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Abstract  

CliInatOlogicaldataoflong，reiiabierecordsbetveenPuertoMontt（41やS）andUshtlaia∈550S）have  
beenanalyzedfordetectingclimatictrends，withspecialemphasisonwesternPatagonia，Thedata  
COnSistofmeanannualvaluesoftemperatureat15stationsandprecipitationat5stationscollected  
Sincethebeginningofthiscentury．Temperaturedatashowsurfacecoolingat41Oand420Sbetween  
the1950’sand1970’sonbothsidesoftheAndes．However，thetroposphereshowswarmingabovethe  
2kmlevelat the samelatitude．Between43Q and45OS the surface temperature data show no  
SignificanttrendduringthelastlOOyears．Southof460SasurfacewarmingofO．4tol．40Csincethe  
beginningofthecenturycanbeobserved．Animportantprecipitationdecreaseofupto1400mmin  
thelast70yearshasbeenobservedat52㌔－53DSonthePacific＄ideoftheAndes．Thegeneralized  
glacierretreatobserveddtiringthiscenturyinPatagoniaisthoughttobearesponsebothtotropos－  
phericwarmingandprecipitationdecrease．  

1．lntroduction  

Climatically，Patagoniaislocatedwithirlthebelt  
Ofthewesterliesthroughouttheyear，withhighpre－  
Cipitationandstrongwinds．Becauseofitsmid－1ati－  
tude position，theclimateinPatagoniais relatively  
Warm andtheiceis temperate．This resultsin a  
rapidturnovertimeforglacierice，withhighablation  
andねstfiow．Consequently，Patagonianglaciersare  
もe王ievedtorespondratberquicklytociimatecbanges．  

Generalizedglacierretreathasbeenobservedin  
tbiscentlⅣyin Patagonia．Virtlialiy aiiland鵬based  
glaciersarldmostcalvingglaciersintheNorthernand  
SouthernPatagonianlcefieldsareretreatingandthin－  
ningatafastrate（NaruseandAniya，1992）．Glacier  
retreatisalsoevidencedbyclearvegetationtrimlines  
aroundPatagonianglacierssometimesreachingover  
lOOmofthepresenticesurface，Whichcorrespondto  
alateneoglacialadvance．   

AlthoughgiacierretreatinPatagoniaisprot〉ably  
a response to recent climatic cllange，Care muSt be  
takentointerprettbebebaviorofcalvingglaciers，aS  
pointed out by Warren and Sugden（1993），becatlSe   

tbeymightnotresponddirectiytociimatebutirlStead  
Canbeaffectedimportantlybylocaltopographicand  
dynamiccauses．SuchisthecaseofMorenoGlacier，  
Whichisnearlystable，andPioXI（Brtiggen）Glacier  
Whichisadvancing（Aniya etal．，1992）．   

Inthispaperlong，reliablerecordsoftemperature  
and precipitation are analyzed for detecting recent  
ClimatechangesinPatagoniaandtheirrelationwith  
giaciervariations．  

2．Method  

TemperaturedataincludelOChileanstationsand  
5Argentine stations，While precipitation data are  
COmpOSedof5Chileanstations，allofthemsouthof  
4lOS．Chilean data were provided by Direcci6n  
Meteoro16gica de Chile and Argentine data were  
ObtainedfromThe WorldWeatherDisc，VerSion2．0，  
May15，1990・Chileanstationsareal1locatedalong  
the coast・Location of stations and recordlengths  
ares壬10WninTabまelandFig，1．  

Stationswereseiectedasthose圭IaVingtbe王ongest  
aIld most compiete records．Temperature data   
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Tablel．Listofmeteorologicalstations．PuntaArerlaSStationcorrespondstoacombinati（）nOfdataofRad主oestaci6n  
Navai，airportatBah子aCata王ina（botbatPⅥntaArenas）aTldpresentairportatCbablユnCO，24k王訳nOr也ofPunta  
Åre‡laS▲ PunモaÅrenas－Fagnanois tbe sとation operated by tbe Sa王es主anos（Ca払01ic Churchき．TEM a王1d PP．   
indicatetemperatureandprecipitationdata，reSPeC如ely．ÅLT．istbeeievationofthestaとion．  

STAT‡ON  TEM PP． PERIOD  LAT．LON．ALT．（m）  COUNTRY  
OS OW  

PUERTO MONTT  
PUNTA CORONA  
ANCUD  
ISLA GUAFO  
PUERTO AYSEN  
CABO RAPER  
ISIノA SAN PEDRO  
王SLOTEEVANGELISTAS  
BA‡iIÅFELIX  
㌘UNTÅÅRENÅS  
P．ARENAS at FÅGNANO  
PUNTA DUNGENES  
BARILOCHE  
ESQUEL  
COMODORO RIVADAVIA  
RIO GALLEGOS  
USHUAIA  
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CHILE  
Groupl：PuertoMo！ltと，Ptlnta Corona，Valdivia and  

Temuco（Valdivia and Te‡℃uCO have or11y  
beerluSedbereねrbomogenization）．  

Grotlp2：Cabo Raper，San Pedro，PuertoAys8nand  
Isla Guafo．  

Group3：Punta Arenas at Fagnano，Punta Arenas，  
IsloteEvangelistasandPuntaDungenes．  

ARGENTINA  
Groupl：Esquel，MaquinchaoandBariloche（MaquinN  

Chaohasonlybeenusedhereforhomogen～  
ization）．  

Group2：Ushuaia，R壬O Ga11egos and Comodoro  
Rivadavia．  

Gapfiilingoftemperatllredatawasperformedby  
meansoftime－Seriesmodeling（RosenbliithandFuenM  
Zalida，1991）．Theserieswithlargestchangesare：  
一PuntaArena＄atFagnano（1902－1906）  
－PuntaArenas（1969山1971）  
－PuntaCorona（1910山1941）  
0nlyisolatedchanges were performed to other sta－  
tions．Homogenizationandgapfillingtechniquesare  
describedin Rosenbltith and Fuenzaiida（1991）．No  
bomogenizationorgapfil王hgwasperformedtopre－  
Cipitation series because oflack oflo‡唱 nearby  
records．   

Fig．1．LocationofmeteorologicalstatiorlS．  

record＄havebeeninspectedindetailandcorrectedby  
RosenblほthandFuenzalida（1991）andAceitunoβ≠α乙  
（1993）using a homo宮eniza如n tecilnique．For tbis  
pllrpOSetemperatureSerieswitbbigbcorreiationwere  
grotlpedasfoilows：  
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Both temperature and precipitation data have  
beensmoothedwithanexponentialfilteroftbeform  
（短senwanger，1986）：  

γ亡＝α亡十（1－C）γ卜1，   

wherextistheoriginaldataattimet，ytisthesmooth－  
edvalue attimei，and cis a coefficient between O  
（nlaXirnunlSmOOthing）andlu10Sl11OOthing）．Avalue  
ofO．25forcwaschosenbecauseitresl11tedinsuitable  
high－frequencysmoothingwithoutfilteringexcessive・  
1yimportant multトannualvariations．The  
exponentialsmoothingwasappliedtwicetoeachdata  
父tforbetterperformancea王1dissbownwithathick  
CurVeinFigs．2，3，4and5．A11tlleCOmmentSregarふ  
ingciimatictrendsrefertothisexponentialfiltering．   

3．Temperaturetrends  

Åsigni重cantcooiirlgOfl．4¢CisobservedatPlユer－  
tし1MonttandPuntaCoronafrom1953to197・i（Fig．2）．  
A simi1ar cooiing of about18Cisalso observed at  
BarilocheandEsquelfromthe1940stothe1970s（Fig．  
3）．ThiscoolingappearsclearlyaswellatValdivia  
（39．80S）andTemuco，（38．5OS），andcanbedetectedas  
nortbasVaipara壬so（33鎗S），aSrepOrtedbyÅceitunogg  
α乙（1993），Tbe cooiing seems to co汀eSpOnd to tbe  
hemisphericcoolingobservedattheiatitudinalbeltof  
300－600（Angell，1988）．Theprobableforcingmecha－  
nism of such coolinglS alowering of sea surface  
temperature（SST），aS SUggeSted from analysis of  
Surねce temperature and SST data払r Valpara享so  
（Aceitunoeiai．，1993）．王nPatagonia，SOuthof43CSno  
Significantsurfacecoolingisobserved（Figs．2，3and  
4）．  

Thecoolingfrom330Sto410Sonlyseemstooccur  
at thelower troposphere below the2kmlevel，aS  
reportedbyÅceitunogg戌ま（1993），Ⅶもoanalyzedupper  
－airtemperaturefromPuertoMonttandQlユintero（338  
S）．Above2km，atrOpOSphericwarmingofaboutO．  
04OC／ahasbeenobservedfrom1958to198臥Inspec－  
tion of the upperair data shows that stratospheric  
COO王illghasbeenoccurringabovetbetropopatlSe絶息  
15kmievel）．Tbispatもern，i，e．trOpOSphericwarmi重唱  
andstratosphericcooling，isconsistentwithascenario  
Ofenhancedgreenl10uSeeffect（Aceituno etal．，1993）．  
AtIsla Guafo and Puerto Aysen（430M450S）the  

temperature data（Fig．2）showno significant trend，  
eventboughasiig壬ItVarmi喝OfO．1¢Cca王1bedetected  
in the80and60－year reCOrd at these two stations，  
respectivcly．This confirms the earlier result of  

TEMPE恥TUR∈・PU帥TO綿Ol汀T   
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Fig．2．MeanannualtemperaturedataontheChileanside   
from41bto460S．Thethickcurves，alsodrawnonFigs．  
3，4and5，repreSenttheexponentialsmoothingwithc＝  
0．25asdescribedinthetext．   
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C ぼ胃習謂．畠葦慾m）  ÅniyaandEnomoto（1986），Whofou†ldnotemperature  
trendatPllertOAys如．  

Southof460Sadefinitewarmingtrendappearsin  
therecords，bothonthePacificandtheAtlanticcoast，  
especiallyinthelasttwodecades．Thiswarmingis  
morepronouncedatRioGallegos，Whereawarmingof  
lAOCfrom1938to1988isobserved（Fig．3）．Curious，  
1y，theweakestwarmingoccursat Punta D缶ngenes，  
OnlylOO km southeast from R壬O Gallegos，with an  
increaseofonlyO．3pCfrom1900to1988（Fig．4）．The  
Warming tre‡ユd soutb of460Sis corlSistent witb tbe  
glot〉alwarmi喝OfaboutOぷCobservedintbesoutb－  
ern hemispherein thelast130year＄（Jones eiaL，  
1990）．  
The warming observedin Fig．4since1970at  

Punta Arenas and Punta Arenas仰Fagnano does not  
appearintherecordsofEndlicherandSantana（1988），  
which is the same record reported by Warren and 
Sugden（1993）．Thisis bccause a different data  
SOurCe WaS uSed by Endlicher and Santana and no  
bomogenizatior主WaSCarriedout．Infact，tbedataset  
of Endlicher alld Santanais a conlbination of the  
followingthreestations（Sa11tana．PerSOnaleommu11i－  
Cation）：   

1888－1940  P11nta Arenas at Fagnano，  
Salesianosobservatory   

1941－1969  Punta Arenas at Bah‡a Catalina   
1970－preSent PuntaArenasatSchythe，Instituto  

delaPatagonia．   
Ingeneral，Warmingincreaseswithlatitude，eSpe－  

Cially along the eastern side of the Andes（Fig．3）．  
The samelatitudinalincrease hasbeen observedby  
Hoffnlan（199い）．This＼l▼at・Illing tren〔ih；lS also beetl  
detectedintbeÅntarcticPe‡血sula，Whereitisvery  
pronouncedin recent years（Morrison，1990）andis  
thoughttobethecauseofextensiveiceshelfretreat  
（DoakeandVaughan，1991）．   

4．Precipitationtrends  

Precipitation records are shownin Fig．5．  
Because these series have not been homogenized or 
COmpletedforgaps，trends must beinterpretedcau－  
tious料  
Åconspicuousprecipitatiorlincreaseof700mmis  

evidentatAncud虫・Om1963to1977．At王slaGuafoan  
increaseandsubsequentdecreaseof800mmisobser－  
ved between1928 and1965．At Punta Arenas a  
StrOng CyClicitywith a period of about35yearsis  
Observeduntil1965．0verall，nOtrendisobservedat  
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Fig．5．Ånれualprecipiモat三ondatao王つtbeCbilea†1Si（箋efrom  
420to530S．T主Iedatacorrespondtorawvalueswbicb  
havenotbeenhomogen主zedandsomeyearsaremiSSlng   
in t‡le reCOTds．Tberefore，呈n a strict ser主Se tbe  
exponentialsmootbing can王10t be app王ied．However，   
in order to have an idea oi the generai precipitation 
trend，the exponentialsmoothing was calculated by  
assumlngaValueidenticaltotheannualpreclpitation  
beforethedatagapforthemissingyears．   
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Punta Arenasbetween1888and1988．  
Themostsignificantprecipitationtrendoccursat  

IslotesEvangelistasandBahiaFelix，Onthewestern  
margln Of the Straits of Magellan，Where a near  
MmOnOtOnicprecipitationdecrcaseisobservedinthis  
Century．Thisprecipitationdecr’eaSeisl，000mmat  
IslotesEvangelistasfrom1900to1985，andl，400mm  
at Bahia Felix from1915to1985．  

5．Concluding帽marks  

Themostsignificanttemperaturetrendsare：1）  
SurfacecoolingoflAOCfrom1953to1974andupper  
Mair warming of about O．04OC／ain the troposphere  
above2kmat410S；2）Nosignificantsurfacechange  
at430to450S；and3）ClearsurfacewarmingofO．003to  
O．03QC／aobservedduringthiscenturyfrom460to550S．  
Regardingprecipitation，the only reliabletrendis a  
StrOng preCipitation decrease ofl，000tol，400mrn  
duringthiscenturyat530Sonthewesternendofthe  
StraitsofMageiian．  

Åltbougbtllereisanear山ZerOVariationofstlrface  
temperatureat貯to450S，invieⅥ70ftheupper－air  
WarmingatPuertoMontt，Whichisalsoobservedat  
Quintero（33CS）and Antofagasta（240S）（Aceituno ei  
alリ1993），itis possible that tropospheric warming  
mightbeoccurringaswe11at43Oto45QS，  

Fromtheaboveclimatictrendsitismost prob－  
able that generalized glacier retreat observed in 
Patagonia during this centuryislargely due to an  
Observed temperatureincrease from4r to55OS．At  
least arotlnd530S，this glacier retreat must also be  
af毎ctedbyanimportantprecipitationdecreaseⅥrbicb  
basbeenobserved（）nthe Pacific coast．  
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