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6．PotentiallyDangerousGlacierLakesEvaluatedintheNepalHimalaya   

6．1．IdentificationofPotential1yDangerousGlacierLakes   

Onesetoftheobliqueaerialphotographsoftheglacierlakeswasobtainedbymeansofflight  

observations．The photographsindicate the surroundings of alakesuch as the motherglaciers，  

morainesandthetopographicalfeaturesaroundthelakes．Usingthesephotographsthepotentially  

dangerousglacierlakesareidentifiedaccordingtothefollowingcriteria（Yamada，1993）；  

1）Condition ofamorainedam，  

2）Size ofalake，  

3）Topographicalfeaturesaroundalake  

Glacierlakesareoftendammedbyice－COredmoraines．Whencoredicegraduallymelts，the  

dam decreasesinheightandbecomessignificantlyweakened．AniceCOreddamisevaluatedby  

inspectingthesurfacefeaturesoftheendmoraine．Thismaybeeasilyexaminedbytheexistence  

ofmanyoutcropsofbareice，manypOndsformedbythemeltwateroftheicebodyburiedinthe  

moraine，aSWellastracesofpondspreviouslyformedanddrainedout．  

Larger area andlarger volume ofstored watercan cause more serious disaster as already  

discussedin Section4．3．For evaluating the volume，depth measurement of thelake has to be  

carriedoutbyafieldvisit．Atpresentonlytheareaofalakeisemployedasaroughevaluation  

criteria to determine whether thelakeis hazardous or not．  

Aglacierlake surrounded by steep slopes has potentialrisks due to snow，ice and rock  

avalanchesandslopefailure．Iftheglacierhasacliffattheterminusanditcontactswiththelake，  

theglaciercalving／falling／slidingwillhelptriggeradamburst．  

Potentiallydangerousglacierlakesamongtheglacierlakesobservedarelistedbelowinorder  

fromeasttowestinthe NepalHimalaya．Becausenoinfrastructureandnosignificantlanduse  

bringanydamageandgiveanyseriousimpact，thescaleofdamagealongaGLOFpathisalsotaken  

into considerationtoidentifythedangerouslake  

l）GlacierlakeformedontheLowerBarunglacier（Photo4；No．4inFig．4）  

2）GlacierlakeformedontheImjaglacier（Photol：No．1inFig．4）  

3）TshoRolpaoftheTrakaldingglacierbelowtheTrambauglacier（thecoverphotoand  

Photo14：No．14inFig，5）  

4）GlacierlakeformedontheThulagiglacier（Photo18；No．18inFig．5）  

Thedistributionoftheabovelakesinthe NepalHimalayaareshownbyarrowsinFig．5．It  

shouldbenotedthatthisisnotafinallistbecauseofaninabilitytocompletea fullstudyofthe  

entire NepalHimalaya．  

6．20utline ofthe DangerousLakes  

Amongthepotentiallydangerousglacierslistedabove，theinvestigationhadbeencarriedout  

by a fieldvisitinthe Lower Barunglacierlake（Kadota and Mool，1993），theImjaglacierlake  
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（Yamada，1992；Watanabeet al．，1994；Watanabe et al．，1995），Tsho Rolpa（Moolet alリ1993；  

Kadota，1994），andtheThulagiglacierlake（Mooletal．，1995）．Afterinvestigationatthereconnais－  

SanCelevel，mOredetailedinvestigationshadbeencarriedoutinTshoRolpa（Yamada，1996）and  

Thulagiglacierlake（DHM／FIGNR，1997）．  

OutlinesofaboveglacierlakesaretabulatedinTable3andthebathometric mapsofthese  

lakesareshowninFig．6．Depthsofthelakesweremeasuredinlatewinterwhenthelakewasstill  

COVeredwiththickicebymeansofmeasuringtapedroppedintothelakethroughtheholesopened  

in theice cover．  

GlacierlakesintheNepalHimalayaaregenerallylocatedataltitudesbetween4000mand5000  

m．Thedepthofthelakeisremarkablydeepenoughtostoreahugeamountofwaterof30－80  

millionm3asshowninFig．6andTable3．ItcanbeclearlyseeninthebathometricmapofFig．6  

thatthedeepestpointisnotlocatedatthecenterofthelakebutneartheglacierterminus，Which  

maybeareflectionoftheexpansionmechanismofthelake．  

Thelakesarequiteyoungandbornwithintherecentquarterorhalfcentury．Theapproximate  

ageofthelakeisestimatedbyestablishingthedevelopmentprocessesofeachlakebyusingallthe  

availableinformation such as published maps，terreStrialphotographs，aerialphotographs and  

SatelliteimageriesasdiscussedinthenextSection．Itisclearthatthelakesarestillgrowingyear  

afteryear．  

Theabovementionedlakeshavesimilarmorphologicalfeatures．Thelakesarealldeveloped  

Onthestagnantglaciertonguecoveredbythick debris．Theuplakeendtouchestheclifトshaped  

glacier end・Thelakes are dammed by thelateraland end moraines with the exception of the  

Thulagiglacierlake．Themorainedamsarecomposedofquitefreshandloosematerialswithno  

Vegetationcover・ItindicatesthatthemoraineshavebeenformedduringtheLittleIceAgeduring  

the16th－19thcenturiesasmentionedinSection3．1．2．Thelateralmorainesarequitehigh，aSSumed  

tobe70to80mfromthelakesurface．TheendmorainesriseapproximatelylOOL150minheight  

fromthevalleybedlevelandclearlycontainglacierice．Lakewatersarebeingdrainedoutthrough  

asmalloutletontheendmorainethroughoutayeareveninwinter．Theoverflowfromthelakeis  

Table3：Outlineofthepotentia11ydangerousglacierlakesintheNepalHimalaya．  

Name of the lake Lower Barun Imja  Tsho Rolpa Thulagi  

Location  

Altitude（m a．s．1．）  

Depth（m）Average  

Maximum  

Length（km）  

Width（km）  

Area（km2）  

Storedwater（millionm3）  

Drainagearea（km2）  

Approx．Age  

Data obtained in 

27048′N  7059′N  27050′N  

87007′E  86056′E  86028′E  

28¢30′N  

84030′E   

4146   

41．8   

81   

2．0   

0．45   

0．76   

31．8   

55．4   

35  

4570  

47  

109  

1．1  

0．6  

0．6  

28  

5000  4580  

47．0  55．1   

99  131  

1．3  3．2  

0．5  0．5  

0．60  1．39  

28．0  76．6  

77．6  

30  45  30  

Mar．’93  April，’92  Feb．’93＆Feb．’94  Mar．’95  
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Fig．6：Bathometricmapsofglacierlakes：a）LowerBarun；b）Imja；C）TshoRolpa  

；d）Thulagi．  
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Suppliedfromrainwaterandmeltwaterinthedrainagebasinofthelake．Theridgeleveloftheend  

moraineisrelativelylowerthanthatofthelateralmoraine．Itisbelievedtobeveryrarecasethat  

OnlyThulagiisdammedbydeadicemasscoveredbydebris（DHM／FIGNR，1997）．  

6．3Develol）ment ProcessesoftheDangerousLakes  

6．3．1Lower Barun Glacier Lake  

AccordingtoKadotaandMool（1993），nOlakecouldbeidentifiedonthetopographicalmap  

publishedin1967bySurveyofIndia，Whichwasbasedonverticalaerialphotographstakenin1958／  

59・Pondsoraverysmalllakecouldbeseenonthefirstedition（1978）of”SchneiderMap”，Khumbu  

Himalonascaleofl：50，000preparedbythefieldworkin1955－63．Alargelakewasfoundonthe  

glaciertongueintheLANDSATimagerytakenin1976．Thatthelakeiscontinuouslygrowingafter  

1976wasnoticedwiththeaidofanInfraredMetricCameraPhotoofSPACELABtakenin1983and  

anaerialobliquephotographtakeninApril，1991（Yamada，1991）．AfieldsurveymadeinFebruary  

1993（KadotaandMool，1993）derivedthelakeareaasO．6km2．  

As a result of extrapolating this growing trend to the past，it appears that thelake was  

probablybornintheearly1960s．Itsagemayhavebeenabout30yearsby1993．Debris－COVeredice  

mayhavemeltedoutatleast109matthedeepestpointprobablywithin30years．Ifmeltingand  

theexpansionofthelakewasstartedatthedeepestpoint，theaveragemeltingrateisevaluatedto  

beatleast3．6m／year．  

Theaboveestimationofthemeltingrateisprobablyunderestimatedduetothefollowingtwo  

reasons・（1）Thedeepestpointisnotalwaystheinitialpositionatwhichmeltingandexpandingof  

thelakebegins・Ifthepointstartedmeltingrecently，theabovemeltingrateisprobablyunderes－  

timated．（2）Sincethesurfacelevelofthedeepestpointintheinitialstageoflakeformationmay  

behigherthanthepresentwaterlevelofthelake，SOthatthetotalmeltingdepthismorethanthe  

maximumlakedepth；themeltingratemayactuallybelargerthantheevaluatedvalue．  

TheseunderLeStimationsmaybetrueforthemeltingratesevaluatedinthefollowingthree  

glacierlakesalso・Ifso，theactualmeltingratesareprobablyconcludedtoberemarkablyhighat  

thedeepestpointinthelakes．  

6. 3. 2 lmja Glacier Lake 

SincethelakeislocatedattheheartoftheNepalHimalaya，manyClimbers，reSearChersand  

WOrkersformappingvisitedthisareaandtookterrestrialobliquephotographsandalsovertical  

aerialphotographs・ThedevelopmentprocessesofImjaglacierlakewasreconstructedbycollecting  

thosephotographsandmapspublished（Yamada，1993；Watanabeetal．，1994）．  

Nolake can be seeninthe photographs takenin1956by Muller（Swiss Everest／Lhotse  

Expeditionof1956），in1963byBishopandprobablyin1971byFushimi（JapaneseGlaciological  

Expedition of Nepal，GEN）．Nolake but a couple of ponds can be foundin the wellknown  

topographicalmapasthe”SchneiderMap”，Khumbu Himal（1：50，000），Whichwasbased onthe  

terrestrialphotogrammetryandfieldworksmadefrom1956to1963．Themapshowsonlyacouple  

OfsmallpondsontheglaciertonguewithatotalareaofO．03km2．Thelakewasfirstrecognized  
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intheterrestrialobliquephotographstakenin1973byJapaneseglaciologicalresearchteam（GEN）．  

Theaerialobliquephotographstakenin1975andin1978byGENshowsthelargelakewithislands  

andpeninsulas．ThesizeofthelakeisrespectivelyestimatedtobearoundO．30km2in1975andO．  

36km2in1978．Theislandsandpeninsulasdisappearedbymeltinguptothattimewhenthevertical  

aerialphotographswastakeninDecember1984asthebasisfortheNationalGeographicSociety  

l：50，000map．WecanseethelargelakewithinanareaofO．47km20nthemappublishedin1988．  

AccordingtotheresultofthefieldsurveymadeinearlyApril，1992（Yamada，1992），theareaofthe  

lakeexpandedtoO．60km2asseeninFig．6▼b．Theageofthelakeasof1992maybeestimatedto  

beabout30years old．  

TheImjalakehavingamaximumdepthof99mhasbeenmeltedwithinthelast30years．The  

averageannualmeltingrateatthebottomofthelakeisestimatedtobeatleast3．3m／year．  

6．3．3Tsho RoIpaGlacier Lake  

ThedevelopinghistoryofTshoRolpawasintensivelyreconstructedasshowninTable4and  

Fig．7（afterMooletal・，1993：bothmodified）．Thefigurewasmadeonthebasisofthemaps，SuCh  

asSurveyofIndiaMap（1inch：1mile），SchneiderMapofRoIwalingHimal（1：50，000）andNepal／  

China Boarder Map（1：50，000），and sate11iteimageries．The Tablealso shows thelake areas  

SurVeyedbyMooletal．（1993）in1993andKadota（1994）in1994．  

Thelakemightbeconcludedtoexpandfromearly1950sbyextrapolationoftherelationship  

betweenyearandareaasshowninFig．8．Thelakeageisderivedtobeabout45yearsoldin1994．  

Theaveragedeepeningrateinthelakebottomandelongationrateinthelongitudinaldirectionof  

thelakearerespectivelyevaluatedtobeatleast2．9m／yearand71m／year．  

BycarefullyinspectingFig．7，itisconcludedthatthe position ofthe present deepestpoint  

in1993belongednottothelakebuttotheTrakardingglacierintheearly1970s．Asthelakewas  

elongatedupstreamduetocalvingofthecliff－Shapedterminusofthemotherglacier，thepointwas  

Table4：LakeareasofTshoRolpaestimatedbymeansofvariousdatasources．  

Year  

Source  ofSurvey／Image Area（km2）  

Verticalaerialphotos  

（forthemapbySurveyOfIndia）  

Schneider Map 

ERTS，MSS  

Nepal／ChinaBoardermap  

LANDSAT，MSS  

LANDSAT，MSS  

LANDSAT，MSS  

SPASELABMETRICCAMERA，IR  

LANDSAT，MSS  

MOSl，MESSR  

MOSl，MESSR  

FieldsurveybyWECS  

FieldsurveybyKadota  

195759  0．23   

196068  
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2Nov．，1975  

20Marリ1977  
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invoIvedinthelakeanddeepenedtothemaximumdepthof131m，Whichhadbeenrealizedwithin  

Onlyaquartercentury．Theabovevalueof2．9m／yearshouldbecorrectedtobearound5m／year．  

Asfortheabove－mentionedtwolakestheaveragemeltingrateof3．6m／yearfortheLowerBarun  

glacierlakeand3．3m／yearfortheImjaglacierlake，reSpeCtively，mightberevisedtoalargervalue  

forthesamereasonasTshoRolpa．  

6．3．4ThulagiGlacier Lake  

ThedevelopmentprocessesofThulagiglacierlakearereportedbyMooletal．（1995）onthe  

basisofthefieldsurveymadeinMarch，1995．Thepaperstates‘℃on4）arisonto7bt）Ogn4）hicalm卸  

ハ′・－；・ヽ－／・、′／＝り・・！／、／仙／山J、ん…、＼／ん′／／／／・んJ・・ん′′／＼／／亘／・・＝／∫＝／り．二こ一＼′～∫．石ノ．一両ナノ／．叫ル・ご′一高〟′川／リ／／  

／／／＝．有／－′●／′〟＼ハ／い／／‥／／ミl／／川JJJりり 仙 山、／．●ノ′／＝・一ノー／．、・．仙／〃＝〃 仙 山ん／／小＼〃Jニ仙＝／ノ．′J′J∴1J  

＼・／．人川′仙／仙／川小ん・！／－／．リ「人′J川抽／′－・／′／／／／′！＝＝了人肌〔、・りノ小J′・んリノ／・‥．＼・／＼／／叫仙／／へ／／／、．′、／－い／／  

仙J／〃けJ（イ（〟ん（モJ‾ん血、んJ＝い／（、ん〟〃gl〉（J川肌イJ由′J仙一正訂／J（JJ／ナナ川仙、（J‘J／ナナ川JJJ．こラ／J〃れ1．■■  

By extrapolating the aboveinformation to the past，the age of Thulagiglacierlake was  

probablyestimatedtobeatleast35years．Theaveragemeltingrateisestimatedtobe2．3m／year  

Without anycomplicatedconsideration．  

6・3・5ConceptualFeaturesoftheDevelopmentProcessesofaMoraine－dammed  

Glacier Jake  

The above－mentioned facts naturallyleadto the derivation of a concluding concept of the  

developmentprocessesofamoraine－dammedglacierlakeasschematicallyillustratedinFig．9．  

Beforeaglacierlakeisborn，Onlysma11pondsexistonthedebris－COVeredglaciertongueas  

ShowninFig．9－a．ThesekindsofpondsareusuallyseenonthedebrisrcoveredglaciersintheNepal  

Himalaya，forexample，OntheLhotseglacier，theKhumbuglacierandtheNgozumpaglacierinthe  

KhumbuHimal，andtheLangtangglacierintheLangtangHimal．Nobodyknowswhentheponds  

beginexpandingtoalakeornot．  

By exceeding some unknown criticalcondition for melting，the ponds start expanding to  

become alakebyinterconnectionwith each other accompanied by further deepeningso that a  

moraine－dammedlakeisborn（Fig．9－b）．Photo15seemstobeatypicalandbetterexampleforthis  

initialstageofthelakeformation．Atthisstageitmaybedifficulttoidentifywhetherthewater  

StOrageisstillapond／pondsorhasalreadybecomealakebecausethereisnocleardividingline  

betweenapondandalake．  

Continuingthismeltingtrend，thelakeexpandsinto aratherlargesizeintermsofareaand  

depth．Theterminusofthemotherglaciercontactingwiththelakemaybecomeacliff．Acontinu－  

OuSmeltingofglaciericebeneaththelake bottom andacontinuouscalving ofthecliff－Shaped  

glacierterminusresultinthefurtherexpansionofthelake．Somepointofthelakemayreachto  

themaximumdepthduetoglaciericebeneaththelakemeltingawaytothebedrock（Fig．9－C）．  

Thelakewouldfinalizeitsdevelopmentprocessandwouldreachitsmaximumsizewhenthe  

lakelevelbecomesequaltothegroundinglevelofthemotherglacier（Fig．9→d）．Afterthat，thelake  

WOuldseparatefromthemotherglacierwithnofurtherdevelopment．Thisisthefinalstageoflake  
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Fig．9：Conceptualillustrationofthedevelopmentofamoraine  

－dammedglacierlake．Dotsontheglaciersurfaceandthe  

dotted area at the glacier terminusindicating debris on  

theglacierandtheendmoraine，reSpeCtively．  

development．The deadicein the moraine and beneath thelake bottom would then ultimately  

disappear．  

Fourlakestreatedabovearestillinthedevelopingstagebetweentheinitialstageandthefinal  

Stage．Theywilleventuallyreachthefinalstageandgrowtomaximumsizeifthemoraine－dams  

neverburst．Thisconceptoflakedevelopmentcanbeadaptedtoanyothermoraine－dammedlake．  

Thoughnumerousdebris－COVeredglaciersarefoundintheNepalHimalaya，theglaciersdonot  

always have a glacierlake．Evenin the same glacierized region，SOme particular glacier has a  

glacierlake while others do notin spite of those glaciers beinglocatedin the same climatic  

COndition．ForinstanceImjaglacierhasaglacierlakebutLhotseglacierhasnolakebutonlysmall  

ponds．  

Meltingrateofdebris－COVeredglacierisconsiderablylowbecauseofheatinsulationeffectsof  

thickdebris．Debrissurfaceisheatedupbysolarradiationachievinghightemperature．Ontheother  

hand，the surface ofice body under the debrisis kept at freezlngpOint．The heat source forice  

meltingisonlyfromconductiveheatduetotheverticaltemperaturegradientinthedebris，though，  

inthecaseofabareglaciersurface，heatsourcessuchaslatent／sensibleheatandsolarradiation  
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WOrkdirectlytomeltice．  

Onceasupra－glacialpondiscreatedontheglacier，Surfaceheatbalancemaychangedrasti－  

Cally as discussedinSection7．8．Convective heat transfer startsto work．Conductionis not as  

efficientasconvectiontoeffectivelytransfertheheatfromthesurfacetothebottom．Positivefeed  

－backmechanismmaybeexpectedforalakeformation，thatis，OnCedepthofapondexceedsa  

Criticalvalueandlastslongenough，meltingratemaybeacceleratedforeffectiveheattransforma－  

tionintotheglaciericebeneaththepondbottom．Thepondstartstoexpand，Whichmayprepare  

moreeffectiveconditionforbottomicemelting．Ifthe above discussionisright，Otherlakefree  

glaciershaveachancetoformalakecorrespondingtotheprogressiveglobalwarming．  

Existenceofwaterwithfreesurfaceontheglacierdrasticallychangesthethermalcondition  

Oftheglaciersurfacewiththeresultthatitcanabsorbmoreheatthanthatonthedebriscovered  

areaofaglacier．Usuallyapondisnotstable：Theexistingpondisoccasionallyemptiedowingto  

theenglacialchannelsbeneaththepondspossiblycreatedbyicemeltingasstatedinSection7．8；  

anewpondiscasuallycreatedonthedepressionpartduringthemeltingprocessofaglacier．Itmay  

beessentialforalakeformationthatapondshouldlastslongenoughatthesamepositiononthe  

glacier．Whatcriticalconditionsisrequiredforthelakedevelopment？Itisstronglyneedforthe  

predictionoffutureglacierlakeformationintheHimalayasthatthequestionshouldbesolvedby  

thefuturestudies．Itshouldintensivelystudiedtofindoutthecriticalconditioninthedevelopment  

Ofalakefromponds．  

Permafrost（permanentlyfrozenground）developsintheGreatHimalayanregionsbecauseof  
the sub－pOlar climate conditions．According to Fujii（1980），Whoinvestigated the distribution of  

permafrostintheKhumburegion，itwasdistributedintheareaabove4，9005，000ma．s．1．Therefore  

moraine－damslocatedabovethislevelarefrozen．Recentglobalwarmingtendstoweakenfrozen  

moraine－damsduetotheaccelerationofmeltingboththefrozenmoraineandtheicecoredinthe  

moraine．Further studies on the frozen condition of a morainerdam are desirable．  

Whyisalakeformedonlyinaparticularglacieramongglaciersinthesameclimaticcondition  

？Whyhasthelakedevelopedsoquicklyasdiscussedabove？Furthermore，Whyarethereveryfew  

records of GLOF before the1960’s aslistedin Table2？Togive the proper answer to these  

questions，intensiveinvestigationshadbeenconductedatTshoRolpaglacierlakefrom1993to1996．  

TheprovisionalresultsoftheTshoRolpastudieswi11bepresentedinthenextChapter．Analytical  

resultsanddetaileddiscussionshasbeenandwillbepublishedonthescientificjournals．  
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