaximumsnowdepthat BH was77cmin  
Feburary，1986．Precipitatiorlin tbe period from  
Åpriltothemiddieoりune，19860CCurredperiodical王y  
after severalrainless day，andits mean value was  
aboutl．6mmaday．Themonsoonof1986startedin  
themiddleofJune，andtheamount ofthc precipita－  
tionbegantoincrease．   

3．Methods of observation  

The continuous water山1evelrecorderwithfloat  
wassetupateachhydrologicalsite．Thedischarge  
ateachsitewasestimatedbythemeasurementofthe  
velocityofflowandthesurveyofthecrosssectionof  
thechannel，OnCeOrtwiceamonth．Dischargewas  
determi‡1ed by the relatiopships between the wateト  
1evela11d tile di∝barge at each site，reSpeCtiveiy．  
FuktlSbimag≠だg．（1987）hasreportedoTltilemetbodsin  
detail．  

4．Results  

－J．J．几、ん〟／り〃JJJ小 ′庸…－〃l－（打／＝抽イlやハ・）／一画－〝／‘イll一  
川r〃／（川‘J／／J＝山前（／ふ－ソMJギt・ノiル（り川ノ－  

Fig．3showstheseasonalvariationofthedaily  
mean air temperature，the daily precipitation，the  
snoⅥ㌢depthatBHandthedailydischargeraとeatSl  
（siteofthelノalュgtangKboiaWatersbed）fora知11year  
たom如Iy1985toJune1986．T壬Ieyeariyprecipitation  
andtheyearlymeanairtemperatureatBHis1224－5  
mmand2．70C，reSpeCtively，andtheyearlytotaldis・  
ChargeatSlis1357．5mm．  
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1986  
Fig．3．Yearlyvariationsinthedailyprecipitation，thedailymeanairtemperatureandthesnowdepthatBHinKyangchen，  
and払edi鑑bargerateatSl，洩esiteof払eLa王1gtarlgXもolaW．（basinarea：333kmり  

tobel・，1985．ThreeeventswithintensiveamoulュtSOf  
precipitationintbesamedurationhadlittleeffecton  
thedischarge．Intheseasonoflowtemperaturefrom  
November，1985toÅpril，1986，thedischargeshoweda  
gradualdecrease．ItincreasedgraduallyfromApril  
toMay，1986，anditincreasedrapidまy或artinginJ11ne．  
Thedischargereacheditspeakfortheyear，OnJune  
23，1986．  

J∴．ヾ‥ごり．・り巨、．／川ノ／ハ㌧りり′イ．山′Jl／J′／／．りご・．′Jl．．／  
J／け汀J川／りヽ／汀J大  

Fugure4shows the seasonalvariationinthe  
dischargerate of漁Tee WaterSheds．Åt S2and S3，  
Observations sometimes failed due to water surface  
frozeirltbewirlterarlddl妃tOthebigh爵ucねaとionof  
班ewater－ievelovertherangerecorde（まont壬IeChart，  
Neverthless，thisfigure showsthe characteristics of  
each watershed＿   

Tbe air temperatu托at BHin the perまod from  
Jtliytothemiddle ofSeptember1985vashigh and  
Stable，anditsvaluewas8－10OC．Itdecreasedgradu・  
allywithrepeatedfluctuationsstartinginSeptember  
andreachedbelow OOCin November，1985．Theair  
temperaturebelow O℃continuedintheperiod from  
theendofDecember1985tothemiddleofMarch1986．  
FroIⅥtbatt呈meon，主tincreasedgradlユaまiyaIldfina11y  
rosetoal）0VeO¢CirltheendofApril，1986．Itsbowed  
periodical幻uct11atiorlSinthedl汀ationfromtbemidd王e  
Of Apr主1to the end of May1986，butit begarltO  
increaserapidlystartingearlyinJune，1986．  
ThedischargerateoftheLangtangKholaWaterY  

Shedmaintainedafloodstageandrepeatedthefluctu－  
ation atimtervals ofseveraidaysduring the period  
育omJulyとOAu郡St1985．TbemaximuiⅥdisc壬1a将e  
WaSreCOrdedattbeendofAlユguSt．A珪er tbat，the  
discharge decreased rapidlyたom September to Oc－  
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Fig・5・Yearlyvar如ionsintbebour‡ydiscbargerateofth代eWaterSb感s  

／んJ汀J…／りゝ／Jl－（ム   

Figure5shows the seasonalvariation of the  
bourlydiscbargerateofthreeⅥraterSbeds・Tbebour－  
1ydischargerateoftheLangtangK・W・Showsaclear  
由ilyfiuctuat主onin洩eperiodofbigbvater，andtぬe  
daily fluctuations of other watersheds wereiarger  
thanthatoftheLangtangKW．   

Figlユre6showsexamplesoftbedilir‡1alfluctlは－  
tion of discもarge of tbree water洩eぬ T毎dai！y  
餌ctua如n ofdiscbarge of the Langtang K．W・is  
smallert‡lanthatofo也ervaterdleds．Fu豆hermore，   

The discharge ratc of the Khyimjung Glacier  
Watershedis almost equalto that ofthe Langtang  
Kboial好atersbed，but払at of t‡le Lir11れg Kムola  
Watershedisabouttwミce払atoftheLangtangK．W，，  
fort豊1eyear．Thediscbargerateof払eLirungK．W．  
began to increase at the same time as that of the 
Langtang K．W．，beginning ofJune，but that of  
KhyimjungG．W．begantoincreaselaterthanthatof  
other仁WOWaterSheds，班atisin血emiddleoりⅥne．   

J∴J．ふ・はヾ（りM／川川J仙〃／J／仙－JJ州タイl・（ノふ｛・血相＝r〟＝！／－  
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Lan蛮arlgK．W．was1357．5mm．Thewaterbala11Ce  
inaglacicトCOVeredwatershediswrittenasfo1lows；  

P＝¢＋E±△G±△S  
where，Pis precipitation，Eis evaporation，△Gis  
changeintheglacier（＋二aCCumulation，－：ablation）  
and△Siscbangeintbestoredwater．  

gis neariy equa王zerobecaliSeOfthelow tem－  
peratureinsummer，andASiszerobecausetheperiod  
isayear．IftheprecipitationatBHisassumedtobe  
nearly equalto13 Gis calculated as－133．O mm．  
Thoughthisamountmeanstheablationofglaciersin  
払e Lar感ang K，1野Ⅰ，tbe ratio for t壬Ie amOunt Of  
precipitationis onlylO％．Consequentiy，the dis－  
chargeintheLangtangKW．isalmostbalancedby  
theamountofprecipitation，Thefinaldetermination  
ofGmustbecarriedoutbasedontheestimationofthe  
arealmeanprecipitationandthearealmeanevapora－  
1i川1．   

ItisclearthatthedischargeintheLangtangK．  
W．showsapatternofyearlyfluctuationasshownin  
Fig．3andasabovementioned．Themaximum dis・  
Chargeratcwas13．1mmlday～10nJune23，1986，and  
tbemi11imumonewasO．51mmlday－1011Marcb3and  
25，1986．The coeffient of偽e river reglme主s25鼠  
Thisvaltleisverylowincomparisonwiththcbasin  
scaleandwiththeannualdistributionofprecipitation．  

The tendency of the seasonalvariation of the  
dischargeinboththeLirungK．W．andtheKhyimjung  
G．1好＿isalmost払esameas払atintheI－aI唱tangK，1好．  
ass王10WninFig．4，Tlledischargerate，boⅥreVer，in  
theLirungK．W．wasabouttwiceofboththeLang－  
tang K W．and the KhyimjungG．W・for almost a  
year・  
ArapidinereaseinthedischargeinJuneseemsto  

baveocclユrrednoとonlybecauseicemeltandsnowmelt  
oftheglaciers，b11taisobecatl父OHbesnoⅥneltintbe  
non－glacier area．Though the snowiine was about  
4500minthebeginning ofJune，itroserapidly and  
reachedtoanaltitudeof5100m，justthesamealtitude  
astileturminusof也eglaciersonthemoulュtainhill－  
slopeattlleendoりune．A食er払eendoりune，1986，  
thedischarge decreased alittle and returned to the  
dischargeatthebeginningofJuly，1985．  

Fig．7showstheseasonalvariationinthedaily  
dischargeobservedby Yamada eial．（1984）in1982  
witht壬1edatain19851986，inbotbtbeLangtangK．1V．  
aIldtbeLimngKtlV．TbotlgiltileObserveddatain  
1982wasfortheperiodfromtheendofAugusttothe  
endofOctober，thedischargeintheLangtarlgK．W．in  
1985wasinalmostthesamerangeasthatin1982，and   
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Fig．6．Dailyfluctuationsofthehourlydischargerateofthree  
vvatersheds 

thehourlymaximumdischargerateappearsfrom21h  
to24hintheLangtangK．Wリandfrom15hto18hin  
other watersheds．The maximum hourly discharge  
rateinthe Langtang K．W．occurred about6hours  
later tban thatin otber watersheds．In Fig．6，tbe  
discbargerecordin Lirung K．W‾．oTINovemberlO，  
1985hasasharppeakat9h．Thiseventisexplained  
bythefactthatthestreamwaterwasdammedupby  
ice freeze durinR the night in the braided channel 
upstream ofthe observationsite and thatit flowed  
downinthemorningbytheicemeitd11etOtbeincrease  
in air temperature and solar radiation＿ The same  
phenomena has also reported by Motoyama et al．  
（1987）．  

5．Discussion  

TheamountoftheyearlyprecipitationatBHwas  
1224．5mm，and the yearly totaldischarge of the  
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1986  
Fig．7．C川11Parison o【bt一（h dこIil〉・dis（harゞe rateSいbsビrVtXlinl恥5一輔nt－d L9tu  
けこ川1こIdこl．イrJ／．，1駆甘いrthビ1．こIn汀ta叩K．1＼’．aIld thぐl．irⅧ叫K．＼＼’．  

ilstHldellC）．is；llsosi111ilartいth；ltiIltht：Lirunglく．W．  
Tho喝btbreeintellSiverain払iまeventsab（）Ve50mml  
day帆】in tわeper壬odfrom SeptembertoOctober1985  
0CCured at BHim Kyangc壬1en，they were＄nOWね1i  
events at a high aititlユde r曙ion．Tberefore，there  
Werefewincreasesinぬyかographs，aSSbowninFig．3チ  
4and500Yamada ggαg，（1984）洩owedtbattherainねii  
eventsabove50mmiday仙ihadneverocc㍑rredintbe  
Same per主odinま982．Tbus，the hydrographsin a  
rece∬ionperiodaresimiIarinbotb1982and1985まn  
each watershed．This could means that pattern of  
SeaSOnalvariationinthedischargeisalmostthesame，  
andtbediscbargerateintbe王ノirungX．1野．ismt壬C嵐  
moreぬantilatintbeLanがangK．うⅣ≠，eVeryyear，   

Thedaiiy幻uc餌aもionin軌ediscわargeisciearin   

tligll＼＼▼こltぐⅠ・pel・i（1d．こ＝1dttlビdこ1il〉－rltlCltにItiり－－islこIrgビr  
i11aSTllI：l‖＼＼・こIt（IrShedtll；l11inこ11；1rgビぐけ旺．lnゞelltlr；lし  
aiargegiacier－COVeredwaもersbed，SlユChastbeLar主g－  
tangK，軋，basseveralgはciersandlo喝rivercbaIl－  
nels◆Itisassumedthatthe flu（：tuation ofthedaily  
discbarge decreases and tilat tbe peak time of t主Ie  
discbargeis delayed，because of time はg of  
stlでこI111fk）≠・iIltllビri＼で「亡hこlIl11ビl．   

Conseque‡lt虹it seems tbat洩e amourlt Of dis－  
Cbargeinaglacier｝COVeredⅥraterShedismainlycon】  
trouedbytheamount ofsnowmelt andicemeltin a  
watershed．Moreover，tbesnowmeltandicemeltare  
controliedbytbebeatbud酢t．Åirtemperatureisan  
iIllP…－1こIllt elp【11t、tltこItld a11i11dぐ＼t－ftllt、IleこIt blld粁し  
ThealユnuaまfluctuationofairtemperatlⅣeisgeneralまy   
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smaller than t壬Iat Of perecipitation．Tberefore，the  
annualfluctuationinthedischargeofaglacier－COVer－  
ed watershed seems to be stable and small because 
glaciersactasbuffers．However，thefluctuationof  
climate foralongtermissupposed to consequently  
controltile amOlユnt Ofmnoffbecause t壬Ie amOunt Of  
precipitationcontroIsamassbalanceofglaciersasan  
i‡1ptit，and achangeiiltbeairtemperatl汀eCOntrOIs  
thatasanoutput．  

TbeyearlytotaldischargeintheLiruれgK・1Ⅳ・is  
supposedtobeacomparativelyhighamountbecause  
thedischargeratewasabouttwicethatofothertwo  
watersheds for the observed period、On the other  
hand，themeanaltitudeoftheglacieトCOVeredareain  
t壬IeLirlユngK．う好．waslowertbarlthatin軌eothertwo  
watershed．Therefore，there probablyis plentiful  
amountofmeltwaterfloⅥ7iI唱down＿ Thispossibility  
means also that the amount of the ablation in the 
LirungGlacierism11Chmorethanthatinthe other  
glaciers．  

The runoff characteristics of a glacier“covered  
watershed，SuChastheabove汀IentionedoTie，areVery  
useful．Theycanhelpforthestablesupplyofwater  
resotlrCeSandfortbeprotectiorlfrom幻00ddisaster，in  
comparisontoawatershedwithoutglaciers．  

Nagoya University assisted us as a superviser，and  
Professor O．Watanabe of the NationalInstitute of  
Polar Research was a generalmanager，On the  
Nepalese side，Dupty Director GeneralDr．S．P．  
Adhikary，Chief Hydrologist K．Shankar and Senior  
bydrologistN，J．VaidyaoftbeI）epartmentof‡汀iga－  
tion，Hydrology andMeteorology assisted also．We  
are heartiiy gratefulto tIlem．ミ好etIlank allof the  
members of the GlaciologicalExpedition of Nepal／  
Lal唱tangProjectfortbeir kind supportintbefield．  
ThisworkwasaidedbyaGrant・in－AidforrScicntific  
ResearchfromtheMinistryofEducation，Scienceand  
Culture，JapaneseGovernment．  
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