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Abstract  

Measurementsofmeteorologicalconditionsandablationoficeweremadeintheablationareaof  
TyndailGla（：ier，SOuthernPatagonia，fromDecember8to18，1990．Nosystematicdailyflucttlation  
Ofairtemt光rこl【urewasobtained．AdailymaximumairtenlPeratureWaSSOme【imesobservedduring  
nighttime．Thismaybecau＄edbytheeffect ofvariationinwinds．Wind speedsshowedalmost  
alwayshighvalues，rangingfroml．4m／sto17．7m／s，andthedirectionofwindswaspredominantly  
nortberly，thatisfromtbeupglacierareatothed銅mglacierarea．  
Based ontht・relationshipsbetweentheamount ofabtationandthecumulativeairtemperature．  

itwasconsideredthatabiationrateswerestronglyaffectedbydifferentmeteorologiealconditions  
SuChaswindspeedandsolarradiation．  

1．lntroduction  

TyndallGlacierflowssouthwardfromtheSouth－  
em PatagoniaIcefield，andits teminus positionis  
lot：ated；l［5115’S and730151W．Theablationarea of  
theglacierforTnSaValleyglacierabout20kmlong  
and3．5to10kmwide，  
NaruSe et aL（1987）mademeasurementsofflow  

Velocity and observations of surねce structure on  
TyndallGlacier during a short peri（－din December  
1985．However no meteorologicalobservations and  
ablation measurements have ever been doneinthis  
area．  

Extensive studies orlmeteOrOlogicalconditiく）nS，  
ablationofic（landheatbalancehavebeencこIrrjedout  
at Soler and San Rafaelglaciersin the Northern  
PatagoniaIcefieldin1983w84and1985（Kobayashiand  
Saito，1985a；KobayasbiandSaito，1985b；Fukamiゼg  
〟／．．1987：Fukamiand NanlSe，l錮7：OhこItai，t（ZI＝  
1985：1nouビ．1987：Fujiyoshit，t〟J．．1tは7こKondoand  
Inoue，198乳 Mucbinfomlation and knowledge on  
meteoro王ogicalconditionsinPatagonianglacierswere  
Obtai王Ied，eSpeCiaily on tbe charaこteristics ofstrong  
windssuchasglacierwindsorF8hn，andtheimpor－  
tance ofthelatent and thesensibleheatstothetotal   

ablatiotlinwindyandcIoudyeonditions．   
Inordertoobtainpreliminarydataformeteoro・  

logicalconditions and characteri＄tics of ablation of  
TyndallGlacier．measurementswere madeduri11ga  
Peri（－d from DeceIllber8to18．1990．The main（〕b－  
SerVationareawasselectedonalmostflatbareMicein  
the ablation area of TyndallGlacier．This report  
presentsthemethodsandtheresultsofmeasurements．   

2・Observationsitesandsystems  

Two observationsites，Mland M2，WereeStabA  
lished，aSShowninFig．1．StationMIwasthemain  
ObservatiotlSite．andwassetuponbareiceaboutl．5  
km from theeastern margin oftheglacier．Station  
M2wastbesubsid主aryob璧Ⅳationsiteplacedonthe  
barerOCk about O．5km餌）m the glacier margin．  
ThefollowingobseTVa†ionsweremadetoillVeStigate  
th巳al）iationprocesses．   

1）MeteoroIogicalmeasurビnlentS：FromDeぐember  
8to18，meaStlrementSWeremadeatMlandM2．A  
listofmeteorol（1giealelements．obserヽ▼atitヽnSitesand  
instrtlmentSuSedisshowninTablel．Airtempera－  
tureandwindspeedwerecontinuouslymeasuredat  
l．Omabovetheicesurface，andwererecordedwitha   
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portabledatalogger．ÅtbemistorserlSOrVaSinsert岬  
edinadoublesteelpipetoinsulatesolarradiation，  
andtheinletofthepipewassettowardtheupglacier  
direetion so as tocoincidewith（he prevailing wind  
direetion on the glacier．Temperature data wt？re  
CO汀eCtedusingthedatameastlredoccasionallywith  
anAssmannthermometer．Ananemometer wasset  
up on a tripod which was finnly fixed on the ice 
Surfaeebylotsofsmallr（Wks．  

Albedo of surねceice an（ま alトwave radiation  
balanceweremeasuredseveraltimes a day，though  
Onlyinthedaytime，byholdingmanuallytheinstmp  
ments at about O．5 m above theice surface near  
Stntionh11．Solarradiation（gIobalshortwaveradia－  
tion）wasmeasuredatM2abol止2kmfromMl，SOthe  
Values obtained by a pyranometer do not directly  
indicatethose at Ml．  
2）Ablationmeasurements：Toobtainthesurface  

melting ofice，ablation mビaSllrementS WerビCarried  
Out uSing wooden stakes．Four stakes were setin  
drilled holes about O．5m deep around Ml．The  
measurements were made onceto fourtimes a day  
fromDecemberlOto18．kedensityisass11medtobe  
988kgプm3．   

3．Resu雷短  

、？．ヱ．〟（一山，（7れ）／閥晶〟丹那硯血∫  
The hourly mビan Values of meteorologicale］t？－  

merrts areshownin Fig．2．Duringthe observation  
f妃riod，t主Ie air temperat11rei11CreaSed graduai‡y．  
However，nOSyStema穣：ぬily幻uctlユationcanbeseen，  

ぎig，1．Ob父Ⅳation site＄at TyndallGlacierin soⅥ払ern  
Patagonia．StationMlisthemainobservationsiteon  
bare十ice ofthe giacier．Station M2is the subsidiary  
observationsiteonthele漁（ea＄tern）baTlkoftbeg王ac主er，  

Tab】eユ．L重st ofmeteoro10gicalelements observed at Mland M2．  
Conti‡luOlユS  
measurement  
Yes  No  Instruments  Elements  Sites  

Air temperature atl．Om  Ml  
l野i王1d speeく箋atl，Om  MI  
Solar radiatio‡l  】切2  

Ai卜wave net ra（ヨiatiorl  MI  
Alb（ヨdo  Ml  

0  0  Themistor／Assmann  
Three－Cljp anemOmeter  
Pyranometer  

O  Net radiometer  
O  Albedo meter   
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Thevaluesofsurfacealbedo ofbareicearound  
Mlranged打om O．28toO．35．：Noremarkablevaria－  
tionsinaibedowiもhtimewereくぬserved．  

ふ乙A抽舶用q日加  
Ablation rate（mean of four stakes）around Ml  

i11dicatesdailyflucttlationswit壬ISborttimeintervals  
（see F呈g．2Ⅵa）．王ioⅥreVer daily mean ablation rates  
didnotiargelyvaryduringthisperiod，althoughthe  
dailymeanairtemperatureinereasedgradtlally．  

Fi即re3sboⅥrS tbe relation betveen tbe total  
amount of ablatioriin water equivalent，∑彪■（cm－  
Water），and thecumulative dailymean air tempera－  
ture，∑r（OC・day），dtiringtheperiodfromD∝ember  
lO to18．王fwe机tbe piotswitb alinear relation，  
namely  

∑〟ニゑ∑r，  （1）   

汰eparameter盈iscailedthe degree－uday払ctor（cm／O  
C・day）．Threedifferentvaiuesofkwereobtainedas  
L45，1．15andO，72（cmrC・day），reSpeCtively，aSShown  
itlFig．3．   
Itisconsideredthattheparameter鼻is或ro‡lgly  

affected by meteorologicaiconditions，SuCh as the  
wind speed，the amount of solar radiation，and the  
Suげacefeaturesofice，Therneteoro王og主caicond壬モion  
during DecemberlO to13is charaeterized by the  
relatively strongwind（5．8m／S鵬17．5m／s），large  
amount ofsolar radiation，andlow air temperature  
（父eFig．2〉．Bythecontributionofthewindandt王Ie  
SOlar radiatioll，the ablation raもe was accelerated、  
Relativelylowtemperatureresultsinthesmallvalue  
Ofcumulativeairtemperature，Sotheslopekbecomes  
Steep（l．45）．ThesecondperiodfromDecelⅥber13to  
15isalsocbaracterizedbytherelativelystr（〉ngWiIld  
andlargesolarradiation；however，theairtempera－  
turewashigherthaninthefirstperiod，andthesIope  
bet：Onlt：Sgビntler（1．15l．OnthtIOtherhand，theLt：Ondi－  
tionin the third period from December15to18is  
COnSiderablydifferentfromtheprevioustwoperiods．  
Thatis relatively weekwind，Smallsolar radiation  
alュd bigh air temperature．CorlSequently the slope  
becomesmlユChge11tler（0．72）．  
Thevalueof烏fortheentireperiodisobtaiJ肥dto  

bel．18（cm／OC・day）．Thisvalueismuchgreatertban  
O．54（cm／OC・day）obtained at汰e t〉areice（餌rface  
albedo：0．28）ofSolerGiacier（Fukamiand Naruse，  
1987）．   

namelyadailymaximumairtemperaturewassome－  
timesobserveddtlringnighttime．Itseemsthatthis  
wasdl王etOtheeffectof扇nds．Windspeedsミあowed  
aimost always high values and the direction was  
predominantly northerly，thatis from the upglacier  
areatothedownglacierarea．Thehourlymeanwind  
SpeedraTlgedfroml．4m／sto17．7m／s．Thisra－－ge  
was comparablewith the values at Soler Glacier，  
namelybetweenl．6m／sand16．7m／s（Kobayashiand  
Sa托0，1985a），and between（）．4 m／s and14．O m／s  
（FしIka111iiイ／J／‥19さ7）．  
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Fig．2．Hourly mean values of meteorologicaielements  
observedatstationsMlandM2inDecember1990．（a）   
A呈rtemperaturealld逢ゎ王a扇0れTate．（b）WiT－dsp感・（c）  
SolarradiationI  
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Fig．3．Thereia如nbetw既ntheaTnO耶tOfablationand洩e⊂umulativedailymeanairtemperatu托duri喝   
theperiodfromDecemberlOto18，1990・Thedegree－dayfactorskwereobtainedasl偽1・15andO・72   
（cmrC・day）foreachsub－period，andl．18（cmrC・day）fortheentireperiod，aSShowninthisfigure・  
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4．Concludingremarks  

Meteorologicalobservations were madein the  
ablation area of TyndallGlacier，for ten daysin  
December1990．Dai1y mean ablation rates did not  
changeremarkablyduringthisperiod．However，the  
degTet？Oft：OntributionofmeteoroIogicalelel－1entStO  
血eablationⅥ7aSdif短rentdaybyday．Adegree－day  
factork wasobtainedfromalinearrelationbetween  
theablationamountandthecumulativeairtempera・  
ture，Whichwaslarge compared with that at Soler  
Giacier．  

Todi江uSgiaciervariationa11dcharacteristicsof  
massbalanceofglaciers，mOrepreCiseandlongterm  
meteorologicalobservationsandheatbalancestudies  
are needed．  
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