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ChこIraCleristicゝOfablationilt SこIn RillhcIGlacier  

msmOHATÅ  
附加gr月舘甜化ゐ血∫J血書e，物dこ加加Ⅳ卸，励，ヰ甜ノ亘p〃乃  

HIROYUKIENOMOTO  
Gr（7血〟抒ぶぐんop／q「飢l血フ〃川PJ血J∫rfp〝rP∫，U扉ypr∫巾，q／乃〟加如，J血r鵬f．jO∫伽  

and  
H戊OSHIKoNDO  

♪ぬ抒rjケgl，g方如乃農錯甜rどゐ加∫≠力お抒，旦卿拍抽如柑砂，乙猟∂ノブ如α搾  

＾hstr＆Ct．SanRafhelGlacierisalongglacicrnea∫ly40kmlong，WhichischaLraCterizedbyhighannual  
SOlidprecipitationintheaccumulationbasin．ThesnowlineinthemiddleofDeceniber，1983was  
approximately1000m．   
Thedai1yablationrateinthelowerpartoftheablationarea（SiteA．103ma．s．l．）was6．＄cm／din  

waterequiv扇ent，anddecreasedasaltitud¢hcreased．Tb¢daiiyab量ationrate払the細孔ー飽WaSlto  
二川IL］．Th亡rCis；lmarkcdhiぎhilトlこLlionmLteutS山一It：ゝil亡S．TllisisnotL］＝亡Ic・thビditTbrenL：LLhlalbcdo  
butprobablyduetotheJoca］lystTOnggJacierwind・   
TheresultofaheatbalancestudyatsiteAshowsthatdaytim3ablationvariedgreatly，緻oml．6to  
6．Orrm／h，butatnighttimeitwasalmostconstantatl．4to2．2mm／h．Theheatbalanceoverafbur－  
dayperiodshowsthatintheheatsourcepartthecontributionofnetradiationwas48％．1atentheat  
15％andse鮎ibleb飽t37％．meturbulenttemandradねtiontemcomtriもutedaboutevenlytoice  
mel（ing．Netlongwaveradiationwasposilive・   
しal、ingこu 

、 

atthesurface，andthemassfromcalvingattheterminus，thesetwowereestimatedtbbeofthesame  
order．   
Therewasoneperiodwhenextraordinarywaterdischargeoccurredattheterminusoftheglacicr  

whichlastedforoneandahalfdays．Thisseemedtobeconnectedtothefbrmationofasupraglacial  
pondbyabnormal雅量tingatt壬l¢餌ぬce－  

1．h仕OdⅦC偵om  

SanRa払dGlacierisala聯，iong由aciermore仇an40knlongintbeeastemp封10ftbe  
p離喝0血No点ぬnI窪負dd・Itぬsalar野aCαml叙ionareaaronnd1500ma暮S・i・Itsabiむ  
tionareaisもd（〉Wl00Oma．s．l．wb¢reitslⅣidぬaver喝eSabollt3km．Theablati（〉n名指ais  
＄ma11comparedtothelargeaccumdationarea．The terminusrunsdowninto seacal1ed  
LagoonSanRafael・Theterminusareaisverywarmandonth¢SideslopeSthereexistsa  
jⅦ屈e．   
T壬好感mof仇ば0もserYationswast（〉in聡Stigatet壬建ablationprocesseshere．T壬博0もs訂Ya－  

tio汲COnSist8dortもem飽馳re髄ntOftheablati（〉nam如OntIばglacierw揖chwa＄S扇dt（〉  
bequitehighinthisarea（NARUSEandENDO，1967），eStimationoftheheatused払rmelting  
oficeandsurveyofthecalvingprocessoccumngatthetermilmSaSanOtherfbrmofablation．   
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ユ．Obser▼■ポonsites■ndsysI川IS   

Tb8払1lowl喝Ol〉騨Ⅳ離ionsweremadebinvestigat¢也eablationpれ光eSSeS．  
1）Åblationmeasurements．Thiswasdonebyusingstakestoestimatesu血cemeltingof  
SnOWandice．Thestakesweresetat12sitesalongtI博glacier．Thepositionofthest乱kesare  
ShownbyAtoKinMap2（Seefrontpage）．Thealtitude，typeOfsurfaceandnumberof  
StakesateachsiteisshowninTablel．Themeas11rementSWeremadeatvariousperi（通sofl  
to10daysdependiI噂Onthesite．Thealbedo，thatis，thcre且ectivityoftheglobalradiation  
Ofthesurface，WaSmea＄uredatafbwsites．Themeas11rem孤tSWeremadeby au10matic  
CamemeXpO釘1托（OHÅmetal．，1粥軌   
2HleiltbalilTleL；mC；LゝuTemCrLIs．Thesemeaヽuremt：TltSⅥeTenildeユIsilc人lヽTILp2）it【lhe  

Jowestobserv；lli‘一一＝一OintintlleこIhliltionltTeu．Ttl山l此LiI”r†tlemCユSuIlemCntSaTCShowllin  
Table2．   
3）McasuTCrTleTllいr‖1eghcicr爪owatlhcsur仁LeC．This≠、こLSdolleillsitcPl‡（Rt：POr14）us－  
ingthetheodolite．Thebaselinewas64mlon＄．Thetopofthesameseracsseenabov¢th¢  
horizonofglaciersurrhcewasmeasuredeveryday．HowcvertheaccllraCyOfthemea＄We－  
menlweretoolowtodi＄CuSSOnthedai1y触ctuation．  

3．Abh鰯仙毒血皿gtb¢gI批ier   

Åb如皿一雨馴閻¢胱aSⅦ雨alo喝鹿由鮮i¢ー叩紬鹿鵡t血eor壬鋸Om・Tb£a籠－  
1Tluhtedamoullt Or：lhlati（）［lこIIc几Chst；lkci＝lll≠几h Figurcl、ThediL）PsofbcgillTling  
andcndofmeiLSurじmt：一山≠－eredilTbrcTltR）rdi恥rcTltゝitcs．stJOrLlythegriidieTlt（）ftIleじUl・l・e  
eLLnbcusedbrcon叩こIrisoTl．TnFigurcユ，theavcmgL：diliJyiLnOullSOl、；lbhtionfbrciLChpcr－  
iodareshowninrelationtothealtitude．AtthelowestobservationsiteA，itwas6，8cmper  
dayinwaterequivalent．TheablationamountaboveHwassmallbecausethesur払cewas  
SnOWthere．AtoKar¢OnagOOdlineexceptCandG．Thesetwositeshowenhancedablむ  

Tablel．Thealtitude，numberofstakes，andtypeofsurfaccateachablationn旭aSurerr蛤ntSite．  
Site  Altit11de（m）  Number of stakes Surface 
A
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R
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D
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T致b）e2．Thesystemofheatbalancemeasurements．  
Element  Levels  Sensors  Remarks  
Airtcmpcrature  3  Thermistor  
Humidity  Hu爪idityaLsiteMSwereused  
Winds画  
Glob山mdiation  
Netradi8tion  

Cup type anemometer 
Thermocoupletypepyranomcter  
NetradioIneter   
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F短．1．A∝umulatedablationarnountfbrsitesAtoK．  

2 ‡ 4 5 も 丁 〆〉 む 鵬 軸 心   
鳩L椚Ⅰ叫R▲TE  つね  札BE抑  

0  l  

Fig．2．Meandai）yablationrateandalbedoofthesurfhceateachsite．   
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tion．ThevahleOfsurLhcealbedoateachablationsitei＄Shown．Thereisnomeasurementat  
Gb雨itcanもeconsider¢dtobesimilartoE．T血ereason払rt】始gapshCandGdoesnot  
SCemlobcLIuctotllCdi駄Tene亡inlhe山bcdo．huttothe＞trL）几gglこ1eicrwiIILltll亡re．WhiL：tl  
i王ICreaSeStIほ餌沌dentmixi喝．Noconpadsonwithmeteorolo由c扇element＄Canもemade  
dlletOlackofdata，butwheneverwepassedthe駆Siteswhentraverslng，thewindwasstronger  
Sites．Thes¢tWOSiteshadsimi1artopographicalsettings，thatis，ridgesextendedintothe  
glacierslightlyllPStreamOfeachsite．  

4．He8tb細批e】痛感短A  

Theheatused払rmeltingtheglaciersurfhoewascalculatedn・Omtheheatb融anceobservか  
tionoftheicesllrface．DetailedheatbalancemeasllrementSWeremadeatsiteA丘onDec・  
e血ber28toJamaryl．AphotographofthesiteisshowninFigure3．ThemeteoroIogical  
eortditionR－rtllisperiodincompiLrisoTl＼VitlltJICWhoIcobゝCrVこttil）nPeri（、血≠・：lSSlightlylowt）r  
iLirtem匹ーこLtuTC．aTldゝIightly hjghcrgtobこL）radiこLliorl．ThclleこIlbnlEulCCt：quiltionciulbe  
Wdtt孤aSbelow  

玖柑＋鮎十¢ェ＋ec＋玖ば＝0  
玖Ⅷ㍉㌣鋏肝（1一め＋軌Ⅳ  

Where  
p∫J～：NelrildiこIti（ln  
玖Ⅳ：Dow職WardsboれWaVeradation   
クェⅣ：N飢longwaveradiation  
eぶ：Sensiblel旭at触  
クェ：L雨¢雨beatfbx  
臥：JleユteOTlduじtil）nlt＝ub－Surfhet：iecLlこl〉CT  

椚g．3．pIlOtOgraphortheh飽tb乱IancemeasuⅣ珊ntSiteA．菅mns払mersandr既Ord耶We托Set  
inside the tent．   
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QM：Heat11Sedfbrmeltingofice  
α： Albdo   

Directlnじ；lヽしIr川ヽじ汀トi“－ヾr亡n皿1…「（？．＼／トp、．1illld止「N111tlleie＼・山u亡S．p川（ト山aTld  
クェⅣW訂eOもt扇ne正孝cwas舶SⅦnedtobeヵ汀0もeca籠Setheic¢temper如偲en¢art鮎sw－  
facewasOOC．QMWaSCalculatedfrommeasllrementSOfthesllr伽eloweringusingstakes，  
assumingtheicedensitytobeO．85g／cm3．QsandQLWereCalculatedbypostulatinglogaト  
ithmicprofi1esofairtemperature，windspeedvaporpressure．Thcequations11Sedfbrthe  
C雨用lationwe柁t王妃払1lowlng：  

rLJ  臥・二†′（’ノ．Aユ  
【1n（オ勾）】2  

（e－e。）ぴ．0．622  
クェ＝クエた包  

匝（オ勾）】2  ♪  
wheTe  

β： Den由tyofak  
ち：S騨Ci鮎heatorair  
た：  Kamanconstant  
L： HeatofsublimatioTl  
ピーe。：Vaporpres犯reatgandち  
抗㌢：1紺indspeedandair短m野ra．tWe融z  
勾： Ro埠gbnesslength▲  
P： Atmosphericpressur¢  
Inthccalculation＝＝1．5mand＝。＝0．002mderived丘omthemeasurementofthever－  
ticalpro負Iefbrwindspeedwereuse血e。WaSaSS11medtobe＆lmb．TI蛤reS111tsareshown  
i】1Fig∬eS4and5．Figwe4ぬ0ⅦS也el肘1tingoficちtも及tis，tbさ1（〉Ⅶ苛rlngOrtI蛤ice馳r・  
払∝．T最swasまⅣaS11rdtkre¢tim餌ad．ay．Da〆imeablationvaslarger也an血書httimeabla－  
tionandvaried鉦oml．6to6．Omm／h．Alowvalueisseenonthe29thwhichwasadaywith  
OVerCaStandrain，andasaresulttheglobalradiationwaslow．Th8nighttimeablationamount  
Variedfroml．4to2．2mm／hr，relativelyconstalltthrougho11tth¢Period．Figure5showsthe  
be如ba王ancecompone扇SShoⅥ敬Separatdy払r血合atsourcesandheatsi癒s，The払wattbe  
lげIar亡hrlllいl叫itllい・山ue11・いnl【lle：qtl11いl→l．¢；トロ川‖‘Jl、1†ltlく？川・＼・こIri山111uCll  
鋸nO喝血浩edays，bⅥtthetwblll¢雨termeβ＋クェWaSabolltCOnSta‡lt．T血isse引nStObedue  
totheexistenceofaglacierwindhere，Whichwasnearlyconstantonthisglacier（Report4）．  
0皿therightthetotalamountofdaytimebalanceandthebalanceextrapolatedtothewhole4  
daysareshownasapercentageofthetotalheat＄OurCe（100％）．Thelatterwascalculaiedby  
as＄Ⅵmi三唱t血沈t短reareeqⅦiv扇entsはpplie＄Orクぶ，クェandクェw，andno2ぶⅣinthen主めttine．  
Thewも01edayvalⅥeSSbovsぬatwも裏kindor鮎atwasはSed払rmelting地ぞ感aci¢raSeガ  

4  

ヱ  
0  別  1  2  27  28    29  

DECEMβER  
Fig．4．Ablationratesinm頑hatsiteAduringtheobservationperiod．   
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Fig．5．ResultoftheheatbaiancemeasurementfromDece血ber28toJanuaryl．Attherightside，  
thetotalvaluefbrthedaytimeoneachdayisshown．Attheleft，themeanvalueofdaytimeand  
Wholedayfbrfburdaysareshowninpercentage．  

istheonlyterminthesink．QLWWaS9％，QLWaS15％．Qsw（1－a）was39％andQswas  
37％．TheperCentageOftheturbulenttermQL＋Qswasmorethan50％．Asthisperidhad  
alittlelargerQswthantheaNerage，thispercentageofQL＋QsmaybealittlehigherLbrthe  
wholeobservationperiod．QLWWaSintheheatsourcepart，PrObablyduetothestrongtem－  
Peratureinversion・  

5．Gl■derflow＆tthe（ermintlS  

Calvingoccurredalmostcontinuouslyattheteminus．Itcanbeasstlmedthattheiceatthe  
terminusISgrOundedatthebottom，丘omlagoondepthdata．Inordertoseethemovement  

劫
％
 
川
㌻
3
如
き
 
 15  20  Z5  ：氾  l  

DECEMB∈R－1983  
Fig．6．Velocityofglacierflowatterrninus．ThevalueshownaretWO・dayrunningmeanvalues．   
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0riぐeatlhch：rminus．thcpoゝiti川lヾOftllCl叩t）rtlle～eriLeゝneilrLht3lt3rmjlluSWer＝11C；l皿red  
扇mosteⅦ叩day鉦om‡）¢CeⅡぬ訂15toJamryl．TIl¢r¢Ⅲ1tsa柁血0Ⅵ1ill爪印re6．The  
theodolitellSed誠一eⅥ7舶nOtgOOdeno且gb肋de磁1eddi＄CuSSion，＄0，tWO－day往聡㌻喝eV扇Ⅷ¢S  
いf■llleda申●恥≠Yi111ユeいI、ice；lIでゝllい≠Il．－1‾11亡こい一打こIgい’山しIeいrIlい≠、＼、こIS11！1l－d．l‾lleVこLriiltion  
Shown血the魚群汀eCan乱Otもe血termilledtol）eSi夢1i銀皿払出t壬1epreSent．T王旭Ser批SW混血  
WereuSedfbrmeasurementswereapproximately800m什omthesideoftheglacierwhichis  
l揮ortIleglacierwid也attbetemi甘はS．  

6．Form＆Iio几0†supr＆－ghci8］porLdATI（Lextr＆Urdharyoutnow＆tt）Lt！termhus  

Therel、・u＄OJlt3OeじiLゝi州durillぎthe（巾scTV11tionllCrio止≠・htmthcrcwilSallCヽtraOrdiTury  
那加attI蛤tmin服．T壬1ere間代nOdetailedmeas棚8ntSOrt壬濾0雨丑0VS，もじtasits恍mS  

TJIble3．ProgressoftheextraordinaryoutfIowattheternlinusandthefbrmationofthesupra－glacial  
pondatsiteÅ．  

Dat¢  HoⅥr  T倒汀minl蛤  
Dec．13 10：45  
Dec．14 10：30  
D¢C．15 08：00  

16：ヰ0  
21：00  

D8C．16 07：00  
ヱi：00  

Dec．17 09：00  
1ヰ：00  

D∝．】8 IO：ヱ0  

Smallpondwas払rmlng  
En王昭1ng  
Entarging  
EnIarging 

Noupwemng  
ExtTaOrdinaryup＼VeLlingoccurring  
Continuing  
Continuing  
UpⅥ・eIlingteminated  

ponddisap騨温托d  

Fjg・7・Photographofupwe11ingattheglacier  （1eft）and fbrmation of（he supra－gJacial  
pond（dght）・mepbotos乱作atl：D血汀1さ，17：00，uSuぬ＄ituation；2：D∝emもゃr16，09：00；3：  
D∝倒れkrlさ，12：00，uSualsi血at主on；4：D∝emぬ15，11：00．   
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tobcaninlpOrtnntglilぐiい－hydrl－1ogiealrthcnomerl（－n．itwi］tbementjonedllere．   
Similarpも8nOⅡ膵naOC耶1‡1gi王1theP扇喝0血aI00£¢1dar¢a払sも吼C玩edinヱNOMOmand  

ABE（1983）andP羞煎AandEscoBAR（1983）．Theextraordinaryout且owoccurredatth¢ter－  
minusnearobservationsiteMSfiomDecember16to17，andpreceedingtothatther¢WaS  
afbrmationofasupraglacialpondatsiteA．Theprogressofthesephenome11aandphoto・  
graphsofthesiteareshownillTable3andFigure7．Frolnthisprogressitcanbesaid  
thatstrongdischargeofout且owwhichwasobservedas11PWe11ingofwateronthelagoonsur－  
faceatapositionof200mfromtheterminuslastedlbratleastoneandahalfdays．Agupra・  
glacialpondhadfbrmedb曲rethisanddisappearedafterthis．Fromthissituation，its餌mS  
tilata托訂tbepondhad払rmdtoamoderatesizちitstart感to蛍sch町野．Tbepond融Sit¢A  
≠こLSaboul二0・ヰO111こ111d・lmiTl山さPthこLtitゝnlこl＼imunしTlliゝPl、IldiLIo［leellrmOtL）叩hillttlL）  
uhllOnllこLlこI111いLmtいl、willcrlllittWuSdiiehilrgCd．＾トCil－1hさi配11丘onliLhhlio－10rlhcgtilじiL：T  
s打払cちDec¢血ber13－15sb珊ed弧abnmalhigbvaluち血8t（〉thebgbvalueor料Obal  
radiation．Fromthesefactsthefbllowingexplanatio乱Canbeproposedattheprese肌High  
ablationduetohighjnsolationproducedmuchmeltedwaterwhichcouldnotbedraincd  
throughtheusualcharm¢lsestablishedhtheglacier．Asaresult，manyPOndsfbrmedonthe  
glacierandintheearlymomingofDecember16，aChannelintheicehadbrokeorsome  
CataStrOPhiceventlikeJ6kullalpoccurred．Itstoppedwhena1loftheaccundatedwater  
恥wedout．Atthemomentthisphenomenoncannotbedi＄CuSSedfurtherduetolackofdata．  

7．C増血血grem鋸ks   

Tもeabl雨ionproc銭SOnSanRa鮎1Gladertak¢StⅥ℃払ー二蛤，mdぬ噂atthe錯㌻ね操and  
c扇Ⅴねgattbte血皿S．T血eamolmtl｛〉Stb沖0也pr（｝C¢SSeSS程nStObeof也esam¢0Ⅸkr餌m  
Simplecalc11lation．Thismeansthat丑uctuationinthemassbalanceandalsothepositionof  
theterminusmaynotbedirectlyrelatedtotheclimatologicalfluct11ationduetotherelative  
importanCeOftheamountofcalvingtherelationofwhichtoclimateisnotknown．  

Re鮎ren増   

毛NOMOTO，H．andABB，Y．（1舛3）：R∝Onnaisa∝eStudi¢SOfm¢teOrOlogyandgねciology払St¢蝕n  
aJldJorgeMonttGlaciers，Patagonia．GlacioIogicalaJtd MeteorologicalStudjesinPatagonia，  
Chile，byJapaneseResearchExpeditionsin1967－1982（N＾RUSER．ed．），DataCenterforGlacier  
Researches，JapaneseSocietyofSnowandlee，11－14．  

N＾RUSE，R．andENDO，T．（1967）：GlaciologicalinvestigationorNorthemPatagonianglaciers，Chile．  
Seppyo，コ汐（6），167岬176，  

OHATA，T．，ⅠⅩ丑GAMI，軋弧dHIGIJCHI，Ⅹ，（198q：Å1bedoorGlacierA舗10d血gtbesⅧWmOn・  
SOOninShorongHimal，EastNepal．Scppyo41，SpecialIssue，48－54．  

PE丙AT．H．andEsco】‡AR，C．F．（1983）：jhalysisdelascrecidasdelRioPaine，XIIRegi6n．Publica・   
ti6nInternaEHNo．83／7．Direcci6nGeneraldeAguas．MimisteriodeObrasPBblicas，Rep肋Iic  
deChile，78p．  

RestLmen．Caracteristicasdelaablaci6nenelGlaciarSanRafhel  

Eユ（il山こLrSilrtRl血eJesullglilehrlargodcヾこlゝiヰL）Lm．qucくCCこITaCleTiヱaPOF－uTliLこ血t  
precipita£i血感1idaamal払elおeadeacⅦmlaci血．Elおead8ab王aci血en餌parteま黒飴rior  
Sedes訂rOllaen℃na絆nat¢mpla由一最眠血．Lalぬea（knievesenelpedodo血ol）SeⅣaCi血   
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舞uもiぐるapro裏nむねmenteal．湘m．Semidiるiastasasdeabiaciるちbalancee凡打痴ticoy  
novimientodelglaciar．   
LaFig．3muestralatasadeablaci6n（fusi6nsuper鮎ial）enlospu雨OSAaJindicadosen  
laFig．1yenelmapadelap6ndice．Enlazonainfbrior，laablaci6nenequivalentedeagua蝕e  
de7，Ocm／d，ydecreci6conlaaltura．La乱blaci6nenlanevizafuedela2cm／d．Apartirde  
eぬ最g∬a，SeCOnSideraqはeSeeStZぬapro血ciendoaもIaci血encierto許adosobrelaext孤Sa  
おeadeaⅢmd鑑iぬso奴elosl．2紳m．Haymmarcadatasadeablaciぬ餓losp取払tOSCy6．  
Estono已edeもealad批renciadea托栂doqⅦeSemⅥStraaladere血a，Sinoqueproもab‡em8雨e  
Sedebealfuertevientoglacialqueseproduceenellu＄arCOmOPrOductodelatopografiadel  
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