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Abstract  

Airandwatertemperatt汀eSⅥreremeaSl汀edhorizontaiiyand／orverticallyduringtheperiod由一Om24to27  
Novernber1985，atLagoonSanRafaelinthenorthernPatagonia．Majorfindingsareasfollows：  
1〉Inversionofairtemperatureappearedintbe壬ayerbeiow50to80minbeigbtintbedaytime．  
2）Horizontal許adierltOfairtemperattlreWaSlargewitはntbeareaⅥritbhighnumberdensityof重oatingice．  
3）Watertemperatlユredecreasedatbothdepthsofoneandfivemetersalongtheflowlineoffloatingice＿Minimal  
Valueofairtemperaturewasalsoobservedalongthislinc．  

1．1ntroduction  

Oncalmarldfinedays，mirageⅥraSO鮎nobserved  
oIILagoon San Rafaelduri喝Our Stay（Oct．一Nov．  
1985）．SuchaI－atmOSphericpbe－－OmenOnis申把tOa  
formation of temperatureinversioIlOf air，Whicilis  
cooledstronglybyconとactwitbbot九重oatingiceand  
meltwater on thelake．  

Nakajima eial．（1985）measuredwatertempera－  
ture andsalinityin thelake．They pointed out that  
water near the lacustrine surface was cooled and 
dilutedbymeltingice．However，theycouldnotdraw  
adetaiiedhorizontalmapof抽ewatertemperaturein  
thelake because of the smallnumbeT Of sampling  
points，  

Thepurposeofthepresentworkistoelucidate  
洩e coolirlg e群ect of幻oatingほe On theiactl或Ⅰ■ine  
s11rねceandontileOVeriyingairbotbhorizorはallyalュd  
Vertica11y．  

Fig，1．Points of observation on L昭00n San Rafael・The  
symbol（？）inthefiguredenotesthepoint＄atWhichairternN  
peraturewasmeasuredvertically．Thesymbol（十日＋）denotes  
aregionlVhereairtemperaturewasmeasuredwitbaconstarlt  
ir主terValoftimeonamovingsbipboard．   

2．Methodsandpointsofobservatjon  

FigurelshowSt壬IepOintsoftbepresentobserva・  
貞on，W‡1ereWaterdepthandもothvaterandairtem－  



Bulletin of Glacier Research  9β  

Tablel．Summary Of date，time andlocation of observation as we11as comments on thelocation  
and the weather at that time．  

ObservationalpolntS＆Comments  Date＆Time   
19：Cloudy  
19：Cloudy  
28：Cloudy  
28：Fog and drizzle  

24 Nov．1985  
11：36－11：56  
17：40－17：58  
19：2919ニ47  

25Nov．1985  
9：4810：05  
10：25－10：41  
11：10－11：25  

12：47－13：02  
14：00－14：15  
14：52－15：03  
16：45－18：33  

26Nov．1985  
9：58－15：10  
16：00－18：25  

27Nov．1985  
10：3816：56  

15：Cloudy；Areawithlarge number and size of floatingice  
16：Cloudy；Area withlarge number and smallsize of floatingice  
17：Cloudy；Areawith sma11number and medium and smallsize  

of floating ice 
20：Cloudy；Area with sma11number and size of floatingice  
22：Cloudy  
23：Cloudy；Area with very smallnumber and size of floatingice  
411：Cloudy  

2633：Clear sky  
18，21，24：Clear sky  

1，2，7，12，13，19，25，28，3：Clear sky  

81012 6 810  810 6 810  810 8101Z lO12  

AirTemperature（Oc）  
Fig．2．Verticalprofilesofairtemperature．Thenumberaboveeachverticalprofilemeansthe  
pointofobservation．Thetopofthetemperatureinversionwasindicatedbyanarrow．   



Fujiyoshiet al．  9.9 

peratureshavebeenroutinelymonitored．Thevertical  
profile of air temperature was obtained by uslng a  
radiosonde（Type RSII－80，MeiseiElectric Co．Ltd．，  
Japan）suspendedfromaballoon，Whichwasmovedup  
anddownwithafishingrod．Themaponwaterdepth  
WaSrepOrtedbyNakajima eial．（1987）inthisissue．  
Tablelsummarizesthedate，timeandlocationof  

the observations and describes the location and 
weather at thattime．  

3．Results  

Figure2showstheverticalprofilesofairtemper－  
ature．The air temperatures were measured at the  
levelswherethelengthsofstring（L）connectingthe  
radiosondeandthefishingrodwere5，10，20，40，60，80，  
100，140，180，220 and260 meters－ Wind direction  
Shownbythesideofeachheightwasestimatedfrom  
the directionin＿Which a balloon streamed withthe  
Wind．And each figure shown by the wind direction  
meanstheangle（0）betweenthestringandthevertical  
axis．Highervalueoftheslopemeansahigherwind  
Velocity．Theheight（H）ofeachmeasuringpointwas  
approximatedbyanequation：  

」打＝⊥cosβ   

It wasimpossible to obtainverticaldata of the air  
temperaturewhenawindvanesetontheroofofthe  
Shipshowedavelocityhigherthan3m／s．  

Weshowedonlythecasesinwhichthehighest  
measuringlevelwas above150min Fig．2．It was  
observed that the top of the temperature inversion 
existedinanalmostconstantrangefrom50to80min  
height．Here，Wedefinedthelevelasthelowestoneat  
Which a negative gradient of air temperature With  
height appeared．Whenwind blew from the glacier  
terminus，、the air temperature had a tendency to be  
low．   

ItwasimpossibletoknowthehorizontalpatternS  
Of air temperature allover thelacustrine surface，  
because variation ofairtemperature with time was  
muchlargerthanthatofwatertemperature．Instead，  
the horizontalgradient of air temperature（OC／km）  
between the nearest two points with time was ob－  
tained，i．eリthedifferenceinairtemperatureobserved  
betweenthenearesttwopoints（△T）wasdividedby  
thedistancebetweenthem（R）．Temperaturechange  
withtimewasthoughttobesmallbetweenthesetwo  
polntS，Since the timeintervalwasless than ten   

Fig・3・Distributionofhorizontalgradientofairtemperature  
（OC／km）ataconstantlevel（～1．5m）．  

minutes．Figure3shows that△T was obtained by  
subtracting the temperature at the arrow tail from 
that at the head．The horizontalpattern offloating 
ice，Which was taken from an airplane of LADECO  
（Linea Aerea DelCobre）on29November1985，is  
Shownin Fig．4．This pattern did not change very  
muchduringthepresentobservation（24to27Nov．）．  

NocompletelyaccuratevalueofRwasobtained，  
Sincethelocations ofthe observationalpoints were  
identifiedfromthesurroundinglandscape．However，  
itwasfoundthatzoneswithalargehorizontalgradi－  
entofairtemperaturecorrespondedtotheareaswith  
highfloatingicedensity．ThethickarrowsinFig．3  
show the minimal air temperature sites which were 
foundduringtheobservationofairtemperaturealong  
thelinesAA’，BB’andCLC’．Oneortwo suchsites  
existed around the center of the glacier terminus 
alongthelineAA’andalongbothlinesBB’andC  
C’，reSpeCtively．Theminimalairtemperature，Which  
appearedinthesouthernpartofCC’，WaSnOtCauSed  
bythecoolingeffectofmeltingicebecausethisregion  
isadjacenttotheareawherethewatertemperatureis  
high（seeFigs．5aand5b）．  
Figures5a and5b show the patterns of water  

temperatureatland5mindepth，reSpeCtively．The   
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ダミg．4－ Apic短reofLagoonSanrafaeltakenfromanairp】aneofLADECOin29Nov．1985．  

patternsinbotわfiguresaresimilartoeacbother，£g・，  
thewatertemperatureisrelativelylowinthe areas  
withfloatingice．Meltingwaterrushesoutlfromthe  
bottom of theglacier terminus，Whichleads to the  
formationofcarvedicethatispushedoffshorerapid－  
1y．Therefore，thefloatinglCeareawithahighnumber  
densityisformedoffshoreratherthanneartheglacier  
terminusasseeninFig．4．Asindicatedinthepatterns  
offloatingicedepietedinFig．4andinthoseofwater  
tem匹ratureShowninFigs．5aand5b，themain魚ow  
lineof恥atinglCeeXistsalo喝tbelilュebetweentbe  
glacier ter汀Iinus and the estllari！1e area Of t壬Ie  
Tempanos River、Among the pieces of幻oatirlglCe  
observedin theareawithhighdensity，SOme Ofthe  
small ones move easily and keep melting with the 
stream．Figure3depicts the minimalvalues of air  
temperaturealongthelinesB－B’andC－C’existingin  
the flowline．  
Figure6showsthehorizontalpatternofdiffer－en－  

tialwatertemperatureinwhichvaluesat5rnindepth  
Were Subtracted from those atlmin depth．The  
SIladed area主n the figureis the regionⅥrbere water  
temperatureatlmindeptbisloⅥ7ertba†ltbatat5m．  

In払isregionmeltingicebasagreatercooiirlgefねct  
OnthetemperatlユreOflacustrinesurfacewaterthan  
theheatingeffectbyboththeoverlyingairandsolar  
radiation．ComparingthetworesultsinFigs．3and6，  
theshadedareacorrespondswellwiththeregionwith  
highnumber density of floatingice and with the  
minimalair temperature．Further，a COmparison be・  
tweenthetworesultsinFigs．5and6indicatesthatthe  
area also corresponds wellwith the areain which  
loweringofwatertemperatureoceurred．Inthenorth－  
ernandsoutbern corrlerOfthelake，Waterとe‡npera－  
tt汀eatlmindepthisespecia王iyhigilerthantbatat5  
min depth．Thisis probably caused by the strong  
Warming by warm airblowingin from thelakeside  
and／orbyadvectionofwarmwaterfromthelakeside．  

4．Concludingremarks  

Airandwatertemperaturesweremeasuredhori・  
ZOntallyand／orvertica11yduringtheperiodfrom24to  
27 November1985 at Lagoon San RafaeL Major  
fi11dirlgSareaSfoま呈ows二   
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Fig．5．Horizorltaipatternofwatertemperatllre（qC〉atlm（a）and5m（b）irideptb・  

Inversionofairtemperatureappearedinthelayer  
belowthelevelof50to80m・WhenwindblewfroI  
theglacierterminus，airtemperattlrehadatendency  
ねbekw．Åirtemperatl汀eWaSlovnear andin也e  
floatinglCearea．Horizontalgradientofairtempera－  
turewaslargewithintheareawithhighnumberdensi－  
ty of floatingice．Water temperature decreased at  
bothdepthsofland5malongtheflowlineoffloating  
ice．Minimalvaiue of air temperature was also ob－  
SerVedalol唱thisiine．  

Verticalprofilesofairtemperaturewereobtained  
onlyin daytime．In the evening，themirage disap－  
peared；therefore，theverticalandhorizontalpatterns  
ofwaterandairtemperattlreWereeXpeCtedto血ow  
daiiyvaria貞on．1野indsl）eedanddirectionwereclosely  
related，eSpeCiallytotbeverticalprofileofairtemper－  
ature．Furtherstudiesofthehorizontaldistributionof  
wind speed and directjonwi11beundertakeninthe  
future．   

Fig・6・Horizontalpatternofdi鮪rerlCe主nwaterten叩erature  
（OC）betweenland5mindepthTheregionwherewatertem－  
perature atlm depthislower than that at5min depthis  
shaded．  
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End壬asdespejadosconvientocalmodesdeOctuM  
bre a Noviembrede1985hemosobservadoamenudo  
espejismosenlaLagtユnaSanRafael．Dichofen6meno  
Se debe ala foma（：i∂n de11ria Capa deinversi紬  
tさmica que esねertemente en打iada porelcontacto  
con hielo flotante y agua de derretimento sobre la 
Laguna．Elobjetivo de este trabajo es estudiar el  
efecto delenfriamiento delhielo flotante sobrela  
Superficielacustreyclaireporencima，tantOhorizorl－  
talcomoverticalmente．  

Seobtuvounperfi）verticaldelatemperaturadel  
aire（Fig．2）pormediodeunaradiosondasuspendida  
aunglobocuyaposici6nverticalsepudovariarcon  
una ca最a de pescar．Se observ6 unainversi6n de  
temperaturadelaireenlacapainferiorainivelde50  
a80m．Cuando elviento prove‡1壬a delfrente del  
glaciarlatemperaturadelaireerageneralmentebaja．  

A medida que disminuy6】a dista11Cia haciala  
superficie delhielo flotantela temperatura delaire  
disminuy6．Dentro dela zona congran densidad dc  
hielo flotante elgradientehorizontaldela temperaq  
turadelaireeraelevado（Fig．3）．Latemperaturadel  
aguamostr6valoresbajosaprofundidadesdely5m  
alolargodelalineadefhjodehieloflotante（Fig．5），  
Siendomenorlatemperaturaalm（Fig．6）．Solamente  
alolargodeestalineade幻房oelaguadederretimien－  
to tiene un e毎cto tさrmico m畠simportante quela  
radiaciるnso王aryeiairesobreyace11teeniatempera－  
turadelasuperficiedeagualacustre．   
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