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Recentclimate一鼠uctuationsinPatagonia  
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Abstr＆Ct．Pr∝ipjtationandtemperaturedatatakcnattheChileanstationswereanalyヱedtoshowthe  
Characteristicsandyear－tO－year8uctuationsoftheclimateorPalagonia．Asaresu］t、great－year－tO－  
㌍ar且uctuatiorLSOfmonthlymeantemperatureWerereVealedinsummer（January）andwinter（July），  
althoughtheregularseasonalchangewasnotstriking．Precipitationshowslessseasonalvariation．A  
PatagoniaPrecipitationhde｝X（PPI）whichshowsthe且uctuationofprecipitationinthisregionis  
derived．ThePPIwasappliedto analyzetheprecipitationinamountainousregion，Wheretopo－  
graphyinfluencesonthedistributionofprecipitation．ThePPIinsurrmrshowsahighnegativecor・  
relationwithstMtemI氾rature；thecorrelationcoe血cienti＄－0．87．Correlated且uctuations of  
PreCipitationandtemperatw¢areCOnSideredtomaketheenvironmentsuitableforglacierexistence．  
ThecorrelationanalysisbetweenPPIand500mbgeopotentialheightofthe weatherchart reveats  
tぬtbigbmis托1atedtost托nがb孤edjetst胤nOYぽpatagO頭a（払JanwyandJtliy）and也eupp訂  
airtroughextendingfromtheAntarcticPeninsula（inJuly）in日uencesthevariationofprecipitation．  

1．独血血tion  

Thecharacteristicsofth¢ClimateinthePatagonialce鮎Idareahavebeenstudiedasnln・  
damentalresearchtostudyglacialchanges．Duetolackofdatainthemiddletohighlati－  
tudesareainthe＄Outhernhemisphere，Onlyfbwclimatological＄tudieshavebeendoneon  
thisarea（ScHWERDTFEGER，1956；MILLER，1981；FuENZALmA，198勾．   
Theclimateofthisreg10nisa蝕ctedbythejetstreamandthepolaratmosphere．Studiesin 

t鮎P如agoniar喝10nreq血eknowled野Ortkecii王natic血紺aぬdsticsort壬1eⅥ℃St8rlyzonei現  
地es飢止血訂np訂tOrSo独仏Anedca．Pat喝0撼aislocatedinabyposi滋onhtbemi血㍊¢  
如itl戚ea托a．Here，t王妃dl即raCt感或icsorclimateinthepat‡喝OniaIc合点eldaredesc力もeda‡ぬ  
tl建ir托i衷iont（〉the騨孤訂alcirclllationanaly葦d．  

2．Datasd  

Theres111tspresentedinthisstlldyhavebeenobtain¢d丘omthreeChileandatasetsand  
SuPPlementedfbrthe11PperairbyanAustraliandata＄et．SpeciGca11y，thesefburdatasets  
areoftheChileanAirForcedataset（DS－1），theChileanMeteorologicalServicedataset  
（DS－2），theNationalElectricCompany（Chile）dataset（DS－3；PrecipitaeionesMensuales  
R¢SpeCtivas），andtおA籠StralianMete餌0王ogicalSeⅣiced如aset（DS－4；So扇島emHemi－  
甲bだeGrid‡bintI）ata）．OneortheChileanAirFor00me短OmlogicalstatioユSislocatぬ  
about3kmno頭bofSanRa払dGlacier（seeMÅp2i℃魚ontp喝¢．DStltakenatt最ssta－  
tionwas籠Sed鈷TdailyⅦ℃at】建rdataaroⅦnd San Ra鮎1Glacier．Ti建NationalEl¢Ctric   



さ   

Companyha＄about20meteorologicalstationsnearthePatagoniaNorth¢mIce鮎Id（DS・2）．  
Tenp打払t潤ぬtatakenatam醸Ord喝icぬぬtio温ね蝕toAis孤め0混200kmIl邸ぬ戚  
theNⅣtb．emIc成eldw¢躇Ⅶ随daslo喝termt8Ⅱ呼eratⅢ飢ぬtaint壬1eNor也emI∝丘ddr¢－  
gil）n（l）S－31．1llC DS－コこIlldl）ヽ－3itn；uVこIihlblL＝付rこLnこLly7i叩）■eitr－tO－）－t：こLTnuL：Luatit）nSOr  
montllIy nlCこmtemPeriLtur‥LTLdnlOIlthf）T PrじeiTlilittioll・TllC（）S－3gi、・t：ヾ111t＝pn3CiptこItio，l  
arOundthePat喝OniaIceBeld・TheDS－4wasused払racorrelationanalysisbetweenthe  
蝕ctuationofprecipitationinPatagoniaandth¢500mbgeopotentialheightoverPat喝Onia．  

3．Weitber■r肌血＝h Nor仙ernI亡e丘eld   

3．l．Prせeipit如i朋1   
ThedimateofthePatagoniaIce＆eIdischaracterizedbyhighprecipitation乱ndrelatively  

WilrmtCmPCriLture．Figun）1sho“－Sthe山il）‾山一一いunt（soHdli＝elこLrLdlhじmtmll巾●ilmOunl  
（dashedlindofprecipitationin19皇3usingtheDS－1．Theann籠ぬpreeipitationandnumberof  

Month  
F短．1．T飴血道yamount（紺Iidぬe）andmontbユya伽unt（dぬ如dlin8）ofpr∝ipitationinl粥3融  
theChileanAirForcenleteOrOlogicaIs（ationnearSanRahelGlacier．  
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Fig．2．Year－tOqyear月uctuationofJanuaryprecipitationatPuertoAisen、1932－1976．   
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Fig．3．Year－tO－year8uctuationorJulyprecipitationatPuertoAisen，1932－1976．  
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Fig．4∴Monthlymea11temperatureOf19830bservedatthe ChiJeaJIAir Forcemeteoro）ogiealsta－  
tionnearSanRafaelG）acier（SOlidline）・Thedashedlineanddottedlineshowthemonthlymeanof  
dai］ymaximumanddaiTyminimumtemperatureS，reSPeeti＼′ely．  

d野S南仏p柁Cipitati孤in1983w金柑劇汐5．2mm弧d266d野S，托Sp8虎iⅦ1y．pr¢亘pit離i（〉汲do輩  
no毛虫0Vare卯1ars飽SOnalchan詳．The坪野－tO一渾乱ー鮎c餌ationsぱpr∝ipitationin別皿mer  
ぴaMry）鋸ぬwi‡l短ー（J弘明at餌¢如Aisena持出so血ownin円伊∬¢S2aIld3籠SingtheDS－3．   

3．2．Ak加鱒騨相加溌   
Figure4showsth8mOnthlym¢釘1temPeraturein1983attheChileanAirForcemeteor・  

0王喝icalstationnearS弧Ra払dG王acier（DS・1）．Fi餅肌5a血6sh珊t壬1eye従トtか卿餌ぬか   
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Fig．5．Year－tO・year且uctuationofmonthlymeanJanuarytemperatureatPuertoAisen，1932血1983．  

Yoar  
Fig．6．Year－tO・year且uctuationofmonthlymeanJulytem匹ratureatPuertoAisen，1932M19＄3．  

tionsofsuⅡ皿er（Jamry）andwinter（仙y）temperaturc＄atPuertoAisen・Althoqghseasonal  
temperattlreVariationl＄Sma1lowingtotheilduenceofthesea（Fig・4），theyear－tO－year伽c－  
t阻ti弧SOrS皿ー（Jan恨頑andwinte一灯uly）ぬー総叩er血rearela瑠eaSS¢8nin触  
Pucrto＾iscTl山tilけig～．5ilnLlhI．＾slightdceTじこl＼iTl卓l州血Ie）－j→re＼■eこLLcdill、、i－1tCrl川l－  
p訂atWeS（Rg・6），も雨S皿rte叩酌如esdonotsbow呵S籠Cbt血cy・Ye紆－tO－㌍ヂ  
nuctualionsorsunlmCrtet】lPerこLturCSinPucrlO＾iiCnこITl山ummじrrlrCCipilatiollSillPこLt；LgOlliil  
血owa極丑喝離iv¢¢0汀dation．   
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4．pぬg唖i乱馳∝毎it雨壬繊Mex（間   

Tbetopo詳apbyoftb忠相騨Oni血cesthe＄pati扇vadationぱpr¢Gipitation．玉野ぬ扇iyi‡l  
lhulnOuntこLi71tJllヽrCぎilヽll、ilヽhlnllCTIL・e主sTelllこIrkiLh！t：い≠・illぎl、）tllt：directitll10rthemollntiLitl  
、l叩い、llelでihelt；l【i（－niゝゝ主甑ilし・d；川db〉■a軋いi－1gitle、皿、いnこ11血Irlさじt汀止〉lld1110ヽ・enlelll  
andwinddierection．Whilethespatialvariationofprecipitationisca11SedbythetopograN  
Phicale鮎ct，the伽ct11ationofprecipitationiseau＄edbythevariationoflarge＞SCaleatmo一  
叩heric phll（一mいl；l．T！1いrdt：rtt－C＼こLluこ1te tllCmlt：tu：lti川lい！、TlrCLtipiTこItiいni川lいuIltinrc］iト  
tit｝nll－tllL：hrgcsL＝iLleこLtnlい、l－heriぐL；ircuhlilI】l．1llt：ll叩0ざriLL－11iし・じ恥et nluゝ1t－L！111ininliJCLL  
ト川－tIlispul●叩Se，ぐmビjllll亡ヽげ；山里0－1iilI）代Cip血Ii（－－1Jmlじヽ、pI－1）i＝1亡riⅦdhr仙m111灯  
（）［Lnuary）ind≠・i．1h：r（Jtltさ・I、t：t＞nlPこLrillざtlこilこIr山川17ゝL；lli州、ILislrihu！山ilr爪111111ht：Norlh－  
t：［11lceGcldi711ttt；t＼一LLIN－ill封11こLl111L）ruSillgLllt；l）S－3．l－1tt一点1i一●ゝ一ゝl叩．niLti（、tl、tlこIVi］l呈Il主ghcor一  
代Iado汲SWi払e8Ch¢t壬1erV¢托Sel鰐紐dasgm籠pS；乳Sa托餌lち¢ig如＄ねtionsⅥ汀eS¢1鰐t細魚汀  
S皿rPam涌andsevms徳tions払r雇n短ど御y）．Th¢nt壬娼meanValwover弧11■ye群  
p¢ddwas¢扇00latedat挽ぬぬtion，andpr程ipitational旭m幻ies血蝕edasぬ扇融ions餌m  
tllenleユーl、－こ山1ビ、“・！liぐ11≠し、l・e！ll）l・lれ山i∠亡d11ヽhざtllいlこいItiこIl・tilk＼一山i州、、、eTeいl】iユiIleし1辻†皿Cll  
Station．Finaliy，thePPIwascomputedastheaNeragepreeipitationanomaliesofallselected  
Stations．Anomaliesofeightstationswereaveragedn）rthesummerPPIandanomaliesof  
ヽハ、nlヽtこ1ti州、；lrじこlヽでI－こLge1111汀111い、illlerPIIl．   
Ⅵ鹿P円ぬ0閑地¢蝕c血atio娘0ぎpredpitationi‡lt壬鳩No珪触mIce丘eldinT¢ぢenも押arS  

（隅g．7）．Alth¢頑astationill血eねteriorare80ft王妃ice蕊eldisnotincl籠d¢d，t最sppI食uc－  
t籠ationcanprobabiybeappliedtothe伽e餌ationorpr¢dpitati（〉nねtbNoぬemI00魚dd  
i瓜tedor．  

Fig．7．Year－tO－yearnuCtuationsofthe PatagoniaPrecipitatjonTndex（PPI）for1972－1982．PPlof  
Jamary棚ぐOmpuモ感倉omdataor＄s¢1∝tedぬtions，押IofJt重量yw耶裏socomputedlユSi喝t‡蛤  
dataof7selectedstations．   
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5．PP18mdatmosphぐrkdr川l如iono▼erPat8gO爪i8  
The PPIwasrelatedtotllelargesealeatmosph8riceiretLlation．T血enthecorrelations  
betwe孤thePPIandmonthlymean500血bgeopotentialheight（DS－4）werededved（Figs．＄  
and9）．Monthlymean500mbgeopotentialhe；ightisagoodindicationofthegeneralcircuh・  
tionandofthearea＄Wherecyclonesoriginate，Stren＄then，aJldweaken．Here，thenegative  
correlationindicatesthatthe500mbgeopotentialh＆ightislowerthannormalwhenalarge  
amountofprecipitationoccl汀SintheNorthemIce＆eldarea．   
Figure8showstheareawithnegativecorrelationextendねg倉ontheAntarctiePeninsula  

toP裏ago扇ain融nt¢ー（血Iy），Ⅴ鮎chco汀eSpOndsto仏¢Ⅷp騨rtrOt唱b・Tbispattemi‡適icates  
th：1uhcuppじriLir仙“hこLSこLnleri山川lこLIcomTIO¶e】lti－1high］i11i－udcs：Pl－lilreOIJこIirLh－W8irLtO  
thcゝOuttlemPこiTtいrSoulh＾merieil．Ttliゝnn：：L11rnLLPliveeoT－retiLti（1nillhigllerliltitudcs  
co血astsvith地合a柁aVit壬1pOSitiveco汀dationaroⅥnd400S．Tもisco雨用stⅡ遁弧＄tぬt也e  
me血io丸山gra血餓tOft王妃500血b謬泊pOtentialb軸hti郡代aSeS，托Sdthgl】1aStr孤gt血  
jetstreaminthe11PPerairoverPatagonia・   
Figure9（January）showsthatthejetstreamshiftssouthwardinsummercomparedwith  
Winter（July）position．Alargeamo11ntOfsummerprecipitationoccursintheNorthemIce－  
fieldwhenthejetstreamhasalsostrengthenedinhigherlatitudesinsummer．   

石．Disぐ旺SSiom  

ThenuL：tulltilmゝいI、preeipitこLti（mこ111dlCmrlCrilulrじilllhe PこItlLg（millleerit：1d regil－11isde－  
scriも虚血tbsst℃dy．AIso，amethodtostゆ血e魚ほC加温tionorprecipitationisappliモ戒ぬ  

Fig．8．Distributionofcorre］ationcoefhcientsbelweenthePPlandmonthlymean500mbpressure  
heightintheSouthA‡n¢ricasectorofthesouthernhemisphereinJdy．   
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Fig・少・Distributionofcorrelationcoe侃cientsbetweenthePPIandmonthlymean500血bpressure  
heightintheSouthAmricasectorofthesouthernhemisphereinJanuary．  

tぬp離喝OniaI窪五eldw奴汀eモ始top（〉餅aphぎ親和n如in盈はe孔C¢Sit．※ere，We融ilnowre如e  
th¢Clim如d（痙calcond豆iontot‡蛤ma＄Sb扇anceort鮎glacier．   
Th8preeipitationinthePatagoniaIce鮎Idischaracterizedbylargeanollntandlowre・  

卯1arseasonaichan辞（Fig・l）・Dueto王ackor喝血rseasonalchan㌍，itisratberd漉c扇tto  
deteminetheaccumulationseasonoftheglacierinPatagonia．   
Theyear－tO－yearAuctuationsofs11mmer（January）temperaturearelarge（Fig．5）．Since  
＄ummertemPerattmPredominantlycontroIsablationoftheglacier，itsinfluenceonchange  
inthemassbalanceofthePatagomiaIce丘eldisco71Sideredtobegreat・   
TemperatureandprecipitationaretwoimportantelementswhichcontrolthemassbalanCC  
Of如Ciers・AsfarasPatagoniaisconcemed，thesummertemperatureatPuertojusenhasa  
最gbn喝ativecorrdation融t壬ISmrpreCipitati（〉nⅥ＄1三唱地合押I．Tbecom如ionc（〉e艮d－  
孤tiscalcdatedtobe－0・87・T最s最澄hn喝衷i閣COrrぬtionmeanst重1atmOnthlymea丑t弧一  
匹ra餌re以isasno雨hlypr鰐ipitationincreases・Inca舞Of最きかmo根因yprecipitaぬn，0V訂－  
CaStday＄inc柁aS由・Tbis抒e叩mtOVerCaStdecreasessd訂radiation托Sultingin払1lorsw・  
fhcetemperat11re・Thiscouplingofprecipitationandtemperat11reins－1mmeTisconsideredto  
haveapredominantroleinthemassbalanc？OfthePatagoniaIc¢＆eld・Inwinter（July），the  
COrrelationbetweeIIPPIandtemperaturelSPOSitivebutth8COrrelationcoeBicientislow  
O血yO．40．   
Atthepresent，itisd礁culttoconcludeabouttherelationbetweenglaciermassbalance  
andtheclimateinPatagonia・However，thisrelationseemstoberegulatedbydi飴rent  
PrlnCipleswhencomparedwithoth¢rglaciatedregions，aSth¢ClimatevariatioIlhaseharac－  
teristicftaturesasmentionedabove．   
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馳減山側し別状血以ione§dim如ic誠托Cientesモnpat董噂Onia  

bscamcted或ic舶血1ciim乱¢nlazonadelHielopa極g血icoserevei6comolmai‡lYeSti一  
言aci血餌ndament扇paraloscaぬbiosgl誠ia】¢S偶andod裏OSClimato16gicostomadosd¢王os  
alrededores．EIclimadel吾ieloPatag6nicosecaracterizaporaltasprecipitacionesconrelか  
tivamentalta＄temperaturaS．Las五gurasly4muestranlavariaci6ndiariadelaprecipitaci6n  
y壬atemperatllrame戯amens血e‡11粥3，托SpeCtiYame雨e，enlaestaci血net印rO昆由Cad81a  
FÅCH，Situada3kmalllOrtedel鮎ntedelGlaciarSanRafael．Lapreeipitaci6nnomuestra  
uTlaVariaci6IleStaCionalregular，＄inoqueest貞：unifbrmementedistribuidaenela五0．Lavariか  
Ci6nestacionaldetemperaturaespequeRasd）idoalain臥1enCia・delmar．Porlotanto，eS  
masもien＄i鮎ildem訂Carlaestaci血deaαmdaci血eR払maprecisa．Apes訂queiavadか  
d血合stacionaldetemperaぬra¢Speq11e弘，a員oaa紬1a＄鮎c餌批iones血precipita8ion¢Sy  
temperat11raSdeinviernoyveranoesconsiderablementealta，COmOPuedeapreciarseenlos  
datosde蝕ertoAi＄ぬ（Figs・2，3，5andり・Conolatem阿ぬraeneranOCOntrOlapredo－  
minantビtTIL：lltC hこLhl心血ItIビ1求Iiu：inr．～eい）nSiし1eTiHIU＝tLi11tluetlし圭l‖lLll亡i川1hi（1dビ）ba－  
】ancedema組eSimportante．   
Ciertamente，latopo騨afiade¢Staregi6ni鯛IlerLCialavariaci6nespacialdelaprecipitaci6n．  

P訂aeYalwla伽cぬaciぬd¢i＆preCipitaciぬenesねZOnaenr8‡誠iぬalacirぐじi肛iぬ融mo＄一  
食ricaagranescぬ，S8derivaelIndicedeprecipiモ誠idnpat喝dnico（P鱒）para正弘eroyJⅦ1io，  
COmParandodato＄de17estacionesdistribuidasalrededordelHieloPatagonicoNortedela  
Siguientefbrma．En11naPrlmeraetaPa，SeSeleccionanenungmPOlasestacionesquetienen  
許anCO汀elaciぬentresi，ylosvdores胱dio＄8nelpe血dodella鮎ssecalc扇ane乳Cada  
estaci血．Ⅰ点egOSe血魚neniasanoma鮎sd¢preCipit誠iるncomodesviaciぬdelosYalores  
mediosysonnormali芸ados11Sandodesviacionesestandaresencadaestaci6n．Finalmenteel  
pPIsec出血i8COmOelpmme蛍odelasanoma罷舶ぬprecipitaciるnparatod¢SlasestaGiones  
Seleccionad鮎m籠n卯pO．ElppImじeStrala丑はCt℃aCiぬde‡aprecipitaciる乱eヱ11azoIladd  
HleloNortee王Ia魚osrecientes（Fig．7）．   
Esteindi00Serelacionaconcirculaci血沈tmOS指ricaa餅aneSmla．Laco汀ぬciぬe血reel  

PPIy王a出血radepresiぬ離mos緻icamediaⅡ蛤温和ald¢500mもぬ＄ido億adaparamost∬  
払circd船主血superiord¢airesoも托eStaヱ0孔a・Aq℃i払co汀daciぬェeg如ivaindicaquela  
alturade500mbesinfbriora］anormalcuandoocllrreu11aPreGipitaci6nelevadaenelHielo  
Norte．La負gura8muestralazoIlaCOnCOrrelaci6nnegativa，queSeeXtiendedesdelaPenin－  
＄daA鵬おticaalap融泡go王Iiaeninvierno（Jdio），q眠CO汀eSpOndealpasos㍑鱒rior血如か  
短S．Åsi，elおeaconぐOrrelaciぬn喝atiYaenatlaslatit11deもCOntraStaCOnelareaconco汀¢lか  
Ci6npositivaalrededordelos40Odelatitudsllr．Estecontraste＄igni丘caunincrementodel  
許adientem訂idionald8王aal快打ade500血b，quereSultaenwljetstreamre払rzadoenlas  
偽pa＄餌pedoresdeairesobrepatagonia・La名辞ra9reve】ae乱Yer弧0（E‡lerO），ape泌rq℃¢  
払posici血deljets加am＄emほeVehacia¢lswconrelaciぬぬiIⅣierno，q眠OCC籠ー¢Ⅶn孔  
PreCipitaci6naltaenelHieloNortecuandoeljetstreamtambi6nhaaumentado．   


