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Abstract  

Athree鵬yearglaciologicalprojectwascarried outin Nepaiand Bhutan Himaiayastoverifyprogressing  
glaciervariationsundertheglobalclimatechange，tOStudyonthcvariationmechanismandtopredictthefuture  
variatio王1，illStユCCeSSiontotbestudiesfrom1994to1996．Recentrapidshrinkageofg‡aciersarlditsacceleration  
tendencywereverified．SuchtendencywasfoundinlargedebrisMCOVeredgiaciersasweilassmalldebris－free  
glaciers．Expansionofglacierlakesinrecentdecades主ntheBhutarlHimaiayaswasalsoobservedasaresultof  
glacierretreat．Reiatedmeteoro王ogicaldataathighaitittldesandproxydatafromsnow／iceandtree州ringsto  
recorlStruCtClimatechangewerecollectedforfurtheranalyses．Asimulationmodelfortheglaciervariationhas  
beendeveloped．  

2．Observationsin Nepa1  

2．ヱ．0〝fJわ2β  
The員eはresearcbinNepalduring琉eperiodfrom1997  

to1999includedtbedetectiく）nOf也erecentcbar喝eOfgia｝  
Ciersandglacierlakes，COntinuotlSdatacoiiectior10fmeteor・  
0logicaleiements，S王10Ⅶ／iceandtree－ringcoringforrecon－  
StruCtionofpastclimates，andglaciologicalpr’OCeSSStudies  
forpredictiorlOfthefutureglaciervariation．Theobserva－  
tiorlSWereCarriedotltinfotlrareaSinNepalasshowni11Fig，  
1．Thetimesequenceofthefieldobservations主n Nepalis  
i‡ldicatedin Fig．2，irlWbic‡lborizontaibarsindicate tbe  
observation periods まn 払e atぬreviated areas．Tbe  
researchersparticipatedineachfieldsitearelistedinTable  
l．  
Fortbepreviol王Spr房ect育om1994to1996，Nakawogg 

al．（1997）reviewed on theitems of giacier fluctuations，  
auto】℃aticweatberstations，Samp触gofwoodandsnov／i（：e，  
衰あris鰍COVered glaciers and heat budget ol）SerVations．  
Besidesduringthepreviousandpresentprojects，aglacier  
inventoryforeastNepalwascompiledonthebasisofnew  

1．lntrodu亡tion  

Rapidshrinkageofthesummer－aCCumulationtypegla－  
ciers has been observed in the Himalayas during recent 
decades（e※g・Yamaぬggαま，1992；Kado七草密書戊£，1997；ぎujita  
et alリ1997）andsuch trendseemsto be ac（：elerating now  
underthegiobalvarming．Glaこiersareveryvuinerableto  
theincreasein air・temperature，SpeCially for the summer  
－aCCumulationtypeglaciersduetothestrongnegativeeffect  
On glacier mass balance，Since proportion of snowis de－  
CreaSed by tbe temperature rise dt汀irlg Summer mOnSOOn  
SeaSOn and accum11王ation decreases；Surface albedois ded  
creasedl）ytbesnowね1idecreaseandabiationincreases（e，g．  
AgetaandHiguchi，1984；AgetaandKadota，1992；Fujitaand  
Ageta，2000）．Theglaciershrinkagecouldaffectsignificantly  
vaterresources，geO…hazards，1andscapesandtbeglobaisea  
－ievelchange．  

Basedont壬Ieabovebackgrol王ndチtbepresentstudypro－  
jectaimedto veriな払epresent situation，tO StⅥdy onぬe  
variationmechanismandtopredictthefuturevariatior10f  
theHimalayanglaciersbydevelopingthesimulationmodel．  
Tbetbree－yearreSearChprojectvascarriedoutintbeNepal  
Himalayasduring払eperiodfrom1997to1999insuccession  
to軌estlユdiesなom1994to1996（Nakawoggα乙，1997）astbe  
joint research ofGiacioiogicalExpeditionin Nepal（GEN  
since1970s）betweenJapan and Nepal（Department of  
HydrologyandMeteorology，MinistryofScienceandTech－  
nology）．‡n tbe‡弘utan Himalayas，tbe fieid observations  
werecarriedot王tin1998and1999a＄thenewlyestabl主shed  
jointresearellbビt＼＼－eenJapこInandRhutantGeolいgiealSurvLtr  
of Bhutan∴Ministry of Trade andIndustry）．The present  
reportdescribesbrieflytheoutlineandpreliminaryresultsof  
tbefieldresearcb．  

Fまg，1，Observationsiも塔inNepal（1997仙1999）．   
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Tablel．Listofresearc壬1erSparticipatedinfieldobservationsinNepa】（1997－1999）．  
ヱほembers  Reseal・Cb site  ：加工orlt†l；   

；4   …Bajracharyal，Ⅹayastbal  ‾‾……一山一‾‾…  
㍗「て蔑ii議去亘；転義示雇￥盲這姦豆  :Khumbu 

Shorong  Fujita4，Naito4，Nakazawa4，Ranal  
Hattori5．Manandharl、Uenoさ  1998  

Nakawo4，Nakazawa4，  0 ≡Azuma6，Fujita4  Hidden Valley 
Fujitaヰ，Nakazawa4   Shorong  
Conway9，Gades9，Kadota，Naito4，Nereson9  Langtang  

5－6  ≡Conway9，Gades9，Kadota，Kayastha4  Khumbu＆  
9－10：Fujitaヰ，Nakazawa4  

Sborong  1臣11：Ftljitこll  

Al好S：AutomaticⅥ「eatberStatiorlatSyamb（〉Che  
Aff主IiatiollS：  
1．Depa豆merltOfHydrologyandMeteorology，Nepa1  
2．ぎacultyofScience，Hokkaidく）Un主versity  
3、InstituteofLoⅥrTemperatureScience，HoklてaidotJniversity  
4JnstituteforHydrospheric－AtmosphericScience＄，NagoyaUniversity  
5．DepartmentofEnvironmentalScience，UniversityofShigaPrefecture  
6．DepartmentofMechanicalEngineering，NagaokaUniversityofTechnology  
7．FacultyofAgriculture，EhimeUniversity  
臥FacultyofBioscienceandBiotechnology，TokyoInstituteofTechnology  
9．GeophysicsProgram，UniversityofWashington  
lO．ResearchInstituteforHazardinSnowyArea，NiigataUniversity  

Averaged annualtermintlS retreatS Of Rikha Samba  
Glacierwere obtainedincluding tbeprevio一重Sdatain1974  
and199J（Flljita（，IEIl．．1997）：thosewerelOm／afrom197it〔一  
1994and16．9m／afrom1994to1999（Fujita♂gα£，2001b）for  
theglacierlengthabout6．3kmin1974．Theaboveresults  
fromtwoglaciersineastandwestNepalshowtheaccelera－  
tionofglaciershrinkageintherecentyears・   

Incombinationwiththeaboveobservations，autOmatic  
meteorologicaldata werecollectedonGlacierAXO10（air  
temperatureat5247ma．s．l．fromNov．1997toOct．1999）and  
RikhaSambaGlacier（airtemperature，SOlarradiation，wind  
speed and precipitation at5267m from Oct．1998to Sep・  
1999）．  

ヱユノIJ′J（1川〟Jん▼11■t，〟〟〟－I・∫山血けi  
An automatic weather stationwasinstalledin1994at  

Syamboche（3833ma．s．1．），SOuthernmarginoftheKhumbu  
Himal（Ueno et alリ1996）．The maintenance and the data  
collectionattheweatherstationhavebeencarriedoutevery  
year（AWSin Fig．2）with a collaborationwith GAME  
（GEWEXinAsianMonsoonExperiment）project，andcontin－  
uous data during the period were obtained successfully  
（Uenoggαgり2001）．   

ユ」．ふ7J〃〆J岬〆ゞJ？州ソJrビ｛川（J〃・（Mr7ぐ（｝れ下  
Hand．coringwast：an・iedo11tatanaltitlldeof5884min  

theaccumu】ationarea ofRiklla SambaGlacierin1998．and  
snow／icesamplesin15mdepthwereco11ectedtorecover  
climatic changein recent30years，apprOXimately．The  
frozensamplesweretransportedtoJapanwithoutmelting；  
physical（stratigraphy，airbubble，grainsize），Chemical（in・  
cludingamino acids），micro－biologicalandpollenanalyses  
havebeenmadeincludingstudyonoriginandtransforma－  
tionprocessofdusts．   

Tree－rlngCOreSamplesfordendro－Chronologicalanaly－  
sis wtlre COllected at the southern foot of Mt．Dhaulagiri  
ミsol血ofHiddenVa11ey），1998andinShorongregion，199乳  
Thesamplesareunderexaminationtorecoverairtempera，  
血reandprecipitationforseveralbundredsyears・   

rおヰ  N（V   

HV．  ＝   

の  の  L  、KB．A  HV  H  

AVVS：AutomatlCVVbatherStation  
KB：Khumbu  
SH：Shoron9  
HV：HiddenValley  
LT：Langtang  

Fig．2，Periodsoffie王dobservationsinNepal（1997－1999）・   

topographicalmapsく1：50，080bySurveyI）epartment，Nepal  
fromaerialphotographsin1992cooperatedwithFinland），  
andeachglacierextentwascomparedwithmapsin1950s・  
ThisinventorywillbepublishednearfuturebyAsahi  
（inpreparation）．Inthischapter，Observationsofthepresent  
projectaredescribedonthecorrespondingitemsasfollows，   

之2．G血cゐγがα㌢由≠ゐ邦ぶ  
Stakemeasurements onmassbalance andsurveys on  

voil皿eChanges，term主nuspositions andflowvelocities of  
debris鵬freeglacierswerecarriedo11tOnGlacierÅⅩ810in  
SborongHimaleveryautumnandonRikbaSalTぬaGlacまer  
inHiddenValiey，tbenor也slopeofMt．Dbaulagiriintbe  
iasttwoautumnsduringthepresentthree山yearprOject（Figs．  
1and2）．Observationsonvariationsofdebris鵬COVeredgla－  
ciersaredescribedlater．  
GlacierAXOlOwasobservedin1978，1979，1989，1991and  

everyyearsince1995．Inaveragedannualrate＄from1978to  
1996and from1996to1999，arearaVeraged ma＄Sbalances  
were仙70cm／aand－74cm／a；terminusretreatswere3．9m／  
aand30．Om／a；areadecreaseswereO．005km2／aandO・02  
km：：a．rt）SpeCtivt？1）丁（FujitatlI（t／‥コOOla；ⅠくadotaLILZl1．19叩  
fortbeglacierlerlg仇1．7kmand主tsareaO．57km2in1978・  
Tbeann11albalancesfor1996／97and1997／98werenegative  
for thewhole glacier area，namely no accumulation area  
duringthesetwomeasurementyears（Fujitaetal．，2001a）．  
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ユ5．上）t丸木－（、（りI川、（7g山（イl■Jざ  
Surveysonglaciervariationsandicethicknessmeasure・  

ments were carried out on Khumbu Glacier in Khumbu 
HiInaland Liru喝Glacierin Langta喝Himalin tbe pre  
－mOnSOOnSeaSOn，1999（Figs．1and2）．hcomparisonwit‡l  
theprevious surveySOn KhumbuGlacierin1978and1995  
（Kadota et al．，2000），the averaged annualrate ofsurface  
loweringintheupperablationareawasabout2m／afrom  
1995to1999，rOughlytwo times ofthat for the former17  
years；tbeaverageda‡lnuaほ0VSpeedinthesameareawas  
l＄111．：’aTrOughl）－halfoftheformer（Kadot；lLl（Z／‥inprepara－  
tion）．Thesurfaceloweringinthe ablation area ofLirung  
Glacierwasinarangeofト1．5m／ainaveragedannualrates  
fromtheprevioussurveyin1996（Naito et al”inprepara－  
tion）．Theseresults show acceleratingshrinkage of debri＄  
COVeredgiaciersaswellasdebrisイreeglaciersintherecent  
yearS．   

Icethicknesswasmeasuredjointlywithmembersfrom  
GeophysicsProgram，UniversityofWashingtonbytheuseof  
aportableradioechoMSOundingsystemdevelopedbythem．  
Successfulmeasurementsweremadeupto450m thick on  
Khtlrnb11Gl；lCierand16OmthickonLirungGlこICierthrough  
thicksupragiacialdebris（Gadeseiai．，2000）．Theseresults  
providevaluable data for modeling ofglacier response to  
climaticchange．Forexample，Naito etal．（2000）developed  
anewmodelforcoupledmass－balanceandflowofadebris  
山COVeredglacierto accotlnt fortheeffects ofstlPraglacial  
debris on glacier evolu扇onin addition to tbeir modeifor  
dd）ris…freeglaciers（Naitoetal．，2001）．  

Ablation and heat balance measurements were carried  
out at debris－COVered and debris－free sitesin the ablation  
areaofKhlユmbuGlaciertogetherwithmeteorologicalobser－  
Vations dl汀ing也e end of May，1999；insulating effect of  
debristoablationⅥ7aSStudiedandmajorroleofnetradia－  
tioninablationcontrolledbyalbedoanddebriswasrevealed  
（Takeuchietal．，2000；Takeuchietal．，2001；Kayasthaetal．，  
2000）．   
In recent decades，prOglaciallakes of debrisLCOVered  

glaciersi‡i洩eNepalHimalayasbavel）eeneXpandingand  
dangerofglacieriakeoutburstfioods（GLOF）isincreasing  
（Yamada，1998）．At one ofsuchlargelakes，Imja Lake of  
ImjaGlacierinKhumbu，physicalconditions，Waterbudget  
andheatbudgetwereobservedinJuly1997and mechanism  
Ofthelakeexpa‡lSionvasanalyzedⅥritbt丸襟edata（Cbikita  
（イ〝J．∴朝明．  

3．Obs¢rVationsin8hutan  

ユ了．（万一／／ナチ汀  
The monso（一n Prt・Cipitationin Bhutanin eastern  

HimalayasisInuChbigberthantbatinNepalandwestern  
Himalayas．Therefore，decreaseofglaciermassbalanceand   

associatedglacierretreatwithsimilarsummerwarmingis  
likelytobemorepronouncedinBhutan・However，nOStudy  
has been pubIished on glacier variations in Bhutan after 
exploratoryworksinthe1960sbyGansser（1970）．Sincethe  
rapidcbarigeOfglaciersimpactsgeo－ムazardssucbasGLOF，  
COmbinedmonitoringofthevariationsofglacierlakesand  
thesurroundingglaciersisneededforassessmentoffuture  
riskpotential．   
Joint researchwith GeoIogicalSurvey OfBhutan was  

initねtedin1998fortbestlidyontIleVariationsofglacier  
lakesandsurroundingglaciers．Fieldresearchwasexectlted  
innorthernandnorthwesternpartsofBhutaninSeptember  
andOctober1998andinthesameseason1999．Onthebasis  
ofthisresearchandotheravaiIableinformation，inventories  
for30glacierlakesandriskassessmentsofthegiacierlake  
outbl汀St flood were made．T‡1e related observations were  
alsocarriedoutonglacialgeomorphologyandclimates－The  
researchroutein1998andtheinventoried30lakeswithcode  
numbersareshowninFig．3．Researchmembersin1998and  
1999arelistedin Table2．  

The fieId research airned to obtain a broad view of 
COnditionsinalargeareawberegroundoもservationshave  
beenscarce．BriefresultsoftheGLOFassessmentarepublト  
Shed elsewhere（Ageta et al”2000）；preliminaryresults on  
recentvariations ofglaciers and glacierlakes and related  
Weatherdatacollectionareintroducedinthefollowings．   

ヱZ坑z㌢衰≠わ乃ぶ〆gあcぬα形♂gあc毎㌢左戎が  
Onthebasis ofthefieldobservations，historicalvariか  

tions of glacierlakes and glacier terminiwere examined  
COmparlngphotographs，Sate11iteimagesandmapsindiffeト  
ent years（Ageta eial．，2000）．In the northern region of  
Bhuねn，Supraglacialpondsonsomedebris鵬COVeredglaciers  
inthe195Oshavesubsequentlygrownintomoraine－dammed  
lakes．AIso，majorproglaciallakeshaveexpandedsubstan－  
tiallyasare＄ultofretreatofglacierterminiinarangeof30  
L35m／ainaveragefor1980s－1990swithsomelargerrates  
duetoirregularcalvingofglaciertongues．  
Debrisrたee glaciers wムicb bave no proglaciallakes  

havebeenalsoretreatingincomparisonwithphotosin1984．  
The one岬year Shrinkage ofJichu Dramo Glacier（1ength  
about2．5km；mark A along the eastern routein Fig．3）  
between1998and1999wassurveyed．Surfaceloweringofthe  
iowestglacierareaandtheterminusretreatalongthelong  
fringewasmeasured．Ånothersmailglacier（markBinFig．  
3），nOrthofJichuDramoGlacierwasmappedin1999forthe  
futureresurvey．   

3．ヱA〟わ〝昭才たぴ〟娩gγ血ぬ  
Åutomaticinstrumentsforairtemperatureandprecipi－  

tationweresetatthreesitesintheeasternheadwatersarea  
OfPhoChu（river）in1998．OnewasThanzavillage（4160m  

Table2．Listofresearchersparticipatedinfieldobservation＄inBhutan（1998鵬1999）．  
Researcb site  Members  

1998…no止血wesトno血Bbutarl…9－10 …Agetal，Ⅰvataヱ，Ⅹarma3，Naitol，NaramaZ，Sakail  
－‾‾▼…‾‾…‾‾■▼‾▼▼▼…▼▼▲▲▼‾‾‾▼▼…‾………▲‾‾‾‾‾一■＋’■■…‾▼‾…‾…■、‾■▲‾’■＋一－‾▼‾▼‾▼▼■▼‾‾…▼▼…－－▼…‾  

溺繭；蒜惑岳㌫ii蒜 てう＝痴て蚕議iご再i議i㌫㌫言  
Affiliations：  
1．InstituteforHydrospheric－AtmosphericSciences，NagoyaUniversity  
2．DepartmentofGeography，TokyoMetropolitanUniversity  
3．GeoIogicaiSurveyofBhutan  
4．王nstitl王teOfLowTemperatureScie‡lCe，Hokkaidotブniversまty   
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Fig．3．Indexmapofgla（：ierlakesinnortbandn（〉rtb野鶴tBbutanandaresearcIlrOutein   
1998（Agetaetal．，2000）．Codemlmbersofg王acierlakesarebasedonGeologica王Surveyof  
Bhutan（199乳  

a．s．1．；markTinFig．3）inLunanawhichappearstobethe  
mostvu1nerableareaforGLOF；theotherswereataltitudes  
of5115mand5245mbesideJichuDramoGlacier．One～year  
data were collectedin1999．  

A Conc山dingremarks  

Recentrapidsi汀inkageofglaciersanditsacce王eration  
tendencywereverifiedinNepalandBhutanHimalayasfrom  
the observationalresults during the present project．Such  
tendencycouldbeseeninlargedebris－COVeredglaciersas  
Wellas smalldebris．free glaciers，though response time  
SCalesandsensitivitytotheclimatechangearequitediffer・  
ent between them．Further monitoring and prediction on  
Variationsofbothtypes’glaciersandglacierlakesarevery  
importanttounderstandthefuturechangeofthelocalwater  
resources＆geo－hazardsandtheglobalsea州“1evelunderthe  
progresslngCli王nateCbange．Inaddition，COmparativestⅥdies  
Onglaciervariationstlnder differeIltmagnittlde oぞ Åsian  
monsooneffect overthegreat Himaiayan Range andstlrT  
rounding high mountainous areas are reqtiired，Since the  
vu1nerablesummer－aCCumulationtypeglacierscontrolledby  

themonsoonarewidelydistributedwithvariouscharacteris†  
ticsinAsia．  
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