
BⅥlleti！10fGiacierResearch16（1998）莞ト」鋸  
⑥DataCenterforGlacierResearch，JapaneseSoeietyofSnowandIce  

詔  

GJaciologicalobservations ofYaIa GIacjerin Langtan％Va11ey，Nepa］Hirnatayas，1994and  
1996．   

KojiFUJITAl，NozomuTAKEUCHl2andKatsumotoSEKOl  
lInstituteforHydrospheric－AtmosphericSciences，NagoyaUnlversity，Nagoya464¶8601Japan．  
2Basic biology，Faculty of Bioscience and Biotechnology（c／o Faculty of Science），TokyoInstitute of Technology，212ql，0  
¶Okayama，Meguro－kll，Tokyo152州8551Japan．  

（ReceivedÅpri14，1998；Re扇sedmanuscriptreceivedMay6，1998）  

Abstract  

Aglaciologicalsurvey WaS Carried out to clarify the variation of Yala Glacierin LaIlgtang  
Valley，NepalHimalayas，1994and1996tItwasclarifiedthattheglacierterminusretreateddrasti・  
Callyin1990sratherthan1980s．Thesurfaceprofileoftheglacieralsoshowedtherapidlowerlngln  
recenttwoyears（1994欄1996）．Theflowvelocitiesoftheglaciersurfacehavedecreasedsince1982．  
Theseresultsmeanthattheshrinkagetendencyoftheglacierhasbeenacceleratedin1990s．  
Arealaveragesofmassbalance，aCCumulationandablationforacentraidrainageareaaiomgfiow  

lin鑑duriI唱也eInOnSOOnSeaSOnin1996wereobtai11edas鵬357，588and－9ヰ5mmw，eりreSpeCtively．It  
WaSCOnfirmedthat anempiricalrelati川Ibetween airtemperattlreand ablati（恥Whieh wasderived  
fromtheobservationatanotherglacierineast Nepalinthe previousstudy，CO111dn（）tbeapplied  
directlytoYalaGlacier．  

1．lntroduction  

Evaluation of glacier mass balance in the 
Himalayasis one of the mostimportant problems  
associatedwithnotonlyregiOnalwaterresourcesbut  
alsogiol）alsea一重evelchange．AltbougilSeVeraireslllts  
Onthef）uctuatioIISr－fglaciertermin＝ntlleHi111alayas  
bavebeenappearedくど．＆MayewskiandJesc壬Ike，1979  
；FushimiandOhata，1980；Yamadaeial．，1992），long  
pterm（afewdecades）massbalancedataarelimited．  
However，by examiningthe volume changes ofgla・  
Ciers，itshouldbepossibletoestimatetheir average  
massbalancesandtoexaminctheirrecentbehaviorin  
theHimalayas．Thevolumechangesofglaciersinthe  
NepalHimalayas have beeninvestigated only with  
twocasesofGlacierAXOlOin Shorong Himal，eaSt  
Nepal（Ⅹadota，1997；Kadota ggαえ，1993，1997〉and  
Rik壬Ia SambaGlacierinHidden Valiey，VeStNepal  
（FujitallI（t／．，1997a）．Morecasestudjesare11eededto  
evaluatetherelationbetweenlongMtermmaSSbalance  
Of glaciers and regionalclimate changein the  
Himalayascomprehensively．  

Yala Glacierin Langtang Valleyis one ofthe  
mostinvestigated glaciersinthe NepalHimalayas．  
Thehighestandlowestaltitudes，andtheareaofthe  
glacierare5749mand5094ma．s．l，，2，5km2，reSpeC・  
tively．Theglacierhaswidespreadshapeandgentle  
SIope（ココし■）f；leingsollthwestasshowniTIFig．1．Many  
glacioまogicalresearcbworksbavebeencarriedouton  
YaiaGiaciersince1981k爵Higucbi，1984；1好atanabe  
and‡iiguchi，19即；Yamada，1989；Steineggerβ才α£，  
1993；Nakawo et al．，1997）．Volume change of the  
glacier，however，hasnotbeenobservedintheseprevi－  
ous studies though the survey works related to the 
evaluationofvolumechangewascarriedoutin1982  
（Ageta etalリ1984）．Inordertoassessthechangesin  
theglaciersince1982，WeCarriedoutfieldsurveyin  
1994and1996as part of the Cryosphere Research  
Expeditioni‡ltlleモiimaiayas（CRE王i）．Studyformass  
balance andmeLteOrOl（）gythrough a mons（一OnSeaSOn，  
Whichwillprovideabasicinformationtou11derstand  
long－termglaciervariation，hasnotbeencarriedout  
onYalaGlacier．Wealsocarriedoutthemassbalance  
observations during the monsoon season of 1996 to 
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Fig．1．MapofYala Glaciersurveyedin1982basedonYokoyama（1984）．Shaded  
partsdenotebaredrockontheglacieT．Opencircledenotesthebenchmarkfor  
洩eterminuschange．So王idcirclesdenotethestakessurveyedin1982（Agetag≠α£，   
1984），Openandsolidsquaresdenotetbesurveyedpoi王1tSforぬecompaTisonof  
Surfaceprofiieandthestakesmeasuredformassbaianceandflowvelocityin   
1996，reSpeCtively．Thcarrowsdenotethesurfaceflowvelocitiesmeasuredduring  
theperiodfrom22Mayto70ctober，1996．Theareasbetweentwobrokenlines  
areassumedastherepresentativeareasforthecalculationofsurfacelowering  
arld massbalance．  

Obtain thebasic data ofmass balance．The prelimi－  
naryresultsoftheobservationsarepresentedinthis  
report．Thealtitudespresentedinthepreviousstudies  
（Yokoyama，1984；Fujitaet aL，1997b）arecorrected  
bytbetraversesurveycarriedoutinthisst11dyusing  
tbeiaserdistancefinder．  

2．Observations and result＄  

2」．γおタおgわ兜qr娩βgおごねγ  
2J．エC短喝打あお憫商肪  

Surveys of tile terminus were carried o11tin  
October，1982（AgetaeiaL，1984），September，1994and  
May andOctober，1996．Thechangeintheterminus  
peripheryareshowninFig．2．Theperipheryobserved  
in October，1996is shown as the result of1996．  
1’amada〔7（（7［．（1992）reported the variatio11Of the  
terminuspositionfrom1982to1989．Theretreatrates  

や、・＋  
100  200m  

Fig，2．TheterminusperipheriesofYalaGlacierin1982   
（solidline），1994（grayline）and19g6（brokenline）．Open  
Circle denotes the same bench mark shownin Fig．1．  
LineXisassumedtobearepresentativeaxisforthe   
terminuschange洩rotlgb払eもenchmark，alongwbicb  
tberetreatratesaresumarizedirlTablel．   
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Oftheterminussince1982aiongLineXaresbownin  
Tablel≠After2．4madvance血ri喝漁efirst5years  
（19さ2－19ボ7）．the retreat rate（1f the temlinus hasin－  
ereasedgradually．Kapl氾nberger（，tL7／．（1993）reported  
no slgnificant changesin terminu＄pOSition of Yala  
Glacier from1980to1991by the terrestrialphoto・  
grammetry．Theseresultsmeanthattheglaciertermi－  
nus wouId have retreated rapidlyin199Os．1くadota  
（1997）a】so reported that the termi11uS pOSitions of  
glacieT・S．Whieh were measuredin east NビPal．had  
retreatedmorerapidlyin199Ostllanin19削Is．   

Tablel，Terminusretreatratesalo喝L呈ne X（F主g．2）of  
Ya王aG王aciersince1982ネPos主点vevaiuedenotesadvance  
Oftbeもerminuspo＄ition．Dataなom19＄2to1989arecited  
ぎromYamadaeg戊乙（1992）、  
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ユノ．ユC／む川g（－f〃∫〟ゆrと†♪呵斤J（，  
Figure3showstllPChaIlgeinsurfaceprofilesi）lCe  

1982alongthestakelineLShowninFig．1．Thesurve）・  
il1199iwaslimitedin the ablation zone．The figtlre  
Shows that surfacelevelaround the tビ‖11inus espe－  
Ciauylowered．Itis difficult to apply thelowering  
ratesmeasuredatthe＄peCificpoint＄tOWardedgeof  
the wide spread glacier for the calculation of areai 
average．1t was assumed．therefore，that the area at  
eachaltitudespanandthegiacierareawererepresent－  
edbytheareasbetweenthetwobrokenlinesshownin  
Fig．1．whiく二hwasacentraldrainageareaalongflow  
linesiIICluding the obserヽred stakes．The averaged  
Surfacelowering rates are caiculated as shownin  
Table 2 assuming the approximate linear relations 
Shownin Fig∴ミand the arealratiobetween the two  
brokenlirieSinFig．1．Tbeapproximatedsurfacelevel  
Changesin1994and1996dlOWninFig．3areassumed  
tobezeroiftheyhavepositivevalueathigher alti－  
tude．Table2clearl〉・Shows the signifi（：atl【surfaee  
loweringoftheglacierinarecentfewyears．Kadota  
（ユ997）clari茄edthesばfaceloweringratesofGlacier  
ÅⅩ810irlSborong昆imal，eaStNepalasO．71ma1  
（1978－1991）andl．14ma．Llり991－1996）．Thesurfaee  
lowering rate of Rikha Sanlba Glacierin Hidden  
Val王ey，W餌tNepaiwasobモaine（まasO．63mawifor也e  
Periodfl■Om1974to199il．tllOughthedetailビdfluctua－  
ti（1nis tlnknown（Ftljita（イ（7l‥1997a）．These results  

－25 －20 －15 －10  －5  0  
Changeofsurfaceleve！srnce1982（m）   

Fig．3．Altitudinaldistributionofthe change＄in＄urface   
profilesofYalaGlaciersince1982alongthestakeline   
irlF短．1、Trianglesandcirciesde‡10tethecbanges（〉f   
1994a王1dく〉f1996si王ICe1982含re＄peC如ely号 N曙盈tive  
ValⅥe meanS血aも捷e glacier surねce壬IaVelowered  
durillgagi＼でnptlrit）d．Brokt｝nlintISdenotetheapproxq   
imatedii王IeSねreacbdほnge．AveでageSOf偽esl打払ce   
loweringrates arest）mmilrizedin Tこ1ble2．  

T壱ゐ】e2，Åver農gedst汀ぎace王0Veringra短＄OfY汲i盈Gja℃ier  
sin〔e19さ2．  

Duration   Loweri喝rate（ma｝1）   
1982－1994（12years）   …0．31   
1982仇仙1996（14years）   血0．41   
1994－1996（2years）   wl．05   

ShowtherecentrapidthillIlingofglaeiersi11theNepal  
Himala〉▼aS．thoughexamplesarever）！1imited．   

ユノ．ユ〔ソJ〟JJgし、J〃ノわ汀▼才－iイ（’｝【、巾・  
Asresultsofstakesurveys．flowvelocity ofthe  

glacier surface was obtairled foT the period from22  
Mayも070ctober，ま996（138days）★でbe壬10rizontal   
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Himalayas，these three studies showthe significant  
decreaseofflowspeedinrecentfewdecades．   

2．之触きα怨殆どgあ蕗g㈹8乃∬β乃鮎β兜，j郵  
ユユJ．5J′巾l・C／tて・〔イ   
Eight stakes were installed and maintained at 

differentaltitudes to obtain the massbalance ofthe  
glacier during tbe monsoon season，1996．Figure5  
showsehallgeS Of thビSurfaeele、こelat five different  
altitudes，the amount of observed／estimated daily  
precipitation at Glacier Camp（GC，5110m a・S・1・），  
whichislocated at theterminus of the glacier，and  
dailyairtemperatureat5350ma．s．l．Theestimation  
ofprecipitationismeTltionediater．Thesurfaceleveis  
exceptat5390ma息1．lowereduntiltbeearlyÅu郡St  
because precipitation did not contribute as mass  
lnputSunderhighairtemperature．Thesurfacelevels  
above5350ma．s．1．rosefromAugustduetosnowfall，  
whereas the surfacelevels below535O m a．s．l．kept  
bweringuntiltbeearlyOctobersincesurfacemelting  
exceeded snow accumt11ation，Surfacelevels rose at  
allaltitudesintheearlyOctober，Sinceprecipitation  
wasaccumulatedontothewholeglacierassnow．   

ヱユユ九・（・〟川J′ん〟山J川ノブ仇，g山（・ん－r  
PrecipitationonYalaGlaciersbouldbeevaluated  

toestimateaccumlまIationontheglacier．Fu3itaeial，  
（1997b）observedthemeteorologicalparametersatGC  
andKyangjinBaseHouse（BH，3880ma．s．1．）during  
theperiodfromMaytoOctober，1996．Theyobtained  
theamotlntratioofthetotalprecipitationamountat  
GC to BH asl．46timesin the ol）紀rVation period．  
Usingthisratio，the amount ofprecipitation atGC  
was estimatedfromthat at BH（Fig．5b），Since the  
amountofprecipitationwasnotrecordedcontinuousN  
ly at GC．No altitudinalgradient of precipitation  
anlOuntWaSaSSumedontheglaciersincethealtitude  
ra喝eOftbegiacierissmallandnoaltitudinalgradi－  
enthasbeenobservedonGlacierAXOlOinShorong  
Himal，eaStNepal（Agetaetal．，1980）．  
Theaverageofairtemperatureandtheamount  

ofprecipitationfordaytime（6－18h）andnighttime  
uさL6hlwerecalculatedfortheobservationperiodto  
evaluatethesolidprecipitation，Whichisequivalentto  
accumulation．Ageta et al．（1980）deriveda relation  
betweentheprobabilityofsolidprecipitationandair  
temperaturefromanobservationatGlacierAXOlOin  
eastNepalas：   

velocityofeachstakeisshowninFig．1．Agetaetal・  
（1984）observedthesurfacevelocityoftheglacierfor  
tbeperiodfrom28Septemberto270ctober，1982く29  
days）．AlthoughtheseasonandthedurationaredifferT  
ent，the annualhorizontalspeeds are calculated  
assuming that the observed speeds were constant  
withinanobservedyearinbothobservations（Fig・4）L  
Figure4suggestsasignificantdecreaseofthesurねce  
勇0VSpeedたom1982to1996．Kadotag才β£（1997）also  
reportedthesignificantdecreaseofthesurfaceveloc－  
ityonGlacierAXOlOfrom1978to1991．Seko etal・  
（1998）obtainedthattheflowspeedofglaciersurface  
inthedebris－COVeredareaofKhumbuGlacierhasalso  
decreasedsince1950s．Ålthoughstudiesontemporal  
variationoぎglacierfloⅥrSpeedarefewintheNepal  
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Fig．5．Changeoftherelativesurfacelevelsatdifferentaltitudesobtainedbythe  
Stakemeasurement（a），dailyamount ofprecipitationatGlacierCamp（b）and  
dailymeanairtemperatureat5350ma．s．1．（b）fortheperiodfrom19Mayto6  
0ctober，199軋  

between】ヨHandtheobservationsitesontheglacier  
（5220mand5350ma息l．）fortheobservationperiod  
（Fujita Lゾ（〟‥1997b）．   

之之3．A措お血gゐ扇み録≠あ花〆棚ぬあ符α  
Speci重cmassbalance（mmwaterequivaient，W，e．）  

at each site was calculated using density profiles  
Obtainedateachsitebypitobservationson19May   

daytime：5＝－347も十118（0．5＜二㍍く3．5），（1）  

nigbttime：S＝－38㍍＋106（0．2＜荒＜2．8），（2）   

here．Sis the probability of solid preeipitation（per  
Cent），77zisairtemperattlreぐC）．Theaccumulationat  
eachsitewascalculatedforeachhalfday．Lapserate  
OfairtemperaturewasobtainedtobeO．00550Cm¶1  
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and60ctober，1996．Thedensityofice，Whichisused  
fortheablationzone，WaSaSSumedtobe870kgm－3．  
Forea（：hsite，the amount ofablation（a）wascalcu－  
iated from the observed mass balance（あ）and tbe  
estimatedaccumulation（c）usinga．reiationas：  

a．s，1，Thearealaveragesofmassbalance，aCCumula－  
tionandablationarecalculatedasM357，588and－945  
mm w．e．respectively assuming the areairatio  
betweenthetwobrokeniinesshowninFig．1．Specific  
massもaianceⅥ7aSaSSumedtobethesameasaccumtト  
Iation at higher altitude，Where no observation was  
made．  

ユニJ‥1帥J／わ〃〟…J〟／J・／川中リ1油…，  
Ågetagfαg．（1980）derivedarelationbetⅥ7eenair  

temperature and ablation of GlacierÅⅩ010in east  
Nepalbasedonanobservationin1978as：  

勉＝0．01（n＋3．0）3・2（㍍≧…3，0），  （4）  

here，鶴aIld箭areda主壬yamolユntOfabまation（mmw息）  
arlddaiiymeanairtemperatl王re（℃），reSpeCtively．Tbe  
abiationsonYa王aGlacier，Wbicbarecalculatedfrom  
Eqtlation4andfromthedifferencebetweenthemasさ  
balanceandtheacclユml王1ation（Fig．6）ateacbstake  
Sitefortbeperiodfrom19Mayto60ctober，1996，are  
COmparedw主tb也eaverageofdailymeanairtemperか  
ture for the same period as shownin Fig．7．The  
estimatedablationforYalaGlacierisaboutl．5times  
larger than the observed one in the ablation zone 
Wherebareicewasexposed，thoughtheablationfor  
GlacierAXOlO，WhichwasestimatedfromEquat主on4  
ぁまring払e monsoon seasonin1995，WaS plalユSib王e  

（3）  み＝α＋c．   

FigtlrEL 6 shows the altitudinaldistl・ibution of tht：  
Observed mass balance，tbe estimated accぴnulation  
and the cafculated abiation for the period from 19 
Mayto160ctober，1996．Theamountofaccumulation  
increaseswithaltitudeasairtemperaturedecreases．  
Thegradientsofmassbalance and ablationchange  
largely at altitude between5270m and5350m a．s．l．  
Bareicewasexposedbelow5300ma．s．l．duringthe  
monsoonseasonfromJunetoSeptember，Whereasthe  
firnⅥ7aS Observe（】above53（）O m a息1，Tbe surface  
conditionsucb asice orfirn wouldaffectthesurface  
a始edoandtbeabiationlargeiyevenunderasimilar  
airtemperaturecondiもion：払edifferenceofairte王n－  
peraturevasoniyO．舶仝Cl）eモー柁en5270mand5350m  
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AverageofdalりmeanalrtemPerature  
durirgt旭Observat10nPer10d（〇c）   

Fig，7．The ablations obtained from the difference  
betweenmassbalance and accumulation（circles）and  
fromtheEquation4inthetext（square＄）versusaverage  
Ofdailymeanairtemperaturesatdifferentstakesite＄  
払r洩eperiod鉦om19Mayto60ctoもer，1996－   

－3000 －2000 －1000  0  1000  
Waterequivalent（mm）   

Fig．6．Altitudinaldistribution ofthe accumulation（cir・   
Cles），maSS balance（triangles）and the ablation   
（squares）onYalaGlacierfortheperiodfrom19Mayto  
60ctober，1996．Brokenline denotes the amount of   
PreCipitation during the observed period，Whichis  
assumednoaltitudinaigradiento王itheg王ac主er．  
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（Takeuchietal，，1998）．Equation4derivedbyAgetaet  
al．（1980）wasusedinafewstudiesto estimateabla－  
tionofglaciersinLangtangValley（e．g．Fukushimaet  
α乙，ユ991；Rana g才α乙，1997）．HoweverきF主g．7means  
也atanempiricalrelatio‡10btainedatGiacierAXOlO  
CannOtbe applied simply to other glaciersin Larト  
gtangValiey．Regionaldifferenceofrelationsbetween  
airtemperatureandaccumuiation（Equatio王1Sland2）  
should be also discussed 払 order to evaiじate the  
accuracy of 払e’observed’ablation，Whicb was  
obtained asthedifferencebetweenmassbalanceand  
accumulation．  
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