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Variability and trends of extreme dry and wet seasonal precipitation in 

Argentina. A retrospective analysis
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RESUMEN

Se analiza la variabilidad de la precipitación estacional en sus valores medios y extremos para varias regiones 
de Argentina al norte de 39º S, empleando series mensuales de lluvia que se extienden desde 1860 hasta 
2006. Las estaciones seleccionadas pueden considerarse representativas de diferentes regiones climáticas 
del país. El análisis se focaliza en la distribución de la lluvia, la tendencia estacional, los cambios en la 
xctkcp¦c"{"nqu"xcnqtgu"gzvtgoqu."c"Ýp"fg"guvcdngegt"nc"ocipkvwf"fg"nc"xctkcdknkfcf"enkoƒvkec"guvcekqpcn"fg"
las lluvias en una perspectiva histórica en el centro de Argentina. Los valores extremos se calcularon para 
wpc"xgpvcpc"o„xkn"fg"62"c‚qu"fgÝpkgpfq"guvqu"xcnqtgu"rctc"nqu"pkxgngu"oc{qtgu1ogpqtgu"c"nqu"rgtegpvkngu"
:2142"*r"?"20:212042="20;212032="20;712027+"fg"nc"fkuvtkdwek„p"vg„tkec"icooc."ugngeekqpcfc"gpvtg"qvtcu"ekpeq"
distribuciones. Los parámetros de escala y forma de la distribución se calcularon empleando la estimación 
fg"oƒzkoc"xgtqukoknkvwf" *ONG+"{"gn"ofivqfq"fg" tgowguvtgq" *ERRtstraSLQJ+"rctc"3222"tgrgvkekqpgu0"Ncu"
vgpfgpekcu"guvcekqpcngu"ug"ecnewnctqp"rctc"ecfc"xgpvcpc."cn"kiwcn"swg"uw"ukipkÝecek„p"guvcf‡uvkec0"Gn"wuq"fg"
una ventana móvil permitió establecer el periodo de cuatro"ffiecfcu"gp"gn"ewcn"ug"xgtkÝe„ el mayor valor de 
la tendencia, ya sea positiva o negativa. De los resultados se desprende que hubo desplazamientos en las 
fkuvtkdwekqpgu"fg"nnwxkc"guvcekqpcn"cu‡"eqoq"ecodkqu"gp"nqu"xcnqtgu"fg"tgvqtpq"*TX+"swg"ug"ecnewnctqp"rctc"
wpc"qewttgpekc"fg"wpc"xg¦"ecfc"7."32"{"42"c‚qu0"Gp"igpgtcn."ncu"nnwxkcu"gzvtgocu"fg"xgtcpq"ug"kpetgogpvc-
tqp"rctc"vqfc"nc"tgik„p0"Nqu"xcnqtgu"gzvtgoqu"j¿ogfq1ugeq"*Y1F+"fg"nc"guvcek„p"guvkxcn"eqttgurqpfkgpvgu"
c"nqu"rgtegpvkngu";2132"rctc"Y1F."tgurgevkxcogpvg."uwhtkgtqp"kpetgogpvqu"ukipkÝecvkxqu"fg"cewgtfq"eqp"nc"
¦qpc"igqitƒÝec"{"gn"rgtkqfq0"Ukp"godctiq."ug"ogpekqpc"eqoq"tcuiq"rctvkewnct"fgn"xgtcpq"nc"gzkuvgpekc"fg"
un periodo común a todas las estaciones con tendencias positivas, que se inicia con la ventana 1921-1960 y 
permanece hasta la última ventana analizada: 1967-2006. Este comportamiento no se observa en la estación 
de invierno para el oeste y centro de Argentina excepto en la zona representada por Bahía Blanca, para la 
ewcn"gn"gzvtgoq"F"*fgn"32'+"ug"kpetgogpv„"c"nq"nctiq"fg"vqfq"gn"rgtkqfq"fg"guvwfkq0

ABSTRACT

The variability in seasonal mean and extreme precipitation is analyzed for several regions of Argentina to 
the north of 39º S, using long-term monthly time series data which expand from 1860 to 2006. The selected 
locations can be considered as representative of different climatic regions. This work focuses on the analysis 
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qh"oqpvjn{"tckphcnn"fkuvtkdwvkqp."ukipkÝecpv"ugcuqpcn" vtgpfu."ejcpigu" kp"xctkcpeg"cpf"gzvtgog"oqpvjn{"
values, in order to establish the magnitude of the seasonal climatic rainfall variability through time for 
central Argentina. A 40-yr moving window was employed in order to analyze seasonal variability of rainfall 
extremes. Extremes were computed for different probability levels of a theoretical distribution function 
qxgt1dgnqy"vjg":2vj142vj"rgtegpvkng0"Vjg"icooc"fkuvtkdwvkqp"ycu"ugngevgf"coqpi"Ýxg"qvjgt"vjgqtgvkecn"
distributions, and the scale and shape parameters were computed using the maximum likelihood estimation 
*ONG+"cpf"vjg"dqqvuvtcr"ogvjqf"hqt"3222"tgucorng"fcvc"ugvu."cu"ygnn0"Vtgpf"cpcn{uku"ycu"rgthqtogf"hqt"
gcej"ykpfqy"qp"ykpvgt"cpf"uwoogt"ogcpu"cpf"vguvgf"hqt"ukipkÝecpeg0"Vjg"wug"qh"c"oqxkpi"ykpfqy"cnnqygf"
fgvgevkpi"vjg"ykpfqy"qh"oczkowo"cduqnwvg"xcnwgu"hqt"vjg"vtgpfu0"Tgugctej"tguwnvu"ujqy"ukipkÝecpv"vgorqtcn"
ujkhvu"kp"ugcuqpcn"tckphcnn"fkuvtkdwvkqp"cpf"tgvwtp"xcnwgu"*TX+"vjcv"ygtg"eqorwvgf"hqt"fkhhgtgpv"htgswgpekgu"
*qpeg"gxgt{"Ýxg."32"cpf"42"{gctu+0"Igpgtcnn{."uwoogt"rtgekrkvcvkqp"gzvtgogu"jcxg"dgeqog"ygvvgt"hqt"vjg"
yjqng"tgikqp0"Tckphcnn"coqwpvu"hqt"uwoogt"ygv1ft{"gzvtgogu"*Y1F+"eqttgurqpfkpi"vq"vjg";2vj"*hqt"Y+"cpf"
32vj"*hqt"F+"rgtegpvkngu"ygtg"uwdlgevgf"vq"ukipkÝecpv"kpetgcug."dwv"fgrgpfkpi"qp"vjg"igqitcrjkecn"ctgc"vjku"
effect spreads slightly differently over records of years. A common-for-all-stations period of such summer 
increase trend in extreme values spans from the window 1921-1960 to the last window analyzed: 1967-2006. 
This behavior was not observed for north and west Argentina during winter, except for the region represented 
by Bahíc"Dncpec."yjgtg"vjg"32'"F"gzvtgog"jcu"kpetgcugf"vjtqwijqwv"vjg"uvwf{"rgtkqf0

Keywords: Long-term rainfall series, gamma distribution, percentiles, extreme dry and wet, trends, central 
Argentina

1. Introduction

Changes in weather and climate extremes are having an impact on socioeconomic and natural 

systems, and future changes associated with continuous warming will present additional challenges. 

Recent studies have focused on a suite of climate change indexes that primarily require daily 

qdugtxcvkqpu"*Cngzcpfgt"et al.."4228+0"Wphqtvwpcvgn{."fckn{"vgorgtcvwtg"cpf"rtgekrkvcvkqp"fcvc"ctg"
pqv"tgcfkn{"cxckncdng"hqt"nctig"rqtvkqpu"qh"vjg"yqtnf0"Cu"ogpvkqpgf"kp"Itqkuocp"et al."*3;;;+"cpf"
Frich et al."*4224+"vjgtg"ycu"cnoquv"pq"uwej"fcvc"cxckncdng"hqt"oquv"qh"Egpvtcn"cpf"Uqwvj"Cogtkec0

Precipitation is a key climate variable, as it affects both human economies and agriculture 

in different areas of the globe. Trends in precipitation series were observed on both global and 

jgokurjgtke"uecngu"fwtkpi"vjg"42vj"egpvwt{."yjkej"oc{"kpÞwgpeg"hwvwtg"ycvgt"uwrrn{"*Gcuvgtnkpi"
et al., 2000; Haylock et al.."4227+0"C"uvtqpi"rqukvkxg"vtgpf"kp"rtgekrkvcvkqp"fwtkpi"vjg"ugeqpf"jcnh"
of the 20th century characterized the central zone of Argentina as presented in Castañeda and 

Dcttqu"*3;;6+0"Vjg"enkocvg"xctkcdknkv{"qh"vjg"tgikqp"ycu"uvwfkgf"cv"xctkqwu"vgorqtcn"uecngu."htqo"
c"fgecfcn/uecng"qh"urtkpi1uwoogt"rtgekrkvcvkqp"vq"kpvgtcppwcn"xctkcdknkv{"cuuqekcvgf"ykvj"vjg"Gn"
Pk‚q/Uqwvjgtp"Queknncvkqp"*GPUQ+"rjgpqogpqp"cu"tgrqtvgf"d{"Xcticu"et al."*3;;;+."Itkoo"et 

al."*4222+."cpf"Twuvkeweek"cpf"Xcticu"*4224+0"Kp"uqwvjgtp"Dtc¦kn"cpf"pqtvjgtp"Ctigpvkpc."uqog"
uvwfkgu"*Ecoknnqpk."4227c."d+"jcxg"fgvgevgf"kpetgcugf"tckphcnn"cpf"tkxgt"fkuejctig"kp"vjg"tgikqp"
since the mid-1970s. These increases are linked to changes in the regional circulation, that is, a 

southward displacement of the subtropical Atlantic high. Other studies related to extreme monthly 

precipitations in the Pampean region, as in Scian et al."*4228+."ygtg"tguvtkevgf"qpn{"vq"gxgpvu"wpfgt"
no-ENSO conditions and yielded interesting results over the anomalous large-scale circulation 

rcvvgtpu"cuuqekcvgf"rctvkewnctn{"vq"vjg"ft{"ugcuqp"tckphcnn"gzvtgogu"*Oc{"vq"Ugrvgodgt+0
Recent studies have shown that seasonal precipitation cycle over the South American continent 

ku"pqv"qpn{"oqfwncvgf"d{"GPUQ."dwv"d{" vjg"RcekÝe"Fgecfcn"Queknncvkqp" *RFQ+"*Cpftgqnk"cpf"
Mc{cpq."4227="Icte‡c"cpf"Mc{cpq."4228"="Mc{cpq"cpf"Cpftgqnk."4229+0"Uknxc"et al."*4233+"hqewugf"
qp"vjg"korcev"qh"GPUQ"gxgpvu"fwtkpi"rqukvkxg"RFQ*-+"cpf"pgicvkxg"RFQ*&+"rjcugu"qp"vtcpurqtv"
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of moisture and extratropical cyclonic properties in austral summer over South America. These 

cwvjqtu"uwiiguv"vjcv"ejcpigu"kp"vtqrkecn1gzvtcvtqrkecn"ektewncvkqp"cpqocnkgu"qxgt"Uqwvj"Cogtkec"
chvgt"3;98"uggo"vq"dg"cuuqekcvgf"ykvj"cp"kpetgcug"kp"vjg"htgswgpe{"cpf"kpvgpukv{"qh"Gn"Pk‚q"*GP+"
gxgpvu0"Hqt"vjg"GP"gxgpvu"fwtkpi"RFQ*-+."rqukvkxg"cpqocnkgu"qh"tckphcnn"qxgt"oquv"qh"uqwvjgcuvgtp"
Uqwvj"Cogtkec"*UGUC+"ctg"qdugtxgf0"Dcttqu"et al."*422:+"ujqygf"tgegpvn{"vjcv"rtgekrkvcvkqp"vtgpfu"
kp"vjg"uqwvjgtp"tgikqp"qh"uwdvtqrkecn"Ctigpvkpc"*59³"U."86³"Y+"ygtg"qtkikpcvgf"kp"pgwvtcn"GPUQ"
gxgpvu"cpf"ygtg"tgncvgf"vq"vjg"vtgpfu"qh"vjg"Ýtuv"vyq"ugc"ngxgn"rtguuwtg"*UNR+"ngcfkpi"oqfgu0

Fcvc"gornq{gf"kp"vjg"rtgugpv"yqtm"eqxgtu"rctv"qh"vjg"3;vj"egpvwt{."vjg"42vj"egpvwt{"cpf"vjg"Ýtuv"
decade of 21st century for central Argentina. How such long-term seasonal and spatial changes 

occurred in the past, underlines the complex form that hydro-climatic variability might have in 

the future. A more profound understanding of the variability of extreme precipitation may help 

improve climate models and interpret their results. One way to address this question is to analyze 

past precipitation variability.

Climate precipitation extremes are discussed in this work following a monthly time scale of 

ugcuqpcn"ceewowncvgf"xcnwgu0"Yg"jcxg"cfqrvgf"vjg"Kpvgtiqxgpogpvcn"Rcpgn"qp"Enkocvg"Ejcpig"KREE"
Yqtmkpi"Itqwr"K"fgÝpkvkqp"qh"enkocvg"ejcpig"*KREE."4229+"cu"gkvjgt"c"xctkcvkqp"kp"vjg"ogcp"uvcvg"
qh"enkocvg"qt"kvu"xctkcdknkv{"ykvj"uvcvkuvkecn"ukipkÝecpeg"vjcv"rgtukuvu"hqt"cp"gzvgpfgf"rgtkqf"*v{rkecnn{"
fgecfgu"qt"nqpigt+0"Vjku"ejcpig"ecp"dg"ecwugf"d{"pcvwtcn"kpvgtpcn"rtqeguugu"qt"gzvgtpcn"hqtegu"qt"d{"
persistent anthropogenic changes in the composition of the atmosphere or land use. The IPCC, in 

kvu"hqwtvj"tgrqtv"*KREE."4229+"kpfkecvgf"vjcv"vjg"korcev"qh"enkocvg"ejcpig"yknn"dg"qdugtxgf"vjtqwij"
changes in extreme events. Impact attributed to climate change and global warming registered in some 

zones in Argentina has been documented and submitted in national and international meetings. One 

qh"vjg"oquv"rtqokpgpv"curgevu"cu"tgrqtvgf"kp"Dcttqu"*4227+"ku"vjg"kpetgcukpi"vtgpf"qh"rtgekrkvcvkqp"
and intense storms frequency.

This work aims to establish a measure of the changes experienced in seasonal precipitation 

extremes from the second half of the 19th Century to recent times, as this variation is likely to 

kpetgcug"Þqqf"cpf"ftqwijv"tkum0"Dgukfgu."yg"kpvgpf"vq"fgvgev"yjgvjgt"vjgtg"ctg"oqfkÝecvkqpu"kp"
their statistical characteristics as well as changes in the variance of monthly precipitation, within 

c"tgvtqurgevkxg"eqpvgzv"hqt"egpvtcn"Ctigpvkpg0"Yg"cpcn{¦g"kp"fgvckn"gzvtgog"xcnwgu"fgÝpgf"vjtqwij"
c"vjgqtgvkecn"fkuvtkdwvkqp"hwpevkqp"qxgt1dgnqy"vjg";2vj132vj"rgtegpvkng."cpf"xctkcdknkv{"qh"oqpvjn{"
rainfall extremes among stations.

Because of irregular rainfall distribution along the country, we present here the analysis on 

vjg"uvwf{"qh"rtgekrkvcvkqp"gzvtgogu"xctkcdknkv{"hqt"vjg"vyq"ockp"ugcuqpu"qh"vjg"{gct<"ykpvgt"*Lwp/
Lwn/Cwi+"cpf"uwoogt"*Fge/Lcp/Hgd+0"Jgpeg."kv"ku"korqtvcpv"vq"cpcn{¦g"rtgekrkvcvkqp"dgjcxkqt"hqt"
the most extended period of available instrumental records. In particular, a realistic and reliable 

assessment of historical climate trends and variability is possible with long-term, homogeneous 

time series of climate data. Changes in instruments and relocation have made the observations 

gcukgt" cpf"oqtg"ceewtcvg."dwv" vjg{"oc{"jcxg"cnuq"etgcvgf"ctvkÝekcn"dkcugu" kp" nqpi/vgto" vkog"
series. Analyzing only the changes in the mean is not enough to estimate potential changes in 

vjg"dgjcxkqt"qh"gzvtgog"xctkcdngu"kp"c"uegpctkq"qh"yctokpi"enkocvg"*Mcv¦"cpf"Dtqyp."3;;4+0"Kp"
fact, a change in a climate variable will also result in a change in the shape of its distribution. 

Kv"ku"vjwu"engct"vjcv"c"nqecnk¦gf"uvwf{"rgt"ugcuqp"cpf"rgt"xctkcdng"*gzvtgog"ft{"cpf"gzvtgog"ygv+"
is mandatory and that the changes that occurred in monthly mean and standard deviation are 

associated to different types of change in the occurrence of extremes.
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So far, no studies have dealt with changes in rainfall series as long as those hereby shown, 

cxckncdng" kp"Ctigpvkpc." rwtuwkpi" cpcn{uku" qp" ugcuqpcn" rtgekrkvcvkqp" gzvtgogu" cdqxg1dgnqy" vjg"
:2vj142vj." ;2vj132vj." cpf";7vj17vj" rgtegpvkngu0"Vjg" ugngevgf" uvcvkqpu" ctg" nqecvgf" kp" tgikqpu" qh"
Argentina with different climate.

2. Data and methods

2.1 'ata

Data of monthly total precipitation was obtained from the archives of the Servicio Meteorólogico 

Pcekqpcn"*UOP+0"Vjg"vkog"ugtkgu"ygtg"ejqugp"dqvj"hqt"vjgkt"tgeqtf"ngpivj"cpf"vjg"tgnkcdknkv{"qh"
observations, and were checked for missing data before the analysis. They were selected from 

among other long-term rainfall data available in the archives of the SMN, because these six locations 

belong to the synoptic type of meteorological stations ensuring high-quality and homogeneity. The 

series were pre-processed to guarantee temporal consistence and homogeneous records. In two of 

vjg"ukz"uvcvkqpu."fcvc"tgswktgf"vtgcvogpv0"Yg"yknn"ogpvkqp"vjg"ecug"qh"Vwewoán, whose data were 

checked with meteorological records of the nearest location, Famailla, a station that belongs to 

the Instituto Nacional de Tecnología Agropecuaria *KPVC+."nqecvgf"57"mo"crctv0"Vjg"qvjgt"uvcvkqp."
Eqttkgpvgu."ycu"eqorctgf"ykvj"vyq"enqug"uvcvkqpu"*Tgukuvgpekc"cpf"Iq{c."cv"c"fkuvcpeg"qh"cdqwv"
44"mo+."htqo"3:97"vq"42220"Kp"dqvj"ecugu."tgitguukqp"ogvjqfu"*Xkpegpv"cpf"Ogmku."4226+"rtqxkfg"
cflwuvgf"fcvc"htqo"vjg"tgswktgf"rgtkqfu"cpf"ygtg"wugf"kp"qtfgt"vq"Ýnn"oqpvjn{"okuukpi"fcvc0"Okuukpi"
fcvc"fq"pqv"uwtrcuu"7'"qh"vjg"tgeqtf"ngpivj0"Vjg"vkog"ugtkgu"gornq{gf"kp"vjku"yqtm"eqttgurqpf"vq"
the locations listed in Table I. The monthly rainfall series recorded in central Argentina from north to 

south were: Tucumáp"*VWE+."urcppkpi"htqo"3::2"vq"4228="Eqttkgpvgu"*ETV+."urcppkpi"htqo"3:98"
to 2006; Cótfqdc"*EDC+."urcppkpi"htqo"3:95"vq"4228="Dwgpqu"Cktgu"*DWG+."urcppkpi"htqo"3:83"vq"
4228="Oct"fgn"Rncvc"*OFS+."urcppkpi"htqo"3:::"vq"4228="cpf"Dcjíc"Dncpec"*DCJ+."urcppkpi"
from 1860 to 2006. 

Vcdng"K0"Pcog."enkocvg."nqecvkqp"*nqpikvwfg"cpf"ncvkvwfg+."cnvkvwfg."ngpivj"qh"fcvc"tgeqtfu."ogcp"cppwcn"
precipitation and standard deviation of stations employed in the analysis.

Site Long.

*³+
Lat.

*³+
Altitude

*o+
Record Mean annual

precipitation

*oo+

SD

*oo+

Tucumán

Jwokf"uwdvtqrkecn1ft{"ugcuqp Î8704 –26.8 480 1880-2006 1002.9 231.0
Corrientes

Humid subtropical Î7:0: Î4907 62 1876-2006 352:07 319.0
Córdoba

Temperate Pampean –64.2 –31.3 647 1874-2006 739.7 164.3
Buenos Aires

Humid Pampean Î7:06 –34.6 47 1860-2006 325407 269.8
Mar del Plata

Oceanic temperate Î7908 –38.1 21 1888-2006 1028.0 196.7
Bahía Blanca

Semi-arid Pampean –62.3 –38.7 83 1860-2006 7820: 173.7
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The same records were recently used by Pierini et al."*4233+"kp"qtfgt"vq"rgthqto"c"fgvtgpfgf"
Þwevwcvkqp"cpcn{uku"cpf"d{"Vgnguec"et al." *4234+."coqpi"qvjgtu." hqt" kpxguvkicvkpi" vjg" vgorqtcn"
variation of the scaling behavior in rainfall data.

There are no available rainfall data with similar record length for southern Argentina, the 

Patagonian region. The map in Figure 1 shows monthly mean precipitation for the stations in the 

dcug"rgtkqf"3;89/42280"Vjku"62/{t"rgtkqf"tgÞgevu" vjg"dgjcxkqt"qh" tckphcnn" hqt" vjg" ncuv"ykpfqy"
cpcn{¦gf."yjkej"gzrtguugu"vjg"cevwcn"dgjcxkqt0"Vjg"Ýiwtg"ujqyu"vjcv"cnoquv"cnn"nqecvkqpu"rtgugpv"
cp"cppwcn"tgikog"ykvj"okpkowo"tckphcnn"xcnwgu"hqt"ykpvgt"oqpvju"*Lwpg."Lwn{."Cwiwuv"]LLC_+"cu"
uwrrqtvgf"kp"Rtqjcumc"*3;98+"coqpi"qvjgtu0

2.2 0etKRGRlRJ\
Vjg"cpcn{uku"qh"ugcuqpcn"rtgekrkvcvkqp"*ykpvgt"]LLC_"cpf"uwoogt"]Fgegodgt."Lcpwct{."Hgdtwct{."FLH_+"
focuses on the changes produced in extreme dry and wet values along time. Precipitation extremes 

ctg"v{rkecnn{"fgÝpgf"dcugf"qp"vjg"htgswgpe{"qh"qeewttgpeg"*d{"rgtegpvkng"]e.g.."wrrgt"7."3."203'."gve0_"
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qt"d{"tgvwtp"rgtkqf"]e.g.."cp"cxgtcig"qeewttgpeg"qh"qpeg"gxgt{"Ýxg"{gctu."qpeg"gxgt{"42"{gctu."gve0_+"
cpf1qt"vjgkt"cduqnwvg"xcnwgu"*e.g.."cdqxg"72."322."372"oo."qt"oqtg+0

Yg"fq"pqv"wug"kpfgzgu"qh"fckn{"rtgekrkvcvkqp"gzvtgogu"dgecwug"pq"uwej"tgeqtfu"gzkuv"hqt"uwej"c"
long period of data. Monthly rainfall series are studied to describe the variability existing among 

vjgkt"gzvtgog"ugcuqpcn"xcnwgu0"Yg"fq"pqv"hqewu"qp"jgcx{"tckphcnn0
Precipitation is one of the atmospheric variables whose distribution is non-symmetric and skewed 

to the right. Its limit on the left is zero since it is physically constrained to be nonnegative. Several 

fundamental distributions for estimating precipitation amounts can be adopted among which the 

oquv"eqooqpn{"wugf"ctg"vjg"pqtocn."nqipqtocn."gzrqpgpvkcn."icooc"cpf"Ygkdwnn"fkuvtkdwvkqpu0"
Vjg"Mqnoqiqtqx/Uoktpqx"*M/U+"vguv"ku"wugf"vq"fgekfg"kh"c"ucorng"eqogu"htqo"c"j{rqvjguk¦gf"
eqpvkpwqwu"rtqdcdknkv{"fgpukv{"hwpevkqp"*RFH+0"Kv"ku"dcugf"qp"vjg"nctiguv"xgtvkecn"fkhhgtgpeg"dgvyggp"
vjg"vjgqtgvkecn"cpf"gorktkecn"ewowncvkxg"fkuvtkdwvkqp"hwpevkqp"*EFH+0"Ceeqtfkpi"vq"vjg"cxckncdng"
oqpvjn{"tckphcnn"fcvc"kp"vjg"rtgugpv"cpcn{uku."vjg"oquv"uwkvcdng"rtqegfwtg"ku"dcugf"qp"Ývvkpi"icooc"
fkuvtkdwvkqpu"*Vjqo."3;7:="Yknmu."3;;7+0"Vjg"icooc"fkuvtkdwvkqp"ku"cp"ctdkvtct{"dwv"eqpxgpkgpv"
ejqkeg" vq" tgrtgugpv" xctkcvkqpu" kp" rtgekrkvcvkqp" vqvcnu" *Yknmu" cpf"Giinguvqp." 3;;4+0"Ykvjkp" vjg"
eqpvkpwqwu"vjgqtgvkecn"fkuvtkdwvkqpu"qh"rtqdcdknkv{"vjku"hwpevkqp"ku"fgÝpgf"d{"vjg"RFH<

1( / ) exp( / )
( ) , , , 0

( )

x x
f x x >= 0" *3+

The two distribution parameters are Į and ȕ"*vjg"ujcrg"cpf"uecng"rctcogvgt."tgurgevkxgn{+"cpf"
j stands for the gamma function. In the gamma case, Į and ȕ parameters control the distribution. 

A value of Į"ø"3"rtqfwegu"c"uvtqpi"rqukvkxg"uncpv."yjgtgcu"hqt"Į"?"3"kv"tgfwegu"vq"vjg"gzrqpgpvkcn"
fkuvtkdwvkqp"*Yknmu."3;;7+0"Hkpcnn{."hqt"Į"?"508."vjg"hwpevkqp"tgugodngu"vjg"Icwuukcp"fkuvtkdwvkqp0"
Gs0"*3+"ku"ejctcevgtk¦gf"d{"ogcp"μ"?"Į ȕ and variance ı2"?"Į ȕ2. The ȕ scale parameter plays the 

role of stretching or compressing the density function, and then this factor is related to changes 

kp"xctkcdknkv{0"Vjg"fkuvtkdwvkqp"ku"umgygf"vq"vjg"tkijv."ykvj"umgypguu"eqghÝekgpv"ikxgp"d{"4ĮÎ314.

Kp"vjku"uvwf{."c"tgvwtp"rgtkqf"*TR+"qh"Ýxg."32"cpf"42"{gctu"ku"ejqugp0"Vjg"gzvtgog"ft{"qt"ygv"
tckphcnn"xcnwg"ycu"eqorwvgf"dcugf"qp"vjg"tgvwtp"xcnwg"*TX+"qt"rgtegpvkng0"Gzvtgog"ft{"xcnwg"ku"gxcnwcvgf"
vq"c"rtqdcdknkv{"gswcn"vq"qt"nguu"vjcp"42."32."cpf"7'."yjkng"vjg"gzvtgog"ygv"tckphcnn"ku"ugv"vq"vjg"
rtqdcdknkvkgu"qh"gzeggfkpi":2.";2."cpf";7'0"Tgvwtp"xcnwgu"hqt"c"ikxgp"{gct"ctg"ecnewncvgf"ykvj"vjg"
62/{t"rgtkqf"gpfkpi"vjcv"{gct"cu"ecp"dg"uggp"kp"vjg"Ýiwtgu"ugngevgf"hqt"vjg"203"F"cpf"20;"Y"ngxgnu0

Vjg"tckphcnn"fcvc"cpcn{uku"ycu"ecttkgf"qwv"wukpi"c"vkog"ykpfqy"ujkhvkpi"vjtqwij"vjg"ugtkgu0"Yg"
ugngevgf"c"ngpivj"qh"62"{gctu"hqt"vjg"ykpfqy"chvgt"ugxgtcn"gxcnwcvkqpu"qp"rgtukuvgpv"vgorqtcn"Þwevwcvkqpu"
*Vgnguec"et al.."4234+0"Vjgug"uwd/rgtkqfu"iwctcpvgg"vjg"rtqdcdknkv{"qh"qeewttgpeg"qh"gxgpvu"gxgt{"42"
years.

Yjgp"cflwuvkpi"c"vjgqtgvkecn"fkuvtkdwvkqp"vq"c"Ýpkvg"fcvc"ucorng."vjg"guvkocvg"qh"vjg"rctcogvgtu"
presents uncertainties. This has an effect on the calculations of the extreme values with return 

periods beyond the length of the original time series. To estimate the parameters of the gamma 

fkuvtkdwvkqp"vjg"oczkowo"nkmgnkjqqf"guvkocvkqp"*ONG+"*Yknmu."3;;7+"cpf"c"rctcogvtke"dqqvuvtcr"
approach with 1000 iterations were used. This method is based on random samples, which are 

ftcyp" htqo" vjg"Ývvgf" icooc"fkuvtkdwvkqp" *Ghtqp" cpf"Vkdujktcpk." 3;;5="Oqqpg{" cpf"Fwxcn."
3;;5="Ghtqp."4222="Ngfguoc."422:+0"EqpÝfgpeg"kpvgtxcn"*EK+"ku"eqorwvgf"crrn{kpi"vjg"dqqvuvtcr"
procedure.
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Vtgpfu"kp"ugcuqpcn"rtgekrkvcvkqp"ctg"eqorwvgf"d{"c"ukorng"ngcuv"uswctgu"Ýv"oqfgn0"Vjg"tgitguukqp"
eqghÝekgpv"hqt"gcej"62/{t"ykpfqy"ikxgu"vjg"ejcpig"rgt"{gct0"Vjg"vtgpf"qh"gcej"uwd/rgtkqf"ku"vguvgf"
hqt"uvcvkuvkecn"ukipkÝecpeg"vjtqwij"c"pqp/rctcogvtke"Ocpp/Mgpfcnn"vcw"vguv"*Ugp."3;8:+"hqt"gcej"
uvcvkqp"ugrctcvgn{0"Cnn"vguvu"jcxg"dggp"rgthqtogf"cv"c"7'"eqpÝfgpeg"ngxgn0

Vjg"uwdugswgpv"cpcn{uku"hqt"ugcuqpcn"tgvwtp"xcnwgu"*TX+"ku"dcugf"qp"rgtegpvkngu."62/{t"ogcp"
rctcogvgtu"*Į and ȕ+"qh"vjg"icooc"fkuvtkdwvkqp"cpf"vjg"EK"guvkocvkqp"htqo"dqqvuvtcrrkpi0"Yg"
guvkocvg"ejcpigu"kp"vjg"qeewttgpeg"qh"gzvtgog"ygv"cpf"ft{"{gctu0"Vjg"eqpÝfgpeg"kpvgtxcn"*EK+"hqt"
gcej"TX"xcnwg"qp"cnn"ykpfqyu"ku"eqorctgf"cickpuv"vjg"eqpvtqn"eqpÝfgpeg"kpvgtxcn"*EEK+."fgÝpgf"
hqt"vjg"ncuv"ykpfqy"*pcogn{"3;89/4228+0"Yg"guvcdnkujgf"vjcv"c"ejcpig"kp"cp"TX"gzkuvu"yjgp"kvu"EK"
fqgu"pqv"qxgtncr"ykvj"vjg"EEK="vjgp"cp"kpetgcukpi"qt"fgetgcukpi"ejcpig"tgncvkxg"vq"EEK"ku"fgÝpgf0

The general procedure employed for all the series after checking for gamma distribution from 

vjg"Ýxg"vjgqtgvkecn"fkuvtkdwvkqp"rctcogvgtu"ogpvkqpgf"cdqxg"ku<
1. Evaluation of gamma distribution parameters by MLE and 1000 bootstrap resampling using 

the complete seasonal rainfall series and for each of the 40-yr windows.

2. Hqt"gcej"ugcuqp"cpf"62/{t"ykpfqy"eqorwvg<"*c+"TX"hqt"gzvtgogu"eqpfkvkqpu"*cv"gxgt{"Ýxg."
32"cpf"42"{gctu+"cpf"eqpÝfgpeg"kpvgtxcn"*EK+="*d+"nkpgct"vtgpf"qh"ykpfqy"tckphcnn"xcnwgu="
cpf"*e+"xctkcpeg0

3. Cpcn{ugu"hqt"gcej"uvcvkqp."ugcuqp"cpf"gzvtgog"rtqdcdknkv{"ngxgn"*Y"qt"F+."yjkej"ctg"vjg"
{gct1{gctu"ykvj"kpetgcukpi"qt"fgetgcukpi"ejcpig"kp"TX"cpf"vjg"ukipkÝecpeg"qh"fkhhgtgpegu0

3. Results

Vjg"tgikqpcn"enkocvg"hqt"gcej"uvcvkqp"ugngevgf"ku"fkhhgtgpv"*Ecdtgtc."3;98="Rtqjcumc."3;83+0"Vjgug"
fkhhgtgpegu" ctg" tgÞgevgf" kp" vjg" tguwnvu" qh" tckphcnn" xctkcdknkv{" cpf" vtgpfu" cpcn{¦gf0"C" uwooct{"
reproduced in Table II rtgugpvu"c"eqorctkuqp"dgvyggp"icooc"rctcogvgtu"*Į and ȕ+"htqo"gcej"
nqecvkqp"cpf"ugcuqp"cu"ecnewncvgf"kp"vjku"uvwf{0"Xcnwgu"ygtg"qdvckpgf"wukpi"vjg"3222"dqqvuvtcr"ogvjqf"
for selected 40-yr periods. Medians in millimeters are included. Minimum Į values correspond to 

winter season and are observed for Córdoba, where Į < 1.0 implies an exponential distribution 

v{rg0"Cnoquv" cnn"ykpvgt"xcnwgu" tgockp"dgvyggp"304" cpf"7."yjkng" hqt" uwoogt"Į values range 

htqo"6"vq"370"Fkhhgtgpegu"kp"ugcuqpcn"ogfkcp"xcnwgu"coqpi"uvcvkqpu"tgurqpf"vq"tckphcnn"tgikogu"
*Jqhhocpp."3;::+0"Yg"yknn"ujqy"vjg"tguwnvu."htqo"uqwvj"vq"pqtvj."uvctvkpi"ykvj"Dcjía Blanca and 

ending with Tucumáp"*cu"nkuvgf"kp"Vcdng"K+0

3.1 %aKía %laQFa

The climate of Bahíc"Dncpec" ku" encuukÝgf" cu"okf/ncvkvwfg"ft{" cpf" ugokctkf0"Hkiwtg"4" ujqyu"
seasonal precipitation from 1860 to 2006. Figure 2a corresponds to winter and shows, from top 

vq"dqvvqo<"*c+"vjg"vkog"ugtkgu"ykvj"cp"cppwcn"vtgpf"hqt"vjg"gpvktg"369/{t"rgtkqf="*d+"vjg"icooc"
distribution for four 40-yr sub-periods arbitrarily selected in order to span over the full record; 

*e+" vtgpfu"cpf"xctkcpeg" hqt"gcej"uwd/rgtkqf0"Hkiwtg"4d" ku" ukoknct" kp" uvtwevwtg"dwv" tghgttgf" vq"
summer precipitation.

The return values for the extreme wet of winter rains in Bahía Blanca for the total series 

*3:82/4228+."ykvj"322"cpf"72/{t"tgvwtp"rgtkqfu"ctg"497"oo"cpf"462"oo."tgurgevkxgn{0"Hqt"
the same return periods, extremes dry values are 4 and 6 mm. The increase with time in winter 
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tckphcnn"ku"qdugtxgf"cu"c"ujkhv"qh"vjg"fkuvtkdwvkqp"vqyctfu"jkijgt"ogcpu."htqo"vjg"Ýtuv"vq"vjg"ncuv"
qh"vjg"hqwt"ugngevgf"rgtkqfu"ujqyp"kp"Hkiwtg"4c0"Vjg"dqvvqo"rcpgn"kp"vjku"Ýiwtg"rtgugpvu"vjg"
nkpgct"vtgpf"xcnwgu"qh"gcej"ykpfqy"*uqnkf"nkpg+"cpf"vjg"xctkcpeg"*fcujgf"nkpg+0"Vjg"rqukvkxg"
cpf"pgicvkxg"vtgpf"xcnwgu"hqt"ykpvgt"Þwevwcvg"htqo"ctqwpf"3072"oo1{t vq"enqug"vq"Î4"oo1{t0"
The largest sequence with negative trend occurs from the window 1938-1977 to the window 

3;73/3;;20"Htqo" vjgp"qp." vtgpfu" ctg" rqukvkxg" dwv" pqv" ukipkÝecpv0"Vjku" queknncvkqp" kp" 62/{t"
vtgpf"xcnwgu"ujqy"vjcv"pgicvkxg"rgcmu"ctg"pqp/ukipkÝecpv"cpf"jcxg"dggp"fgetgcukpi"hqt"vjg"
ncuv"362"{gctu0"Xctkcpegu"ctg"cpcn{¦gf"dgecwug"vjg{"ctg"cuuqekcvgf"vq"tckphcnn"xctkcdknkv{0"Hqt"
Bahía Blanca, actual winter rainfall variances have similar values as those computed at the 

dgikppkpi"qh"vjg"rgtkqf"wpfgt"uvwf{"*6222"oo2+"yjkng"htqo"3;42"vq"3;:7"xcnwgu"fgetgcugf"
to around 2200 mm2.

Table II. Seasonal values of medians, and parameters Į and ȕ of the gamma distribution obtained 

with a 1000 bootstrap method for six rainfall locations over central Argentina. Forty-year periods 

ygtg"ctdkvtctkn{"ugngevgf0"Fkhhgtgpegu"kp"vjg"Ýtuv"rgtkqf"fcvg"ctg"fwg"vq"vjg"uvctvkpi"{gct"qh"fcvc"
series.

Location Period

Ykpvgt Summer

Median

*oo+
Į ȕ Median

*oo+
Į ȕ

Bahía Blanca 1860-1899 7805 1.29 7:03; 146.8 4.44 32.04
*DCJ+ 1900-1939 6707 1.89 30.29 142.1 2.88 75029

1940-1979 9807 2.91 27.39 170.1 4.24 42.69
1967-2006 ;307 1.81 21.22 3;907 4.04 49.94

Mar del Plata 1888-1927 37:02 4.89 33.36 183.2 7058 58079
*OFS+ 1900-1939 36707 4.22 36.87 3:70; 7.37 26.31

1940-1979 169.6 8.47 43087 241.9 7.76 32.40
1967-2006 39;07 10.98 13.36 279.2 13.73 20.98

Buenos Aires 1860-1899 39607 6075 40.90 45407 7043 47.60
*DWG+ 1900-1939 37903 2.11 :70;2 260.0 :0:7 4:067

1940-1979 193.3 6.60 30.39 323.9 6.33 72056
1967-2006 3;704 6.63 4;097 54704 6.40 76055

Córdoba 1874-1913 14.7 2097 34.70 338.1 8.92 58075
*EDC+ 1900-1939 20.7 2097 42.24 287.4 34074 24.86

1940-1979 30.6 1.11 58076 334.9 11.73 28.30
1967-2006 33.4 1.60 47045 360.1 35072 27.32

Corrientes 1876-1899 121.0 3072 86.99 59807 7044 74.40
*ETV+ 1900-1939 128.9 2.88 68078 57207 9.31 38.63

1940-1979 37503 4.82 53077 418.0 90:7 76039
1967-2006 166.0 4.38 37.83 6:207 14.12 33.48

Tucumán 1880-1899 32.0 3047 27.37 6;807 13.10 5:097
*VWE+ 1900-1939 29.6 1.26 27.37 497.7 37055 32.36

1940-1979 31.1 2.36 14.93 74307 11.47 46.02
1967-2006 28.1 1.81 21.22 76903 9.03 61.92
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Yjgp"cpcn{¦kpi"ejcpigu"kp"vjg"rctcogvgtu"*nqecvkqp"cpf"ujcrg+"qh"vjg"icooc"fkuvtkdwvkqpu"*ugg"
Vcdng"KK+"vjgtg"ku"c"fgetgcug"kp"uwoogt"tckphcnn"dgvyggp"vjg"Ýtuv"*3:83/3;22+"cpf"ugeqpf"*3;23/
3;62+"uwd/rgtkqfu."cu"tgÞgevgf"d{"c"ujkhv"qh"vjg"icooc"fkuvtkdwvkqp"vqyctfu"c"nqygt"ogcp0"Vjg"
cpqocnqwu"ygv"{gctu"qdugtxgf"chvgt"vjg"ugeqpf"62/{t"rgtkqf"cpf"qpyctfu"*3;62/3;9;"cpf"3;89/
4228+"ngcf"vq"c"rqukvkxg"ujkhv0"Vjg"oczkowo"rqukvkxg"vtgpf"kp"uwoogt"tckphcnn"jcf"rtqhqwpf"ghhgevu"
d{"vjg"gpf"qh"vjg"3;92u0"Htqo"vjg"uweeguukxg"62/{t"ykpfqyu"*3;43/3;83"vq"3;85/4224+"ugxgtcn"
ukipkÝecpv"vtgpf"xcnwgu"ctg"rtgugpv0"Yg"ogpvkqp"vjtgg"rgcm"xcnwgu<"5036"oo1{t"*3;62/3;9;+."40:5"
oo1{t"*3;65/3;:4+"cpf"4053"oo1{t"*3;68/3;:7+0"Pq"ukipkÝecpv"rqukvkxg"vtgpf"xcnwgu"jcxg"dggp"
qdugtxgf"ukpeg0"Qp"vjg"eqpvtct{."c"eqpvkpwqwu"cpf"kpetgcukpi"*kp"cduqnwvg"xcnwg+"pgicvkxg"vtgpf"ku"
gxkfgpv0"Uwoogt"xctkcpegu"cevwcnn{"tgcejgf"vjg"jkijguv"xcnwg"qh"vjg"uvwfkgf"rgtkqf"*32"222"oo2+0"
Pqvg"vjcv"kpkvkcn"xctkcpegu"ctg"enqug"vq"7222"oo2. Both seasons exhibit an increase in variability 

fwtkpi"vjg"ncuv"rgtkqf"*3;89/4228+."yjkej"ku"tgÞgevgf"cu"c"dtqcfgpkpi"qh"vjg"fkuvtkdwvkqp"xgtuwu"
the other periods.

Yg"jcxg"guvkocvgf"ugcuqpcn"TXu"*kp"oo+"hqt"Dcjíc"Dncpec"rtgekrkvcvkqp."hqt"F1Y"gzvtgogu"
cpf"hqt"vjtgg"TRu<"qpeg"gxgt{"42."32"cpf"Ýxg"{gctu0"Hkiwtgu"ctg"pqv"ujqyp"hqt"vjg"ucmg"qh"dtgxkv{0"
Considering the temporal variation for the whole 40-yr periods, dry winter extremes show an 

increase throughout the century for each one of the RPs. This positive trend in percentiles continued 

Hki0"40"Dcj‡c"Dncpec0"Ugcuqpcn"tckphcnn"ugtkgu<"*c+"ykpvgt="*d+"uwoogt0"Htqo"vqr"vq"dqvvqo<"vkog"ugtkgu"ykvj"
annual trends for the entire period of data, gamma distribution for four 40-yr sub-periods arbitrarily selected, 

cpf"vtgpf"*hwnn"nkpg+"cpf"xctkcpeg"*fcujgf"nkpg+"hqt"gcej"qpg"qh"vjg"62/{t"oqxkpi"ykpfqyu0

 

 

a b

Winter Summer 
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also for extreme wet winters during almost all of the 20th century. The same analysis applied to 

summer rainfall shows increasing dry and wet extremes in correspondence with positive trends 

from 1970 and onwards.

Hkiwtg" 5" ujqyu" vjg" ugtkgu" qh" vjg" eqpÝfgpeg" kpvgtxcn" *EK+" hqt" gcej"TX" qh" vjg" ugcuqpcn"
precipitation for a 40-yr moving window, in order to compare it with the last window CI 

*3;89/4228+."pcogn{"vjg"eqpvtqn"eqpÝfgpeg" kpvgtxcn"*EEK+0"Yg"ugngevgf"F"32'"cpf"Y";2'"
gzvtgogu"htqo"vjg"icooc"fkuvtkdwvkqp"kp"qtfgt"vq"fkurnc{"vjg"guvkocvgf"TX"cpf"EK"qh"ykpvgt"
*nghv+"cpf"uwoogt"*tkijv+"tckphcnn"hqt"Dcjíc"Dncpec"*ugg"Hkiu0"5c."d+0"Vjg"jqtk¦qpvcn"dcpf"*hwnn"
nkpg+"eqttgurqpfu"vq"vjg"EEK0"Vjg"xgtvkecn"dctu"cuukipgf"vq"gcej"ogcp"xcnwg"*fqv+"eqttgurqpf"vq"
the CI, which was determined using 1000 bootstrap resampling. Note the difference in rainfall 

uecng"*{/czku+0"Ukpeg"vjg"ugtkgu"ctg"chhgevgf"d{"cp"kpetgcukpi"vtgpf."hqewu"owuv"dg"rncegf"qp"vjqug"
mean values and CI outside the double parallel line, i.e., mean values inferior to the control. 

Vjku"hcev"cnnqyu"fgvgevkpi"vjg"{gctu"kp"yjkej"korqtvcpv"ejcpigu"kp"TXu"cpf"fkhhgtgpegu"kp"EK"
occurred. For instance, extreme D winter precipitation at Bahía Blanca that occurred once every 

Fig. 3. Bahía Blanca. Tgvwtp"xcnwgu"*oo+"hqt"gzvtgog"ft{"*32'+1ygv"*;2'+"ugcuqpcn"tckphcnn"cpf"dqqvuvtcrrkpi"
eqpÝfgpeg" kpvgtxcn" *EK+"eqorwvgf" hqt"gcej"qpg"qh" vjg"62/{t"oqxkpi"ykpfqyu<" *c+"ykpvgt=" *d+" uwoogt0"
Jqtk¦qpvcn"hwnn"nkpg"dcpf"ujqyu"eqpÝfgpeg"kpvgtxcn"E"*eqpvtqn+"hqt"vjg"ncuv"62/{t"rgtkqf"*3;89/4228+0"Ugg"
text for details.

a b

Winter       Summer
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32"{gctu."htqo"3;22"vq"3;98."ycu"ukipkÝecpvn{"kphgtkqt"vq"ewttgpv"xcnwgu"cv"vjg"ucog"TR0"Cv"vjg"qvjgt"
gpf"qh"vjg"fkuvtkdwvkqp."Y"ykpvgt"xcnwgu"htqo"3;42"vq"3;82"cpf"3;:3"vq"3;;2"ygtg"cnuq"ukipkÝecpvn{"
nqygt"vjcp"pqycfc{u0"Gzvtgog"xcnwgu"hqt"uwoogt"tckpu"*Hki0"5d+"kpfkecvg"vjcv"fwtkpi"vjg"ncuv"fgecfg."
rtgekrkvcvkqpÏqeewttkpi"qpeg"gxgt{"32"{gctuÏjcu"kpetgcugf"ukipkÝecpvn{"hqt"dqvj"gzvtgogu."F"cpf"Y0

3.2 0ar Gel 3lata

This station is characterized by a maritime temperate climate of mid-latitudes. The monthly rainfall 

series for Mar del Plata started in 1888. Figure 4 shows winter and summer rainfall distributions and 

variability, in a similar way to Figure 2 *ugg"rctcogvgtu"kp"Vcdng"KK+0"Vjg"icooc"fkuvtkdwvkqp"rtgugpvu"
a shift towards higher rainfall values, both for winter and summer, while there are no visible changes 

for the last decades. Analyzing the ends of the distribution, the probability of winter and summer 

tckphcnn"qh"322"oo"qt"nqygt"jcu"ukipkÝecpvn{"fgetgcugf="vjg"rtqdcdknkv{"qh"522"oo"qt"jkijgt"tckphcnn"
hqt"ykpvgt"tgockpu"cnoquv"wpejcpigf."vjqwij"hqt"uwoogt"vjg"rtqdcdknkv{"kpetgcugu"d{"oqtg"vjcp"322'0

Seasonal trends in precipitation for Mar del Plata are shown at the bottom of Figure 4. In winter 

vjgtg"ku"c"oczkowo"xcnwg"qh"rqukvkxg"vtgpf"hqt"vjg"3;48/3;87"ykpfqy"ykvj"c"50289"oo1{t value 

*ugg"Hki0"6c+0"Htqo"vjgp"qp."rtgekrkvcvkqp" vtgpfu"fgetgcug" vqyctfu" vjg"pgicvkxg"xcnwg."rgcmkpi"
fqyp"cv"Î3045"oo1{t. yjkej"eqttgurqpfu"vq"vjg"3;73/3;;2"rgtkqf0"Fwtkpi"vjg"last decades there 

Winter Summer  

a b

Fig. 4. As Figure 2, for Mar del Plata
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is a growth of trend values corresponding to an increase in winter precipitation. Trend values for 

gcej"ykpfqy"kp"uwoogt"*Hki0"6d+"ujqy"vyq"oclqt"rqukvkxg"rgcmu"vjcv"ctg"uvcvkuvkecnn{"ukipkÝecpv<"
qpg"hqt"3:;5/3;54"ykvj"50:3"oo1{t"cpf"vjg"qvjgt"hqt"3;57/3;96"ykvj"50;4"oo1{t0"Kp"dgvyggp"*hqt"
vjg"3;34/3;73"ykpfqy+"vjgtg"ku"c"pgicvkxg"pqp/ukipkÝecpv"rgcm"cv"Î3036"oo1{t0

Xctkcpeg"xcnwgu"hqt"ykpvgt"tckphcnn"ctg"tgncvkxgn{"eqpuvcpv"cv"cdqwv"8222"oo2"hqt"vjg"Ýtuv"vjktf"
of the record, gradually decreasing to 3000 mm2 in the last decades. In summer, base values of the 

variance are at 6000 mm2 with a noticeable peak of 9000 mm2, almost coinciding with the positive 

vtgpf"rgcm"hqt"3;57/3;960
Hwtvjgt"kpvq"vjg"cpcn{uku"qh"Oct"fgn"Rncvc"uvcvkqp."Hkiwtg"7"ujqyu"vjg"TX"hqt"F"cpf"Y."cu"ygnn"

cu"vjg"EK0"Vjg"gzvtgog"F"hqt"ykpvgt"*Hki0"7c+"ujqyu"c"eqpvkpwqwu"kpetgcug"htqo"vjg"dgikppkpi"qh"
vjg"tgeqtf"wpvkn"vjg"3;4;/3;8:"ykpfqy."tgcejkpi"cp"TX"enqug"vq"342"oo"fwtkpi"vjg"ncuv"rgtkqfu0"
Vjg"ucog"fqgu"pqv"crrn{"hqt"vjg"Y"xcnwgu"qh"ykpvgt"*rgtegpvkng"20;2+0"Vjgtg"ku"pq"gxkfgpeg"qh"
ejcpigu"kp"vjg"TX"hqt"vjg"yjqng"rgtkqf"wpfgt"uvwf{0"Qp"vjg"eqpvtct{."hqt"dqvj"gpfu"*F"cpf"Y+"qh"
uwoogt"tckphcnn"*Hki0"7d+"vjgtg"ku"c"eqpvkpwqwu"kpetgcug0

3.3 %XeQRs Aires

A humid subtropical climate characterizes Buenos Aires station. As with Bahía Blanca, the series 

uvctvu"kp"3:820"Ugcuqpcn"rtgekrkvcvkqp"*ykpvgt/uwoogt+"ku"ujqyp"kp"Hkiwtg"8."cu"ygnn"cu"vjg"icooc"
fkuvtkdwvkqp"hqt"vjg"rtgxkqwun{"ugngevgf"rgtkqfu"*ugg"Vcdng"KK"hqt"pwogtke"xcnwgu+0"Vjg"dgjcxkqt"qh"

Hki0"70 As Figure 3, for Mar del Plata.

a
 

b

Winter Summer
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the gamma theoretical distribution applied to the data shows an increase in rainfall. Notice that for 

winter rainfall there is a decrease through time of the probability rate of 100 mm or lower rainfall, 

in behalf of larger precipitation. This behavior is even more noticeable during the summer, as the 

probability of extreme rainfall over 300 mm increases.

Precipitation trends for each 40-yr window in the Buenos Aires seasonal series are shown in the 

lower section of Figures 6a, b. Throughout the analyzed years, it can be observed that winter trends 

tgcejgf"c"ukipkÝecpv"rgcm"qh"4042"oo1{t"hqt"vjg"rgtkqf"3;46/3;850"Vjgtg"ygtg"pgicvkxg"vtgpfu"
hqt"vjg"rgtkqf"3::3/3;42."ykvj"c"rgcm"qh"Î4022"oo1{t0"Cpqvjgt"pgicvkxg"vtgpf"rgtkqf"eqxgtu"htqo"
3;6:"vq"vjg"rtgugpv"fc{."vjqwij"kvu"pqv"uvcvkuvkecnn{"tgngxcpv0"Hqt"uwoogt."kp"urkvg"qh"Þwevwcvkqpu."
vtgpfu"ctg"oquvn{"rqukvkxg."rgcmkpi"cv"5086"oo1{t for the 1938-1977 window.

Xctkcpeg"kp"ykpvgt"tckphcnn"ujqyu"tgoctmcdng"Þwevwcvkqp0"Kv"hcnnu"htqo"qxgt"3222"oo2 between 

vjg"{gctu"3;42/3;82"*ykvj"c"3822"oo2"jkij+"vq"cnoquv"822"oo2 in the last decades. As for summer 

variance, a maximum of 2000 mm2 is almost in synch with the peak in the positive trend.

Kp"vjg"TX"cpcn{uku"hqt"vjg"ugngevgf"rtqdcdknkv{"ngxgnu."Dwgpqu"Cktgu"ujqyu"vjg"nqyguv"gzvtgog"
D values for winter in the period 1880-1920. Sudden increase from then on almost doubles their 

okpkowo"xcnwg0"Jqygxgt." hqt" vjg"Y"gpf."ykpvgt"TXu"fgetgcug" qt" tgockp" cnoquv" wpejcpigf."

Fig. 6. As Figure 2, for Buenos Aires.

Winter Summer

a b
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fgrgpfkpi"qp"vjg"TR0"Wpnkmg"ykpvgt."TXu"hqt"uwoogt"tckphcnn"jcxg"kpetgcugf"oqtg"qt"nguu"itcfwcnn{."
dqvj"hqt"vjg"F"cpf"Y"gpf."ykvj"uqog"ownvk/cppwcn"Þwevwcvkqpu0

Vjg"F"cpf"Y"tckphcnn"xcnwgu."cpf"vjg"EK"hqt"dqvj"ugcuqpu"kp"Dwgpqu"Cktgu"ctg"ujqyp"kp"Hkiwtg"90"
F"xcnwgu"guvkocvgf"ykvj"32'"rtqdcdknkv{"hqt"ykpvgt"*Hki0"9c+"ujqy"c"tgoctmcdng"kpetgcug"htqo"3;39/
3;78"vq"3;54/3;93"cpf"vjgp"tgockp"uvcdng."gxgp"yjgp"vjg"TXu"hqt"3;69/3;:8"uwtrcuu"cnn"qvjgtu0"Hqt"Y"
ykpvgt"gpfu"vjgtg"ctg"pq"{gctu"kp"yjkej"ejcpigu"kp"TXu"ecp"dg"fgvgevgf."ceeqtfkpi"vq"vjg"chqtgogpvkqpgf"
fgÝpkvkqp0"Kpuvgcf."hqt"dqvj"gpfu"qh"uwoogt"tckphcnn"fkuvtkdwvkqp."vjgtg"ku"c"tkug"qh"TXu"chvgt"3;22"qh"
dgvyggp"62"cpf"82'0

3.4 Córdoba

Córdoba Station, located in central Argentina, has a typical subtropical continental climate. Rainfall 

data covers the period 1873-2006. It is characterized by dry winter and abundant rainfall during 

the summer. Figure 8 shows this behavior through mean values for rainfall in each season: 33 mm 

in winter and 334 mm in summer. The gamma theoretical distribution is close to an exponential 

hwpevkqp"kp"ykpvgt"tckphcnn"xu0"uwoogt"tckphcnn"*ugg"Vcdng"KK+0"Eqorctkpi"ugcuqpcn"vtgpfu."vjgtg"ku"
an increase in precipitation during the summer. This rise is evident in the displacement of gamma 

fkuvtkdwvkqp"hqt"vjg"fkhhgtgpv"ykpfqyu"*ugg Fig. 8b."okffng"rcpgn+."cu"vjg"rtqdcdknkv{"hqt"uwoogt"
rainfall below 100 mm decreases and the probability of higher rainfall increases.

Fig. 7. As Figure 3, for Buenos Aires.

Winter Summer

ba
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Vjg"fgetgcug"kp"rtgekrkvcvkqp"fwtkpi"vjg"Ýtuv"jcnh"qh"vjg"42vj"egpvwt{"ku"qdugtxgf"yjgp"cpcn{¦kpi"
vjg"ewtxg"qh"vtgpfu"dqvj"hqt"ykpvgt"cpf"uwoogt0"UkipkÝecpv"vtgpfu"vcmg"rnceg"kp"uwoogt0"Vjg"oquv"
tgngxcpv"rgcm"qh"pgicvkxg"vtgpfu"ku"Î40;9"oo1{t hqt"vjg"3;34/3;73"rgtkqf."yjkng"vjg"rqukvkxg"vtgpf"
rgcmu"kp"vjg"3;65/3;:4"rgtkqf"cv"c"tcvg"qh"6035"oo1{t0"Eqpukuvgpv"ykvj"vjg"uwoogt"rtgekrkvcvkqpu"
regime, variance values are higher than in winter. Throughout the analyzed records, summer 

xctkcpeg"ujqyu"c"Þwevwcvkqp"tcpikpi"htqo"3047"'"324 mm2"kp"vjg"Ýtuv"fgecfgu"vq"dgvyggp"302"'"
104 mm2"cpf"204"7"'"324 mm2.

Although wintertime rainfall in Cótfqdc"ku"uecteg."vjg"cpcn{uku"qh"TX"kp"vjg"F"gpf"kpfkecvgu"
cp"cnoquv"eqpuvcpv"kpetgcug."wpnkmg"vjg"Y"gpfu."yjkej"ujqy"kpvgtfgecfcn"Þwevwcvkqpu0"Cu"hqt"vjg"
coqwpv"qh"gzvtgog"tckphcnn"kp"uwoogt."F"xcnwgu"ujqy"c"tgoctmcdng"kpvgt/ugewnct"Þwevwcvkqp."ykvj"
rgcmu"kp"3::9/3;4:"cpf"3;82/3;;;0"TXu"hqt"vjg"Y"gpf."hqt"vjg"vjtgg"TR"cpcn{¦gf"*42."32."cpf"
7'+."ujqy"gxkfgpeg"qh"cnoquv"eqpvkpwqwu"fgetgcug"fwtkpi"vjg"Ýtuv"vjktf"qh"vjg"uvwf{."dwv"vjgtg"ku"
c"lwor"kp"tckphcnn"chvgt"vjg"3;5;/3;9:"ykpfqy0"Vjku"kpetgcug"uvknn"iqgu"qp"*Ýiwtgu"ctg"pqv"ujqyp"
hqt"vjg"ucmg"qh"dtgxkv{+0

Fluctuations of precipitation in Cótfqdc"hqt"ykpvgt"cpf"uwoogt."cpf"hqt"32'"F"cpf";2'"Y"
probability levels, together with the CI, are shown in Figure 9. Increasing values for winter D 

*Hki0";c+"kp"vjg"ncuv"fgecfgu"rtqxg"c"ujkhv"kp"TXu."yjqug"oquv"ukipkÝecpv"rgcm"vcmgu"rnceg"chvgt"
3;84/42230"Vjku"dgjcxkqt"fqgu"pqv"crrn{"hqt"vjg"Y"gpf."yjkej"ujqyu"pq"gxkfgpeg"qh"ukipkÝecpv"

Fig. 8. As Figure 2, for Córdoba.

Winter Summer
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ejcpigu"kp"vjg"TXu"qh"ykpvgt."ceeqtfkpi"vq"vjg"chqtgogpvkqpgf"fgÝpkvkqp0"Qp"vjg"eqpvtct{."uwoogt"
F"cpf"Y."cu"ujqyp"kp"Hki";d."cnnqyu"vq"fgvgev"vjg"rgtkqf"ykvj"TXu"ukipkÝecpvn{"kphgtkqt"vq"ewttgpv"
ones: 1890-1929 to 1939-1978.

3.5 Corrientes

Vjg"enkocvg"kp"Eqttkgpvgu"ku"encuukÝgf"cu"jwokf"uwd/vtqrkecn0"Vjg"tgeqtf"qh"cpcn{¦gf"tckphcnn"uvctvu"
in 1876. This humid, sub-tropical station has abundant rainfall all year long, with larger amounts 

in summer since rainfall increases due to convection and regional scale processes associated 

ykvj"vjg"Uqwvj"Cvncpvke"Eqpxgtigpeg"¥qpg"*UCE¥+"*Pqiwfiu/Rcging"cpf"Oq."3;;9="Dcttwecpf"
et al., 2008; Carvalho et al.."4226+0"Hkiwtgu"32c."d"ujqy"vjgug"ugcuqpcn"fkhhgtgpegu."yjkej"tgxgcn"
the prominent winter asymmetry compared to summer distribution. There is a slight increase in 

uwoogt"rtgekrkvcvkqp"vqyctfu"vjg"gpf"qh"vjg"uvwfkgf"rgtkqf"*ugg"vtgpf"nkpg"kp"Hki0"32d+0"Kpetgcug"
in summer rainfall is evident at both ends as the shift towards higher values in the distribution 

leads to increasing values.

For Corrientes there are three periods with positive trends for winter rainfall throughout the data 

tgeqtfu"*3::6/3;45."3;65/3;:4"cpf"3;75/3;;6+="cnn"jcxg"ukipkÝecpv"rgcm"xcnwgu."dgkpi"vjg"ujctrguv"
403"oo1{t0"Vjg"pgicvkxg"vtgpf"rgcmu"hqt"vjg"ykpfqy"3:;6/3;55."dwv"kv"ku"pqv"c"uvcvkuvkecnn{"ukipkÝecpv"

Fig. 9. As Figure 3, for Córdoba.

Winter Summer
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xcnwg0"Rtgekrkvcvkqp"xctkcpeg"tgockpu"cv"cdqwv"7222"oo2, except at the initial windows, in which 

xcnwgu"uwtrcuu"302"'"324 mm.

As for trends in summer rainfall, two positive peaks are particularly noteworthy. One of 

70:7"oo1{t"hqt"vjg"uwd/rgtkqf"3;4:/3;89"cpf"vjg"ugeqpf"qpg"qh"6028"oo1{t"hqt"3;85/42240"
Vjgtg"ctg"pq"ukipkÝecpv"xcnwgu"kp"vjku"ugcuqp"hqt"pgicvkxg"vtgpfu0

Yg"jcxg"guvkocvgf"vjg"TXu"qh"uwoogt"tckphcnn"hqt"Eqttkgpvgu"hqt"dqvj"gpfu"*F1Y+"cpf"fkhhgtgpv"
rgtegpvkngu<"71;7."321;2."cpf"421:2'0"Ft{"gpfu"ujqy"cp"kpetgcug"vjtqwijqwv"vjg"fcvc"tgeqtf0"Yg"
rctvkewnctn{"ogpvkqp"uwoogt"tckphcnn"cv"c"htgswgpe{"qh"qpeg"gxgt{"42"{gctu="TXu"kpetgcugf"htqo"
822"oo"kp"vjg"Ýtuv"jcnh"qh"vjg"42vj"egpvwt{"vq"oqtg"vjcp"922"oo"kp"vjg"ncuv"72"{gctu0"Vjku"dgjcxkqt"
is presented in Figure 11, which allows establishing the time and magnitude of increase vs. current 

conditions represented by CCI.

3.6 7XFXmán

The region of Tucumán in the northwest of Argentina has a humid, sub-tropical climate with 

a dry season. The data record starts by 1880. Consistent with the region’s climate, the rainy 

ugcuqp"ku"uwoogt."ykvj"c"ogcp"xcnwg"qh"743"oo"hqt"vjg"yjqng"tgeqtf0"Cu"qdugtxgf"kp"vjg"icooc"

Fig. 10. As Figure 2, for Corrientes.

Winter Summer

ba



20 B. Scian and J. Pierini

fkuvtkdwvkqp"hqt"fkhhgtgpv"rgtkqfu"*Hki0"34+."vjku"ukvg"fqgupÓv"jcxg"c"tgngxcpv"ujkhv"kp"rtgekrkvcvkqp0"
There is an increase in the probability of summer rainfall over 600 mm. The highest trend for 

ykpvgt"tckphcnn"uwtrcuugf"3"oo1{t and was observed between 3;75/3;;4"cpf"3;84/4224"*Hki0"
34c."nqygt"rcpgn+0"Cu"hqt"uwoogt."uvcvkuvkecnn{"tgngxcpv"vtgpfu"ctg"Î406"oo1{t at the beginning 

qh"vjg"rgtkqf."yjkng"vjg"rqukvkxg"rgcm"uwtrcuugf"7"oo1{t hqt"3;67/3;:6"*Hki0"34d+0"Tgictfkpi"
the seasonal variability represented by the variance, there is an increase for both seasons. For the 

oquv"tgegpv"fgecfgu."ykpvgt"xctkcpeg"guvkocvgu"ctg"dgvyggp"3222/3722"oo2 while the increase 

observed for summer went from a typical variance of 1.0 '"104 mm2 to 3.7 ' 104 mm2 for the 

ykpfqy"3;87/42260
Vjg"tguwnvu"qh"TXu"kp"ugcuqpcn"tckphcnn"hqt"vjg"vjtgg"uvwfkgf"rtqdcdknkvkgu"ujqygf"vjcv"kp"ykpvgt."

vjg"F"gpfu"kpetgcugf"rtqitguukxgn{"yjkng"hqt"vjg"Y"gpf."chvgt"c"pqvkegcdng"fgetgcug"kp"coqwpv"
for more than two thirds of the analyzed period, there is a rapid increase in the last decades. For 

uwoogt."vjg"F"gpf"ujqygf"pq"kpetgcug"kp"TXu."dwv"vjgtg"ku"cp"cnoquv"eqpvkpwqwu"kpetgcug"hqt"vjg"
Y"gpf0"Yjgp"uvwf{kpi"vjg"rqvgpvkcn"ejcpigu"kp"ugcuqpcn"tckphcnn"vjtqwijqwv"vkog"wukpi"vjg"EK"xu0"
vjg"EEK."hqt"vjg"32'"cpf";2'"rtqdcdknkvkgu"*Hki0"35+."kv"dgeqogu"gxkfgpv"vjcv"vjg"uwuvckpgf"kpetgcug"
kp"tckphcnn"jcrrgpu"cv"vjg"Y"gzvtgog"qh"uwoogt0

Fig. 11. As Figure 3, for Corrientes.

Winter Summer
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4. Discussion and conclusion

Studies that use more than centennial rainfall data are useful for a better understanding of 

precipitation behavior. From the analysis of the six reference series in north and central Argentina 

it is possible to infer the changes in seasonal rainfall during the last 140 years, evaluated for both 

gzvtgog"tgvwtp"xcnwgu"*cdqxg1dgnqy"vjg":2vj142vj"rgtegpvkng+0"Vjg"kpetgcug"kp"tckphcnn"ku"qdugtxgf"
almost simultaneously for the plain lands of north and central Argentina in the summer season.

Yg"jcxg"wugf"c"dguv/Ýv"hwpevkqp"*vyq/rctcogvgt"icooc"hwpevkqp+"vq"cpcn{¦g"vjg"ugcuqpcn"fcvc0"
Differences in Į and ȕ parameters of the gamma distribution are observed between winter or summer 

tckphcnn"cpf"coqpi"tgikqpu0"Yg"hqwpf"vjcv"Į values for some locations are close to 1, as a result of dry 

ykpvgtu"*cu"ku"vjg"ecug"qh"Eótfqdc+0"Vjg"dgjcxkqt"qh"vjg"rqukvkxg"ujkhv"qh"vjg"icooc"fkuvtkdwvkqp"*ugg"
vjg"eqttgurqpfkpi"Ýiwtgu+"engctn{"gxkfgpegu"vjcv"vjg"ncuv"cpcn{¦gf"62/{t"ykpfqy"*3;89/4228+"ujqyu"
the higher displacement to greater rainfall amounts for each one of the selected locations. This fact is 

consistent with Barros et al."*422:+."yjq"hqewu"vjgkt"uvwf{"qp"cppwcn"cpf"ugcuqpcn"tckphcnn"vtgpfu"hqt"
subtropical South America on the period 1960-1999 because of their large and positive trends.

Yg"jcxg"cpcn{¦gf"vjg"eqpÝfgpeg"kpvgtxcn"*EK+"eqttgurqpfkpi"vq"vjg"32vj"cpf";2vj"rgtegpvkngu"qh"
the gamma distribution of seasonal precipitation and compared it with a control CI calculated for 

vjg"ncuv"62/{t"rgtkqf."dqvj"hqt"ykpvgt"cpf"uwoogt"tckphcnn0"Uwoogt"ugcuqp"Y"xcnwgu"jcxg"ujqyp"
c"pqvkegcdng"cpf"ukipkÝecpv"kpetgcug"vjtqwij"vkog0

Fig. 12. As Figure 2, for Tucumán.

Winter Summer
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Vq"uwooctk¦g."kp"Hkiwtg"36"yg"rtgugpv"vjg"TX"hqt"gzvtgog"F"cpf"Y"qh"uwoogt"tckphcnn"hqt"
gcej"oqxkpi"ykpfqy"cpf"nqecvkqp0"Cu"uwoogt"ku"vjg"ygv"ugcuqp."oclqt"ejcpigu"ctg"gpjcpegf"
yjgp"cpcn{¦kpi"vjgug"oqpvju"qh"vjg"{gct0"Nctiguv"kpetgcugu"kp"TXu"ctg"qdugtxgf"hqt"vjg"Y"gpf."
dwv"pqv"cnn"uvcvkqpu"*nkpgu+"gzjkdkv"c"ukoknct"dgjcxkqt0"Vjg"tgvwtp"xcnwgu"qh"vyq"rckt"qh"uvcvkqpu"ctg"
comparable: those for Bahíc"Dncpec/Oct"fgn"Rncvc"*ykvj"vjg"nqyguv"ocipkvwfgu+"cpf"Dwgpqu"Cktgu/
Córdoba. Corrientes and Tucumáp"fgvcej"htqo"vjg"tguv"qh"vjg"nqecvkqpu"cpf"ujqy"vjg"nctiguv"TXu."
cu"eqwnf"dg"gzrgevgf"dgecwug"qh"vjgkt"uwoogt"tckphcnn"tgikogp"*ugg"Hki0"3+0"C"eqooqp"hcev"ku"vjg"
cnoquv"ukownvcpgqwu"kpetgcug"fgvgevgf"htqo"pqtvj"vq"uqwvj"*i.e. from Tucumán to Bahíc"Dncpec+"
chvgt"vjg"3;53/3;92"ykpfqy0"Vjg"kpetgcug"kp"TXu"hqt"Eqttkgpvgu"uvctvu"ugxgtcn"{gctu"dghqtg0"Vjku"
fact is also detected when analyzing the peak value of the linear trend.

Yg"nkuv"jgtg"vjg"nctiguv"rqukvkxg"vtgpfu"*oo1{t+"cpf"vjg"eqttgurqpfgpv"rgtkqf"qh"62"{gctu"hqt"gcej"
station: Bahíc"Dncpec<"-5036"*3;62/3;9;+="Oct"fgn"Rncvc<"-50;4"*3;57/3;96+="Dwgpqu"Cktgu<"-5086"
*3;5:/3;99+="Eótfqdc<"-6035"*3;65/3;:4+="Eqttkgpvgu<"-70:7"*3;4:/3;89+."ykvj"c"ugeqpfct{"rgcm"
qh"-6028"*3;85/4224+="cpf"Vwewoáp<"-703;"*3;67/3;:6+0"Wpnkmg"vjg"nkpgct"vtgpf"gxcnwcvgf"hqt"vjg"
data record in Barros et al."*3;;8+."vjcv"gpeqorcuu"vjg"vqvcn"ngpivj"qh"fcvc."vjg"fkhhgtgpeg"dgvyggp"
ogcp"xcnwgu"crrnkgf"vq"ugrctcvgf"rgtkqfu"qh"c"nqpi"tgeqtf"*Okpgvvk"cpf"Xcticu."3;;:+"qt"vjg"wug"qh"
pqp/nkpgct"vtgpfu"cu"ugeqpf"qt"jkijgt"qtfgt"hwpevkqpu"*Okpgvvk"et al.."4225+."vjg"cpcn{uku"qh"vtgpfu"

Fig. 13. As Figure 3, for Tucumán.
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performed in this work using a method of moving windows provides a dynamical perspective of 

rainfall behavior. It can be inferred from the analysis that regions with different climatic regimes 

have different intensity and slopes in the observed trends. Largest positive trends accompany 

ceewowncvgf" ugcuqpcn" tckphcnn0"Yg" eqpenwfg" vjcv" vjgtg" jcu" dggp" c" ujkhv" kp" tckphcnn" fkuvtkdwvkqp"
vqyctfu"kpetgcukpi"tckphcnn."cu"ygnn"cu"c"Þwevwcvkpi"ejcpig"kp"vjg"tckphcnn"xctkcpeg"vjtqwij"vkog."
whereas summer rainfall is responsible for greater trends and variability.

Vjg" qdugtxgf" kpetgcug" kp" xctkcdknkv{" fwtkpi" vjg" ncuv"ykpfqy" *3;89/4228+" cpf" vjg" tgcuqp"
that determines the change might be explained by changes in atmospheric circulation and on 

vgngeqppgvkqp"rcvvgtpu" uwej" cu"Gn"Pk‚q/Uqwvjgtp"Queknncvkqp" *GPUQ+" cpf" vjg"RcekÝe"Fgecfcn"
Queknncvkqp"*RFQ+0"Uqog"rj{ukecn"cpf"f{pcokecn"ecwugu"qh"vjg"uwoogt"tckphcnn"kpetgcug"jcxg"dggp"
cvvtkdwvgf"vq"vjg"GPUQ"ukipcn"kp"vjqug"ecugu"yjgp"GPUQ"cpf"RFQ"ctg"kp"vjg"ucog"rjcug"*Mc{cpq"
cpf"Cpftgqnk."4229+0"Tgegpv"uvwfkgu"d{"Uknxc"et al."*4233+"jcxg"rqkpvgf"qwv"vjcv"vjg"korcev"qh"GP"
gxgpvu"fwtkpi"rqukvkxg"RFQ*-+"rjcugu"chhgevu"vjg"vtcpurqtv"qh"oqkuvwtg"cpf"gzvtcvtqrkecn"e{enqpke"
properties in austral summer over southeastern South America. The changes in tropical-extratropical 

circulation anomalies after 1976 seem to be associated with an increase in the frequency and 

intensity of EN events and positive precipitation anomalies. Consistently with the last warm PDO 
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and location.
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tgikog"vjcv"qeewttgf"fwtkpi"vjg"rgtkqf"3;99"vq"okf/3;;2u."Tqdgtvuqp"cpf"Ogejquq"*4222+"jcxg"
hqwpf"cp"kpetgcug"kp"rtgekrkvcvkqp"cpf"tkxgt"Þqy"qxgt"uqwvjgcuvgtp"Uqwvj"Cogtkec0"Vjku"ecppqv"dg"
exclusively attributed to the PDO variability, because the EN events have been more intense and 

htgswgpv"kp"vjg"3;:2u"cpf"3;;2u"*Codtk¦¦k"et al.."4226+0
Through the analysis of past precipitation anomalies we were able to detect whether extremely 

dry or wet anomalies over selected regions of Argentina have become more extreme in recent 

fgecfgu"kp"vjg"eqpvgzv"qh"vjg"ncuv"qpg/cpf/c/jcnh"egpvwtkgu0"Hwvwtg"yqtmu"yknn"hqewu"qp"vjg"kpÞwgpeg"
of the PDO phases over seasonal rainfall in the region. Some applications of these results are of 

regional interest, related to agronomic production or water resources. Moreover, a more profound 

understanding of the variability of extreme precipitation and the length of extended wet and dry 

periods may help to improve climate models and interpret model results.
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