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Abstract  

Continuous，annualrecordsofairtemperatureweresuccessfullyobtainedattwositesaroundthe  
lowerreachofMorenoGlacier，Patagonia，fromNovember1993toDecember1994．Monthlymean  
airtemperaturesneartheglacierfront（180ma．s．1．）inthewarmestmonth（January）andthecoldest  
month（June）werell．3eCandO・3aC，reSpeCtively．ThelapserateofairtemperaturewasaboutO．8OC／  
1OOmthroughouttheyear．Annualablationatapointof330ma．siwasestimatedat12．8m－Water  
ir11993／94tlSingadegree叫ぬymethodwiththemeasuredairtemperaturesattwosites．Year“toMyear  
VariationinablationcaⅥSedbyacbangeinannualmeanairtemperaturevasestimatedat±1…2m  
－Waterもa父don18－yearSairtemperaturedataaモモbenearestMeteorologicalStationLagoÅ閥entino．  

1．1ntroduction  

AtseveralglaciersinPatagonia，SOuthernSouth  
America，detailed glaciologicaland meteorological  
Studieswere carried out four times＄ince1983asthe  
Glacier Research Projectin Patagonia（GRPP〉．  
Shorトtermdatainsummerastometeorologicalcon－  
ditions，iceablationand重IeatbalancebavebeeIlmuCh  
acclユmulatedくKobayasbiand Saito，1985a，1985b；  
KondoandNakajima，1985；Obatagfα£，1985a，1985b，  
1985c；FukamietaL，1987；FukamiandNaruse，1987  
；Fujiyoshieial．，1987；Inoue，1987；KondoandInoue，  
1988；Koizumiand NaruSe，1992；Takeuchiet al．，  
1995a，1995b）．However，nO annualcontinuousdata  
havebeenobtained，becausetheglaciersarefarfrom  
the human habitation anditis difficult to acquire  
reliabledatawithoutmaintenanceatoraroundgla－  
ClerS．   

Inordertodiscusstherecentglaciervariatioll，  
thatis the main thpnle Of the GIてt）P，the amount of  
annlユalablationisoneoftheimportantfactorstobe  
kno＼lて1．LoIlg－term ablation rates during four  
monthsinsummerof1993／94weremeasured（NaruSe  
et al．，1995b）atMorenoGlacier，aneaStWard outlet  
glacierfromtheSouthernPatagoniaIcefield（Naruse  

andAniya，1995）．FromNovember1993toDecember  
1994，ayearlycompleterecordofairtemperaturewas  
SuCCeSSfu11yobtainedatthelateralbank ofthe gla－  
Cier．This report presents the characteristics of  
annualvariationinair temperature and an annual  
ablationrateestimatedfromdailymeansofairtem－  
PeratureatMorenoGlacier．   

2．Methodofairterr［PeratUrerneaSurelTlent  

Twomeasurementsitesofairtemperaturewere  
establishedonNovember28，1993attheright－hand  
bank of Moreno Glacier，namely Base Camp（B．C．）  
nearthecalvingfrontandUpperCamp（uじ）inthe  
middlereachoftheablationarea，aSShowninFig．1，  
The altitude of B．C．was180m a．s．1．and U．C．was  
about150m higher than RC．The both siteswere  
locatedinaforest，butclosetoaboundarybetween  
theglacierandtheforest，Therefore，itisconsidered  
that the thermometerswerビthoroughl〉・Shadedwith  
leaves and t〉ranChes，and t主Ie StrOng downglacier  
windscouldpassthroughthemeasurementsites．  

Atea（：hsite，athermistorsensorwasinsertedina  
doublevinyトchloridepipetobeinsulatedfromradia－  
tion．The pipe was fixed to a tree，at about2m   
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3．Results  

ユJ．（二’ん川九イl、／ぬ／ん、ゴ（！J▲（JJJ／〃〃♪ぐ和才椚lrJ冊五7／わ〃  
Daily mean air temperatures from Decemberl，  

1993toNovember30，1994attwosites，B．C．andU．Cリ  
areshowninFig．2・Thetemperaturefluctuatedby  
aboutseveraldegreeswithameancycleoffourdays．  
LowtemperatureswereobservedintheendofMay  
andinthelateJulyin1994．Exceptforafewdays，  
tbe daiiy mean air temperature at B．C．was bigber  
thanU．C．Temperatt】rediffereneesbet＼l‾eenthetwo  
SitesarealsoshowninFig．2．Noseasonalvariations  
inthedifferenceareseen，andtheannualmeandiffer－  
ence was obtained asl．2OC，Whichis equlValent to  
O．8OC／100minalapserate．  
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Fig．2．DailymeanairtemperaturesatBaseCamp（RC．）  
and Upper Camp（U，C．），and the difference between  
洩emfromDecemberl，1993toNovember30，1994．  

Fig．1．MapofMorenoGlacierinsoutherTIPatagoniaand  
observationsitesattheglacier．M．S∴Meteorological  
Station on theglacier，B．C∴Temperaturemeastlre－  
ments主teatBaseCamp，U．C∴TemperaturemeasuTe・  
mentsiteatlJpperCa三罰p．  

Monthiymeanairtemperatures，fromJanuaryto  
November1994andDecember1993，areShowninFig．  
3．Valuesinthewarmestmonth（January）and col・  
destmonth（June）werell．30CandO．3bCat B．C．，and  
lO．OOC arld －0．90C at U．C．The annualrange of  
monthlymeanairtemperaturewasaboutllOC．   
InFig．3，mOnthlymeantemperaturedataatthe  

MeteorologicalStationLagoArgentino（L．A．，220ma．  
S，1．）inCalafatearealsoshown．Calafateisanearest  
townlocated at about 60 km east of the front（ヽf  
MorellO Glacier．The s（ヽlidline（L．A．）indicates the  
meanvalueovertenyearsfrom1981to1990，andtvo  
brokenlinesshowthemaximumandminimumvalues  
during the period，reSpeCtively．The differencein  
monthly mean air temperature between the glacier  
area（B．C．andU．C．）andtheStationL．A．wa＄Sma11in   

abovetheground，andwassettowardtheupglacier  
direction，i．e．theprevailingwinddirection．Hourly  
meanairtemperatureswererecordedwithaportable  
datalogger（KADEC－U）．No maintenance was  
made，untiltaking thelogger off on December15，  
1994．  
M．S．inFig．1indicatesthe MeteoroIogicalSta－  

tionontheglacier（abot王t330ma息l．）wheredetailed  
obser・vationswerenladビinNo＼▼eLmber1993（TakビuChi  
tイ（J／‥l錮5a）．  
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Fig．3．MonthlymeanairtemperaturesatBaseCamp（B．  
C◆）and t！pper Camp（U．C．）from Deceml）er1993to  
November1994．Tbe soまid最neis払e mean over ten  
yearsfrom1981to1990，andthebrokenlinesarethe  
nlaXimu111and themininlumduring that pet■i（－d at thビ  
MeteorologicalSもationLagoÅrgentino（L．A．）．  

0  2  4  6  8 10 12 14 16  
Dailymeanairtemperature  
attheBaseCamp（℃）  

Fig．4．Therelationsh王pbetweendailymeanairtempera－  
tt汀eSatBaseCampandMeteorolog主ca王Stat毒onon蝕e  
giacier，血ri喝15daysinNovemt）er1993．  

thecoldseason（ApriltoAugust），butthetemperattlre  
intheglacierareawasapparentiylowerthanLA．iIi  
the warm season（Novenlber to March）．This ten－  
dencymayhavebeencatlSedbythedifferenceinlocal  
Climatic and topographic features，namely the exis・  
tenceoflarge－SCaleice叫COVeredareanearB，C．（and  
l⊥C．）、andadry，inlandcli111alearotmdtheStationL．  
A．  

ユニ」J川抽J／〟仙J／f（）〃ぐ∫吉川〟／（つ  

Annualablationisestimatedusingadegree－day  
Illethod．whi亡his shown as．  

AJ＝た∑r  （l）   

Ⅴもere，∑ris called a degree－day（i恩Cumuiative  
dailymeanairtemperatureaboveOOC），Misthetotal  
ablation（mminwaterequivalent）duringtheperiod，  
and kisa faetorwhichshouldbedビtermineLdpmpiri－  
Caily．1材henanannualrecordofdaiiyairtempera－  
tureis available and an appropriate value of kis  
known，thenJ］canbecalculated．  
Airtemperature（T）atM．S．ontheglacierandat  

U．C．（7もc）werenotmeasuredatthesametime，SOthe  
relationship between them canTlOt be known．Then  
T was estimated from the measured temperature  
（71（）at B．C．In F料」．the relatioTIShip between T  
and7盲c duringtheobservationperiodfromNovem一  

ber12to27，1993三ssbown．Alinearrelatio！lbetween  
T and了もccanbeexpressedby，  

ア＝0．73×プ盲c＋0．8，   7遠＞70C  （2）  

r＝れ′C，  7もc≦70C   

Acorrelationcoefficient（r）isO．96．Therelationship  
WaSObtainedirlaSummerSeaSOn，払enitmaynotbe  
applicablewelまincoまder conditionsthan about rC．  
S主nceU．C．wassetupまnanice仙freeareaatthesame  
altitude ofM．S．，7bcis expected to be equalto or  
higherthan T．When7もc wasbelow about7OC，T  
ca王culatedbytbeequatiムn（2）becamebigberthan箭。．  
Then，insuchconditions，Tisassumedtobeequaito  
7もc．Dailymeanairtemperature＄eSt主matedforM，Sヤ  
fron17L・alld Tt・r areSllt用▼llillTablpl、during one  
yearfromDecember1993toNovember1994．  

Ablation rates vYere measured with four stakes 
around33Omil．S．1，Onれ：ItlrenO（；1at：ierduring a sum－  
merfromNovember12，1993toMarcbl，1994．Due  
tobigbairtemperature，nOaCCumuまationofsnowwas  
expectedtooccurfortheperiod（Tabiel）．Themean  
ablation was7．O minice thickness，thatis6．3min  
Waterequivalentby assumingtheicedensityas900  
kgnr3（Narusetイ（Z［‥1995b）．Cumulati＼丁ビdこIil）rIllean  
airtemperatureontheglacier（∑T）dtiringthisperiod  
WaS 削り（てda）・）．Figurビ 5 shows tlle rビ1atiⅢ1Ship  
betweencumulative air temperature and cumulative   
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Tahlel．Dailymeanairtemperatureatthemeteorologicalstation（M．Sり330ma・S・1）onMorenoGiacier  
，93Dec．，94Jan． Fel〕． Mar， Apr． May． Jun． Jul． Aug・ Sep・ Oct・ Nov，  

0．7   6，1  
－0．1  6．0  
－0．8    5．3  
－1．0   6．3  
1．4  7．4  
l．9    5．6  
4．8   6、9  
3．5   7．2  
7．2   3．2  
9．0   6．2  
7．0   9．2  
8．2   7．2  
5．5   6．9  
1．8   7，9  
4．8   5．2  
6．9   6．6  
4．0   8．8  
4．3   9．7  
2．9   臥2  
4．2   8．0  
7．2   7．0  
8－1   9▲1  
6．8   7．6  
6．6   8．2  
5．4   9．1  
6．1   9．0  
7．2   6．1  
5．1   7．7  
8．3   6．9  
7．2   7．4  
7．7  

7．7   9，3   3．8   3．7   3．7   3．8  －1．4   仇8   3．5  5．9  
6．4  臥5   2．9  7．0   4．6   2．3  山仇3   4．5   5．7   3．0  
4．4  1仇8   5．8   6．9  7，2  5．3   0．6   2，6   5．8  0．7  
6．9  12．0   7．2   9，3   7．9   2．7  －3．9   7，8   3，6  －0．8  
6．9  12，0   6．9   9．4   4．8   2．8  】2．1  7．2   0．9  －0．8  
6．8   9．9   臥7   8．3   3．8   2．4   2．2   3．5   0．5   2．5  
4．3  11．2   8．7   6．6   5．0   3．5  －4．2  ¶0．5   5．5   1．3  
4．5   8．2   7．4   5．8   7．0   3．1  仙2．6   0．5   4．6  －1．3  
7．9   9，6   9．7   6．4   7．5   5．5  1、2  →2．9   3．2  －1．0  
6，8   7．4  10．9   8．9   6．3   6．1  軋1  T3．8  －0．2   3．3  
5．3   8，4   臥3   7．0   8．0   2．1  牒．2  －0．7   0．5   4．2  
6．6  1（），6   8．6   6，3   5，7   5，0  仙0．2   3．2   4．8   1，3  
7．4   9．3   7．6   6．2   6，7   5．8   0．0  【0．1   1．2   1．2  
7．4   9．6   6．7   9．3   7．9   2．6   1．7  －1．6   0．9   2．8  
10．0   6．2   7．5   9．3   4．6   3．8   仇5  －1．8  【1．2   3．0  
10．0   8．3   9．6   4，5   4．7   2．9  －2．1  －2．0  2．8   0．6  
9．4   9．6   臥8   6．6   5．4   0．1  ▲・－2．2  －5，0   5．5  －0．3  
5．5   7．7   9．3   8．8   5．9   0．0  一－4．8  州6．7   4，4   2．0  
5．5   5．5   9．5   6．9   3．3   0．3  …3．5  －3，9   3．0   2．9  
10．7   7．7   6，6   6．1   1．7   0．4  鵬1．9  w3．5   2．4   4，9  
9．3  11，5   6．4   7，7   5．7   3．1   1．9  －3．9   4．1   乙3  
10．3   7．4   9．9   8、8   8．7  1．0  1．7  －2．1   8．5   0，3  
8．0   8．5  11．2   6▲9   9．6  －2，0  ≠1，1 【4．8   7．6  （き．0  
7．7   9，0   9．3   7．6   5－2  －0．9  1．0  【0．1  4．7  1，3  
1（事．1 10，5  ま0．7   8．0  4．5  （き．0   0．6   1．7   4▲0   0，3  
11．6  11．3  11．6   7．1  3，2  －2，7  】1．0  －0．5   2．9   2．9  
8．4   8．4   6．6   4．9   4．1  －7．1  －3．9  －3．3   4．3   3．3  
10．4  5．8   3．6   7．1   7．1  8．7  －2．O Y5．4   2．4   4．7  
11．2  11，6  8．2   8．0  －8．8  －0．3   0．4   3．3   6．6  
8．7   6．8  4．7   4，4  －8．3  －0．4   6．9   4．6   7．2  
9．4  6．7  4．6  －5．6  5．8   3．1  

ablationstartingfromNovember12，1993．Thesolid  
lineindicatesarelationshipobtainedduringtheperiod  
fromN（〉Vember12，1993toMarcbl，1994；thebroken  
tine is an extrapolated reIationship throughout the 
year．Å酢adientofthesolidlinegivesadegree－day  
ねctorゑandⅥraS Obtained as7．1（mm OC‾1day‾1），  
whichwasveryclosetothevalue6．90btainedusing  
theairtemperatureattheStationL，A．（Naruseetalリ  
1995b）．Pointsa，bandcindicatevaluesonNovem－  
ber26，1993（Takeuchietal．，1995b），December9，1993  
andMarchl，1994，reSpeCtively，andthepointdisa  
yearlyvalueestimatedfromthedataattheStatio11L．  
A（Narusegオα乙，1995b）．  
Cumulativedailymeanairtemperature（∑T）on  

tbe g王acier for olle year from Decemberl，1993to  
Novelnber30，1994，WaSCaicula短das1806（¢Cday），in  
wもicb daily mean air temperature below8¢C was  
excludedbecauseit couldnotcontribute to melting．  
ApointeisplottedinFig．5forayearlyval11ein1993／  
94．Accordingly，theannualablationMforthisyear  
wasderivcdas12．8minwaterequivalent．   
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Fig．5・Cum111ative amol】nt Of ablatior｝p王otted against   
cumtllative dai！ymean aまr temperat11re（degreeday〉・  
Tbesoiid】ineilュdicatesarelationsbipol⊃tai11ed血ring   
aperiodfromNovember12，1993toMarcbl，1994；払e   
brokenlineisanextrapolatedrelatio‡i洩iptbroⅥgbo11t   
tbeyear．Tbepointaisthevaiue汁omNovember12  
to26，1993；bisfromNovember12toDecember9，1993   
；CisfromNovember12，1993toMarchl，1994；dis   
quotedfromNaruseetal．（1995b）；eisfromDecember   
l，1993toNovember30，1994．  
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4．Di5Cuささion  

The annualablation of12．8mLWater derivedin  
thisstudyislargerthanll．2mLWater（士1m）esti－  
mated by Naruse cf al．（1995b）．Theirvalue results  
fromthat．duringawinterfromMaytoAug11St，mean  
airtemperaturewasregardedtobecIosetoorbelow  
O〇C，then the daily mean air temperaturesin this  
period were excluded from the annual cumufative 
temperature．However．from the temperature data  
（Tablel）atMorenoGlacier，itisknownthatthedaily  
meanairtemperaturebecamebelowOOCforabout50  
daysfromtheendofMaytoJulyandmeltingoficeor  
SnOWmayhaveoccurredintermittentlyevenduringa  
winter season．  

Annualablationestimatedhereisasumofannual  
balanceandrneltingofnewlydepositedsnow．Ifthe  
glaciersurfaceissupposedalwaystobetheexposed  
iee（ofdensity90OkgnlL3）．theannualablationof12．8  
min water equivalent corTeSpOnds to14minice  
thickness．According to the precipitation record at  
theStationL．A．（Ibarzabaleial．，1996），theamountof  
precipitationin autumnand winter（from March to  
August）isclearl）rlargerthanthatinspringandsum・  
mer（from SepternbeT’to February）．AIsowith the  
temperatute data, it is considered fhat the ablation 
area of Moreno Glacieri＄Often covered with new  
SnOWinwinter．Therefore．acertain part of12．8m  
LWaterisduetomeltingofsnow．Hence，anannual  
abJationof14minicethicknes＄indicatesaTnaXimum．  
possib）eannualbalance．  
Year－tO－yearVariationinablationcausedbyair  

temperature ehangeis exanlined．The relationship  
betweenthedai1ymeanairtemperature（7L）atthe  
StationL．A．and（T）atM，S、OntheglacierinNovem・  
ber1993isshowninFig．6．Therelationwasexpres－  
Sedby，  

r＝0．62×㍍＋0．6，   T＞40C （3）   
A correlation coeffieient（r）is O．86．The mean，  
maximumandminimumva】uesofannualairtemperaT  
tureat LA．duringtherecenttenyearsfrom1981to  
1990aTe7．50C．8．3DCand6．90C，reSPeCtively．Ifequa－  
tion（3）can be applied also to the relationship of  
annualmeanairtemperaturebetweenatL．A．andM．  
S．，the mean，maXimum and minimum values of  
annualair temperatttre at M．S．for ten years are  
derived as5．3さC．5．7－C and4．9JC．respectively．The  
annllalmeanairtemperatuTeatM．S．fromDeぐember  
1993toNovember1994was4．60C，then血isyearcould  

只
－
 
▲
6
▼
 
．
4
 
2
 
0
 
8
 
6
 
4
 
2
 
 

1
1
1
1
1
 
 （

‥
こ
J
O
扁
一
切
¢
≦
U
O
 
 
 

巴
⊃
l
空
中
d
∈
¢
〓
葡
U
d
O
∈
喜
占
 
 

0 2 4 6 8 1012141618  
Dailymeanairtemporature  

atLagoArgentino（℃）  

Fig．6．Therelationshipbetweendail〉rmeanairtempera・  
turesattlleStationLagoArFentinoandatMeteorolog・   
icalStation on MorellO GIaeier during15 daysin  
November1993．  

beregardedascold．Assumingannualmeanairtem－  
peraturetobe5．7さC（themaximumvalue），theablation  
is estimated as14．8m・・・Water．and assumingit to be  
4∬C，the ablationisestimated as12．7汀卜Water．On  
theotherhand，aSSumingtherangeofairtemperature  
VariationatM，S．tobethesameasthatatL．A．（1．40C）．  
the ablationisestimated as15．5m－Water andll．9m  
→Ⅳater for the rnaximum and the minimum year．  
respectively．These values estimated from annual  
mean air temperatures are probably underestimated  
especiallyfortheminimumvalues，becausethedai1y  
mean air temperature below OOC was not excluded  
from the annualmean，Then thedifference between  
thema：くimum and theminimum valtleS areprObably  
Smaller．Then the variatiotlin glacier ablation  
CaLISedby year－tO－yearVariationin air temperature  
duringthelastlOyearscanbeestimatedas±1－2m．  

5．Conclusion  

Continuous reeordillg Of air tenlperature WaS  
madeduringonecompleteyearfromNovember1993  
around Moreno Glacier．The warmest and coldest  
monthswereJanuaryaIldJu11e．andtheannualrange  
Ofair temperature near the glacier front wasabout  
ll．C．Thelapse rate was O．訂C／100m and no sea－  
sonalvariation ofit were seen．   
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Annualablation estimated from annuaiair tem－  
peraturebyadegree－daymethodis12．8minwater  
equivalent．Thecorrespondingablationthickness，14  
maql，indicatesamaximum，pOSSibleannualbalance．  
Year－tO．year Variationsin ablation caused by  
Changesin annualmean air temperature were estiT  
matedat±1－2m．Thatistosay，Whentheobserved  
Variationsinice thickness arelarger thanl－2m  
（Naruse房1正，1995a），Othercausesthanarlnlほ1mean  
temperaturevariationshotlldbeinves（igated．  
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