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Abstract  

MeteorologicalobservationswerecarriedoutinLangtangValley，NepalHimalayas，fromMay  
toOctoberin1996．Meteorologicalstationswereinstalledatfoursiteswherethesurfaceconditions  
andaltitudesweredifferent．Dailyorsevendaysrunningmeanvaluesofmeteorologicalparameter＄  
are summarizedin this report．The month1y averaged parameters are comparedwith the data  
Obtainedsince1985．Meteorologicalconditionsoftheob＄erVationperiod，themonsoonseasonof  
1996，areSummarizedasfollows；Warmer，mOrehumid，Weakerwind，mOrepreCipitationandslightly  
lessshortwaveradiationthanthoseoftheotheryears．  

1．lntroduction  

Many giaciological，meteOrOlogicaland  
hydrologicalobservations have been performedin  
Langtang Valley since1981（e．g．Higuchi，1984；  
Watanabe and Higuchi，1987；Yamada，1989）．  
AlthoughFukushima et al．（1991）and Braun et  
（1993）made therunOff models to evaluate the dis－  
ChargefromtheglacierizedbasinofLangtangVa11ey，  
theestimateddischargehassomedisagreementswith  
theobservedone，TheypointedoutthenecessitYtO  
estima【e the melting under debris cover accurately．  
Ra11a e（（Zl．（1997）evaluated the disdlarge from the  
LirungGlacierinLangtangincludingtheestimation  
Ofmeltingunderthelargedebriscoveronthelower  
partusingthedistributionofthesurfacetemperature．  
Althoughtheirmodelrepresentedthedischargefrom  
the Lirung Glacier well，there are many problems  
Whichshouldbeimprovedtoestimatetheresponseof  
thedischargetothefutureclimatechange．  

ThefiuctuationsofglaciersinLangtangValley  
WererepOT’tedbyYamada（Tta［．（1992）andKappenber－  
ger c（a［．t1993）．Some studies related to mass bal－  
anceofg）aciersinthevalleywerealsoevaluatedby  
AgetaeiaL（1984）andSteineggereial．（1993）．Seko  
（1987），Seko and Takahashi（1991），Shiraiwa ei  
（1992）andUenoeia乙（1993）evaluatedthedistribution   

Of preeipitationin the valley．Althotlgh the  
altitudinaldependenceofprecipitationinthevalley  
WaSeValuatediargelybytheiranalysis，itisstilinot  
enoughtoclarifyhowthelocalclimatewouldchange  
arounddebrisfreeglaciersaswellasdebris（：OVered  
OneSWhentheglobalclimatehaschanged．Meteoro－  
logicalobservationwasperformedfromMaytoOcto－  
ber，1996toevaluatethespatialdistributionandtem－  
poralvariation of the meteorologlCalparameters  
relatedtoglaciermassbalanceanddischarge．The  
preliminaryresultsoftheobservationwillbepresent・  
edinthisreport．  

2．Locations and obserYations  

The Langtang region，Where the observations  
WereCarriedout，islocated60kmnorthofKathman－  
du，thecapitalcityofNepal（Fig．1）．Themainriver，  
CalledLangtangKhola，hasitssourceatMt．Langtang  
Ri（7232m a．s．l．），COmeS downtO SOuthwest．Itis  
pointedolユtthattheannualprecipitationofthisdis－  
trictisrathersmallthanthatofthesouthernslopeof  
the Himalayas（YasunariandInoue，1978）．  

FivemeteoroIogiealstationswereestablishedas  
Shownin Fig．1．The main meteorologicalstation  
WaSinstalled on the grassland at Kyangjin Base  
House（BH，3920ma．s．1．）．Themeteorologicalobser－   
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Fig．1．MapofLangtangVa11eybasedonShiraiwaandYamada（1991），Grayparts   
denoteglaciers．Thesql】areSdenotethemeteorologicalstationsinsta11edinthis  
Study．  

Vationwascarriedoutat BHfromJu［y1985toJuly  
1986（TakahashiLlf（7l‥19と汀a；1郎7b）．Further，the  
continuous meteorological observation has started 
SinceJuiy1987atBH（DepartmentofHydrologyand  
Meteorology，1993；1995）．  
The meteorological station to evaluate glacier 

ablationunderdebriscoverwasinstalledonthedebris  
COVered area of Lirung Glacier（LR，4180m a．s．1．）．  
The LR station is surrounded by the complicated 
Surfacemorphology，Whichisthetarlgleddistribution  
Ofmelthollows，icecliffs，pOndsandstreams．The  
LRsta【ionwasinstalZeda【oneofthepeaksofcomp］i－  
Cated relief．ofwhieh the height differeneeis a few  
tensofmeters．  

Twometeorologicalstation＄Wereinstalledonthe  
Yala Glacier．One was near the equiiibriumline  
altitude（YE，5390m a．s．1．）and another wasin the  

ablation area（YA．5260m a，S．l．）．The precipitatit〕n  
arldlongll■al・e radiation were measured at Glaeier  
Camplocated on tlle teT・minus moraine of the Yala  
Glacier（GC，5158ma．s．l．）．  

The altitudes ofthese stations were determined  
byalaserrange－finderandatheodolite（WildT1600  
and Sokkia 2000）．The accuracy of measured  
elevationaldifference among the stationsisless  
than±0．1m．ThemeteorologicaIcomponentsmea・  
Suredandthesensorheightsateachstationaresum－  
marizedinTablel．Themeasuredparameterswere  
托COrdedauto王Ⅵaticaijyata王1interyaioffivemi幻uteS  
With some exceptions．Manned conventional  
Weather observationwascarriedout at anintervalof  
3hoursindaytimeatBH．Themeasuredparameters  
bymanualobservationarealsosummarizedinTable  
l．   
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Tablel．A】titudes a王id measlユred parameters at each meteoroiogicaistati（〉n．Almost al】  
paralneterS Were reCOrded at如matica最y at a王1interva王of5minlit銭．Note tbat払e   
measurementheightcannotbespecifiedonYal及G王acierbecauseitsstlrfacevariedwith  
aぐCunlulatiいn alld ablこItinTl．  

KyangjinBaseHouse（BH，3920ma，S．1．）  
Airtemperature  
RelativebⅥmidity  
Wind＄peed  
Winddirection  
SurfacetemperatⅥre  
Precipitation  
Netradiation  
Downwardsbortwaveradiation  
Upl＼■aTdshいrtWaVeradiation  
Downwardlongwaveradiation  
Upward王ongwaveT・ad呈ation  
Hpat flしIXill山ビgrOuTld  

Heightニ123cm，23cm  
Heigbt：123c‡n，23亡m  
Heiきかt：144m，47cm  
罠eigbも：150cm  
l）q－t】1：い．5ぐnl  
Ontbegrく〉und  
Height：136cm  
Heigllt：153cm  
Heig如：130cm  
Height：153cm  
Heigbt：130cm  
Dep払：軋5cm  

Manualobservation atBH with anintervalof3hours  
Weather＆surfacecondition  
＼■isibil恒－  

1材inddirection＆speed  
Ground＆sky ternperatureb〉▼infT’ared rhermonleter  
Cl肌Id type＆anlOuIlt  
Dry＆wetairtemperature   

DebriscoveredareaofLiru喝Glacier（LR，4190ma．s．‡．）  
Height：lごOrnl．20c†11  
Heigbt：120cm，20cm  
Heigbt：155c王n  
remote  
Dep払：8．5cm  
Ontheground  
IIeight：113cm  
ti亡・厄ht：150ぐm  
Heigムt：138cm  

Air temperature 
Relativeねumidity  
W呈ndspeed  
Inなaredsuげacetemperature  
Surf粥etemperat11re  
Precipitation  
Net radiation 
Dov11Wardsl10rとVaVeradiation  
Upwardsもortwaveradiation  

Eqし1ilibl－itl！111inビ川1l■alaGla⊂ier（1ニE．539rlnla．S，1．1  
Åirtemperatl汀e  
Relativehumidity  
Windspeed  
Wind dirビでtion  
‡n壬raredsurねcete‡ⅥperatⅥre  
Netradiation  
D11ヽ＼▼11≠・ar（lさh（）rtll・aヽ・ビーこl（Iialion  

Upwardshortwaveradiation   

AblationareaofYa】aGlacier（YA，5260ma．s．1）  
Åirtemperat11re  
Downwardsbortwaveradiatio丁重  
Upl＼■ard shl甘t＼＼▼il＼rビradiatiいn   

Gla（：ierCampofYalaGlacier（GC，5150ma鼠i．）  
Precipitation  
Dowr主Wardlongwaveradiation  

rtさnlいte  

Ontheground  
Orl軌egTOund  
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3．Res山ts  

ヱヱ7壱乃ゆg和ね柁ざ  

Fig．2ashowsthedaily mean airtemperatureat  
BH．LR，YE and YA．Takahashit・［（Z／．u987aleon－  
Cluded that the temperature constancy during morト  
S（一OnSeaSOnisduetothepersistentthiekc）ouds．The  
Similar trends ofiIiT－temPerature Variation are also  
foundatallstationsfromtheendofJunetothemiddle  
OfSeptember．Thisperiodcorrespondstotheperiod  
of rainfallat BH．  
Fig．2bshowsthedailylapserateswithaltitudeat  

LR／BH．YE／BH and YA／BH．Takahashi（ごf（tL  
（1987a）reportedthelapseratebetweenBHandGCto  
be6．OハC′！kmusingthealtitudinaldifferenceofl170m．  
In this study．however，theilltittldinaldifference  

betweenBH andGCヽ＼・aSdeterminedtobe123Omb），  
alaserrange－finder．Thu＄thelapserateofTakaha－  
Sbig才 αま（1987a）is co汀eCted to be 5．7 0C／km．  
Although the caiculated period is not the same each 
O［her．thelapseratewithaltitudeatLR／BH．YE／BH  
andYA／BHare5．10C／km，5，5OC／kmand5．5OC／km，  
respビCtively．The valt）eS at YE and YA，Whieh are  
Smaller than that of Takahashi（t（Z！．（1987a）．should  
beduetothe surfaceconditionsurroundingthesta・  
tions，Whichisthemoraine atGC（Takahashiet al．，  
1987a）andthesnoworiceatYEandYAinthisstudy．  
Temrx）ratureSenSOrSet abovesnoworiee might be  
heated血etoreflectedsolarradiationbyhighalbedo  
Surface．Thelapserateat LRisrathersmallwith  
largeamplitude．ItwouldbpduetotheellVironment  
Of LRIocated atbottomofdeepvalley．whereas YE  
andYAwerelocatedontheopenslopeoftheYala  
Glacier．王tis unclear，however，Whetherthe sur－  
roundhlg tOPOgraPhy（deep valley）or the surface  
COndition around LR（COnlplkated surface morphol・  
Ogy）woulddeteminetheairtemperature．Itshould  
bedi＄CuSSedfurtherincludingthediurnalvariationof  
OtherparametersaroundLRindetailbecatJSetheair  
temperature woLlld be determined by theinteraetion  
Ofaseveralparameters．  

ThesurfacetemperaturesatBH．LRandYEare  
Shownin Fig．2e．Thediffereneeofthesurfacetem，  
PeratureSbetween the stationsislarger than that of  
airtemperatures．1twouldbecausedffomthediffer・  
ent surface eonditions，Whichis grassland atliH．  
rocks at LR and snow at YE．  

よ2風砲血増加㈹粛妙  
F厄．3shows the seven daysrunnillg mean Of   
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1996  

Fig．3．ThesevendaysrunnlngmeanOfrelativehumidity  
at BH（solidl．LR（d（－（ted）and YF（gra）’）．   

1998  

Fig．2．a）DailymeanairtemperatureatBH，LR，YEand   
Y丸 b〉DaiiymeanlapseratewitbaltitudeatLRプB玖   
YE／B昆andYA／BH．c）Dailymeansu頭acetempera・   
ture BH，LR and YE．The＄Olid，dotted，gray and   
brokenlinesdenotetheparametersatBH，LR，YEand   
YA，reSp既tiYelyi王1a王Ifigures．  
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relativehumidity at BH．LR and YE．The relative  
humidityatallsね貞onremainedaとbigbvalue，mOre  
than90％，duringthernonsoonseasonfromtheendof  
JunetothemiddleofSeptemberin1996．Thevaria－  
tionoftherelativehumidityatthestartandtheendof  
monsoonseasonissimilartothatobservedbyTaka－  
hashiet al．（1987）．ItincreasedgraduallyfromMay  
toJuneanddecreasedrapidlyinOctober．Therela－  
tivehumidity atLRishigherthanthatat YEeven  
thotlghYEwasonthewetsnowsurface．   

ま3 も汚机上夢路♂戯ぬ㍉劫傲滋由  
Thesevendaysnlnningrneanvariations ofthe  

dailymeanwindspeedatBH，LRandYEareshown  
in Fig．4a．Wind speeds at allstations during the  
monsoonseasonwererelativelystable．Takahashiet  
al．（1987a）concludedthatthewindspeedinLangtang  
Valley is relatively smaller than that at Khumbu 
HimalobtainedbyInoue（1976）．Thewindspeedat  
BHisalmostalwayslargerthanthatatLRandYE．  
WinddirectionatBHwaswesterlyasmentionedlater  
although the valley direction of the debris covered  
area of the LirtlTlg Glacier are from south to north．  
Weak wind at LRis thus due to the topographical  
environment．It would be due to the difference that  
thevaileywindprevailsatBHwhereastheascending  
windis dominant at YE．  

The seven daysruming mean variation of the  

dailrmeallWinddirectionatBHandYEareshownin  
Fig．4b．Tbe wind direction at BH was consta王It  
around wesトSOuthwest during the monsoon season．  
Itwasaroundnorthbeforethemonsoonanditfluctu－  
atelargelyinOctober．ThewinddirectionatYEwas  
around north during the whole observation period．  
Thewindcomponentsareimportanttoevaluatethe  
environmentassociatedwithwaterandenergycircu－  
1ationinthevalley．  

3．JPれ一両血山一〃  
Fig．5showstheda巾・preCipitationatBH．LRand  

YEobservedbytippi叩bueketwithafewcasesoftlle  
mantlalweighing observatioIl．The daily amount  
denotes the amount summed from18h NST of the  
previousdayto18hNSTbecausethemanualweigh－  
ing observation wasperformed at6h and18h NST．  
Althoughaheavyrainfallwasobservedatthemiddle  
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May June  Ju吋  Aug． Sep． Oct．              1996  1996  

Fig．ヰ，a）Tbesevendaysrunningmeanofwiridspeedat   
BIi（solid），LR（dotted）a11dYE（gray）．b）TわeseYen  
daysrⅥnningmeanofwiTlddirectiorlatB王iくsolid）a王Id  
YE（gray）．8や（3609），900，1800and2780deriOte払edireく：一  
tionofnorth，eaSちSO11tbandwe或．  

Fまg．5．DaiiyprecipitationatYE（a），LR（b）and BH（c）．  
Tbenegativeva】uedenく）teSt王1edatanotavailable．   
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Of August．the amount of daily preeipitation was  
abour10mm during the monsoon season．The no  
precipitation days can be seen in the figure at an 
intervalof15－20days，COrreSpOndingtothevariation  
ofshortwave radiationmentionedlater．The snow－  
fa11atBHwereobservedafewtimesfromthemiddle  
of May to early June and one time at the end of 
October．Itisdeducedthat theprecipitationatthe  
YalaGlaciersincethemiddleofAugustwassnowfa11  
fromthevariation ofalbedo asmentionedlater，  

The precipitation amount at LR and YE are  
COmpared with that at BH when the amounts were  
Obtainedat thebothstatjons．AlthoughtlleCOmpar－  
eddaysanddtirationaredifferent，theamountratioto  
BHarel．18atLR（147days）andl．46atGC（113days）．  
Seko（1987）reportedthattheprecipitationamountat  
GCwasl．3timesthatatBHduringJulytoSeptember  
1985，Heconcludedthattheincrease ofthe amount  
With altitude was due to convective precipitation  
as＄OCiatedwithmeso－SCalethermalcirculationinthe  
Valiey．Thediurnalcloudconvectionrelatedto the  
localcirclユ1ationwasalsoobservedalongtheslopeof  
theval】eyinthisstud）▼．   

Itispointed out that the prELCipitationin winter  
SeaSOnismoreimportantinI＿atlgtang Himalthanin  
KhumbuHimalbySekoandTakahashi（1991）andby  
Shiraiwa（1993）．Winter snow cover willprevent  
glacierablationincomingmeltingseasonduetohigh  
albedoofsnowinablationareaofglaciers．Thehigh  
＄nOWfa11eventswereobservedinOctoberontheYala  
Glacier．Although snowfalls werealso observed  
SincethemiddleofAugust，theprecipitationinOcto－  
berwilllargelycontributetotheaccumulationofthe  
glaeierduetoitslarge amount．The yeこIrly flut：tua．  
tionoftbeprecipitati（〉niIlOctober，however，Ⅴもicb  
hasbeenobservedatBHsince1985，VaSlargertban  
thatin othermonths asmentionedlater．  

且5 斤αゐfわ犯  
ThesevendaysrunnlngmeanShortwaveradia・  

tion at BH，LR and YE and the calculated solar  
radiationatthetopofatmosphereareshowninFig．  
6a．TheradiationatBHisalmostalwayslargerthan  
thatatLRandYE．Theshortwaveradiationwould  
beirlVerSelycorrelatedwiththecloudamountabove  
the stこItio11S．Itisimportant to allal）rZeits diurnal  
Variationconsidering払evariatiorlSOfotberparame－  
ters for11nderstanding thelocalcirc11lationin the  
Va11ey．Thevariationofshortwaveradiationatal1  
Stationsshows a periodicvariationwith a period of  
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Fig．6．a）The＄eVen daysrunning mean of daily mean  
shortwaveradiationatBH（solid），LR（dotted）andYE   
（gray）andatthetopofatmosphere（t最ck solid）．b）  
DailymeanalbedoatBH（solid），LR（dotted），YE（gray）  
arldYA（broke！1）．  

abol】t15 days．co汀eSpOnding to the preeipitation  
Variationdescribedabove．ThisperiodofthevariaT  
tionagreewithoneforIndianmonsoonfluctuations  
pointedoutbyMurakami（1976）．  
Fig．6bshowsthedailyalbedocalculatedatBH，  

LR，YEandYA．The albedo valuesat BH and LR  
were stable due to the constant surface conditions．  
Onthe Yala Glacier，however，the albedo gradually  
decreaseduntiltheendofJuly．AttheendofJuly，  
t壬Ieice with tはck black dirt was exposed at YA，  
whereas tlle dirt sl10W remained at YE．The dras（ic  
albedoincrease was observed at both YE and YAin  
Åt唱℃St．Itimplies払attbeprecipitationocc11rredas  
SnOW．Althoughdaily mean air temperature was  
aboveO4CinthemiddleofAugust，theprecipitation  
Shouldhaveoccuredassnowincoldcondition（below  
OOC）andchangethesurfacealbedo．   

4．Mせt¢Or010gicalcond柑onof1996  

The meteorological observations have been  
COntinued since1985ⅥFit王ISOmeinterrtlption（1985－  
1986：19と汀一一1993）．The monthly averaged（1r Sum－  
medvallleOfmeasuT’edparal11eterSareCOrnParビdwith  
也oseoftb主sstudyinFig．7．Åirtempera餌reshoⅥ7S  
the sinusoidalvariationwith smallyearly fluctua－  
tions－ Air temperature obtainedinthis study was   
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WaVeradiation and thecaleulated uneat thetopof  
atmosphere・Theshort waveradiation duringmon－  
saon season is restrained comparing with the top 
radiationduetothepersistentthickcloud．Thelar－  
geryearlyfluctuationsduring monsoon season than  
thatinwinter seasonimply the fluctuations of the  
monsoonintensity year by year．This fluctuations  
might be emphasizedinthat of precipitation as  
mentionedlater．Monthlyaverageddailyshortwave  
radiation obtainedinthisstudy are slightly smaller  
than the sevellyearS aVerage．The）Tearly fluctua－  
rions of the pret：ipitation fronlJune to September  
WOuld reflect theintensity of the monsoon（Fig．7e）．  
The fluctuationin Octoberis remarkably high．It  
mightbecausedbythewesterlydisturbances，nOtby  
the monsoon．The fluctuations ofwinter precipita－  
tionwouldlargelyeffectontheglaciermassbalance  
asmentioned above，Itisimportantandinterestto  
analyzecomprehensivelythewaterandenergycircu－  
1ationinthevalleyfurther．   
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Fig＿7．Mo11払1yaverageddailymea！lValuesofairtemper－  
attlre（a），reIatjvehl】midity（b），Vindspeed（c）arlddaily  
mean short wave radiation（d〉at B王i．Precipitatiolユ  
Sbows払emon払王yslユmmed amounと（e）．Croぉ∈慧and  
Circi蕾denote払e averaged valⅥeSiT11985－1986；  
1987－1992and tbis stlユdy，reSpeCtivelyin al王鞄ures，  
Solidlinesdenotetherangebetweenthemaximlユmand  
theminimumoftheparametersina11figures．Squares  
in（d）denotethe monthly averaged daily short wave  
radiationcalculatedforthetopofatmosphere．   

higher than the averaged one（Fig．7a）．Relative  
humidityhasalsothesinusoidalvariationwithafew  
CaSeSOflargeyearlyfluctuations．Relativehumidity  
OfthisstudyaisosboⅥrSbiきかervaluethantbeaver－  
agedonetFig．7b）．Althoughaveragedwindspeedis  
almostconstantre宮ardiessof也eseason，it鮎ctuate  
largelyyearbyyear．Windspeedofthisstudywas  
Smallerthantheaveragedone（Fig．7c）．  

Fig．7dshowsthemonthly averaged daily short  
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