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Abstract  

In order to better understand heat balance characteristics，meteOrOlogicalconditions were  
measuredatMorenoGlacierfromNovember12to27，1993andatTynda11GlacierfromDecember9  
to17，SOuthernPatagonia．Withsevenablationstakesateachglacier，themeandailyablationrate  
measuredduringtheperiodrangedfrom4．9to7．3cm／dayatMorenoGlacierandfrom6．Oto6．9cm／  
day at TyndallGlacier．The heat source forice melting consisted mostly of net radiation and  
SenSibieheatfluxonbothglaciers．Inspiteofthedifferenceinmeteorologicalconditionsduringthe  
Observationperiodsbetweenthetwoglaciers，therewerelittledifferenceinthemeandailyablation  
exeeptforthedayswhenaFi5hnJikephenomeIIOnOCCurredatMorenoGlacicr．There＼＼・aSalsolittle  
differencebetweenthemeanvaluesofnetradiationatthetwoglaciers．Themeansensibleheatfiux  
OnMorenoGlacierwasalittlelargerthanthatonTyndallGlacier，andevaporationpredominatedon  
MorenoGlacier，WhilecondensationonTyndal1Glacier．WhenF8hn－1ikeairtemperatureriseand  
Wind speedincrease were observed at Moreno Glacier，allheat balance components，eSpeCially  
SenSible heat flux，increased and the amount of ablationincreased almost twice as much as the  
Ordinarymeanvalue．  

1．lntroduction  

lnordertoobtainthemeteoro】ogicalfeaturesand  
toclarifytheheatbalanceandablationofglaciersin  
SOuthern Patagonia，meaSurementS Were made at  
MorenoGlacierinNovemberandatTyndallGlacier  
inDecember1993．MorenoGlacierdischargesnorth－  
eastwardfromtheSouthernPatagoniaIcefield（SPI）  
intoachannelofLakeArgentino atanelevationof  
about180m（Fig．1）．Theablationareais30kmlong  
and4kmwide．TyndallGlacier flows southward  
fromtheicefieldandterminatesinaproglacia‖akeat  
anelevationofabout5Om（Fig．1）．Theablationarea  
isabout16－22kmlongand3．5－1Okmwide（Naruse  
andÅniya，1992）．  

王n Patagonia，Studies onice abiation and heat  
balancehavebeencarriedoutatSolerandSanRafael  
glaciersofthe NorthernPatagoniaIcefield（NPI）in  
1983－84and1985－86（Kobayashiand Saito，1985；  

Ohata tl［EZ／．，1985a．1985b：Fukamiand Naruse．1987  
：Kondo andInotle．19ざ8）．It was found out that at  
Soler Glacier，On t‡le eaSter王t Side of tbe NPI，tbe  
SenSibleIleatWaSamく）reimportantねctortoablation  
WhileatSanRafaelGlacier，Onthewesternsideofthe  
NPI，the turbulentheatflux andradiativeheat flux  
COntributedevenlyto ablation．The amount ofsur－  
face ablation at SolerGlacier wasgreaterby50％  
thanthatatSanRafaelGlacier（Ohata etalり1985b），  
Itwasreportedthatthelargeturbulentheatfluxesin  
thesurfaceheatbalancecomponentsatSolerGlacier  
Were prObably due to the oecurrence of F8hn ac－  
COt11PこInied withstrongwindand high tempeT・ature．   

IntheSouthernP；1tagOniこlIeefieldlSr－1）．Koizumi  
and Naruse11992）earried out researehesforthe fiT・St  
timeonmeteorologicalconditionsandiceablationat  
TyndallGlacier．Nodetailedstudiesoncharacteris－  
tics ofheat balance have been made at glaciersin  
SOuthernPatagonia．Thispaperpresentssomechar－   
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theablationareaofeachglacier．Theiraltitudesare  
about330matMorenoGlacierand700rnatTyndali  
Glacier．SiteM2wasthesubsidiaryobservationsite  
located on thelateralmoraine close to the glacier  
margin．Air temperature，relative humidity，wind  
speedatlmabovetheglaciersurfaceandradiation  
werecontinuouslymeasured and recordedwith por－  
table dataloggers at site Ml．Ablation was meaL  
suredonceortwiceadaywithseverlStake＄planted  
aiorlgtherouteたomsitesMltoM20neaCbglacier  
（Fig．2），Stakelwas set up at＄ite Mlon eac王I  
gまacier．OnMorenoGlacier，Stakes3，4and5were  
Setupattheridgesofseracsandtheotberfourstakes  
wereatflatterareas．OnTyndallGlacier，a11stakes  
WCre Set uP at almostflat area．Albedo oftheice  
surface at each stake was measured once or twice  
duringtheperiodataboutll：00－16：000nfinedays．  
Globalradiationandprecipitationweremeasuredat  
Site M2，Some routine observations，SuCh as atmo－  
Sphericpresstlre，airtemperature，Cloudamountand  
precipitation，Vere made at tbe Base Camp．The  
Observatio‡lperiods wereたom November12to27，  
1993atMorenoGlacierandfrom王）ecember9to17，  
1993atTynda王IGiacier，   

3．Methodsofheatbalancecomputation  

Theheatfluxesattheglaciersurfacewerecalcu－  
1atedhourlyandsummedupforthedailyvalue．The  
heatbalanceequationatthemeltingglaciersurface  
canbewrittenasfollows：  

ぷだ＋ざ＋エー腰＝0，  （1）  

wbere瀾istbeailwavenetradia如n，5thesensible  
heatflux，LtheiatentheatfluxandMtheheatforice  
melting．Heat conduction to the subwsurfaceice  
layeriszero，becauseicenearthesurfacewassaturat－  
edwithwateratOOCduringtheobservationperiod．  
Fluxestowardthe surface are regarded as positive，  
andthoseawayfromthesurfaceasnegative．Values  
OfNH were measureddirectlybya net radiometer．  
Theturbulentheatfluxes（Sand L，）werecalculated  
using abulk aerodynamic approach fo1lowing Sttlll  
（1988）．Tbeねmulaeare  

ざニp¢C声∂だく7；一気〉，  （2）  

and  

エニ伽エよ）g（0．622／島）（ez－e。），  （3）  

Where p。istheairdensity（kg／m3），Cp the specific   

Fig，1，Locationmap ofMoreno andTyrldallglaciersin   
southern Patagonia and observation sites．Ml：dle   
mainobservationsiteontheglacier，M2：thesubsidiT   
aryobservationsiteonthelateralmoraine．  

acteristicsofheatbalanceandablationatMorenoand  
Tyndallglaciers．Details of measurement methods  
andmeteorologicalfeaturesarereported on a sepa－  
ratepaper（Takeuchiggαg，，1995）．   

2．ObserYation sites and rneasurement methods  

Locationsofthreeobservationsites，Ml，M2，and  
Base Camp，are Shownin Fig．1．Site MIwas the  
mainobservationsitesetuponalmostflatbareicein  
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Fig．2．SchematicmapsshowingstakesitesonMorenoandTyndajiglaciers．●：  
thestakesattheflatare乱×：thestakesonther主dgesofseracs．Dottedlines  
aretberoutesbetwee11Mla‡ld M2，  

heat ofairatconstantpressure（J／kgOC），7；the air  
temperature（OC）at the height ofZ，7bthe surface  
temperature（OC），Lethelatentheatofvaporizationof  
Water（J／kg），民法eatmo＄pbericpressureくhPa〉，gZtbe  
VapOrpreS＄ure（hPa）attheheightofZ，eOthevapor  
pressure（hPa）atthesurface，DH thebulk exchange  
COefficientforheat（m／S），andDEthebulkexchange  
COefficientforwatervapor（m／s）．Thetemperature  
and vapor pressure at the meltingice surface are  
takenasOQCand6．11hPa，reSpeCtively．   
Itisassumedthat，underaneutralcondition，DH  

and DE aTe the same as the momentum exchange 
coefficient given by 

」払＝泉2乙ら［in（銘）】“2，  （4〉  

Ⅵもere慈isvonKarmanconstant（＝0．姐乙らtIleWind  
Speed（m／s）at the height of Z，Z the measurement  
height（m），and Zbthe roughness height（m）．When  
the atmospheric conditions are not neutral，the  
exchangecoefficientsshouldbecorrectedbyusingthe  
followingstこIbil恒r runL・tiuns（Thom．19751：  

Theroughnes＄heightZbiscalculatedfromwind  
Speedsattwoheightsunderneutralconditions（lRbI＜  
0．0ユ）using血eequation，  

品＝eXp【抗1n為一弘1n品）／く抗…抗汁  （7）  

ThevaluesofZowereO．9mmonMorenoGlacierand  
O．6mmonTyndallGlacier．  

The amount of ablation measured by the stake 
WaS tranSformedinto tbe重1eat（研）used forice  
melting，namely，  

研＝Pんゐぎ，  （8）  

Where plisthedensityofglacierice（kg／m3），Lithe  
latentheat ofice fusion（J／kg），and hithe ablation  
amount（m）．TbedensityofglaciericeⅥ7aStakenas  
900kgノm3foまlowingKoizumiandNaruse（1992）．   

4．Ablationoficeduringtheobservation period  

Tbe cumulative amounts of ablation measured  
Withsevenstakesaもeachglac重訂areSboⅦninFig．3．  
Somediffereneescanbeseenamongthestakes．The  
mean ablation rates during the observation periods  
rangedfrom4．9to7．3cm／dayatMorenoGlacierand  
from6．Oto6．9cm／dayatTyndal1Glacier．Heatused  
for ablation（M）consists of the radiative heat flux  
（腰）a‡1d turbulent beat fiux（5十エ），aS Shownin  
equation（1）．The net radiation（NH）is a sum of  
absorbedglobalradiationandnetlongwaveradiation   

）（5）  かご仇（1－5ガゎ）2   0＜犀b＜0．25，  
かご刀0（1－16月わ）0・75   0＞βゎ，   

WhereRbisthebulkRichardsonNumberdefinedby  
枯＝二g（71－7も）Zけ【・プ．  榊   

Wheregisthegravitationalacceleration（m／s2）andT  
themeanabsolutetemperatureofair（K）．  



Jβ  Bulletin of Glacier Research 

（MJ／鵬）   

350  
（Cm－ice）  

U
O
コ
塵
q
＜
む
＞
コ
d
一
⊃
∈
⊃
0
 
 

200  

150  

1213141516171819 20 2122 2324 2526 27  
November1993  

（Cm－ice）  （MJ．√呼）   
350  

0
 
 

0
 
 

0
 
 

5
 
 

2
 
 

2
 
 

u
O
石
村
一
q
く
ひ
＞
コ
塵
⊃
∈
⊃
U
 
 

∩
）
 
 

0
 
 

5
 
 

1
 
 

1
 
 

91011121：さ14151617  
December1993   

F主g，3・Cumulative amounts of ab】at毎払measured vitb seven stakes during洩e  
Ol）SerVation periods at Moreno arld Tyndailglaciers．Abiation amounts are  
expre＄edbycmin妄cetbickne＄OnぬerigiiとOrdinateandbytheenergyontbe  
le氏ordinate．LettersSltoS7aretわestakenumbers．   
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isobtainedt Then，itisconsideredthattheslopesof  
thefittedlinesin Fig．4i11dirate theglobalradiation  
（SR）dtlri11gthewholepet●iodandvatuesatwhichthe  
linesintersect the verticalaxis at a＝O depend on  
hlrbulent heat flu二く（S＋L．），because the ra（1iation  
tenn（5H十I．R）dotlS nOt ehange＼Vith the meLaSure－  
ment sites on a gまaeier．At Moreno Glacier，the  
reはtionshipbetween a恥edo and ablationratecolユまd  
be expres父d by tvo separateiines wi洩払e same  
sIope as shownin Fig．j．T）iffere11Ce between t＼、▼O  
group＄，namelystakes（1，2，6and7）andstakes（3，4  
and5），Shotlldberesultedfromthedifferenceinthe  
turbulentheatflux（S十L）．Sincethrees（akesinthe  
lこIttPrgrOupWereplaced；lttheridgesofseracs（Fig．  
2a），thenS＋LmayhavebeenlaTgerthanthatof班e  
formergroupo！1tile封atarea．ÅtTyndallGiacier，  
tberelationshipcouldbeexpressedbyoneiine（Fig．4），  
becatlSea11stakesweresetupL）ntheflatsllrfaee．  

（エ厨）wbicIlis a sumofatmospheric a11dterrestrial  
radiations．Thatis．  

刃肯＝（1－－〝）5〟十上凡  （9）  

where（listhe albedo ofgtaciersurfaeeand SR the  
globalradiat，ion．Itcatlbet：OnSideredthattheglobal  
andatmosphericradiatio11Sdonotchangewithinthビ  
smal王areaofthesevenstakes．Furthermore，because  
theglaciericewasmeltingat11JCandtheemissivit）T  
ofice can be considerビd to be constant、tllereis no  
significantdifferenceintheoutgoingterrestrialradia－  
tionamongthestakes．Therefore，thed主fferencein  
ablationratesanlOngStakesonthesameglaeiel●（Fig・  
3）iscat）Sedbythedifferencei11a）bedo（Lllandturbu－  
1ent heat flux（S＋L）．  
The relationships between the albedo and the  

meandail〉rablationrateattlleeaChstakeisshownin  
Fig．4．Fromequations（1）and飢  

ガニ叫虎£だ十（ぷだ＋エ忍）十（ざ十エ），  （10）  
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Fig．4．Relationshipsbetweenthealbedo andthemeandailyablationrateinice   
thickness at Moreno and Tynda11glaciers．Letters Slto S7are the stake   
IltlI11b（、rS．  
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heatbalancetermstoicemeltingonbothglacierscan  
be discussedwiththisheatbalancemethod．  

、う．ユ（．丁ん（川打什／ぬ／Jt、∫（そ／■ん‘、（7Jわ〟ん川〔∵  
Dailyvaluesoftheheatbalancecomponentsare  

showninFig，6atMorenoandTyndallglaciers．The  
heat source forice melting consisted mainly of net  
radiationandsensibleheatflux．AtMorenoGlacier，  
1argesensiblebeatfiuxandablationwereobservedon  
November16and17－ TbeseⅥrereCatlSedbybighair  
te王Ⅵperatllrea王1dstrongwind，Whicbwereconsidered  
to be血e to a F払n pbenomenon（Takeuchigfα乙，  
1995）．  
Thedailyheatbalancecomponentswereseparat－  

edintothedaytimecomponentswithglobalradiation  
from5：00to22：00and the nighttime components  
withoutglobalradiationfrom22：00to5：00（Fig．7）．  
There was a clear difference in the heat balance 
componentsbetweenthedaytimeandthenighttime・  
Inthedaytime，theamountofnetradiatiorlWaSmOre  
t王はnabaifoftbetotalheaと幻ux，indicatingthatnet  
radiatiorlistbeIⅥOSti王npOrtant払ctorねricemelting．  
In払enigbttime，iceマFaSmeltingcontinuotiSiybythe  
sensibleheatinspiteofnegativenetradiation．  

Therelationshipsbetweenthedailyablationrate  
andtheradiativeheatfluxortheturbulentheatflux  
areshowninFig．8．Valuesofablationareobtained  
byaveraglngthedataofsevenstakesateachglacier・  
It was found that the contribution of turbulent heat 
fluxwaslargerwhenthedailyamountofablationwas  
largeronbothglaciers．AtMorenoGlacier，Whenthe  
amourltOfablatioilWaSSmal王er，radiativebeatfluxis  
neariyequaitoturbulentbeatf壬ux，anくitbeablation  
increases with anincreasein these heat fluxes as  
ShownbyfittedlinesinFig．8．AtTyndallGlacier，  
although the amount of ablationincreaseswith an  
increaseintheturbulentheatflux，netradiationdoes  
notchangedaybyday．  

The mean daily values of heat balance compo・  
nentsatthetwoglaciersduringtherespectiveobser・  
vationperiodarecomparedinFig．9．Thevalueson  
November16and17，WhenaF6bn－1ikephenomenon  
occurred，WereeXCIudedfromthemean forMoreno  
Glacier，and are shown separatelyin F主g．9．Net  
radiatiorlarid sensible壬Ieat flux are tbe major heat  
sources払ricemeltingonbo払glaciers．‡tis王10ted  
thatthere arelittledifferencebetweenthevaluesof  
netradiationoftwoglaciers．Becausethemeanair  
temperaturewashigheronMorenoGlacier，SenSible  
heat flux was a little larger than that on Tyndall 

5．Heatbalanceattheglaciersurface   

5，了．GzJc〟おねdゐgα才舟r桝β措夕闇  
Heatforicemeltingcalculatedbytheheatbal－  

ance method was compared with that measured by  
stakelatsiteMl，aSShowninFig．5．Energiesfor  
ablationcalcnlatedwith equation（1）and othersare  
slightlylargerthanthemeasured ones．Causesfor  
this difference are not we111ユnderstood at present．  
Nonetheless，tbe characteristics of corltribution of  
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summeratsouthemPatagoniaglaciersarecompared  
Witb previousⅥ㌢Orks at o払er glaciersin nortbern  
Patagonia andi‡1NeⅦZealand（Tablel）・Tbose  
studieswhoseobservationperiodswereDecemberare  
selectedandcomparedinFig．10．Amongthem，Only  
thestudyatMorenoGlacierwasmadeinNovember．  
At FranzJosefand Solerglaciers，thesensibleheat  
fluxist壬ielargestcomponentandtheiaterltheat幻ux  
isthesecond，andtheyarelargerthanthenetradia・  
tion．AtSanRafaelGlacier，thenetradiationisthe  
largestandthelatentheatfluxisthesma11estcompoH  
nent，WhichissimilartoMorenoandTyndallglaciers．  
Thoughthelatentheatfluxisthesmallestcomponent  
atSanRaねeiGlacier，it主smoretharltWiceaslargeas  
thatatTyndallGlacierandcontributessubstantialiy  
toice melting．Only at Moreno Glacier，thelatent   

Glacier（Fig．9），Latentheatfluxwasnegative（that  
mea‡1S eVapOration）orlMoreno GiacierⅥrhere tbe  
re王ativeぬumidity was small，Whi王eit was positive  
（thatmeanscondensation）onTyndallGlacierwhere  
therelativehumiditywaslarge（Takeuchietal．，1995）．  
Therefore，turbulentheatflux，thatisa sumofsen－  
sible andlatent heat flux，WaS Slightlylarger on  
TyndallGiacier．Itisani‡ltereSti‡igreSult魚att王Iere  
isl如Ie di鮎rencein払e totalheat forice melting  
between two glaciers in spite of the considerable 
differencein meteorologlCalconditions．During a  
Fohn－1ikephenomenonobservedat MorenoGlacier，  
allheatbalancecomponentsespecia11ysensibleheat  
fiuxincreased，tberefore ablation became almく〉St  
tw主ceas王argeasthoseintheordinarydays．  

These results of heat balance characteristicsin  
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Fig－7．Heatbalance components forthe daytime and thenighttime on Moreno   
Glacier（a）andTyndallGlacier（b）．  
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Fig．9．ThenleanVaIuesofheatbalanceeomponentsdurillgtherespビ⊂tiv（・Observa・  
tionperiodatthetwoglaciers．ForMorenoGlacier，ValuesonNovember16and   
17，duril唱Whicb a Fモ払n≠1ike pber10menOn WaS O】）SerVed，Were eXCluded and  
Sbownseparately．   

Tablel．Heatbalanceonglaciersinmiddlelatitudeofthesouthernhemisphereinsummer．  
腫istbe】ュetradiation，ざ払esensib王eわeatflux，乙払elatentheat餌Ⅹ，戸出eprecip言ta如nbeatf王uxand好漁eheatused  
foricemelting．  
＊References；1）Ishikawa eial．（1992），2）Fukamiand NaruSe（1987），3）KobayashiandSaito（1985），  

J）OhatこIlイLll．（l郎5a）．5）K（）ndo andInoue（19さ封．6）This studr．  

Glaciers   腫  5  エ  P  〟   ObservationPeriods   Referenc農事   

FrarlZJosefGlacier（43，40s，170，201V）  6．66  5，08  2，96   1）  
0．71   

9．62  25．50  11．44    －46．56  Feb．9h13，1990   
SolerGlacier（46054′s，73010′W）   5．30  5．54  －0．76    －9．01  Nov．ト5，1985   2）  

14．34  7．62  －0．32   －17．7   25－29，1985   2）  
7．0  11．9  7．1   －25．9  Dec．15－29，1983   3）   

SanRafaelGlacier（46O41′s，73051′W）  11．7  8．9  3．5   4）   
NortbernPatagoniaIcef王eld   軋3   

MeronoGlacier（50028′S，73qO2′W）  12．0  10．9  －0．8    －22．1  Nov．1227，1993   6）   
TyndallGlaぢier（51や15′S，73815′1好〉  11．8  9，6  1，6    ←23，0  Dec．9剛17．1993   6）   

Unit：MJ／m2day   
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Fig・10・Comparisonofheatbalancestudiesonglaciersinthemiddlelatitudeofthe   
southern hemispherein December．Only the study of Moreno Glacier was  
carried outin November．   
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heatfluxisnegative．AtSoierGlacierintheeastern  
S主deoft壬Ieice封eldlikeMorenoGiacier，eVapOration  
predominated 主n November，Wb言1e condensation  
predominatedinDecember（Tablel）．Therefore，at  
MorenoGlacier，ifairtemperatureshouldincreasein  
December，COndensation may predominate andice  
meiting mayincrease∬ke at Soier Glacier．Itis  
interestingthat，inspiteofthelargedifferencesinthe  
ratioofheatbalancecomponentsamongglaciers，the  
totaiheatfluxtbatistheheatねricemelti11g王Salmost  
thesamevaiⅥe，  

6．Relationship between ablation and air tempera・  
ture  

Inglaciers，Whereitisdifficulttomakerigorous  
Observationforalongperiod，theestimationofabla・  
tion uslng Only the air temperatureis verylユSeful．  
Tbereiationshipsbetweencumt11ativeぬilymeanair  
temperature（∑T）and cumulative ablation（∑M）  
duringtheeachobservationperiodattwoglaciersare  
ShoⅥrni王1Fig．11，Iftherelationshipcarlbeapprox－  
imatedlinearly，anequation  

∑〟ニ烏∑r  （11）   

isgiven．㍊ere，theparameとerゑbasbeen ca王まed払e  
degree】∪】dayfactor（mm“ⅣWaterrCday）．Therelation－  
Shipsbetween∑Mand∑Thavebeenstudiedconven－  
tionally by a number of researchers（e．g．Kuusisto，  

1984；WMO，1965）．Thevalueofkwasobtainedas  
7▲6atMorenoGlacieTarld12AatTyndallGlacierfor  
tbeeachobservationperiod，‡nspiteofthehigber  
meanairtemperatureatMorenoGlacierthanTynda王I  
Glacier，theheatforicemeltingwasalmostthesame  
Valueatbothglaciers（Fig．9），thenthevalueofkat  
More王10GiacierbecamesmalierthaIltbatofTyndaii  
Glacier．TbevalueatMorenoGlacieriscomparabie  
withthevaluesatthedebriscoveredsurfa（：eOfSoler  
Giacier arid mucblargertbantわose at the bareice  
surねce of洩e giacier（Fukamiarld Naru紀，1987）．  
ThevalueatTynda11Glacierwasalmostthesameas  
thepreviousvalue ofll．80btainedby Koizumiand  
Naruse（1992〉．   

7．Summary  

Comparisons of characteristics of ablation and  
beat balance between More王10and Tyndaま1glac吏ers  
were made．Results obtained are summarized as  
foliows：  
1）Themeandaiiyablationraterange（まfrom4．9to7，   
3cm／dayamongsevenstakesatMore王10Glacier   
andfrom6，Oto6．9cm／dayamongsevenstakesat   
TyndailGlacier．Tbe variation of the ablation   
ratescanbeaく：COuntedforbyもbedifねrencesi王1偽e   
surface albedo and turbulent heat fiux at each   
stake site．  

2）Theheatsourceforablationconsistedmainlyof   
net ra（ヨiation a‡1d sensibleheatflux onbo洩gla－   
Ciers．Inthenighttime，iceme比ingwascausedby   
SenSibleheatinspiteofnegativerletradiation．  

3）At Morer10 Giacier，eVapOration predominated   
durilュg tbe observatio王Iperiod，Whiie at Tynda11   
Glacier，COndensationpredominated．  

4）‡nspiteofdifferencesinmeteoro‡ogicalconditions   
during tbe observation periods，也ere wasiitt呈e   
di独renceinthemeandailyabはtionl）e紬eenthe   
twoglaciersexceptforthedayswhenaFとihn－1ike   
phenomenonoccurr・edatMorenoGlacier．  

5）Dt汀i11ga F6b11－iikep王IenOmerlOn at MorenoG‡a－   
Cier，al王beatbalancecomponents，eSpeCially sen－   
Sibleheatflux，in（：reaSedsothattheablationrate   
becamealmosttwiceaslargeasthat主ntheordiぺ   
narydays，  

6）Adegree【dayねctor，ゑ，WaSObtainedfromalinear   
relationship between the cumulative ablation   
amountarldthecもImuiativeairtemperatt汀e，Tbe   
Va王ueofゑis7．6atMorenoGlaciera‡1d12．4（mm   
－WaterrCday）atTynda11Glacier．   
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Fig、Il．Tlle・rtLl；1ti冊1Shil）bt）t、、■ビe11theぐurnulこ1ti＼■どこ1nlし一tlTl1  
0fab】aぬnandtbecumljiative（】ailymeanairtempera－   
ture during the periods from November12to26at  
More王10Giacier，and from December9to16，1993at  
Tyndalま Giacier．Tbe degree川day ねctors ゑ were  
obta妄nedas7．6and12．4（mnl－Waとer／むC8ay）forMoreno  
andTyndailgiaciers．  
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Moreno arld Tyrida11glaciers，Patagonia，in tbe summer   
1993′・′銅．Bl】1l．Glacit】t・Res．．13，35－1j．  

12．ThoTn．A．S．（1975）：M（mlenturn，maSSandheatex亡hangeof  
pTant conlmuTlities、Vegetation alld the Atmospherp．4．  
Mtmtt）ith．．1．l．．．（e・d．）．Pri11t・iples．At：adt）nliぐPTeSS．London．  
57一一一109pp、  

13．WMO．（1965）：Guidetohydrし〕lnビteOrOIL）gicalpraL：tices．No．   
168TP＄2，Geneva，281pp．   
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