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Abst帽Ct  

Glaeierfluctlユation，StlrfaceflowvelocityandmassbalancewereobservedatRikhaSambaGlacierinHidden  
Vail野，1998and1999，Whicbva＄Seiectedastberepresentativegiacierin也ewestNepaiHima王ayas．Tbegiacier  
terminushas shown a continlユOu＄retreat Since1974，andthe retreat rate possibiyincreasedin the1990s．The  
analysisofsurfaceflowvelocityforoneyear，Whichwasfirstobtained，SuggeStSthelargecontributionofbasal  
Sliding．Theflowspeedsin1998／99weresimilartothosein1974thoughtheglacierthicknesshasdiminished．Mass  
balanceandmeteorologicalvariableswerealsofirstobservedforoncyearfromOctober1998．Thefindingofa  
largenegativemassbalancemaysupporttheshrinkageoftheglacier．Preliminaryreslユitsarepresentedinthis  
papert  

1．lntr（Iduction  

Itミあolユidbenotedtbaモモbe‡壬imalayangiaciersarevery  
imporもantforwatercirculationintbearea aswellasfor  
Changesinglobalsealevel．InNepal，forinstance，mOStOf  
the rivers are nourished by glaciersin the Himalayas，in  
particular during the dry season when water demand is 
intense．Ontheotherhand，itisestimatedthattheshrinkage  
Ofg王aciersintheAsianbigblandaccountsfor20％of偽e  
increasein sea water（e．＆，Meier，1984；United States  
DepartmentofEnergy，1985）．ItremainsunClear，however，  
how the glaciers contribute to theglobaland／or regional  
WaterCirculationsincetheglaciologicalandmeteorological  
informationonthisregionhasbeenquitelimited，  

RikbaSambaGlacierinHiddenValley（28050′N，83¢30′E；  
Fig．1），Whichhasbeen surveyedintermittentlysince1974  
（Nakawo et al．，1976；Fujiiet al．，1996；Fttiita et alリ1997），  
WaSSelectedforglaciermonitoring．Massbalance，Surface  
flowandmeteorologicalvariableshadalsobeenobservedon  
andaroundtheglaeierin19T4（Fujii（［（］［．．1976：NこIkawot7l  
（l［‥1976：Shrestha（l［a［．．1976）．Inordertoclarifytllereeビnt  
fluctuationsoftheglacierinthe1998s，SurveySOftheglaく：ier  
WereCarriedoutinOctober of1998and1999．Inaddition，  
mass balance，Surface flow velocity and meteorological  
Variableswereobservedforoneyear．Changesintheglacier  
geometry，meteOrOlogicaldata and‡naSS balance are  
preserltedintbispaper．   

2．Obs¢rVations and res山ts  

ヱ」．ぐ／7〟J樽l／ナノ′（tnI〟〃Jび♪｛｝∫／仙〃  
Surveys of也e termint王S pOSition were carried（〉utin  

August1974（Nakawo gfα£，1976），Octot〉er1994（Fujita留吉  
a乙，1997），1998and1999（thisstudy）．Thechangeinterminus  
peripheryshowsthecontinuousretreatoftheglaciertermi－  
nussince1974（Fig．2）．Changesinhorizontaldistancealong  
thebottomofavalleyandretreatratesineachobservation  
period are summarizedillTabIelwhich shows【hat the  

Fig．1．Map of Rikha Samba Glacier．Surface profiles were   
Surveyedalongbrokenlines．Rhombuseswithnumberand  
arrowsdenotemassbalancestakesandslユrfaceflowveloc－   
i扇esduringユ998arld1999．Circiesdenotebencbmarks．   
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1974，Showingincreased，thinning at higher altitude．An  
additionaiprofilealongLine Cin1999also乱噂geStSless  
也inning．Itis remarkable t壬Iat 払e surface elevatio†l  
remainedunchaれgedonlyaroundmiddlepartoftbeglacier  
desp主teitssbrinkingtendency・‡もmaybeprobable払atま0喝ト  
tudinaleompressionこIT－d／／or kinematie waves might have  
prevented surface‡owenng around Line C．We have no  
evidence，however，tO discuss these changeswith glacier  
dynamics．   

23．蝕痴どg．鮎膵申gぞ♂  
Surface flow speed on the Rikha Samba G王acier had  

beenobserveddlユringtheperiodfromlOJulyto25August  
1974（47days；Nakawo¢≠αgリ1976）．Inthisstudy，Surねce  
fiowvelocitieswereobservedat8altitudesbysurveyingthe  
positionsofmassbalancestakesinOctoberof1998and1999，  
Surface恥wvelocityateacぬstakeissbowninFig．1．FigⅥre  
lshol＼’Sthealtitudillこ11distributionofsurfaeeflowspeedsitl  
1974and1998／99．The actualannualflow speedsin1974  
Shouldbesmallerthanthoseshowninthefigurebecausethe  
1974speeds were converted from the data measuredin  
Summer When the flow speed was considered higher．The  
figuresuggests払atthesurfaceflowspeedsonRikhaSamba  
Glacierin199即99wereequaloriargerthanthosein1974．  

Fig．2，Cha‡唱ein the terminus peTipbery of Rikha Samba   
G】aciersince1974．Circie＄denotebe王ICbmark鼠Cbangein  
borizontaldistancewasobtai11edajongthetbinまine，Wbicb  
a王mostcorrespo11dsto払ebottomofaval三ey，  

Tablel．Changeinhorizontaldistanceandretreatrateoftheterminus  
ofRikhaSambaGlaciersince1974．  

Cha喝einhorizontal   
distance（m）   Retreatrate（ma■1）   

1974岬1994   215．8   
1994－1998   Period            10，8    72．8  18．2  1998－1999  11．5  11．5   

retreatrate（〉f払eterminuspositionacceleraもedintbe1990s．   

2．まC如聯飯ざα癖ごggお相子わ托  
Surfaceelevationsalong5straightlineshadbeensur－  

Veyedin1974（Nakawoetal．，1976）．Threeofthem（shownin  
Fig．1）weresurveyedagainin1994（Fujita eialリ1997），In  
thisstudy，OnlyLineCwa＄SurVeyedin1999．Figure3depicts  
thechangesinsurfaceelevationalongLinesC，DandEsince  
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Fig．4▲ Surfaceflowspeedsin1974（solidcircieswithbroken   
line；a食erNakaw（）g斎α£，1976）andin1998／99（soliddlOm－  
b11Swith soiidline）ofRikha Samba Glacier．F10W＄peed   
estimated打om theice deformatio王Iis also sll（）耶l（open  
rllO汀ゐusⅥritbgraylirle）．  
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Slユゴace鮎wsp詑ddueもOicedefomationcanbeesもi－  
mated fro汀iice tbickrle∬ゐ（m），S11だace s王opeだandice  
temperatl汀eaS（Paterson，1994）：   

〟ざ－〟♭＝（脚in脾＋1・  （1）  

Here，uSandubaretheveiocitiesatthesurfaceandbase．1i，  
pandgareaconstant（assumedtobe3），thedensityofice  
（910kg m－3），and許aViねtionalacceleration（9．8m s‾2〉，  
respectively．ParameterA（smlkPa－3）dependsonicetemper・  
ature，Whichisassumedtoberepresentedbytemperatureat  
20mdeptb．‡cete王nperatureataCertainaltitudewasesti－   
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ぎig．3．Surねcepro重iesfoT1974（ciTCl鶴），19錮桓rosses），1999   
（solidTbomt〉uSalo‡lgLineC）andbedrock（triangles）alo喝   
Iine＄E（a），D（b）andC（c）ofRikhaSambaG王acierlooking  
upsけeam，T王IeSOlidcirclede110teSbenchmarkわreachiine．  
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Table2・StakeNot，altitじde，parameterA，ice汰ickness，Siopea喝Ie，C盈1cⅥiatedandobserv感suぬce封owspeedonRik主1aSambaGlacierduri喝1998／  
99．Aster主sksinicethicknessdenoteextra／inとerpolatedvaユues．  

StakeNo．   Altitude  A   Icethickness   
Slopea喝ie   

Caiculatedflowsp㌍d  Ob紀Ⅳ東員owsped  
（m臥Sエ）              （×10…1さs≠ユkpa‾3）   （ma‾り   （ma‾l）   

5353   2．26   54＊   10．3ナ   1，2   9，8   
2   5421   2．15   79   7．50   2．1   1（ミ．5   
3   5543   1．96   126＊   6．4q   7．6   25．8   
4   5586   1．89   143   6－4q   12．1   20，4   
5   5694   1．71   161   4．50   6，2   10．9   
6   5721   1．67   170   4，70   8．5   10，0   
7   5806   1．54   ユ54   5．50   8．6   8，2   
8   5884   1．舶   140キ   6．0尊   7．1   7．2   

Table3．Ånnualaverage／totalvariables at5267m乱S．l．nearぬe   
terminu＄OfRikhaSambaGlacier，HiddenValleyforoneyearfrom   
lOctober1998to30September1999．  

matedfromtbeもoreboietemperaturemea＄uredat5780ma．  
S．1．in1994（一5．1℃；ぎ湧iiggα£，1996〉allda王apserateofice  
temperature（assumedtoもe6．0℃k王n－1）、‡cetbick‡leSSゐ（m）  
VaS Obtainedby using a5MHz radiowecbo sounder（con欄  
StruCted at Ohio State University）．Detailed methods are  
describedinCasas＄a（1992）．Thesevalue＄ateaChstakesite  
are＄ummarizedinTabie2．Calcuiatedsurfaceflowspeeds  
dlle tOicedeformationこIrealsosh（一Wnin Fig．J．Thビfigure  
SuggeStSthepossibiiityofbasa王slidingbe主ow5700ma．s．i．  
T王ユeincreaseinsurface幻0VSpeedundertbinningicethick－  
nesswolユIdbecausedbyacbangeinthebasalslidingco‡ldiけ  
tionsuchasincreaseinmeltwater，thoughwehavenodata  
todiscussthisprobiem．   

エイ．〃【7／‘Wて）J吋／（I′J／（■（りJ（／〟ん刷∫J〟Jブ堀J脚7／’f￥）  
An automaticweatherstation（AanderaaInstruments，  

Norway）wasinstalled nearthe terminu＄OfRikha Samba  
GlacierinOctober1998（5267ma．s．り．Airtemperature，SOlar  
rこ1dialion．wind spt・tld and pT’eCipitation w（、re monitored  
dt汀ingoneyearatintervalsofonehour．Dailymeanvari、  
こIbJesareshowni11Fig．5．AnnuこIl【lleanV；11uesaresumIllar－  

Åverage／と0モalvaiue   
Air temperatclre －4．6（℃）   
Solarradiation   263（Wm‾2）   
Solarradiatiorlatthetopofatmosphere   370（Wmr2）   
Wirldspeed   4．4（ms一り   
Precipita如n   447（mmw．e．）   

ized主nTable3．Reiative壬IumidityaIldsnovdepthwerenot  
Obtained．A㌢血ougbthemeteoroま喝icalobservationhadbeen  
COnducted during a shorとperiodin1974（Sbrestha gg戊£♪  
1976），tbepresentobserどationprovi（まes払e薮rstmeteorologiヰ  
Ca里dataintbisregionforoneyear．Tbefigures11ggeStStile  
typicalclimateintheNepalHimalayasuchasclearskyand  
windydaysduringwinter，Whilepersistentcloudsandcalm  
day＄preVailduringthemonsoonsummer．  

Sinceatippingbucketdoesnotdetectsolidprecipita－  
tion，WeCannOtaffirmtheabsenceofpreeipitationinwinter  
asthefigureshows．1l（一1VeVel－．the；lnmlalamountofpret：ipi－  
tatiollgatheredbyatot；1Iizerり50111mW．e．1instattビdnear；l  
AWSwasnearlyequaltothatobservedbyatippingbucket  
（447mm w．e．）．Itis plausibまe，therefore，tO aSSume  
instこInCeOfpreぐipitationinwinter．Itisasigllificantpr（一blenl  
fortheglこICiermassbこ11ance＼＼▼hLlthprplrビCipitこIt，i（mOeCtlrrビd  
asrainorsnoⅥr．Hi欝ICbi（1977）hasalsodiscu岱edtbeefねct  
OfsnowfallduringthenightonthemassbalanceofRikha  
SambaGlacier．Figure6show＄thehourlyaveragedprecipi血  
tatiolland；1irtemperatureduringJutletOSepttナIllber199t】．It  
is t：OnSidered that the high precipitati（1IlaTOuIldlO o’clock  
SuggeStSthel11elt ofsnow fこIlleTlin thepreviousnight．Ollr  
Prt：ぐipitationdata．thereforp．shouldbeusedcarefu11）▼．  
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椚恕5，Dailymeanairtemp訂aモureそ1ine言na），SO王arrad呈aモion   
（blacklineinわ），Caiculate8so壬ar radiation at洩eとOp（）f  
atmospbeTe（graylirleinb），Windspeed（iineinc），anddaily  
amountofprecipitation（barsina）observedat5267ma．s．   
i．near汰eterm壬ntiSOfRikha SambaGまacierねr oneyear   
なomOctober1998toSepもe‡Ⅵber1999．  

ぎig．6．D壬urnalcbangesinbourlymeanairtemperaとure（solid   
iine）andprecipiation（grayhistogram）at5267m乱S．1．near   
也eterminusofRikhaSambaG‡acierfortbeperio（重たom  
丸me紬September1999，   
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まま触ぬぬ殆どgあタ廃ヱ度裾プ労  
EigbtstakeswereinstalledonRikbaSa‡れもaGlacierin  

October1998（Fig．1）．Stakeheightandsnowthicknesswere  
measuredinOctoberof1998and1999．Anicecoretakenat  
5780ma息l．in1994suggestedthattheformationofsuper－  
imposediceoccurredevenintheaccumulationarea（Fujiiet  
al．，1996）．Superimposediceintheaccumulationareaimplies  
thatasignificantamountofrefrozenwatercontributesto  
theglacierma＄Sbalance（Fujitaet al．，1996）Specificmass  
balance（b mm w．e．）at a certain stake siteis calculated  
basedontheamountofsuperimposediceas：  

わ＝′1∫ユ∫＋f）iユJ．  （コ1  

Here，βざandβgaretbedensitiesofsnow（350士50kgm‾3）・  
andice（870士40kgm‾3）．△5and△∫arethechangesinsnow  
thickness（m）andicelevel（m），Whichwere obtained from  
Stakeandpitmeasurements．  

The accumulation（c mm w．e．）at each stake siteis  
evaluatedfromthedailyprecipitationrecord，dailymeanair  
temperature（Fig，5a．），lapse rate of air temperature  
（assumed to be6．0℃ km‾l）and probability of snowfa11  
dependingonairtemperature．Therelationshipbetweenthe  
percentage（％）ofsrlOWfallandairtemperattlreisassumed  
tobeexpre∬edbyalinearequatio†1aS：   

汽車一薯〕×100（0＜㌔＜㌫）■   （3）  

Here，鳥ispercentageofsolidprecipitation．7もand7もare  
airtemperature（℃）andacriticalairtemperature（℃）at  
whichallprecipitationfallsasrain．Thiscriticaltempera・  
ture了；dependsontheprecipitationsystemineachregion  
and season．Since 7t has not been observedin Hidden  
Valley，WeeValuatetheerrorassociatedwiththeassumption  
ofcriticaltemperature，Whichrangesfrom3to6℃（Agetaei  
a［．，198O；Ue11O 一再L E）（‥1g94）．1tis also assumed that the  
precipitationamountdoesnotehangel、▼ithaltitudelAblation  
くa＝b－C，mmW．e．）isobtained as aresidualportionfrom  
massbalanceand accumulation．  

These values at each stake site and the altitudinal  
distribution are shownin Table4and Fig．7．The mass  
balanceprofileduringsummerof1974（about50daysfrom  
themiddleofJulytotheendofAugust）isal＄OShowninthe  
励re（after Fu5iiet aL，1976）．Alarge negative balance  
during1998／99suggeststheshrinkingtendencyoftheglacier  
inthe1990s．  
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fromOctober1998with error bars．Mass balance profile   
duringsunulerOf1974isalsoshown（crosseswithbroken   
line；afterFujiietal．，1976）  
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Table4．StakeNo．，altittlde，maS＄balance，aCCumulationandabまationateachstakesiteonRikhaSamba  
Glacierd11ring1998／99．  

Altitude   Massbalance   Accumulation   Ablation  
StakeNo．  

（ma．s．1，）   （mmw．e．）   （mmw息）   （mmw．e．）   
5353   －3454±159   356土40   －3810±164   

2   5421   －3004±139   391土30   －3395±142   
3   5543   －1394±62   432士16   －1826±64   
4   5586   「936±41   443±12   －1379±43   
5   5694   －388±9   459土5   846±10   
6   5721   －271±0   461士4   －732±4   
7   58（娼   27±20   165 rtl1 －438±2（）   
8   5884   81±i8   466士0   －385±18  
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