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Abstract  

Recentclimatechangesin the region east of the Southern PatagoniaIcefield are shown by  
analyzingtemperatureandprecipitationdataatfourstationsintheProvinceofSantaCruz（47C－520  
S），SOuthern Argentina．It became clear that trend＄Of temperature change during thelast half  
CenturyWere different from place to place，namely strong warmlng at Rio Gallegos，and weak  
Wanllinga【SanJulほnontheAtlanticcoastandatLagoArgeIltinonearPatagonianglaciers．while  
nearlystableatPuertoDeseadoonthecoast．AnnualpreeipitationshowsadeereasingtrendatLago  
Argentin0，WhereasanincreasingtrendatSanJuliゑnandanalmoststabletrendatPuertoDeseado．  
ItwasalsorecognizedatLagoArgentinothattemper・atureinthewarmseasonhasbeenslightlyrising  
andyearrtoryearvariationsinprecipitationwereremarkableinthecoldseason．  

1．lntroduction  

Alargeice－COVered area，Called Southern  
Patagonialcefield（SPI），StretCheslongitudinallyfor  
350kmfrom48020’Sto51030’S（Fig．1）witbasurねce  
area of13，OOO km：．A number of otltlet glaciers  
dischargefromtheaccumulationareasintheicefield，  
and calveinto fjords on the western side andinto  
lakes on the eastern side of the SPI（Naruse and  
Aniya，1995）．  
Byanalyzingsatei主itedataandairpbotograpbs，  

Variationsinglaeierfrontsduringthelasthalfcentury  
WerereVealedatninema）OrOutletglaciersfromthe  
SPI（Aniya et al．，1992；Aniya and Skvarca，1992；  
Naruse et alリ1995）．AmongtheeasternOutletgla－  
Ciers，0’HigginsandUpsalaglaciersretreatedconsid－  
erablyat mean ratesof330m／a and9O nl／a．respec－  
tivel〉▼．Whereas Viedma and M（一renO glaciers have  
beeninnearsteadyLState＄．Whenglaciervariations  
insouthernPatagoniaarediscussedfromaclimatic  
point ofview，meteOrOlogicaldata at Punta Arenas  
（Endlicher and Santana，1988）have often been cited  
（Aniya（7t a［リ1992：Warren and Sugden．1993）．  
TIlOughthedataset壬salongestrecord（coveringlOO  
years）available around the SPI，the station Punta   

Årenasisveryfarfrom払eglaciers（Fig．1），being250  
kmsouthofthesouthernendoftheSPI．Forastudy  
OnreCentClimaticchangesinPatagonia，Rosenbltith  
eial，（1995）analyzed temperature and precipitation  
datafrornChileanandArgentinestations．However，  
no preぐipitation data from Argentine stations were  
utilized and，in thesouthern Patagonia region，Only  
OneArgentinestation（RioGallegos）wasselectedfor  
thetemperatureanalysis．Temperatureandprecipi－  
tation val．iationsin the whole Argentirla have been  
Studied by Hoffmann（1飢はこ199O），focusing on the  
differenceindecadaltlleaTISbetweenthe194Osandthe  
1980s．Withrespecttothetemperature，thewarmlng  
WaSaSmuChasl．2OCatRfoGallegosandO．70CatSan  
JulほninsoutheasternPatagonia．  

The present study aims to examine the local 
details of the positive trends．in the southern herni・  
Sphere，aStOtemPeratureSincethelate－1950s（Jones  
etal．，1986）andprecipitationsincethe1940s（Diaz  
aL，1989）．Moreover，itmayhelptosoIvetheproblem  
Whether the Antarctic warming（Drewry，1990）  
extendstosouthernPatagonia．  

This report presents recent climatie changesin  
the regioneast of the SouthernPatagonia王cefield，  
Whichshouldserveasbasicknowledgeforthefurther   
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Studyonglacierresponsestoclimaticchanges．Sim－  
ple statistical analyses were made for temperature 
and precipitation data from Argentine stations  
between470S and520S，including a nearest station  
（LagoArgentino）toglaciersoftheSPI．   

2．Hethods  

2J．肋お0和毎才〝J5由≠わ乃ぶα乃d血お  
Climaticrecordsat29meteorologicalstationsin  

the region east of the southern Patagonian Andes  
（470－520S），theArgentineProvinceofSantaCruz，are  
COmpiledinthearchivesoftheArgentineMeteorolog－  
icalService．Inthepresentreport，reSultsofanalyses  
areshownatselectedfourstations（Tablel，Fig．1），  
Whichhavelong，COntinuousrecords oftemperature  
andprecipitationcoveringmorethan50years．The  
station Lago Argentino at Calafate is the nearest 
StationtotheeasternOutletglaciersoftheSPI，600r  
80kmfromthefrontsofMorenoandUpsalaglaciers．  
TheotherthreestationsarelocatedneartheAtlantic  
COaStandhavebeenmovedfromtownstoairportsat  
theendofthe1940sorbeginningofthe1950s．After  
examinationsofthedataaroundtheperiod，nOSignifi・  
Cant effect due to the station shift was recognized  
（Hoffmann，1990）．  

Becausethefourstations arelocatedinvillages  
OrtOWnSOflessindustrializedandsparselypopulated  
areas，andaresub5ectedtostrongPatagonianwinds  
throughouttheyear（annualmeans：about8m／s），itis  
notnecessarytoconsidertheeffectsofurbanization  
OntemperatureChanges．  

Fig．1MapofsouthernPatagonia・   
SPI：SouthernPatagoniaIcefield，NPI：Northern   
Patagonialcefield・Numberslto4indicatelocationsof   
meteorologlCalstations，forwhichresultsofanalyses   
areshowninthisreport．1：Lago Argentino，2‥Rfo   
Gallegos，3：SanJuli5n，4：PuertoDeseado・  

Tablel．SelectedmeteorologlCalstationsinArgentina．   

（A）StationsshowninFigs．1－5  

No．  Station   Latitude   Longitude   Altitude  Periodofdata   
LagoArgentino（Aero）   50020′S   72018′W   220m   1937－1990   

2   R；oGallegos（Aero）   51037′S   69017′W   19m   1927－1990   
3   SanJuli5n（Aero）   49019′S   67047′W   62m   1937－1991   
4   PuertoDeseado（Aero）   47044′S   65055′W   80m   1937－1992  

＊（Aero）inStationnameindicatestheairport．   

（B）Otherreferencestations  
44053′W  

730  W  
68034′W  
58029′W  
61011′W  

Base Orcadas  
（SouthOrkneyisland）  
Ventisquero Moreno 
Puerto Santa C  
Buenos Aires 
C6rdoba  

60045′S  

50026′S  
50001′S  
34035′S  
31014′S  

1904－1990  

1955－1975  
1903－1960  
1903－1990  
1901－1990   
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2．之A糀忽臓  
To smooth out the year仙tOmyear fluctuations，  

movingaveragesoffiveyearswereemployedtothe  
annualmeanairtemperatureandtheannualamount  
Ofprecipitation．Thisreportaimschieflytoshowthe  
generaltrendofclimatic changesinthelastseveral  
decades．Then，alinear regression was applied to  
arlnualvaluesduringthewholeperiodofdata，andthe  
linearlineiscalledatendencyinthisreport．Ifthe  
terldencyincreases wit壬Itimeitis positive，Vbiieit  
decreasesitis negatiye．In order to evaluate払e  
Significanceofvariations，tbeね1ioⅥringtests将MO，  
1966）havebeenappliedtothemeteorologicaiparame－  
ters：  
（a）AMannKendallranktest，inordertotestrandom－   
nessagainsttrend，and  

（b）Evaluationofthetendencysignificance．  
The adopted confidencelevels werel％and5％in  
bothtests．  
At Lago Argentino，Change＄in seasonalvalues  

Verealsoexamined，invhicbal豆umnisaseasonfrom  
MarchtoMay，WinterisfromJunetoÅu郡St，Spri重唱  
isfromSeptembertoNovember，andsmerisfrom  
DecembertoFebruary．   

3．Res山ts and discussion  

ユノ．れ、川♪川J／J…、（、／J‘川g（下  
Fluctuationsintheannualmeanairtemperature，  

the moving average of five years and the tendency  
duringthewholeperiodatfourstationsareshownin  
Fig、2．  
We can first notice di独remt tende11Cies from  

Stationtostatio‡l：aStrOngpOSitivetendency（witb洩e  
l％1evelofsignificance〉atR‡oGallegos（Fig，2－2ラ，a  
POSitive tendency at SanJuliまn（Fig．2－3），a Weak  
POSitivetendencyat LagoArgentino（Fig．2－1），and  
almoststableconditionsatPuerto工）eseado（Fig．2r4）．  
Thusthewarmingdecreasestowardthenorthalong  
thecoast．Intheregionto thenorth ofabout48OS，  
thereis no significant temperature variationinAr－  
gentinainthepresentcentury，eXCeptlocalwarming  
due to the urbanizationin the metropoles Buenos  
AiresandC6rdoba，十1．5to＋1．00Cduringthelast70 
years，reSpeCtively．On払e ot‡lerIland，at BaseOr－  
CadasinSoutbOrkneyIsiandtothesoutbeastofR‡o  
Ga11egos，払ewarningtrendisevidentlystronger払an  
inR‡oGailegos．  
Whenwelook atthe movlng aVerage CurveS，a  

Warmingtrendinthelasttwodecadesisremarkable   

at SanJuiほn．At Puerto Santa Cruz，located  
between SanJuli孟n and Rfo Ga11egos，temperature  
dataareavailablefrom1903to1960，anddonotshow  
a tendency during that period．Rosenbltith et al．  
（1995）stated as follows：く†Between43O and450Sthe  
Surfacedatashownosignificanttrendduringthelast  
lOO years．Sotlth of460S a definite warming trend  
appearsbothorlthePacificandtheAtlanticcoast．A  
WarmlngOfl．40Cfrom1938to1988isobservedatR壬o  
Gal呈egos，CurioⅥSly，the vFeakest warming（0．30C  
たom1900と01988）occursa亡Pu11taDGngerleS，OnlylOO  
kInSOutbeastfromRfoGailegos．”Tbebehaviorof  
P11ntaD触genesmightbeduetothedataqtlaまityand  
maritime conditions．Considering temperature  
trends at these stations，the southern hemi＄pheric  
Warming during thelast half century（Jones et al．，  
1986）hasnotappeareduniformiyoverthePatagonia  
reglOn．   

3．2鞠c砂言ゎfゐ乃C如プ御  
Fluctuationsin汰e annualprecipitation atねur  

StationsareshowninFig．3，Witb払e5】year＄mOVing  
averageandthetendencyduringtbewho王eperiod．  

We can see a negative tendency at Lago Ar－  
gentino（Fig．3－1）．Resultsofthesignificancetests  
indicatenosignificanttrendatRfoGallegos（Fig．3－  
2）andaweakpositivetrendatSanJulほn（Fig．3M3）．  
PuertoDeseado（Fig．3－4）showsalmoststablecondi・  
tions．  

Largeinterqannualvariationsarenoticed at all  
Stations．Extreme valtleS（a maximum and a minir  
mumintbeperiodanalyzed）ofann11alprecipitation  
are364mmin1963aild60mmin1988at Lago  
Argentino，and366mmin1976a王Id127mmin1968at  
R壬O Ga主1egos．It sbouldbe pointed out that，in tbe  
decade of the1980s，anmalprecipitation at Lago  
Argentinowasconsiderablysmali，eSpeCially97mm  
in1984，82mmin1986and60mmin1988．  
At thestation Ventisquero Perito Moreno，near  

the front of Moreno Glacier，preCipitationhad been  
measured during a short periodfrom1955to1975．  
TheyeaトtOwyearfluctuationpatternissimi1artothat  
OfLagoArgentino，COincidingwiththemaximumin  
1963andtbe‡ni‡1imaini960and1964．  

ユユ（．、／J‘川gL・∫／JJ∫l－一バり〃〔J／Ⅲ／J什∫  
Whenoneintendstodiscuss aclimaticeffect on  

themass仙balancechangeofaglacier，SeaSOnalvalues，  
SuCh asprecipitationinanaccumulation period and  
meantemperaturein an ablation period，maySOme・   
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FigY4 FluctuationsinseasonaltemperaturesatthestationLagoArgentino・  

gerinthecoastこ1lzoneofsollthernPatagいnia．andto  
becomeweakertothenorth．Thesiightrisingtrend  
in temperature and the slight decreasing trend in 
precipitationat LagoArgentino，theneareststation  
fromglaciersinthesouthernPatagonia，SeemtOhelp  
tointerpretrecentretreatsofmostglaciersintheSPI．  
Discussions on the thinning behavior of Patagonian 
glacierswith theuse ofclimate data arepresented  
elsewhere（Takeuchiet al．，1995；Naruse eial．，Sub・  
mitted）．Because the meteorologicalstationsin  
Argentirle Patagonia arelocatedin a semiwaridcli－  
mateヽ止血h contrasts strikingly with a htlmid and  
stormy climatein glacier areas，mOre detailed and  
quantitative consideration on interaction between 
ciimate and glaciers canbe made after having col－  
lected mass－balanCe and meteorologicaldata from  
glaciers．   

timesbeeomemoreimportantthanannualvalues．  
Variationsin the seasonalmeantemperature at  

LagoArgentinoareshowninFig．4．Whenwelook  
atthemovlngaVerageS，itmaybeseenthattempera－  
turesinwinterandsprlngareStable，Whilethosein  
Summer and autumn show slightly rising trends．  
Thesetrendsmayhavecausedtoincreasetheablation  
ofice、  

Variationsin the seasonalamotlnt Ofprecipita－  
tiorlatLagoArgentinoaresbowninFig．5．Itisclear  
that pret：ipitationisrelati＼7ely higherin autunln and  
winter．andlowerin spring and summer．Theinter  
【annualvariationsarelargeinautumnandwinter．   

4．Concludingrモmarks  

Therecentwarmingtrendwasfoundtobestron－  



35  Naruse¢～αJ．  

（
∈
∈
）
ヱ
⊇
ト
■
ト
i
U
山
α
d
 
 

れ
じ
 
八
V
 
ハ
U
 
ハ
リ
 
 

A
 
 
つ
l
 
（
U
 
8
 
 
60   
4D   
コ0  

0   28  さヰ  ヰ0  ▲S S2  S8  84  7¢  76  8ヱ  88  28  ユ4  40  4S  さ2  58  84  70  7S  82  8さ  
5！  さ7  4さ  A9  55  61  Sア  フェ  ア9  85  

Y【泉宍S  

SUIJM【R  

57  7ユ  79  るさ  1】  57   ▲ユ  19   5さ   い  
Y【兵RS  

Wlf、ITER  

▲
U
 
（
U
 
 

■
b
 
・
ヰ
 
 
 

（
∈
∈
）
 
 

n
U
 
＜
V
 
∧
V
 
－
U
 
n
 
 
A
 
へ
上
 
八
リ
 
8
 
”
b
 
 

（
∈
【
）
Z
O
こ
く
」
一
m
D
】
監
 
 

（
ぴ
 
 
〈
U
 
 
▲
‖
Y
 
O
 
n
）
 
▲
U
 
 

【
∠
 
《
U
 
8
 
一
b
 
 
4
 
’
▲
 
 

Z
O
一
ト
く
ヒ
隻
U
u
∝
h
 
 

（
U
 
∧
U
 
n
V
 
 

ヰ
 
 
ワ
ー
 
 2き  ユヰ  40 i6  S之  Sさ  84  70  78  8Z  88   さ1 5ア  ヰ5  49  55  も1 S7  7ユ  79  85  

Y【長持S  
51 57  尽さ  49  Sさ  る1 5丁  乃 ？9  8さ  

Y【員RS  

－†－ANNUÅL  一∈卜MOVING AV【RAG【  

Fig，5 F王uctuationsinseasonalprecipitationsat也estatiく〉nLagoArgentino．  
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