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Åbstract  

Arealextent，terrninuspos托ion，Surねceflowspeedandmassbalancewereobservedeveryyearsince1995at  
GlacierAXOlOinShorongregion，NepalHimalayasafterthefirstobservationin1978．Arealextentandterminus  
positionshowedthattheglacierhasshrunksince1978，andthattheshrinkageratehasacceleratedinthe1990s．  
Thesurfaceflowspeedsuggeststhethinningofglacierthicknesssince1978．MassbalanCeandairtemperaturedata  
alsosupportthattheshrinkagetendencyseemedtoaccelerateinthe1990s．  

Sum Ofair temperature and the ablation oftheglacierin  
Order to evaluate glacier massbalancein the Himalayan  
regionwheremeteorologicaldatawerelimited．Ontheother  
hand，Takeuchiet al．（1998）discussed the relationship  
betveen＄nOWalgaecommunityandglaciermassbaiance．  
Tbey s喝geSted tbat tbe snow aigae community could be  
useiui as an indicator of summer mass balance and the 
equilibriumlineoftheglacier．   

Inordertodetecttherecentfluctuationoftheglacierin  
the1990s，mOnitoring ofthe glacier was conducted every  

1．1ntroduction  

ItshouldbenotedthattheHimalayanglaciersarevery  
importantforwatercirculationintheareaaswellasfor  
ehangeLSinglobalsealevel．1n Nepal．forinstallee．mOSt Of  
theriversarenowisbedbygiaciers，inpaれicularduring払e  
dryseasonwhenwaterdemandisintense．Ontheotherhand，  
itwasestimatedthattheshrinkageofglaciersintheAsian  
highland accounted for20％oftheincreasein sea water  
during the20th century（e．gりMeier，198夷United States  
Department ofEnergT．1985）．It remains unclear．however．  
bow the glaciers contribute to tile globaland／or regional  
WaterCirculationsincetheglaciologicalandmeteorological  
informationonthisregionhasbeenquitelimited．  
GlacierAXOlOinShorongregion（2r42′N，86034′E；Fig．  

1）is one of the mostinvestigated glaciersin the Nepal  
Himalayas．lntensive obsen・ationsrelated to mass balance  
（Ågetag才β£，1980），Slユdacealbedo（Obatagfα£，1980），heat  
balance（OhataandHiguchi，1980），icetemperature（Tanaka  
etal．，1980）andiceflow（IkegamiandAgeta，1991）werefirst  
COnductedin1978．Changesintheglacierterminusandarea  
havebee！1mOnitorediI沈emittentlysirlCe1978andpredicted  
byusingamodelforglacier幻ow（KadotaandÅgeta，1992；  
Kadotaetal．，1993；1997），Ageta etaL（1980）observedand  
discussed the characteristics of mass balance of a summer 
TaCCumulation type glacier for the first timein the  
Himalayas，Whichwasinfluencedbythesummermonsoorl．  
Basedontbeobservationaireslilts，ÅgetaandHigucbi（1984）  
andAgetaandKadota（1992）presentedasimpiemassbal－  
anCe mOdelusingprecipitation and air temperature．They  
foundthehighsensitivityofmassbalancetosummertemper－  
ature duetosummer accumulation．Kayastha et al．（1999）  
suggested the high sensitivity of mass balance to global 
radiation and surface all）edo b〉・uSing an etlergyLbalanc  
modelforthisglacier‥Additiona11y，Kayastha eiaL（2  
discussedtherelationshipbetweenthepositivedegree鰍day  

Fig．1．LocationofShorongregionandtopographicalmapof   
Glacier AXOlO surveyedin1999．Solid and open circles  
der10tetbeもenc王1marksforsurveyandma∬もalancestakes   
i王11999．Opensquaresdenotegiacierboundarysurveyedim   
1999，Hatchedgraydenotesapondlocatednearthetermi・  
ntlS．  
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yearfrom1995to1999．Aftertheinstallationofmassbalance  
StakesinJlユne1995，Observations（mass山balance measure－  
mentandsurvey〉aIldmaintenallCeOfstakeswerecarried  
OuteVeryOctober（exceptNovemberof1997）．Peopiewho  
joinedtIleObservationoftbisg重acierwerelistedinNakawo  
et al．（1997）and Ageta eiaL（2001）．This paper presents  
Preliminaryresultsofglacierfluctuation，Surfaceflowspeed，  
massbalanceandairtemperature．  

2．Observationa］resuJts  

之J．Cゐd嘩洋才乃g彪cおγαお乃≠  
Arealextentoftbeglacierwasmeasuredintermittently  

in1978，1996and1999by topograpbicalsuⅣeyくFig，2）．  
Åcceierationofsbrinkageinthelate1990siss11ggeStedby  
meanannuairateof血eareaic‡la11geinTablel．   

Fig．3．Changein terminus periphery of Glacier AXOlO sur－  
Veyedin1978（afterAgetaetalリ1980），1989（afterKadotaet  
alリ1993）andeveryyearfrom1995（thisstudy）¶Peripheries   
in1995and1996arealmostsamepo＄ition．Solidandopen   
Circles denote tbeもencb marks for survey and slirV野ed  
poinもS．Hatcあedgraydenotesapon〈】iocatedneartbetermi－   
nus．Tbicksolidli‡ledenotesridgebesidetlleg王acier．  

Table2．Retreatinhorizontaldistanceandits annual  
rate oftheterminusofGlacierAXOlO since1978．  

Fig．2．ArealextentsofGlacierAXO10surveyedin1978（dotted  
line；afterAgetaetal．，1980），1996（brokenline；afterKadota  
et al．，1997）and1999（solidline；this study）．Solid circles  
denotethebenchmarksforsurvey．Hatchedgraydenotesa  
POndiocatedneartheterminus．  

Tablel．Area，arealchangeanditsarlnuairateofGlacierAXOlOsince  
ユ978．  

Year  Area（km2） Årealcha咽e Rateofarealcba喝e  
（km2）  （×104m2a1）   

1978  0．57■  
－0．06…  一0．5  

1991  0．51＊拳  
－0．03＊＊  －0．6  

1996  0．48＝  
－0．06  －2．0  

1999  0，42   ●datafromKadota etal．（1997）．  

＊datafromAgetag才β£（1980），  
薦＊dataなomKadota（1997）．  

ThechangeinteTminusperipherysho＼rSthecontinuous  
retreatoftheglacierterminussince1978（Fig．3）．Retreatin  
horizontaldistancealongstreamline，andretreatrates of  
each observation periodare Summarizedin Table2．The  
effectofrecentglobalwarmlngintheHimalayascannotbe  
affirmed from the rapid retreat of the glacier terminus，  
becausetheterminuspositionwouldbeaffectedbycomplex  
processessuchasthemassbalance，tOpOgraphyofbedrock  
andbasalsliding．Theretreatratesoftheterminusposition，  
however，SeemtOaCCelerateinthelate1990s．  

ヱヱ5J′タカ（・l、＿巾H・サーr（てブ  
Surface flow speeds were obtained by the stlrVey Of  

Stakesinstalledon洩eglacier．Sincetheobservationperiods  
dif短rfromyeartoyear，anmalfiowspeedsareconverted  
なom魚eaveragedailyspeeddtlringeac壬10bservationperiod  
asshowninFig．4．Thefigure，inwhichalldataareplotted，  
Shows thatthe surfaceflowspeedsobtainedin this study  
haveclearlydecreasedratherthanthoseobservedin1978／79  
（IkegamiandAgeta，1991）atallelevations．Itisconsidered  
thatthinningofglacierthicknesswouldcausethedecrease  
Offlowspeed．Theflowspeedsduringthemonsoonseasonof  
1995werethesameasthose observedin otheryears even  
thoughsurfaceflowinthemeltingseasonlSgenerallyconsidT  
eredtobefasterdlユetObasalslidingtbantbeannlはlones・  
Sinceit was s11ggeSted tbat basaisiiding wo11id bave a  
Si卯ifica王ItrOleintbesuだace幻owspeedof琉isglacierby  
Kadotag≠α£（1997），mOredetailedobservationandanaiysis   
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FigYヰ．Aititudinaldi＄tributi（）nS Of surface flow speeds on  
G呈acierAXOlO．’95mnsn’denotes也e幻owspeedobservedin  
tbeperiodof＄umrmOnSOく〉nSeaSOn打omJunetoOctoもer  
in1995．Annualflowspeedsareconvertedfromtheaverage  
dailyspeeddurillgeaChobservationperiod．   

concerningglacierdynamicsarerequiredinordertoeぬ1u〟  
atetherelationshipamongglacierfluctuationssuchasmass  
balanee，flowspeed、ieE・thicknessa11dterminusposition．   

之且蝕みα由乃Cβ  
Mass b；llaIleeS during eaeh Llbservation period were  

obtainedbystakeandpitmeasurements．Å1titudina壬distrir  
butionsofspecificmassbalanee（nlaSSbalant：epr（一fite）are  
sho＼＼11in Fig．5．DistributionlTlapSOfspet：ificmassbalane  
aredrawnforeach observationperiodasshowninFig．6．  
Arealaveragedmassbalancesarecalculatedfromthearea  
balance relationsin Fig．6．andlong－term maS＄balanees  
Since1978are cakuiated from the changesin the glac主er  
ヽrOlllTlleaSSumiIlg†heicedens巾丁（870kglll▼3）sll州11i11Fig．  
7．MassbalancebetⅥreen1978and1979andvolumecbange  
from1978to1996areaccordingtoAgeta（1983）andKadota  
（1997），reSpeetively．No positive anrlualbalance has beerl  
Seen Si11Ce1978（Fig．7）．1tis considビred that the drastic  
retreatofterminusbetween1998and1999wol王1dbecaused  
bythelargenegativebalanccof1997／！汎Thenegati＼▼em；lSS  
balanceswouldclearlybringaboutshrinkageoftheglacier  
area andthecontinuousretreat ofthe terminussince197乱  

Fig．6，ÅrealdistributionsofspecificmassbalancesofGlacier  
AXOlO＄ince themonsoon seasoninlg95】A hatched part   
denotes the negative mass balance are乱C（）ntOurlines  
dellOteぬemassbaianceinmw．e．誕生easuredperioく】sare漁色  
SameaSinFig，5．  
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1g75  1980  †985  1990  1995  2000  
Year   

ぎig．7．Årea王averagedannualbalanceofGIacierÅⅩ010since   
1978，Openar主dsolid circiesdenotesea＄Onaま（monsoonalき  
and annualbalances．Thickvertica】bars8enote tbe err（〉r   
rangeofcalculationsfortheassumptionofbalancevalues   
atthehighestandthelowestzonesinFig，6．Connectedsolid   
iine denotes averaged annualbalance for eacb period  
Obtained from the vol㍊me dif毎rence＄amOngl野8，1991テ   
1996amd1999．   

4900  4950  5000  5050  5100  51SO  5：！00  5250  5300  
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Fig．5－ Ait主tudi王Ialdistribtltions of speci鮎mass bala王iCe Oぎ  
Gまacier AXOlO．‘78mnsn’a王1d‘95mnsn’derlOte 払e mass   
balanceobservedintheperiodofsummermonsoonseason   
in1978（June to September）and1995（June to October），  
respectively．Otherscorrespo王1dtothearlnualbalance放om  
Oく：tOもertonextOcモOb訂（exceptNovemberof1997）．  
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2．4．A才γねナ，ゆβ相加柁  
Airtemperaturewasobservedat5247ma．s．1．besidethe  

benchmarkU．Month王ymeanairtemperatureissummar－  
izedi†1Fig．8．Thetemperaturei！11978isestimatedfromtbe  
airtemperatureat4958ma．s．l．besidethebencbmarkTand  
alapse rate ofair temperature（6．0℃km‾1；Ageta et al”  
1980）．Although‘climaticwarming’cannotbedetectedfrom  
afewyearsobservation，thesummerairtemperatures（June  
toÅugust）inthelate1990swerehigherthanin1978．There－  
fore．these highilir temperatures would haveぐauSed the  
large negative mass balance and then the rapid glacier  
Shrinkagein the1990s．Howevel・，Other meteorologlCal  
parameters，eSpeCiallysolarradiationandsurfacealbedoas  
We11asprecipitation，arerequiredtodiscusstherelationship  
between the meteoroIogicaiforcing and mass balance，  
beeauseitis pointed out that the radiative heat plays an  
importantroleintheheatbalanceonglacierslocatedinthe  
lowerlatitude（Kayasthaeial．，1999；FujitaandAgeta，2000）．  
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Fig．8，Montb王ymeanairtemperatureobtainedaと5247ma．s．  
l．ofGlacierAXOlOin1995，1997／98a11d1998ノ99，Tempera・  
turein1978wasestimatedfromtheairtemperatureat4958  
m a．s．l．and alapse rate of air temperature（6．0℃km川Mユ；  
Agetaβ≠αJリ19糾）．  
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