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Abstract  

Forthepurposeofstudyingthemassbalanceoftheglacieranditsrelationstometeorological  
e王ements，meteOrOiogicala！1dgiaciologicalobservatiorlSWereCarriedo11tinsummerof1985－860n  
SanRafaelGlacier，theNorthernPatagoniaIcefield．Fromtheterminustotheicefieldareaofthe  
glacier，thesurfacebalanceweremeasuredbythestakemethod．Forestimatingthesurfaceac－  
cuふuはtion，empiricaiequationsofreiationsbetween tbe probability oftbe occu汀enCe Ofsol主d  
PreCipitationarldsurfaceairtemperaturearederived．Surfaceablationisobtainedastheresidual  
Vaiueofthestlrfacebalaneeandaccumulation．Littieaccumulationandheavyablationoccur・edin  
thelowerpartoftheglacierinsummer，Whilebothaccumulationandablationoccuredontheicefield  
areaoftheglacier・Asapartofestimatingtheamountofablationduetocalvingoftheglacier，flow  
Velocitiesofthesurfaceweremeaslユredneartheterminus，‡JargeVelocitiesof17－22m／daywas  
foundout．TheterminalandlateraifluctuatiorlSOfthegiacierneartheterminuswereobtained  
duringtheperiodfromJanuary，1984toFebruary，1986．Theterminalpositionretreatedin190m．  
Thelateralpositionsloweredverticallyir120m30mandrtreatedtransversclyin2050m．  

1．Introduction  

Glaciers主n Paそagonia arecbaracterizedbycon－  
Siderablylargeamountofaccumulationandablation  
duetoheavyprecipitationandwarmclimate．Inthis  
region，Climate tends to vary greatiy from year to  
year，a11dlarge amotlnt Ofglacier加ct11atio‡1Sbave  
been known（e．g．Lliboutry，1956；Mercer，1962）．  
However，theresponseofglacierstothelocalclimatic  
dlar喝eis sti11remained ⅥnknoⅥm，Since routine  
meteorologica】stationandmeteorologicalandglacio－  
logicalinformationsonglaciersarelackinginsucha  
remotereg王O11．  

SinceNovember1981，tbeCbilianAirForcehas  
madeyear←rOundmeteoroiogicaiobservationsatthe  
Station3km far from the terminus of San Rafael  

GlacierⅥ張ch主sanoutletglacier主ocatedirltheno血－  
westerrlSideoftbeNorthernPatagorぬIce封eid．Tbe  
glacier on whic壬1rOutirle meteOrOlogicaldata are  
availableinits neighborhood，SuCh as San Rafael  
Glacier，is only onein Northern PatagoniaIcefield．  
ぎortbepurposeofstudyまngthemasstは1anceandits  
flucttlationsdtletOthelocalclimaticcha喝e，Wemade  
glaciologicalandmeteoroiogicalobservationsonSan  
RafaelGlacierin summer of1985洲86．Those were  
Carriedoutassuccessiveinvestigatio‡1Saftertbeones  
conductedinsummerof1983－84（Nakajima，1985）．  
Theglacierisapproximately45kmlongand25  

kmwide主nmaximlllⅥ，aSSbownbytもetopo訂apbical  
mapinFig．1，T壬Iet（〉talglacierareaisabout7．8×102  
km2，Aititudinaidistributionoftheareaisshownalso  
inFig．1．Approximately55％ofthetotalareaisa   
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Fig．1．Top（）graphicalmap of San RafaelGlacier and the  
altitudinaldistriもⅥti（〉nく〉f洩eglaこierarea．  

ablation on theicefield wereinsufficient due to the  
logisticdifficultiesofgettingtothearea．  

T‡lepreSentinvestiga貢onaimedtogetthestlrねce  
massbalancedataontheicefielddtlringtheheaviest  
ablationseason．lnthisreport，Wedescribethesur－  
facemassbalancecomponentsobservedontheglacier  
insummer．Byanalizingtherelationsoftheobservー  
ed surface accumulation to the observed meteoro－  
iogicalelements，We derive the empiricaleqlはtions  
withwhicb thest汀face acclユmulation canbe estimaト  
ed．Inordcrtogetthebasicdataforestimatingthe  
amountofablationduetocalving，flowvelocitiesof  
theglaciersurfaceweremeasuredneartheterminus，  
Thechangeintheterminalandlateralpositionsofthe  
glacierisalsoreportedfromtheresultsoftwostlCCeS－  
SivemeasurementsinJanuary，1984andinFebruary，  
1986．   

relatively flat andlittleinclinedregion between the  
altitudeoflOOOm（a．s．1．）and1500m，Whichiscalledas  
汰eicefield．Thearea above2000misa relatively  
SteepmOuntai†1011＄regionoccl叩yingabotitlO％ofthe  
totalarea．Theareabelow500misavalleyglacier  
regionoccupyingonlylessthan2％ofthetotalarea．  
The terminus oftheglacieris calvinginto the sea．  
Due to thelarge portion of theicefield area to the  
Wboleglacier area，tbe toとalamolユnt Ofst汀face act  
Cumuiation and abiatiorlin the area of theicefield  
must play animportant role to the totalamount of  
thoseinthewholeglacier．   

In the previousinvestigation，Characteristics of  
the surface ablation in early summer were studied 
mainiyintbevalieyareaofSanRaねelGlacier，and  
the ablation due to calvingis supposed to occtlpy  
COnSiderablepart ofthetotalablation（Ohata et al．，  
1985a）．Howevcr，Observationsofaccumulation and  
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3．Surface mass balance  

こ～．J．戊TJ．川【1t・  
Figure2showsthevariationsofthemeandaily  

S11rfaceba重anceinwaterequiva王entav訂agedovert‡1e  
eachdurationbetweentwosuccessivestakemeasurew  
merltSateaChsite．Forthecalclユiationoftbebalance  
inwaterequivalent，WeaSSumedtheicedellSityasO、  
85Mg／m3，andthesnowdensityasO†5Mg／mきexcept  
forDSasO．4Mg／m葦．Tbesevaluesofsnowdensity  
WeremeaSuredinDecemberandJanuaryatC2，andin  
NovemberatDS．  
Thebaianceaveragedovertbeeachdurationof  

洩estakemeasureme！1tSVaSnegativethrougboutt‡le  
Observation period at the sites below G4，and was  
OCCaSionallyposit圭veatC2，ThevalほeSOftheba主arト  
Cedecreasedfromeariywsummertomid椚S11mmer；i．e．  

Taゎーe2事Tbealt主軸d鴇，aib感osand払edo汀血anとSurfacecond盲一  
tionsof tbe st且ke sites along SaIIRaねe！Glacier，The  
ait如des（）ftbestakesiモ鰐Gl，ClarldC2are王10tequaito  
軌osei11Tablel，becausethepointsofthestakeswereT10t  
exactlysameasthepointsofmeteorologicalobservations．  
■Jllぐa11（1f二†stこIkl、S．＝111ビこI11い†川さtこIkl、S．  

2．Observations  

Meteorologicaland glaciological（〉bservations  
werecarriedoutfromOctober20，1985toFebnlary6ナ  
1986．The sites，tbeir altitじdes，durations a11d ele－  
mentsofthemeteorologlCalobservationsaretabuiaト  
edin Tablel，aS Vellas the mean values of each  
elementirleaCbduration．Locationsoftbesitesare  
sbo耶IinFig．1bytbesymboIs主nTabiel．Tbedetaま1s  
of the met壬10ds and results of the meteoroまogicaま  
observations were reported byInoue et al．（1987）・  
Tbemeteorolo蛮calsta畠onoぎtbeCbileanAirForceis  
markedbyBを王まnFig義1．  

Observations of tbe surface mass baianceⅥre‡◆e  
rnadebythestakemethodatthesitesfromGltoDS・  
T壬1e a㍑itudesand surぬce albedos ofeacb stake site  
are summarizedin Table2．Surねce ofthe glacier  
wasbareicebeiowG4amdcoveredwithsnowabove  
C2for almoまallof汰e observation period．Loca－  
tionsofthestakesitesarealsoshowninFig．1bythe  
SymboisinTat〉王e2．Measurementsofsnowstakes  
weremadeeveryseveraidays．Flowvelocitiesofthe  
glacierweremeasure（王nearGl、Somemeteoroiogト  
caldata observedinI）ecember，1983（Obata et al．，  
1985b）wereaisou紀dわrdedⅥCiてIgtberelationsofthe  
st汀ねceaccumulatioTltOmeteOrOlogicalelements．  

GI G2 Cl瀧 G3 G4薯 C2＊＊ DS  Stakesiモe  
Altitude（m）  
A】bedo  

79 214 ヰ26 580 68810341296  
0．10－2 0．2 0．2 0．4 0，7  
1Ce lCe lCe lCe lCe SnOl貯SnOW  Surfa（：e  co釣dition  

Tablel．Thesites，theiraltitlldes，durations，eiementsandaverag感vaiⅥeSOftbemeteoro王ogical   
observationsalongSanRafaelGlacierfromOctober1985toFebruary19弧 Temperaturelapse   
ratemeanstheva】uebetwee一重BHand・eaCb二Stat毒on．TbelargevaluebetweeriBHa－－dGlis血e   
t（）thecoldd（〉WnWardgまacier・Winddominaモedinthevalまeyare乱（R：autOmaticrecor8ing，M：   
meterreadirlgOrVisualobservation，‡：integratingmeter）  
＊year仙rOundobservatory o鱒ratedbytheCbi王eanAirForce・  
＊＊Norecord durin宮theDS ob＄erVation．  

C2  DS  
lO40  1296  

Sites  
Åまt壬tude（m）  
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AirTemperature（℃）  
Temp，LapseRateく9C／100m）  
Rt▲lこIti＼で‖11Tll拍車■ハ、1  
SpecはcHumidity（g／kg）  
VaporPressure（mbき  
G】obalRadiation（MJ／m2）  

8．5  7．8  4．9  
2．3  （），63  0．53  
79  85  84  
5．3  5．7  4．9  
S．6ウ  8、86  7．礪  
15．1  15．4   

83  
軋膏  
I11．日  
14。8  
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Fig．2．MeandaiiysurfacebatanceaモモもestakesitesfromGlto  
DSi†lWaterequivaient．  

thestlrfaee（Matsuoetal▲，i981）．S主ncethevertical  
profile of air temperaturc near the surface varies  
dependingonthetimewhetherindaytimeor吉nnight，  
t壬1eprObabiiityaまsodependsorl也etime（Agetaetal．，  
1980）．王tisalsofoundtobediffeTentfromregionto  
region（e．g．AgetaandHi卯こhi，1984）．  

Surface relatiVe humidity observed dllring the 
precipitation was almost always highsuch as80－  
100％，Therefore，WeObtainedrelationsoftbepro－  
babiiityもOSurねceairtemperatl汀eindaytimeく9h－  
21hinlocaltime）andinnigbt（21b－9印separateiy，  
打omt‡ledata ofprecipitation formそsoiid orliquid）  
andsurfaceairtemperatureobtainedontheglacierin  
summer of1983－84and1985M86．Totalnumber of  
SuCb observationsⅥ7ere268in daytime and186in  
nigIlt．Each probabi∬ty was obtained deviding the  
numberoftheoccurre11CeOfso㍑dprecipitationbythe  
totalmumberoftlleOCCurrenCeOfbothprecip主tation  
formsatacertainairtemperaturerange．Sincethe  
totalnumbers of such datain a fixed temperature  
ra田宮e are‡10t equaleach other，We div主dedtわe air  
temperaturerangetoincludcthesametotalnumberof  
sucbdata eacb other．   
Figure3sbows the re王ations between the pro－  

babilityoftheoccurrenceofsolidprecipitation（S％）   

fromOctobertoJantlary．Suchdecreasingtendency  
Withthetimelapseintheobservationperiodislarger  
atthesitesaboveG3tbanatthesitesbelowG2．This  
isdlユetOtねefactstbatbotbtbedecreaseofaccumuia－  
tion and theincrease of ablation oc（：urred with the  
timelapseaもbigbersites，Wbereasonlyaも1ation主n－  
Cre盃Sedatlowersites，aStObedescribedinthefoト  
lowlngSeCtions．  

．？．ユ▲・1（、（Ⅵ川J／山／わJJ   
Ingeneral，SOlidprecipitation occursevenwhen  

洩eslユrfaceairtemperatureisaboveOOC，Meanstlr｝  
faceairtemperatureatC2duringthewholeobserva・  
tionperiodwas4．90C，aSShowninTablel．Whileboth  
SOlid alュdliquidねmprecipitation occurredinsumサ  
merovertheicefield，thedisぬctionoftheamotlntOf  
SOlidprec呈pitatioll育omtotalprecipitationisdi班cult  
withot王tCOTltinuotiSandvisualobservations．   
Insuchawarmcondition，theprobability ofthe  

OCCurrenCeOfsolidprecipitationabovemeltingpoint  
S壬10uidbeknownforestimati‡lgtlleamOt王ntOfsⅥdace  
accumuiation（Ageta and Hi那Ch主，1984），The pro－  
babilityisbigbiyreiatedtotbeairtemperaturerlear  
thestlrface，typeSOfprecipitationparticlessuchasthe  
Shapeanddensity（Higuchi，1977），andhumiditynear  



Kondo and Yamada  5タ  

and the surface air temperature（T OC）．The pro・  
babilitywasslightlyhigherindaytimethaninnightat  
tbesameairtemperature▲ Followingempirical鱒ua－  
tionswereobtainedfromFig，3；  

To estimate the surface accumulation for the  
Wholeyearandinthewholeglacier，WeCanutilizethe  
meteorolo由Caldata of CbiieanÅir Force at B王i．  
Sincetheymeasuretheprecipitationamountatevery  
12hours，from9hto21handfrom21hto9hinnext  
day，itisnecessarytoderivetherelationbetweenthe  
perCentageOftheamountofsolidprecipitationaga－  
instthetotalprecipitationandthemeanairtempera－  
tl汀e during every12bours．1Ⅳe derived t壬1e above  
relation tlSing the hourly data at Cland C2．The  
amountsofsolidprecipitationforevery12hourswere  
Obtainedbysummingupthehourly amount ofsolid  
precipitationcalculatedbyeqs．（1）．  
TheresliltsareshowninFig．4．Accordingtothe  

present a‡1alyses，tbey are formulated t〉y払e same  
equationsaseqs．（1）．Thismeansthatthereseemsto  
be no particular bias of the distribution of air tem－  
perature in time of precipitation to the mean air 

daytime：S＝551n（4．5－T）＋23  
（9hp21h）  forOA＜T≦2．5  

S＝195exp（≠0．4T）－11  
for2．5＜T＜7．1  

night： S＝6アInく3．8【T）＋22  
（21h－9b）  forO．6＜T≦1．9  

S＝190exp（－0．5T）一9  
forl．9＜T＜6．1  

（1）  

Theprobabilityofthepresentresultisaboutthe  
SameaSt壬IereS111tobtainedatthecoastalregionalong  
也eSea ofねpan（Ito，1944），andis‡ligher than the  
resultobtainedattheterminusofaglacierinShorong  
Himal，Nepal（Agetaetalリ1980）．  
Amountsofhourlysolidprecipitationduringthe  

ObservatioI－periodwereestimatedbyeqs．（1）atGl，Cl  
aI適C2Ⅵ7壬－ere howly a室r tem鱒rattlre aれd hour王y  
amountofprecipitationwereobserved．Theamount  
OfsolidprecipitationwasnegligibleatGl．Itaccounts  
for10％ofthetotalprecipitationamountatCland  
45％atC2inOctober－November，butlessthan5％  
at Clarld15％at C2in：DecembeトJanllary．A  
C（）nSiderabie amo11nt Of acctlmulation occll汀edin  
early summer at C2andit decreased with the time  
lapseintheperiod，WhiletheaccumulationatGIwas  
negligibleforthewholeperiod．   
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SURF＾CE AIR TENPERATL）fIE（℃）  
Fig．3．Relationsbetweentheprobabilityoftheoccurrenceof  
SOlidprecipitationandsurfaceairtemperature．Opencirclesare  
indaytime（9－21hinlocaltime），SOlidcirclesinnight（21－9h）．  

－2．0  l．0  2．8  ヰ．1  ＄．0  8．0 1¢．1  

12王10URS，吾EAN AIR TEHPERATURE（℃）  
Fig．4，RelationsbetweentheperCentageOftheamountofsolid  
precipitation again＄tthetotalprecipitation and the mean air  
temperatl】reduring every12hours atClandC2．Upperisin  
daytimeそ9－21binlocaltime），tOVerisinnigbtく2ト9わ）．   
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temperaturein each12 hours’duration．In other  
WOrds，the relations obtained frominstant observa－  
tiorlSaSShownin Fig．3holdsameわrthe12hot汀S’  
meanconditions．  

Nowwecouldestimatethesurfaceaccumulation  
OVertbeglacierusingeqs．（1），ifⅥ杷C（〉uld knoⅥ7tbe  
precipitationamountandsurfaceairtemperatureon  
theglacier．Furtherstudiesofarelationofprecipitap  
tionamountbetweenBHandanyplaceontheglacier，  
andatemperaturelapseratebetweenthesameplaces  
arenecessaryinw壬10leyearfortbee＄timatior10fthe  
annualsurfaceaccumuまatio王－．Seasonalcban野Oftbe  
relations between tもe percentage of the amount of  
SOiidprecipitationandslirfaceairtemperatllreShouid  
aisobestudied．  

3．3．Aあぁまわ紹  
Sudace abiation was obtai‡led as tbe res主血は呈  

Valueofthesurfacebalanceobservedandthesurface  
accumuiat壬orlCalculatedateacbsiぬ Figure5shows  
themeandailyablationinwaterequivalentaveraged  
OVer theeach duration ofthe stake measurements．  
The figure shows tbat洩e area vbere ablation  

OCCurSinstmmerextendeduptot壬ie‡lighaititlユdeorた  
仇eice封eld＿Meandailyabla扇onwas…5．9c王natGi 
and仙4．7cmatClinOctober州November，alld…6．9  
Cm at Gl，岬6．2cm at Cland －2．6cm at C2in  
DecemberJanuary，Theamountofsurfaceablation  
in t11id sumrnprisこIbout thret？timビS hrgぐr tlビこ1r the  
terminusoftheglacier，thesiteGl，thanattheiowest  
altitude（）ntheice蛮eld，the site C2，Brokenlinein  
Fig．5representsthepossiblemaximumdailyablation  
againstthealtitudeaveragedduringseveraldays．It  
SuggeStSthatthesurfaceablationcouldoccurupto  
the area at班e aititude of about2000m（a．sエ）i王1  
Summer．  

0 0ct．－Nov．  
0 ◎  
DS  ＼  ● Dec．－Jan．  

ヽ  ヽ  
q11■●● ● ＼●   
c2  ヽ  

ヽ  
＼  
＼  
ヽ  
＼  
ヽ  

⊂1          ヽ        ○ ①● ●● ●＼  

1000  
∈   
hJ  白  
＝⊃  

トー ーl  

トー さ即0  

Gl  
○   ●●ひ ●●〇●¢ト● ●ヽ  

0．0  －2．5  ≠5．0  －7．5 －10．O  
SURFACE ABLATION（Cm MOter／d）   

Fig▲5・Meand哉ilysurfaceablationatGl，Cl，C2and王）Sin  
Wa短req11ivalerlt．Br8ken】inerepre駅ntSthepos＄ib王emaximum  
dailyab】at主onagainsttI把altitudeaverag感during紬OSuCCeS－  
Sivestakemeasurementsofsevaraldays’interval．  

November，1983（Naruse，1！婚5）andfortwoweeksin  
December，1983（Ohataetal．，1985め．T短yobserved  
tbe王argevaluesof恥wve壬ocitiesas14欄18m／day，  
butthedatawereobtainedfromthemeasurementsfor  
Short periods only．As a part of estirnating the  
aIⅥO11nもOfcalving，We‡ⅥeaSuredt壬IeSurfacevelocities  
neartheterm壬nusoftheglacieTfromOctober，1985to  
Jarluary，1986．  
Themethodofthemeasurementswasasfollows；  

We chose remarkable seracs as the markers on the 
glacier，Sぬcewecollldnotapproachtotbecenterof  
tbegiaciersurfacelleartbetermir王uSdⅥetOCOuntless  
CreVaSSeSandseracs．Theirpositionsweremeasured  
WitbatransitfromtwodatumpointsnearGユwit主1a  
baselineof254malongtherightbank．Wesetupan  
automatic35mmcamera atonedatumpointinthe  
fixeddirect主on，andtookpictures（）ftheseracstwoor  
fourtimesa daycontilluOuS王y．Thisprocedurewas  
repeatedforsevenseracs．A＄Sumingthe幻owdirec－  
tio王1aSparalleltotbebanks，WeObtainedthesurface  
flowvelocitiesfromthechar喝einthepositionsofthe  
seracs．Estimated error of the velocities wasless  
tban2m／day．  

Table3shows the posit主ons and the measured  
durations of seven seracs．Distances between the  
SeraCSa†1dtherightbarlkareoriethirdoronefourtil  
Oftheglacier width，Meandailyflowvelocities of   

4．FLowYe10City neartheterminus  

Ca重vi‡lgOficeocctl汀edmarlytimesadayfrom  
the glacier terminus during the observation period，  
TIleamOtlntOfcaivingisregardedasnearlyeqt王alto  
theicefluxthroughthetransversalsectionnearthe  
terminus＿ We can estimate thc amount of calvlng  
fro汀1tbe幻owvelo仁ity，thetransversal父Ct呈onaiarea  
andthedensityoficemassneartheterminusofthe  
glacier．  

Surface幻owve王ocitiesneartheterminusofSar宣  
RafaelGlacier were measured for three daysin  
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each serac during each duration are also shown in 
Table3．Theirvaluesare17－22m／day，Whichare  
largertbanthepreviotlSreSultsofthisgiacier．  

Figure6shovsthe（まailyandtlle‡nea11daily幻0V  
velocitiesofthesevenseracs．Theflowvelocitiesof  
S2andS3weresmallerthanthoseofS5，S6and S7．  
The positions of thelatter seracs were200－300m  
nearertotheterminusthantheformer seracs．The  
mostprobablecatiSeisthedif鎚rence（〉ftbelongitlidi－  
nalpositionsof払eseracs，Sincethevelocityofthis  
glacierwasfoundouttoincreasetowardtheterminus  
（Naruse，1985）．  

However，thevelocityofS4waslargcrthanthat  
OfS3inspiteofthelongittldinalpositionofthembeing  
almost thesame．NarⅥ父（1987ラdeduced tbe contri－  
butionofthebasalslidingtotheglacialflowinSoler  
Glacier，an Outlet glacierin the eastern side ofthe  
icefield．Duringthemeasurementofflowvelocityof  
S4，SurfaceablationatGIwasthelargestamongthe  
SeVendurationsofthemeasurements，aSCanbeseenin  
Fig．2．Tbeincrease of the velocity witb tbe time  
iapsefromS3toS4，Whoselongitudinalpositionswere  
almostthesame，SeemStOagreewiththeincreaseof  

theamountofsurfaceablationforeachcorresponding  
duration．Alargeamountofmeltingwatermaycon・  
tribtitetOabasalslidirlgalsoinSanRafaelGlacier．  

The flow velocity near the terminus seems to  
dependonbothlongitudinalpositionsandtheamount  
ofmeltingwater．Theinfluenceofthedifferenceof  
transversalpositionswasnotclearamongtheseven  
SeraCS．  

Tabie3．Thepositions，meaSlユreddurationsandthemeandaily  
flowvelocitiesoftheseracs（SトS7）usedformarkersofthe  
measurementsofflowvelocitiesinSanRafaelGlacier．A：   
transversaldistancefromtherightbank，B：longitudinal  
distancefromtheterminusonthefirstdayofeachduration，  
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Fig．6．DailysurfaceflowvelocitiesneartheterminusofSan  
RafaelGlacicr．Horizontalbar shows the mean value of each  
measurement ofaserac（seetext）．  
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celerationisrlOtSeer主intbelasttvoyears．  

Table5．Meanannualf】uctuat壬onsoftheterminusofSanRafael  
Glacierfor thelast200years．positive：advance，nega－  
tive：retreat．  

5．G］acier fluctuation near the terminus  

We marked the terminalandlateralpositions  
alongtherightmarglnOftheglacieronthebedrockat  
eightpointsfromtheterminusupto2kmdistanseon  
January4，1984．Tbe汀iarks were remeasured on  
Febrlほry6，1986．Table4showstbeverticailowering  
andhorizontal（longitudinalortransversal）retreatof  
themarginalpositionsoftheglacieratthemeasured  
points．ThepointM5isnearthesiteGlandM8is2  
kmfarfromtbeterminus，  
Tbemarginalpositio‡1Sio勺Veredandretreatedat  

allmeasuredpoints．ThevaluesoftheverticallowY  
ering were20¶30m during only two years’period，  
andtheydecreasedtowardtheterminus．Thevalues  
arelargerthanthevalueof40mestimatedbyAniya  
and El10mOtO（1985）on this glacier for forty years  
from1944 to1984．The vaiues of tbe trariSVerSal  
retreatwere20M50m，andtheyincreasedtowardthe  
terminus conversely to thelowerlng，Althoughthe  
marginal data cannot be extended directly to the 
whole ablation area，theglacierinthevalleyiseviN  
dentlyfoundotlttObeshrinked．  

T壬IeVa重ueofthelo‡1gitudinalretreatoftlletermi－  
nuswas190mduringthetwoyears，Thisvalueis  
fairlylargerthanthe fluctuations observedin othcr  
glacialregions（e．g．AniyaandEnomoto，1985）．Such  
largefltlCtuationoftheterminusoccurredfrequentiy  
Onthisglacierinthepast．Table5showsthefltlCtlユa－  
tionsoftheterminusofSanRafaelGlacierforthelast  
200years evaluated by variousinvestigations（c．g．  
Liboutry，1956）．Large advance and retreat have  
beenfoundoutonthisglacier．Mcanannualretreat  
WaS aCCelerated from1940to1984，hovever t壬Ie aC・  

Tal）le4．LoweringandretreatattherightmarginofSanRafael   
GlacierduringtwoyearsfromJanuary4，1984toFebruary   
6，1986．Mlistheterminusin1984，R5nearGlandM82  
kmfar fromthcterminus．  

Duration Fn  Literature  

80  Br軸gencitedbyVildosola（1981）  
－30  ／J  

山200  Lliboutry（1956）   
200  〃  
1ittle LawrencecitedbyMercer（1962）  
一20  AniyaandEnomoto（1986）  
－200  ノノ  
ー100  presentauthors  

1766－1871  
18711905  
1905－1935  
1935－1945  
1948－1958  
1944－i974  
1974－1984  
19841986  

6．Concludingremarks  

Sl汀face baiar主Ce WaS Observed by tbe stake  
methodbothinthevalleyandtheicefieldareaofthe  
glacier．The empiricalequations were derived for  
estimatingthesurfaceaccumulationinratherwarm  
areawheresolidprecipitationfrequentlyoccursinthe  
St汀faceairternperarure above O¢C．Tbeequations  
Showrelationsbetweentheprobabiiityoftheoccur－  
renceofsolidprecipitationandthesurfaceairtemperr  
ature，andalsobetweenthe12hours’amountofsolid  
precipitation and12hours’mean air temperature，  
Stlrfaceablationwasobtainedastheresidualvalueof  
tbe balarlCe Observed alld ac＝umulation calculated．  
A considerable amount of surface accumtllation ocr  
curred on theicefield evenin summer，and surface  
ablation occurred simultaneously on theicefield．  
Largeflowvelocityoftheglacierneartheterminus  
（17－22‡Ⅵ／day）were meastired for tbree monthsin  
slユnlmer．Tbe factindicatesthat tbeablatiorldtletO  
Calvingcouldoccupyalargepartofthetotalablation  
Of the glacier．On the other hand，relativelylarge  
terminal（190m）andlateral（20p30minverticaland  
20¶50mintransversal）retreatsoftheglacier were  
Observedin払elasttwoyears．   
Itbasbeen knowngerleraily asぬeconspiCllOuS  

featuresofglaciersin Patagonia that theheavy acr  
Cumulation and ablation，largeflow velocities and  
remarkable fluctuations．And many of the outlet  
glaciersfromtheicefieldarecalvinginto thesea or  
lakes．HoweverI10 Synthetic studies about tbose  
importantpllenOlⅥe‡1abavebee‡1madeexceptねrSan  
RafaelGlacier．Inthisreportwedescribedthepre－  
1iminarystudiesofthesurfacemassbalancetogether   
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Kondo and YalⅥada  氏ヲ  

withthefloⅥrVelocitycoriCernlngtbeca王vi喝aTldthe  
glacier恥ctlユation，basedonthedataobservedorlthe  
glacier．  

Fujiyoshietal．（1987）derivedtherelationofthe  
precipitationamotlntbetweenBHandtheobservation  
Site＄0王Itheglacier，Inoueetal，（1987）ot〉tainedtbe  
temperaturelapserateinthisarea．KondoandInoue  
（1988）measuerd the heat balance on theicefield to  
Studytheablationprocessesoftheglacier．However，  
thoseworksareregrettablylimitedintbeareabelow  
C2andalsolimitedonlyinsummer．Thethicknessof  
thecalvinglCemaSSCanbe畠stimatedfromthewater  
deptb oftileSea meaSured neartbe termiTluS Ofぬe  
glacierくNakajimaetal，，1987），andt壬ietermirlalbeight  
Oftheglacieraboveseasurface，However，foresti－  
matingtheannualamountofcalving，SeaSOnalchange  
Of偽eflowveiocityofthegiaciersbouldbenecessary，  
asⅥrellas a reasonable evaluation of a tran＄VerSai  
SeCtionaiareaandanapparentdens主tyoftheicemass  
Whichisfilledupwithmanyerevassesandseracs．  

Fortbe estimatior】Of the ac（：urate annualmass  
balanceoftbeglacierincludingthe abla昌ondueto  
claving，mOreeXtenSiveobservationsaredesirednot  
onlyin summer butin vinterincluding theぬoie  
altitlidilュalrangeoftheicefield．Accomplisbingtbe  
reasonabie estimation ofthe massbalance，the（：On・  
tinuousmeteorologicaldataatBH，nearthetcrminus  
oftheglacier，andthedata ofthepast andcurrent  
glacierfiⅥCtuatio－－SⅥ7illbeoぎgreatvaまueわrt‡leStudy  
of t‡le maSS balance and the fllユCtuation of glaciers  
relatedtothelocalclimaticchange．  
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