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Abstract  

T‡leWindontbeglacier萄ear沈esnolユtOfSarlRafaeiGiacierwasanalyzedfromacontinuousrecordfrom  
OctobertoNovember，1985．Åpredomirlarltglacierwindwasfoufld70％oftbetime，WねilelⅥOuntailュandvalley  
Windsshare洩eremain主n営もimew主thexternaigeneralwind．Å1tbougbtbeglacierwindsI10WSad主urnalchange，  
thereis no differenceinthe frequenciesforday and night．The non－Stationary nature ofthegiacier windis  
SuggeStedby the followingfeatures．Tbe deptb and period of tbegまacier windirlCreaSe andtbe temperature  
decreasesⅥrithincreasingvelocity．TheⅥ㌢indveまocityobserved4kmupstreamfromtheglaciersnoutissmalland  
Sta如nary，andrarelyexceedsthatnearthesれOut．T‡le如ql把nCyOftheg王acierwinddecreaseswbeIltheexternai  
windisstro咽nOrtherly．Thiswindmaydisturbtheproductionoftheglacierwindoveraiargehorizontalarea．  

Tbe presenもaut‡10rdi鑑uSSeS thel－ature Of the  
wind based on the corlもinuotlS reCOrd orlSan Rafael  
GlaciermadefromOctober17toNovember27，1985．  

1．tntroduction  

Åpersisteれtg‡acierwirldo王1モbeabiationareaof  
SanRaねelG重acierwasfoundbyObatagfαg．（1985）．  
According to tbeir observations near the snout in 
December，1983，払eglacierwindbasanaveragespeed  
Of4－5m／sarld鉦eque11CyOf90％inthedaytirne．  
Theglacierwindisdrivenby軌epoterltialtem－  

perature differencebetweenthe glacier surface and  
the free atomosphere（Defant，1957）．The glacier  
Surねcecanberegardedaskeptatthefreezingpoint，  
and the aもmospbere be王ow tbe主ce貞eid bei葺かもhas  
positive temperature 七重IrOugbout tbe observation  
perioくま伽oueggαg，，1987）．Belowtbisheigbtagravity  
WiTldmayo（ニClユrWberever払eglac主ersurfaceslopes－  
San RafaeまGiacierhasmarked slopingfrom theice  
plateau at an altitude of700m，and t‡le aVerage  
inclinationis75m／1k汎 TIledriving force oftbe  
graviとywinddeducedfromtheabovein（：まinationarld  
thesummermeantemperatureof8DC（fromOctober  
toJanuary）at Cl（422m，themiddleoftheablation  
area）arefair王ylarge．However，thesurぬcewindoll  
tbe glacieris freque琉毎replaced by ar呈eXternai  
gerleralwind；glacierwindmorethanlOm／swasrlOt  
four主din piioトbal王00n ObseⅣatiorlS（Ohata gg αg．，  
1985）．Ohataggαg．SuggeStedtbat払eglacierwirld  
islimまtedintbeverticaland王10rizontalscale．  

2．StatisticalsumrTlary Of the wind  

Station Gl（89m）was e＄tabiisbed彿tIle rig抽  
bankofSanRafaelGlacier200mupstreamfromthe  
snout（seeMap2foldedin）－ Theanemogr’aphwasset  
upo‡ltherockterraceofGle‡evated15maboveぬe  
giacier surface．EverylO min㍊teS，Va重ues of wind  
speeda‡lddirectionwererecordedfromOctober17to  
December8．Tわedetailedscbemeofmeteoroiogica電  
observationsirlCluding the station ne紬Ork are de－  
scribed by‡noueβgαg．（1987）＿ Emp】oyed for払is  
analysisarethedatafromOctober7thro喝bNovem－  
ber27wit壬10utdiscontinuarユCe．TheaccuracyoftIle  
directiorlis±300，1imitedbytbevanethatwas11Sed．  

ThefrequencydistributiorlSOfthewinddirection  
atGiforday andnight aresummarizedinTablcl．  
ThedataatBH（MeteorologicalOfficeofChile，2km  
NW fT・tIIll（、；1lal－P also tこIl）ulこIh－d．Th（IⅥ・illd；11（；1  
wi払directionsconcentratedaround90¢istheglacier  
wind、Tbereisnodifferencei‡1汰efreqtlenCyOf偽e  
glacierw主ndもetweendayandnight．Theprevailing  
nort壬Ierly（3300）andsoutherly（150ウ）vindswithtotal   
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Tabiel．Freque！1Cy distribt】tjon of the windと王irection at Gla11d BH．  

BH（127）  
（％）： 09h  15h  21h  08－19h  20－07h  
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frequency of75％at BH decrease to17％at Gl．  
Tbese winds carlbe regarded as exterrlalge‡leral  
winds at G1 in respect to the absence of diurnal 
Changeforthese directions．The frequenciesin the  
directions of30ウand270D at GIshow the marked  
diurnalchange．The nocturnalratios arelargerin  
thedirectionsof300；thereverseisthecaseinthatof  
270¢．TiieSetWO Winds arepossibiy motlntain wind  
Which occurrs on the slope of the right bank and  
Valley wind along San RafaelGlacier，reSpeCtively．  
Thelattercanberegardedalsoasthecompensation  
flow of the glacier wind．The dominant fivewind  
direc貞onsatGlareclassifiedintofourgro11pSbytbeir  
れature，ま だ．，glacier wind，ge王1eraivirld，mOunta主n  
Wind，Valleywind．  

The aver’age diurnalcourse of the hourlywind  
Speed，temperature and water vapor pressure at Gl  
andClareshowninFig．1．Theaveragingperiod  
for tbeiatter tvo elemerltSis from November3to  
Decemberl，dl】ri†1gWhichs11nnyandrainydaysoccl汀－   

（m／s）  

redalmostequaliy．Theaveragewindspeedchange  
WaSrOuglllysarneastbatoftheglacierwirldduetoits  
predominace．Thewindspeedwasconstantatnight  
andincreasedwithtemperatureriseshowingamaxiL  
mumaround14hLT（GMT－3hrs）．Thediurna】chan－  
geofthewindspeedwascorrelatedmorecloselywith  
払etemperaturecilangeatCl班an witbthat atGl，  
Thetemperat11reatGIcontinuedtoirlCreaSea食erthe  
OCCurrenCe Of the maximum wind speed．This pat－  
ternoftemperaturechangeisdifferentthanthoseat  
theothertwostations．Theextremelysmalltemper－  
ature difference between Gl（89m）and Cl（422m）  
COmparedwitb汰atatClandC2（1040m）isdlユetOthe  
COOiingeだectoftbeglacierwind．Thismayexpiain  
thetemperaturerisewithdccreasedwindforceatGl．  
Sincethetemperature at Clrepresentsthe status of  
thefree atmosphere during this period（Inoue et al．，  
1987）and the glacier surfaceis maintained at the  
freezing poiriと，it can be regarded as an external  
parameter forthe driving force oftheglacier wind▲  
ThemaximumtemperatureatClistwicethatofthe  
minimum，Whilethemaximumwindspeedisl．6times  
aslargeastheminimumvalue．Thewindforceisnot  
proportionaltothetemperaturedeficitoftheglacier  
stirface．  

ThewatervaporpressuresatGlandClincrease  
Closely correlated withthe air temperatures．Since  
the values ofvapor pressure are super－Saturated for  
ice，eVapOration from the glacier surface does not  
OCCllrr．TbeⅥ7ater VapOr may Origirlate from the  
ambieれt mOistmaritimeatmospberearldbecomeen－  
trainedintheaircurrentovertheglacier．  
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3．Verticalandhorizontalextentsoftheglacierwind  

Tbetime series change（〉f‡101汀iy vaiues of t‡1e  
windspeedatGl，temperatureandwinddirectionat  
GlandClfromOctober28to Novemberlareshown  
inFig．2．ThewinddirectiondataatClarclimited   

□  J  8  12  16  ご8hLT  

Fig．1．（fromtop）a）MeandiurnalchangeofwindspeedatGi，  
b）vaporpressureatGlandClandc）airtemperatureatGl，Cl，  
C乙  
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profile meastlrementS．Glislocated on the second  
terracefrombeloⅥF．Tbreemin11teSaVeragedvalues  
Ofthewindmeasuredateachterracewereconverted  
through the ratio to thewind rccord at Gl．The  
average time necessary to obtain one pr・Ofile was  
around40minutes．The glacierwind graduailyin－  
CreaSediれSpeed血ringtheperiodofprof王ieobserva－  
tions．Thedep也oftheglacierⅥrirldisbelow40mfor  
profile（1）andbelow80mfor（2）；however，itmaybe  
abovelOO m for（3）and（4）．Similar profiles were  
foundbyOhataeial．（1985）．Theverticalincrease  
主ndepthwithtbedeveloplne11tOf汰eglacierwindis  
Obviousfromprofiles（1ト（3）．  
Thewind speed and direction everylOminutes  

durirlgtbe period wbentheverticaiprofiieobserva－  
tionsweremadeareshowninFig．3．Theperiodici－  
ty（ア）ofaround30m…nutesisfolユndirltbetimeseries  
Change ofwindspeed（y）from15bLT of the29th  
through early morning of tbe30th．A】ュOn－glacier  
Wind blewⅥ7hen tわe glacierⅥ7imd decreased．Tbe  
Valuesof T are obviouslylargerthanthebuoyancy  
OSCiliationⅥri汰thenormalperiodiessthantenmin－  
utes．アbecomeslargerwithtbedevelopmentof払e  
giacier wind，抒thelongitudinaiscaie（エ）of tbe  
glacierwindisasstlmedtobeエ＝y X r，tbei‡－CreaSe  
invelocityanddepthoftheglacierwindisassociated  
Withthedevelopmentinhor’izontalextent，tOO．The  
longitudinalextentoftheglacierwindisestimatedas  
2．7kmfor Vニl．5m／swith71＝30min．andllkm  
for r＝3m／swith71＝60mim．T‡led呈stancebetween  
Gland Clis4km and that from the700mmhigh  
plateautoGlislOkm．Thewelldevelopedglacier  
windhastheextenttocoverthewholeablatioTiarea．  
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Fig．2．（fromtop）a）VeTticalprofile＄Ofwindandtemperature  
overtheかCieratGl．冒ouriychangesofb）windspeed，C）  
prevailingwinddirectionandd）airtemperatureatGlandCl  
（血ttedi主ne）froヱⅥOctober28toNovemberl．  

to払e daytime（06Ⅷ－2（）hLT）arld shoⅥrn aS eitber900  
（downglacier）or2788（up一宮lacier）．Theweatherwas  
rainyonthe28thand29thands11nnyafterthe30thof  
October．Thegiac主ervinddeveloped fromthe30th  
withaperiodicdiurnalchange．Thedevelopmentof  
thegiacier’WぬdwasfoHowedbyapronotlrlCedtemヰ  
peraturedif短rencebetweenGlandCl．Tbesljdden  
increase of wind speedまs associated with rapid de－  
CreaSeOftemperatureatCl．TbetemperatureaとGI  
Shows a markedincrease when the wind decreases．  
The temperature decrease andwind speedincrease  
arecorrelaとedbotb atGland Cl．  

The verticalstructures of the wind and tem－  
perature were observed at Glfrom October29th to  
30th．Four rock terraces formingtheright bank of  
the glacier are used for thewind and temperature  

4．Re］ation to the generalwind  

う好indotbert壬1ar10fglacieroriginbiewfrequently  
when the glacier wind was weak as shown in the 
previotlSSeCtion－ TbeboⅥriyti壬ⅥeSeriescbangesof  
Windarldtemperat11refrom November3to8，during  
Whichtheglacierwinddidnotdevelop，areShownin  
F短．4－ Diurnalcbarlgeisnotわurldeitherirlthevi‡1d  
Speed northe temperatures of Gland Cl．Thisis  
markedcomparedwitbFig．2．Atemperatl汀einver－  
sion between Glarld CldoeslュOt OCCur When the  
g壬acier windis not prevalent．Tbeisolated peak  
Values of wirid speed are not necessariiy of glacier  
Orlginbutmorelikelyarenortherlywind．  
Thedaiiyaveragedwindspeed（浄写）atGlfrom   
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F呈g．3．Winds鱒ed妙0Ve）andwinddirection伽low）everylOmimlteSかom15hOct油er29ね14b Oc紬ber弧Inserted  
numberssわowtbevertic急呈prof主1emeasurements，  

3  4  r, 6  7  8  N（〕V  

Fig，4．粁om top）‡Iourly cbarlgeS Of a）wind speed，b）air tem鱒rature a‡ld c〉  
prevaiiirlg Wind direction aとGlfrom November3紬臥The bouriy te汀叩erature  
CbangeatClisshownbytbedotted！ine．  

andGlarldぴ7VcomponentsofthewindatBHare  
Sho椚1主nFig、5c）d）．Thepositivecorreiationof浄写  
wi軌忍（0ぬatag≠戊g，，1985）isnotobv主ousexceptattbe  
elld of October when the glacier wind developed≠  
Sincethepresentoもservatio‡1SWereCOnCentratedin   

October17to November27isshownin Fig．5a）b）  
Wi払thepercentagefrequencyofもbeoccl汀remCeOf琉e  
dこl（、i（、r＼＼・in〔1．Thtlこl＼：t〕11叩tl＼＼・i11d叩ぐeddot：SIlし）td汗fpr  
muchregardlessoftheprevaまerlCeOfthegiacierwind．  
Tbeda主王y te澤箋peratureまap＄e rateSくガ）beとween BH  
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CreaSe andび衰 がゼ瑚Show evidence that怯e airis  
COOiedbytheglac主ersurfacedurimgtbedovn冊glacier  
movement・The accelaration of the wind velocity  
fromCltoGIwasmeaslユredduringthedaytimeかom  
November16tb．TileboじriywindspeedatGlvaried  
Witbva王uesbetween2and6m／s，WbileatClitⅥ7aS  
fairlyconstantataroundl，5m／sandrarelyexceeded  
thewindspeedatGl．  
Åsemトpersistentcoldenvironmentisproducedat  

Glin summer，and extends to Clin m主d－Summer  
伽olユeぞgαg．，1987）．Astrongglac童erwindmaybave  
enoughdepth ofmoretharilOOmanderiOugIlior感－  
tudinalextenttocover theⅥ㌢bole ablationarea．An  
explanationoftbeex短ns主onoftbecoまdregionmight  
begivenbythelongitudinalexterlSionoftheglac主er  
＼＼，i11d．  

TheexistellCeOfモhenor血eriyexternalwindmay  
disturbtheestabi主shmentoftbeglacierⅥ7ind．Two  
ef鎚ctsoftbedisturbanceoftbeglacierⅥrindcanbe  
COnSidered．Oneis the direct action on tbe estabれ  
1ishedglacierwindnear払egla（ニiersliO11りremerrぬer  
洩e重soはtedpeakvaまuesofnortberlyまnFig．4），The  
Otherisindirect but possibly fu‡漬amentalfor t短  
deveiopme王1t O首班e gまacier wir道．A strong wind  
Otberthanin蝕edown－glacierdirectionmaydisturb  
thedevelopmentoftheglacierwindattbeupperpart  
Of払e g王acier where班eぬpographicalbarrier does  
not exisも；bencefortb，tbe borizontalextent of tile  
g重acierwindisdecreased．  

ThefrequerlCyOftbeglacierwまnd呈snotdif絶rent  
for day and night in spite of the marked diurnal 
Cbange oftbe wind speed．Thismay be associated  
Wi偽払eぎact払at払efrequenc呈esofexternaiwindat  
Glhas軌esamera加ゎrdayandnight．Theaver仰  
芭喝enOrtherまywindspee（まsatBHis5，7and4m／s払r  
礪，ユ4and21hLT dl汀ing the observa貞0れperiod．  
Namely，班eexternalwir主dwbi（：hdisturbthedevelop≠  
ment of tbe giacier wirldis stro喝in daytime and  
Weakatミュig如，Wねiietbea‡nb主entとemperatureislower  
atnigbttba王Iindayもime．Tbe紀tⅥ㌢00ppOSiteeffects  
maycancelsotIlatSimiiar打equenc呈esoftbegiacier  
Windoccq汀edfordaya‡ldnight．  

Tbepresentcorlこ1tlSionisnot alwaysappli（：able  
totheresultobtainedin1983（Oilata；per＄Onalcom－  
municatioれ）．Theincons主stencies m呈g如re§uit not  
Onl）rfnl］llthetlifft〕r■Cllぐビinthcl－l）SCrVedmotlthsbしIlitl  
theselectionoftheobservationlocation．   

200C℡  1NOV lO  20  

ぎig†5．ifrom top）Dai里yYariations（〉fa）w主nd speed，bきper－  
Ce一雨ge fr（さquenCy Oft†le感acier wまnd at Gl，C）temperature  
lapseratesofB王ヰ仙CユandBI‡－GlaT18d）ぴand ycomporlentSOf  
t王ほWindatBf‡．Tbeareasofnortheriywimdareshaく羞ed．  

tbetransierlt＄eaSOnもOm主dslユmmer，theglacierwind  
WaSr10t fully deveioped and a marked rela扇onsぬip  
between祷誓and尺might‡10thavebeenestablished．  
Tbewind離BHisgovernedmainlyt〉yalargeV－  

COmpOnent．Nort主IeriyⅥ㌢irid occurred even at洩e  
heightoftheicefieldanditbecamecalmぬenweak  
SOutわerlywindbiewatBH伽oueg才αg．，1987）≠ The  
frequencyoft壬1egiacierwinddecreasedwhenstrong  
northerlywindoccurred．  

5．Discussion  

TbeglacierwindoもservedneartぬesnoljtOfSan  
RaねelGlaciercanbardiyberegarded asstat壬onary  
throt鳶gh tbe timeseries change of洩e wind‡1aVing  
rapidincreaseanddecreaseasshowninFig．2．′rhe  
temperature decrease followed by wind veloc注yirト  
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enlaTablal．Enelfrentedeiglaciarseproduceun  
Climalocalfriodebidoaivientogiaciar．Apesarque  
estevientomuestraunavariaciるndit】ma（verF短∴紘  
nohaydiferenciaenlasfrecuenciasentreeid壬ayは  
noche．  

Debidoalasslguientescaracteristicassesugiere  
unarlatura壬ezanoesta（：ionariadelvientog重aciar：el  
espesordelvientogla（：iaraumentaylatemperatura  
disminuyeconⅥnalユmen土Odevelocidad，taicomose  
mlユeStraenlavariaci触temporaldelvientoyestruc・  
turaverticalenlaFig．2；elper‡ododelvientoglaciar  
tambi翫1atlmenta COn Sudesarrollo como se muestra  
enlaFig，3；1aescaialongit11dinaldeivientoseestima  
quevaria entre3alO km；la velocidad delviento  
Observada4kmaguasarribade】frerltedeig王aciares  
peque員a y estacionaria，yraramente eXCede aquella  
medida en elfrente；1a variaci6n temporaldela  
Velocidaddelvientoylatemperaturasincondici6nde  
Vientoglaciar（Fig．4）sontotalmentedistintasaaque－  
1iasenques壬ocurretalcondici6n（Fig．2）；1afrecuell・  
ciadelvientoglaciardecrececlユandoocurreunfuerte  
vientoexternogeneraldedirecci6nnorte（Fig  
Dadoquetambi6nprevalecevientonortedebaja  

alturaalniveldelcamp（）dehieio，eSteViento ptlede  
provocardisttlrbiosdegranma鮮Iitudhorizontalenel  
desarroiiode王vientog】aciar，La frecuenciasi王nilar  
durarlte eld‡a yla nocbe delviento glaciar pt王ede  
deberse aldebilviento norte nocturno．   
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Resumen   

RegimcndcvicntoencIGldCiarSanFMaeしPatago・  
nia  

Seanaliz6elvientocercadelたerltedelGiaciar  
San Rafaela partir de un registro cont至nuo desde  
OctubreaNoviembrede1985．Elfuerteviento王10rte  
de superficie viene acompan哀do de prec主pitaci6n，  
mientrasqueeldebilvientosurest畠asociadoabuen  
tiempo．Enelfrentedelglaciarseencontr6que el  
vientoglaciar（90む）erapredominaI－te，OCtl汀iendoun  
70％entotal，mientrasqueelvientodemonta灸ay  
valle（30¢，2700）compartenelrestodeltiempojur珪Oa王  
vientoexterllOgeneral（150¢，3300），ta王como栄mueStra  


