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Abstract  

DetailsofmeteorologicalconditionswerestudiedatMorenoGiacierfromNovember12to27，  
1993andatTyndallGlacierfromDecember9to17，SOuthernPatagonia．Onlyalittleprecipitation  
WaSObservedatMorenoGlacier，WhilealargeamountwasobservedeverydayatTyndaliGlacier  
duringtheobservationperiod．Glacierwind＄Wereb】owingalmostcontinuouslyonbothglaciers，  
withthespeedrangingfromO．6m／stoll，9m／SOnMorenoGlacier，andfromlAm／sto15．2m／son  
TyndallGlacier・ÅF6hn－1ikeairtemperatureriseaccompaniedbytbewind－SpeedincreaseⅥraS  
Ot〉SerVedatMore‡iOGlacier，Tberevasnod主f毎renceinradiationcharacteristicsbetweentbeとWO  
glaciersinspiteofnotabledifferencesinweatherconditions．Thediurnairangeofairtemperature  
OnMorenoGlacierwaslargerthanthatonTyndallGlacier．TheairtemperatureonMorenoGlacier  
tendビdtorise、、・ithil一一increaseinthe、、▼indspeedbutdidnotcorrelatewithglobalradiation．Thビair  
temperattu’eonTynda11Giaciercorrelatedpoorlywitheitherglobairadiationorwindspeed．These  
differencesinthecharacteristicsofairtemperaturefluctuationsbetweenthetwoglacierscanbe  
attributedtothedifferenceintheglacierexpansear？tlndtheobservationsitesandthesurface  
COnditionoftもeg王aciers．  

1．lntroduction  

MorellO Glaeiビr rlows noT・theastw；lrd fronlth（I  
SouthernPatagoniaIcefield（SPI）andterminatesina  
ChannelofLakeArgentinoat anelevation of about  
180m．The snoutislocated at50028′S and73離02′1好  
（Fig．1）．Tbeglacierbasanareaofabout257kmZ，  
withaiengthof30kmfromthesoutherndivideanda  
meanwidthof4kmintheablationarea．Thegeneral  
elevation of tbe divideis aro11nd2（）00m witb tムe  
highestpeakof2950m（NaruseandAniya，1992）．  

TyndallGlacier flows southward from the SP王  
arldterminatesirlaprOgiac主aiiakeatanelevationof  
about5Omarotlnd5lロ15′Salld73い15－W（Fig．1）．The  
glacierareaisabout355km2andwithalengthof40  
km．Thewidthoftheablationareaisfrom3．5kmto  
IOkmandthel（、Tlgfhisabout16－ココkm（Nal－tlSeand  

Aniya，1992）．   
InPatagoIぬ，eXtenSivestl感esonmeteorological  

COnditions，ice ablation arld heat balancehave been  
Carried out atSoler and San Rafaelglaciers ofthe  
Northerr主PatagoniaIcefield（NPI）in1983－84and  
1985－86（KobayasbiandSaito，1985a，1985b；Ko‡ldo  
and Nakajima，1985；Ohata g≠β乙，1985a，1985b；  
Fukamiggαg．，1987；Fukamiand Naruse，1987；  
Fujiyoshiggα£，1987；Inoue，1駆7；KondoandInoue，  
1無札 Asaresし11t．muchinfornlationandkno＼＼rledge  
OnmeteOrOlogicalconditionsin Patagonianglaciers  
Were Obtained．For example，Ohata eiai，（1985b）  
have reported that t量1e eaSt【WeSt COntraStin the  
meteorologicalco11ditiorlSisdueto払reemainfactors，  
namely，thedifferenceinclouddistribution，theexis－  
tenceofalmostperpetualglacierwindsandtheoccur－  
rencビOf str（）11g Willd eonsideTle（lto be Fしih110n the   
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Fig，1．MapofMorenoandTyndal王宮laciersi王1SO血hernPatago王1iaarldobservati（）n   
sit琶aと払eglaciers．Ml：themai110bservat≦onsite（〉ntheglacier．M2：tbe  
sllbs吉diaryol）SerVaぬnsiteorltbe王ateralmoraine．  

cierinDecember1993，Thispaperpresentstheobser・  
vation Tllethods and thellleaSuremeIlt reSults at both  
glaeiers；Ⅲd the characteristics of nleteOrOIogical  
featuresofMorenoandTyndallglaciers，Detailsof  
studiesonheatbalanceandiceablationarereported  
OnaSeparatepaper（Takeuchietal．，1995），   

2．Observation site and measurement method  

Tht・eeobservationsites，Ml，M2andBaseCamp．  
wereestablishedateachglacier，aSShowninFig．1．  
SiteMIwasthemainobservationsitesetuponnearly  
Lflat barepicein the abtation area of each glacier．   

eastern side．Kobayashiand Saito（1985a）and Fu－  
kami（？1EZ［．（1987）havealsorepいrtedtheoectlrrビnC亡・Of  
StrOng Wind of F（うtln at Soler Glacier（the eastern  
NP圧   

IrlSOuthern Patagonia，the report on Tyndall  
Glacierby Koizumiand Naruse（1992）has beenthe  
Onlystudyonmeteorologicalconditionsandiceablか  
tion．No otber meteorologicaldatailaVe been  
obもaまnedintheSPI．   

‡n order toiTlVeStigate meteorologicalfeatures，  
beat baiance and ablation of glaciersin sou汰ern  
Patagonia，meteOrOlogicaimeasurementsweremade  
atMorenoGlacierinNovemberandatTyndaま1Glか  
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Thenetlongwaveradiation（エガ）wascalculated  
b），  

エだ＝入Ⅵ－（1－α）ぶ凡   

whereNZeisthenetradiation，S斤theglobalradiation  
andαthestlrfacearbedooficeattbeobservationsite．  
ThemeanvalueofawasO．38atMorenoGlacierand  
O．28atTyrldaliGlacier．   

3．Measurement resuIts  

Variationsillmajor meteorologicalelements ob－  
ServedatMorenoandTyndallglaciersareshownin  
F主g．2．Meanandextremeva王uesareshowninTable  
2．A mean value of air temperature，7．9 OC，On  
MorenoGlacierduringtheobservationperiodwas2．  
80ChigherthanthatonTyndallGlacier．Nosystem－  
aticdaiiyfluctuationinairtemperaturecanberecog・  
nizedoneitherglacier．Thefluctuationof air tem－  
perature resemblビS that of＼＼・ind speed on MorellO  
G王acier（Fig．2a）．  

Glacier＼＼・inds．whichblowfromthe upgtacierto  
thedownglaぐiビr．WereObservedcontinuousl〉’Onb（1th  
glaciers．Thedirectionoftheprevailingwinddidnot  

SiteM2wasthesubsidiaryobservationsiteplacedon  
theまateralmoraineclosetotbeglaciermarginofeacb  
glacier．Some observations weremade at the base  
CampS：tbeiraltit11desare180matMorenoGiacier  
and400m at Tyndal1Glacier．The differencein  
altitudebetweentheBaseCarnpandtheobservation  
siteMIwasabout150matMorenoGlacierandabout  
3OO111at T）rndallGlacier．The grouIld at the Base  
Camp was not coveredwith snow orice at both  
giaciersduringtbeobservatiorlperiods，Observation  
periodswerefromNovember12to27，1993atMoreno  
Glacier and from December9to17．1993at T〉▼【ldall  
Glacier．  

Mete（〉rOiogicalelements andinstruments used  
aresummarizedinTablel．Asensor ofhygrother－  
mometervasinserもedinado11blevinylcbioridepipe  
forinsulatingglobalradiation and ventilated by a  
micr（トfan with a solar batter）▼ during daytime．  
Maintenanceofallinstrumentswasmadeeveryday．  
Most of data measllred at Mland M2were contintト  
O11Slyrecordedwithportabledataloggers．Airtem－  
perature and relative humidity dataⅥrere COrreCted  
using the data measured occasioIlall）▼With an Assr  
nlannpSyChrometer．  

Tablel．Meteorologicalelemcnts，  
Site：Observationsitesontheglaciers（Ml）．  

Elements   Instmment＄   Frequency of measurement 
Airモemperatlユre（1m）  Hygrotbermometer（withsun洩adeandventi如ion）  ContinuotiSreCOrding   
Relativehumidity（1rn）  Hygrothermometer   Continuousrecording   
Windspeed（1m）   Tbree－CllparlemOmeter   ContinuolユSreCOrding   
Globalradiation   Solarmeterpyranometer   Continuousrecording   
Reflectedradiation  Soユarmeterpyranometer   Continuousrecording   
Å王1wavenetradiation  Netred主omet姦r   Co雨inuotlSreCOrdjng   
Ab主ationamount   Ab王ationstakes   Once（汀tWiceaday   

Site：Subsidiaryobservationsitesonthelateralmoraine（M2）．  

Eiements   Instruments   Freql王enCyOfmeasurement   
Globalradiation   Pyranometer   Co11t呈nt王OuSreCOrding   
Precipitation   Tank type rain gauge Onceortwiceaday   

S呈te：Observationsitesat康eBaseCamp．  

EIements   Instruments   Frequency of measurement 
Å加OSphericpressure   A‡lerOidbarometer   Conti11uOuSreeOrding   
Airtemperattlre   Thermistorthermometer   Continuol】SreCOrding   
Åirtemperattlre（dry・bulb）   AssmanTlpSyC壬IrOmeter   Everythree－bours   

（weトもulも）   Assman王1pSyChrometer   Everyt壬Iree－hours   
Windspeed   Anemometer   Everytbree－hours   
Winddirection   Visualobservation   Everythree－hours   
Clotldamo11nt   VisⅥa王observation   Everyt‡汀ee－bours   
Precipitation   Tanktyperaingauge   Everythree－hours  
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MorenoGlacier   
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Tyndall Glacier 
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Fig－2b．VariationsinmajormeteoroiogicalelementsatTyndallGlacierduringthe  
Observationperiod一   
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Table2．MeansandextremesofmeteoroIoglCa】elementsobta重nedatMorenoandTyr）dallglac主ers  
foreachobservationperiod．  

MorenoGlacier  Tynda11Glacier  
Elements  Maximum  Minimum  Average  Maximum  Minimum  Average   

ÅirTemperature（℃）   14．3   1．5   7．9   8Ⅰ2   2．7   5．1   
RelativeHlユmidity（％）   87．8   37．5   56，5   90．6   58．7   75，3   
VaporPressure（hPa）   臥1   4．7   6．0   8．1   5．4   6，6   
WindSpeed（m／s）   11．9   0．6   4．9   15．2   1．4   6．6   
AtmosphericPressure（hPa）   989   958   977   969   948   960   
GlobalRadiation将／m2）   1010．8   0．0   239，4   938．6   0，0   234．3   
NetRadiation（Wノタm之）   655，0  －99．3   146．1   629．5  鵬84．7   136．9   
GlobalRadiation（MJ／m2day）  28．1   11．4   20．5   28．0   14．8   20．2   
NetRadiation（MJ／m2day）   17．3   7，2   12．6   17．9   4．9   11，8   

Glacier during tbe observation period．Tbe total  
precipitationwasabout2mmfromNovember18to21  
and7．6mmfrom November25to26．On the other  
hand，atTyndallGlacierprecipitationwasobserved  
intermittentlyeverydaymostlywithsunshineduring  
theobservationperiod．Itrainedcontinuouslyfrom  
December15to18，and tbeとotaiprecipitatioIIWaS  
more thanlOO mm for three days，The precise  
amountofprecipitationcouldnotbemeasureddueto  
an overflow from the rain collection bottles（the  
lowestplotinFig．2b）．Thecleardifferenceinprecip－  
itationbetweenthetwoglaciersisprobablyattributed  
to tbe dif短reilt野nOptic weather patterns betⅥFeen  
November and December1993，aS Wellas the topo－  
graphicaldifferences，SuChasthedirectionsandscales  
Oftheglaciers．   

4．Comparison of meteor0logicalparameters at   
MorenoandTynda‖glaciers   

4．J．C鮎珊血涙加b q／相成感加  
The relationships betweenglobalradiation and  

netradiationareshowninFig．3．Thereisnosignifi－  
Canとdiだere11Cebetween洩etwolinearrelationsbipsat  
Moreno and Tyndallglaciers．The extremes and  
meansofg10balradiation，netradiationandnetlong－  
WaVe radiation are shownin Fig．4，Because the  
Observationperiod atTynda11Glacier wascloser to  
thesdmmersoIsticeandthelatitudeofTyndaliGla－  
Cieris sまigbtiy（く1¢）bigher，the giobairadiation  
received at thetop ofthe atmosphere over Tyndall  
Glaciershouldbeabout10％（dailyvalue）largerthan  
that over Moreno Glacier．However，the extremes  
andmeansofglobal，netallwaveandnetlongwave   

CbangeanditwasthewesterlyonMorenoGlacierarld  
thenortherlyonTyndaliG重acier．Thebouriymean  
windspeedrangedfromO．6m／stoll．9m／sandthe  
mean value was4．9m／s on Moreno Glacier，On  
TyndallGlacier，itrangedfroml．4m／sto15．2m／S  
andthemeanwas6．6mls，Theserangeswerecom－  
parab王ewi洩払0紀ObservedpreviotlSlyonSolerGla－  
CierandTyndallGlacier（KobayashiandSaito，1985a  
；KoizumiandNaruse，1992）．  
AirtemperatureonMorenoGlacierroserapidly  

to reach a maximum ofabout14OC onNovember16  
and17．WindsⅥrereVeryStrO一喝Onthesedays．Due  
to the strong wirlds，a Cup（）f tbe anemo王neter bad  
tiltedatabotlt9：000nNovember16，thereforethere  
WerenOdataofwindspeedfrom9：00to14：00．It  
mayhavebeena F6hnphenomenonwhichwas also  
observedatSolerGlacierontheeasternsideofnorth・  
ern王）atagonia（KobayasbiandSaito，1985a；Fukami  
tTJrJ／‥l錮7）．  
RelativehumidityonMorenoGlacierwasmuch  

Sma11erthanthatonTyndallGlacierwhereprecipita－  
tion occurred ever－y day．On Moreno Glacier，the  
Valueoftherelativehumidityrangedfrom37，5％to  
87，8％andthemeanvas56．5％，WbereasonTyrldall  
Giacier，itrangedfrom5乳7％to90．6％andthemean  
WaS75．3％．Themeanvalueofvaporpressurewas  
6．O hPa on Moreno Glacier and6，6hPa on Tynda11  
Glacier．Sincethevaporpre＄SureOficeatOOCis6．  
11hPa，eVapOrationwasdominantonMorenoGlacier，  
WbereasconderlSationvasdomまnantorlTyndallGla－  
Cier（Takeuchig才α£，1995）．Meansofglobalandnet  
radiation amounts were almost the same on both  
glaciers．  

Only alittle precipitation occurred at Moreno  
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Fig．4．Theextremesandmeansofglobalradiation，netall  
WaVeradiationandr】etlor将WaVeradiatiorl．  

radiこItions were not much different between the two  
glaciers（Fig．甘ThismaybedutttothelargercIoud  
amount at T）・TldallGlacierthanMorenoGlaeier．   

一J．ヱIk戒心州｛l／〟汀／〃〃♪（，れJ／〟汀  
・J．ユJ、βわげIJ〟JJ柑JJg（丁〆d有・J〃〃♪川7わ〃lイ△了ブ  
Theextremesanddailymeansofairtempera†ure  

aresh（1Wnin Fig．5．［hth tllaXimum andminitllum  
VaiuesonMorenoG王aeierweregenerailyhigherthan  
thoseonTyndallGlacier．Here，thediurnalrangeof  
theairtemperature．AT，isdefinedasthedifference  
between the maximum aIld theminimum dailyこIir  
temperature．ItisnotedthatATonMorenoGlaeier  
WaSlargerthanthatonTyndallGlacier．ThemeaI1  
0f AT was4A OC on Moreno Glacier and2．3禅C on  
TyndaltGlacier．  
The relationships betwee11△T at MIon the  

glacierandthatatt上IeBaseCa111pareShowniIIFig．6．  
Itisfoundthat△Tatthel主aseCampwasmuchlarger  
than△T at MIonbothglこICiers．AIsollOtedisthat  

0  2  4  6  8 10 12 1ヰ 16  
D享UrnalRangeofAlrTemperature（C）  

（BaseCamp）  

Fig．6．Relationships betw（ヤ【lthe diut■nat ra11ge Of air  
temperature払ア）ontbeg王acierandaモ軌eBaseCamp   
iェ1MorenoandTyndal王glacier鼠   

ATatMlofMorenoGlacierwaslargerthanthatof  
Tyndalt Glat：ier．Although△T at MIof Tynda11  
Glacierwasa王mostconstantasabout2bCandisnot  
relateLd to that at the Base Camp．△T at Mlof  
Moreno Glacier tends toincrease as that at tlle Base  
Can叩iIICreaSeS．   



・Jニナ  Bulletin ofGlacier Research  

Sinceitis expected that△T depends on the  
globalradiation，△アwas comparedⅥrith tbe daily  
giobalradiation（Fig．7）．Ånapparerlt（まifferencecan  
beseenbetweentherelationshipsatMorenoGlacier  
andatTynda11Glacier；△T waslargeronMoreno  
GlacierthanonTyndallGlacier．OnTyndallGlacier，  
△Tisaconstantvalueofabout20Cinspiteoflarge  
changesintheglobalradiation，WhereasonMoreno  
Glacier ATincreaseswith anincreasein the global  
radiationuntilabout23MJ／m2day，afterthat△Tdo  
notchange．Ontheotherhand，therearenodiffer－  
encebetweentheserelationshipsatthebasecamps；  
ATincreaseswithanincreaseintheglobalradiation．  
Tbesecbaracとeristicsarediscussedlater．  

ノ．ユニ〃tTん〟高根／J小わ‘イ汀汀〃一丁JJ■／川J♪川J／JJ汀‘川（／（－〟汀ノ一  
仙イtl一明－／吋／（・rJ／♪‘川川Jtイ（，Iヽ  

The relationships between air temperature and  
globalradiationareshowninFig，8．Airtemperature  

Moreno Glacier 

｛
已
空
⊃
l
空
監
∈
芦
」
革
ち
乱
u
d
竺
空
」
⊃
己
 
 

1（）  15  20  25  80  

GlobalRadja心0∩（MJノ廿軸ay）   

Fig，7IRelatiorlShips betwee17払eぬ主1y globairadiation   
and diljrnalrarige Of air telⅥperatUre払ア）0れtbe   
g壬acierarldattbe王葺aseCamp童nMoreIlOandTyrldai王  
glaciers，A dottedlineisfittedto values at Moreno  
Glacier，abrokenlineistoTynda11Glacier，andasolid   
lineistothebasecampsofthetwoglaciers．  

TyndaIIG］acier  

●  

5
 
 
 
 
0
 
 
 
 
5
 
 
 
 
0
 
 
 
 
5
 
 

2
2
■
－
1
 
 

（
已
巴
コ
登
乳
∈
芦
L
榎
 
 

a．G‡  由r  

だ′   
●●   些  ●●   ● ●   ● ● ●  ●●● J．ヽ  ● ● 「ご1  ‾紆 b■－  ‾亨キ    訂譲  ．瞥 ●  ■  ●  ●  

0
 
 
 
5
 
 
 
0
 
 
 
5
 
 
 
0
 
 

2
■
－
■
－
 
 

（
已
芝
コ
）
空
監
∈
芦
L
毒
 
 

0   200  400  600  800 1000 1200  

G10balRadiation（W／rTP）  

0
 
 

0
 
 

2
 
 

1
 
 0   200  400  600  800 1000  

GbbalRadねtion（W／「戒）  

5
 
 
 
 
0
 
 
 
 
5
 
 
 
 
0
 
 
 
 
5
 
 
 
 
∩
）
 
 

2
2
■
－
1
 
 

（
已
空
っ
扇
元
邑
∈
芦
上
＜
 
 

5
 
 
 
 
0
 
 
 
 
5
 
 
 
 
n
V
 
 

2
 
 
 
 
2
 
 
 
 
1
 
 
 
 
1
 
 

d．B  SeCa  P  
●  

●  

●  

●  

●●●  ●●●● ヽ．′●  ～ 
●●   

●● ●   

モミ舘 ・：′   b，B  SeCa  率。  u  弓 ‡    凹    u      も．土  山  ●■ヽ    ●●■  よ ヽ了  ●ヽ．r  ′● ●    鵠一    ● 棄 ●●  図  ●●● d＿●J● ●  ．も  ●     ●ヽ ● ●       ■  （
U
し
巴
⊃
l
空
乳
∈
β
」
毒
 
 

5
 
 
 
 
0
 
 

0   200  400  600  800 1000 1200  

GIobaIRadiation（W／rTP）  
0   200  400  600  800  1008  

GIobaIRadiation（W！nゼ）  

Fig．8．Reiaとionsbipst妃tWeenairte汀IPeratlユreandglobalrad…atio110n血eg】acier   
（a，C〉aTldaとthel）aSeCa汀Ip（b，d〉毒口MorenoandTyndal！g】aciers．   



Takeuchiet al．  舶  

attheBaseCamptendedtorisewiththeincreasein  
globalradiation．asshol＼▼nin Fig．さb andざd．floⅥ－  
ever，thereisnoclearrelationshipsbetweenthemat  
eitber giacier（Fig．8a and8c）．Thisis probabiy  
becausethatthesurfacetemperatureofmeltinggia－  
Cier was kept at O OC even whenit received much  
radiatio‡l．  

The relationships betureen air temperature and 
Wind speed on払e g王aciers are examinedinぎ短．9．  
Air temperature on Moreno Glacier correlated well  
Witbwindspeed，tbatis，也eairtemperatliretendedto  
rise with the wind speed．On the other hand，air  
temperature on Tyndall Glacier poorly correlated 

withwindspeed．   

5．Discus＄ion and conc山sion  

The following results were obtained．Air tem－  
peraturewasindependentoftheglobalradiationboth  
On Moreno and Tyndallglaciers，and the diumal  
rangeofairtemperature（△T）onMorenoGlacierwas  
iarger払antbat on TyndallGlacierin spite of払e  
SameSurfacetemperatureofOOC．Theairtempera－  
ture eorrビ1ated＼l▼ell＼＼▼ith the wind speed on More110  
Glacier，Whileitcorrelatedpoorlywiththewindspeed  
O】1Tynda11Glacier，  

These differences in the characteristics of air 
temperaturefluctuationsbetweenthesetwoglaciers  
may be attributed to tbe dif短rencein tbe areal  
expansearoundtheobservationsiteandthesurface  
COndition of払e glacierice．Because払e surねce  
expanse of TyndallGlacier at the MIsiteis much  
largertbaIl払atofMorenoGlacierandisnotconfined  
by the side－Walls，the air temper・ature at Mlon  
Tyndal1Glaciermaynotbestronglyinfluencedbythe  
SurrOundingice－freesurface，butrathercontrolledby  
theglacierice．Therefore，theairtemperaturewas  
keptiov，beingindependerlt OfgiobalradiatioTland  
wind speed，and hardly fluctuated．On the other  
barld，On Moreno Glacier Ⅵrbere g王acier surねce  
expansearoundMlissmallerandtheglacieriscon・  
finedbyvalleywalls，thewarmairmassheatedonthe  
rock or bare ground around the glacier may have  
advectedtotheglacierreadily，AIsosincethereare  
ma王1ySeraCSandcrevasses，a（：tiveconvectionscaused  
bytheroughsurfacecouldtransporttheupperwarm  
airmassinto払esudaceboundarylayeroftheg王む  
Cier．Consequently，airtemperature correlated well  
Withwindspeedand△Tincreasedwithdailyglobal  
radiation．  
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