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1.  INTRODUCTION

The La Plata Basin (LPB), located in the southeast-
ern region of South America (SA), comprises areas of
Brazil, Argentina, Uruguay and Paraguay. This
region is highly populated and has urban and agri-
cultural areas, as well as Itaipu, the largest hydro-
electric power plant in SA. Therefore extreme pre-
cipitation in the LPB, i.e. excess or deficit of rainfall,
can affect the society and the economy of four differ-
ent countries. Studies using observed precipitation
have shown positive trends in extreme rainfall over
the LPB. Haylock et al. (2006) used precipitation data
sets from stations over SA during the period 1960−

2000 to analyze extreme indices over this continent.
The results showed significant positive trends in the
indices over large areas of the LPB, indicating
increases in total precipitation, in the frequency of
days with rainfall above 10 and 20 mm d−1, in the
number of consecutive wet days, and in consecutive
dry days. Using observed precipitation in stations
from 1950 to 2010, Skansi et al. (2013) analyzed
extreme indices over SA and obtained results similar
to Haylock et al. (2006). In addition, analysis of 2
indices by Penalba & Robledo (2010): the percentage
of days with rainfall ≥0.1 mm and the 75th percentile
of this indicated positive trends in large areas of the
LPB between 1961−1975 and 1980− 1996. Positive
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trends in ob served extreme precipitation were also
detected over southeastern South America by Dufek
& Ambrizzi (2008) during the period 1961−1990 and
by Re & Barros (2009) during the period 1959−2002.

A review of precipitation extremes over the LPB
and results from the CLARIS-LPB project are pre-
sented in Cavalcanti et al. (2015), where remote and
local in fluences, as well as extreme indices are dis-
cussed based on observations and model results. In
that study, analyses of precipitation from the Global
Precipitation Climatology Project (GPCP) dataset
(Adler et al. 2003) showed that the frequency of wet
extremes was higher in the southern sector than in
the northern sector of the LPB and that the number of
wet cases in both sectors was higher than the number
of dry cases. Two global models reproduced this
behavior in the period 1979−2001. The highest num-
ber of observed dry extremes during the period
1962−2008 was re corded at stations in central
Argentina and Paraguay. Moderate to high drought
hazard index (DHI) values were recorded in the
western and southern LPB. The DHI is a weighted
index based on drought frequencies, calculated as a
sum of weighted drought classes: 

DHI = (MDr × MDw) + (SDr × SDw) + (EDr × EDw) (1)

where MD, SD and ED are moderate, severe and ex -
treme drought classes from the Standardized Precip-
itation Index (SPI), w is the weight of the drought
class and r indicates the percentage of occurrence.
The values of the weights and ratings can be found in
Shahid & Behrawan (2008).

Future climate projections of extreme precipitation
were discussed in IPCC-AR5 (Christensen et al.
2013) and Kitoh et al. 2013, mainly from a large en -
semble of CMIP5 global models. Individual models
can show differences in results, and uncertainties
have been discussed in some studies. Using 24
CMIP3 models and a criterion of convergence and
model bias, Torres & Marengo (2013) concluded that
the precipitation uncertainty range over SA had the
same magnitude as natural variability. Blázquez &
Nunez (2013) analyzed CMIP3 and CMIP5 model
results over SA to identify sources of uncertainty and
found that the inter-model variability of precipitation
during summer decreased from CMIP3 to CMIP5 in
north, east and south Brazil and Uruguay, mainly in
the last decades of the 21st century. The reduction in
inter-model variability was related to a better repre-
sentation of physical processes in the new generation
models of CMIP5.

Results of several regional climate models obtained
in American programs — such as the North American

Regional Climate Change Assessment Program
(NARCCAP; Mearns et al. 2012) for North America
and CLARIS-EU and CLARIS-LPB (Boulanger et al.
2010) for South America — have been used for similar
purposes. One of the most important functions of
these programs is to provide climate change informa-
tion with a high resolution that can be used in assess-
ment of climate impacts and adaptation needs. For
South America, experiments have been performed to
enhance the details of precipitation changes. Maren -
go et al. (2012) and Chou et al. (2012) analyzed 4
members of the regional Eta model integrated with
lateral boundary conditions from a global model with
different sensitivities to global warming (Murphy et
al. 2004). They found that the spread among mem-
bers was smaller than the precipitation bias. Sources
of uncertainties were discussed in Solman & Pessacg
(2012), using the regional MM5 model and analyzing
the role of initial conditions, the domain of integra-
tion and the physical parameters. The experiments
were done with a combination of cumulus convection
and planetary boundary layer (PBL) schemes. Four
convection schemes and 2 PBL schemes testing dif-
ferent maximum lifting depth for an unstable parcel
were analyzed. The highest source of uncertainty
arose from differences in physical parameters, and
the lowest from the initial conditions.

Therefore, different models, which have different
parameterizations, are likely to present more spread
than a single model with several members. For exam-
ple, an evaluation of extreme precipitation over
southeastern SA, in 4 regional models, showed high
uncertainties in large areas of the LPB (Carril et al.
2012). In that study, the model ensemble overesti-
mated the number of wet days and underestimated
the intensity of precipitation, when compared to Cli-
matic Research Unit (CRU) and CPC Merged Analy-
sis of Precipitation (CMAP) data.

The objective of the present study is to show the
changes in precipitation and extremes projected for
the future, compared to a past base period, and to
discuss the uncertainties arising from results of dif-
ferent regional models. Different analyses are per-
formed to assess the uncertainties in areas of the
LPB. The analyses and discussions consider differ-
ences in precipitation and extremes over SA between
the future projections and the base period. As the
LPB extends from tropical to extratropical regions,
the precipi tation regimes are different in the north-
ern, middle and southern areas. Therefore the sea-
sonal and daily analyses were performed in 4 loca-
tions situated at the upper, middle and lower LPB
(Fig. 1). 
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2.  DATA AND METHODS

The simulations and projections were obtained
from 5 regional models provided by the CLARIS-LPB
project: Eta (Chou et al. 2012), LMDZ (Hourdin et al.
2006), PROMES (Sánchez et al. 2004), RCA (Sa -
muelsson et al. 2011) and RegCM3 (da Rocha et al.
2009). The integrations were performed over the
South American domain, with 50 km horizontal reso-
lution. A previous evaluation of these models demon-
strated that they reproduce the spatial distribution of
seasonal variability, and that there is a low degree of
spread among the model results over most of SA,
except over the Andes mountain range (Solman et al.
2013). Observed precipitation extremes for the LPB

have been analyzed in other studies, described in
Cavalcanti et al. (2015). Therefore, in the present
analyses, only model results are discussed. The base
period is 1961−1988, and this is compared with the
distant future period 2071−2098. PROMES and ETA
models were forced by the HadCM3 coupled general
circulation model (CGCM), the LMDZ model was
forced by IPSL CGCM, and RCA and RegCM3 mod-
els were forced by ECHAM5 CGCM (Table 1). More
information about these simulations can be found in
Carril et al. (2012), Solman et al. (2013), Cavalcanti et
al. (2015) and Sánchez et al. (2015). The RegCM3
model is used only for the daily analyses, due to the
smaller period of available data in future projection
(2071− 2096). All global models for the downscaling
were obtained from the CMIP3 integrations of base
period and future projections with scenario A1B
(Nakicenovic et al. 2000).

The differences between the future and base pe -
riods are analyzed in the model ensemble, and the
spread among the models is obtained from the stan-
dard deviation among them. Four specific areas
within the basin are analyzed, each comprising an av-
erage of 9 grid points, where the central grid point is
P1 (52.25°W, 19.75° S), P2 (49.75°W, 25.25° S), P3
(52.75°W, 27.75° S) and P4 (59.75°W, 31.75° S), shown
in Fig. 1. These areas were chosen to represent the
upper LPB (P1), middle LPB (P2 and P3) and lower
LPB (P4), and also to cover areas which are frequently
affected by floods. The percentages of changes in
these regions are analyzed for each model in the 4
seasons. The frequencies of seasonal precipitation ex-
tremes are calculated through the 5th, 10th and 25th
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Model Responsible institute Type Number of Number Global Basic Reference
of grid grid points of levels model Regional Global

ETA/INPE Instituto Nacional de Pesquisas Regular 123 × 245 38 HadCM3-Q0 Chou et al. Gordon et al. 
(climate Espaciais, Brazil lat/lon (2012) (2000)
change V1.0)

LMDZ4 Institute Pierre-Simon Laplace, Irregular 184 × 180 19 IPSL-CM4-v2 Hourdin et al. Marti et al. 
France (IPSL) rectangular (2006) (2010)

lat/lon

PROMES Universidad Castilla, La Mancha, Lambert 145 × 163 37 HadCM3-Q0 Sanchez et al. Gordon et al. 
Spain (UCLM) conformal (2004) (2000)

RCA3 Rossby Centre Meteorological and Rotated 134 × 155 40 ECHAM5-OM Samuelsson Roeckner 
Hydrological Institute, lat/lon et al. (2011) et al. (2006)
Sweden (SMHI)

RegCM3 Universidade de São Paulo, Rotated 190 × 202 18 ECHAM5-OM da Rocha Roeckner 
Brazil (USP) Mercator et al. (2009) et al. (2006)

Table 1. Climate models used for investigation of projected changes in precipitation over the La Plata Basin (adapted from Solman et al. 2013
and Sánchez et al. 2015)

Fig. 1. La Plata Basin (gray) in South America and 4 locations
where the changes in model precipitation were analyzed
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percentiles (dry cases), and the 75th, 90th and 95th
percentiles (wet cases) in the base and future periods.
The frequency in the future period is analyzed re -
lative to the percentiles of the base period. Normally,
percentile analyses are performed to identify daily ex-
tremes, but here the method is applied to seasonal
precipitation, which is also important for agriculture
and water resources management. We analyze the
difference between the future and the base periods in
the 4 seasons and for the 4 locations.

Daily precipitation is used to calculate the indices
SDII (mean precipitation of rainy days, i.e. with
 precipitation ≥1 mm d−1) and CDD (maximum num-

ber of consecutive dry days) for the 4 locations in the
LPB. In order to detect differences in the main mode
of precipitation variability between the 2 periods
(base and future), empirical orthogonal function
(EOF) analysis was applied to standardized precipi-
tation anomalies obtained from the 4 regional models
in the LPB domain.

In addition to the spread of results from different
regional models, which have different physical para-
meterizations, the lateral boundary conditions pro-
vided from different global models are a further
source of uncertainty. However in the present analy-
ses uncertainty is de fined based on the amount of

spread among models results, as high
(large spread) or low (agreement
among models). In the maps of differ-
ences between future projections and
base period it is measured by compar-
ing the signs of precipitation change
(positive or negative) and the standard
deviation among the models. If the
signs are the same, and the standard
deviation is small, the uncertainty is
considered low.

3.  SEASONAL PRECIPITATION
CHANGES OVER SOUTH  AMERICA

AND MODEL DISPERSION

Changes in future precipitation in
percentages relative to the base period
during the 4 seasons over the entire
LPB are shown in Fig. 2. In general, the
en semble projects more precipitation
over the LPB in the future, during DJF
(austral summer) and MAM (austral
autumn), but drier conditions over the
northern sector (ca. 15° to 23° S) and
wetter conditions over the southern
sector (ca. 25° to 35° S) are projected
during JJA (austral winter) and SON
(austral spring). Some of these features
are also displayed in results of CMIP5
global models (Cavalcanti & Shimizu
2012, Christensen et al. 2013), as well
as in regional models such as the Eta
model (Marengo et al. 2012).

During DJF, the ensemble indicates
positive values in the majority of the
LPB, with low standard deviation,
expressing low uncertainty regarding
increased precipitation over the region
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Fig. 2. Change in precipitation totals (%) in the La Plata Basin between the fu-
ture period (2071−2098) and the base period (1961−1988). Contour lines show 

the standard deviation among the climate models
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in the future period. There is also low uncertainty
regarding drier conditions in the future over the
northern LPB, projected in the en semble during JJA
and SON. Over the southern sector the projections
show increased precipitation in JJA and SON, with
low uncertainty, since there are positive values in the
ensemble and small standard deviations. The impact
of global model resolution on increased precipitation
over central LPB in the future is smaller in SON than
in the other seasons, as shown in Blázquez et al.
(2012) who compare results from MRI at 20 km vs.
60 km resolutions. In that study they found that the
most significant precipitation increase in southeast-
ern SA was projected for the spring. 

In MAM, the standard deviation among the models
(shown by contour lines in Fig. 2) is higher over the
LPB than in the other seasons and, although the pro -
jection indicates increased precipitation over this
region, the uncertainty is higher than in the other
seasons. The results for DJF and JJA are consistent
with those from a larger set of regional models,
shown in AR5-IPCC, which includes the models ana-
lyzed here (Fig. 14.21 in Christensen et al. 2013).
These results indicate agreement among models re -
garding increased precipitation in southeastern SA
in DJF. The reduced precipitation over the northern
sector of the LPB during JJA was also noted by Chris-
tensen et al. (2013). The general configuration of pre-

cipitation changes in DJF and JJA are also similar to
results using 1 regional model (Eta) and an ensemble
of 4 members shown in Marengo et al. (2012), al -
though the magnitude of changes is higher in that
study, where the different members were integrated
with different lateral boundary conditions from the
HadCM3 global model. In the present study, the
ensemble of different models with different lateral
boundary conditions, different parameterizations
and different configurations gives a lower percent-
age of precipitation change.

The percentages of changes with respect to the
base period projected by the individual members are
shown in Fig. 3, for the 4 areas (locations) with cen-
tral points at P1, P2, P3 and P4 indicated in Fig. 1. In
DJF at least 3 members show positive changes dur-
ing DJF in the 4 locations. By contrast,  negative
changes and reduced precipitation in the future are
projected by the 4 models at P1 (upper LPB) during
JJA. In the middle LPB, 3 models project reductions
during JJA at P2 and there is high uncertainty at P3,
as 2 models show an increase and 2 show a reduc-
tion. However, at P4, 3 models show increased pre-
cipitation in JJA. Three models project increased
precipitation during MAM in the 4 locations and dur-
ing SON at P2, P3 and P4. The reduction of precipita-
tion in the future compared to the base period in
SON at P1 would indicate a longer dry season, which
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Fig. 3. Seasonal changes in precipitation projected by 4 regional climate models in the La Plata Basin between the future pe-
riod (2071−2098) and the base period (1961−1988), at the 4 locations (P1−P4) shown in Fig. 1. M1: ETA, M2: LMDZ, M3: 

PROMES, M4: RCA
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occurs in JJA, affecting the onset of the South Amer-
ican monsoon System (SAMS). Drier conditions in the
future SAMS, during the austral spring, were also
obtained by Seth et al. (2010, 2011).

In summary, there is low uncertainty regarding
increased precipitation in the entire LPB during DJF
and reduced precipitation in the northern sector, but
an increase in the southern sector, during JJA. The
uncertainties are higher in the middle LPB sector
during JJA. The uncertainties are low during SON in
the LPB, where the projections indicate reduced pre-
cipitation in the northern sector and increased pre-
cipitation in the middle and southern sectors. Even
though in MAM 3 out of 4 models show increased
precipitation in the 4 locations of LPB, the dispersion
is larger than in the other seasons.

4.  PRECIPITATION EXTREMES

4.1.  Frequency of seasonal extremes from
 percentiles

The uncertainties are discussed based on the
agreement or disagreement among the models with
respect to the difference between the number of sea-

sonal precipitation extremes in the future and base
periods. Frequency extremes are computed with
respect to the seasonal precipitation for each year.
For example, a wet extreme in the austral summer is
identified as a year in which the seasonal DJF precip-
itation exceeds the 75th, 90th, or 95th percentile of
the whole series of 28 years. The number of extremes
in the future is calculated considering the percentiles
of the base period. Figs. 4−7 show the difference in
the number of dry extremes (5th, 10th, or 25th per-
centile) and wet extremes (75th, 90th or 95th per-
centile) in the 4 areas and 4 seasons.

At P1 (Fig. 4), during DJF the frequencies of wet
extremes in the future are higher than in the base
period for the 3 percentiles. All models show in -
creased frequency of wet extremes in the 75th per-
centile and at least 3 out of 4 models also show in -
creases in the 90th and 95th percentiles. Three
models project a reduction in the frequency of dry
ex tremes in the 25th percentile, while there are more
uncertainties in the 5th and 10th percentiles. The
increased frequency of wet extremes during summer
might indicate heavier daily rainfall or continuous
rainfall in the South Atlantic Convergence Zone
(SACZ), both of which would increase the risk of
flooding and landslides in the region. In MAM, only
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Fig. 4. Differences in the number of extreme dry (5th, 10th and 25th percentiles) and extreme wet (75th, 90th and 95th
 percentiles) years between the future period (2071−2098) and the base period (1961−1988) at location P1, for each season, 

simulated by 4 regional climate models. DJF: austral summer; MAM: autumn; JJA: winter; SON: spring
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1 model shows increased frequency of wet extremes
in the 3 percentiles, and 3 models show a reduction in
the frequency of dry extremes in the 25th percentile.
The models do not agree in the sign changes; there-
fore in MAM the uncertainty is high. In JJA and SON
there is a clear increase in the frequency of dry
extremes in the future, compared to the base period,
and there is great agreement among the models. The
changes are very small for the wet extremes in JJA,
and 1 model shows reduced frequency of wet ex -
tremes in the 3 percentiles in SON. At P2 (Fig. 5),
there are increases in the frequency of wet extremes
in DJF and MAM in the majority of future projec-
tions, while there is a reduction in the frequency of
dry extremes in DJF in the 3 percentiles. In JJA there
is agreement among models regarding increased fre-
quency of dry extremes. In SON there is a general
increase in the frequency of both dry and wet ex -
tremes in the majority of models.

At P3 (Fig. 6), the frequency of wet extremes in the
3 percentiles increases in the future during DJF,
MAM and SON. In DJF the 4 models show increased
frequency of wet extremes and a reduction in the fre-
quency of dry extremes. In the other 2 seasons, the
majority of models display the same behavior. In JJA
the frequency of dry extremes in the future is higher

than in the base period, while the models do not
agree on the changes in the frequency of wet
extremes. At P4 (Fig. 7), there are increases in the
frequency of wet extremes during the 4 seasons in
the 3 percentiles and a general decrease in the fre-
quency of dry extremes. The increases are projected
by all 4 models during MAM and SON and by 3 out
of 4 models in DJF and JJA. The behavior at this loca-
tion in JJA is different from that in the other areas to
the north, where there was increased frequency of
dry ex tremes in this season. The increased frequency
of wet extremes in DJF at this location is larger than
at the other analyzed locations.

The increased frequency of wet extremes in the
southern region can be related to an increased mois-
ture flux from Amazonia southwards in future projec-
tions, as discussed by Soares & Marengo (2009). The
region is also affected by frontal systems, which can
be intensified by humidity flux from Amazonia
(Siqueira & Machado 2004). Results of 2 global mod-
els indicated an increase in the frequency of frontal
systems over the LPB in global warming scenarios
(An drade et al. 2012), which could bring more pre-
cipitation to the southern region.

Summarizing, comparing the future with the base
period, the models show agreement regarding in -
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Fig. 5. Differences in the number of extreme dry (5th, 10th and 25th percentiles) and extreme wet (75th, 90th and 95th
 percentiles) years between the future period (2071−2098) and the base period (1961−1988) at location P2, for each season, 

simulated by 4 regional climate models 
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Fig. 7. Differences in the number of extreme dry (5th, 10th and 25th percentiles) and extreme wet (75th, 90th and 95th
 percentiles) years between the future period (2071−2098) and the base period (1961−1988) at location P4, for each season, 

simulated by 4 regional climate models

Fig. 6. Differences in the number of extreme dry (5th, 10th and 25th percentiles) and extreme wet (75th, 90th and 95th
 percentiles) years between the future period (2071−2098) and the base period (1961−1988) at location P3, for each season, 

simulated by 4 regional climate models
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creased frequency of wet extremes frequencies dur-
ing DJF in the entire LPB, and increases in frequency
of dry extremes in JJA in the upper and middle LPB.
In SON the behavior is different in each region, with
a higher frequency of dry extremes in the upper and
middle LPB, and of wet extremes in the lower LPB.
During MAM, the middle and lower LPB show
increased frequency of wet extremes, while in the
upper LPB the uncertainty is high, as there is large
spread among the models.

4.2.  Daily precipitation indices

Fig. 8 shows values of the SDII and CDD indices for
the 4 locations of the LPB. These analyses included
the RegCM3 model, in addition to the 4 used to ana-
lyze precipitation extremes, and the periods consid-
ered were 1961−1986 for the base line period and
2071− 2076 for the future, in accordance with data
availability. The 5 models project an increase of SDII
in P2, P3 and P4 and an increase of CDD in P1, albeit
with large model spread in each period. In P2 and P3
the changes in CDD are small. In P4, 3 models show
an increase and 2 show a decrease of CDD, indica-
ting more uncertainty than at the other locations. The
highest values of CDD are for P1, where the mem-
bers simulate an interval of ~40 to ~90 consecutive
dry days for the base period and ~55 to ~100 d for the
future. The lowest values of CDD are for P3, i.e. ~15
to ~35 d in the base period and ~20 to~ 35 d in the
future. The results for the 2 periods showed similar
behavior to the observed indices analyzed in Skansi
et al. (2013) for the period 1950−2010. In addition, the
daily indices display the same behavior of mean pre-
cipitation during JJA and SON, i.e. drier conditions
in the future at the upper LPB and wetter conditions
at the middle and lower LPB.

4.3.  Anomalous precipitation variability

An EOF analysis of standardized precipitation
anomalies over the LPB region reveals the similari-
ties and differences in the main mode of variability
(EOF1) among the model results for the base and
future periods (Table 2). The spread of variance dur-
ing the austral summer in both periods and during
austral spring during the base period are lower than
the spread in austral autumn and winter in both
 periods. However the spread during summer and
winter in the future is similar to the spread in the
base period, while in autumn and spring the spread
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Fig. 8. Precipitation indices SDII and CDD (maximum num-
ber of consecutive dry days) simulated by 5 regional climate
models at locations P1−P4 in the La Plata Basin (see Fig. 1). 

Present: 1961−1986; future: 2071−2096
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in the future is larger than in the base
period. This is related to the interannual
variability represented by the models in
each  season.

The patterns of EOF1 for each model in
the austral summer and winter in both
periods are shown in Figs. 9−10. In DJF
(1961−1988) the general patterns of the
models represent the precipitation dipole
over Southeastern SA, as observed in sev-
eral studies in cluding Nogués-Paegle &
Mo (1997), Cunningham & Cavalcanti (2006) and
Carvalho et al. (2002) (Fig. 9). This dipole pattern is
shown by several global circulation models of CMIP3
in Junquas et al. (2012) and also by HadCM3 GCM in
Cavalcanti & Shimizu (2012). In our results, the
dipole pattern remains in the future projection, but
the intensity of the northern center is higher, indica-
ting stronger anomalies in the SACZ. By contrast, the
HadCM3 indicates stronger anomalies in the south-
ern center in future projections, but based on daily
anomalies (Cavalcanti & Shimizu 2012). A dipole
precipitation pattern was also obtained in a multi-
model projection, which showed a preference, in the
future, for an increase of events in the positive phase,
i.e. positive anomalies in the southern sector of the
dipole (Junquas et al. 2012). In JJA the regional mod-
els show the same anomaly signal in the whole
region in both periods, with a shifting of the maxi-
mum southwards (Fig. 10).

In MAM, the models show different patterns for the
base period, changing the position of the maximum
anomaly of each model in the future projections (not
shown). In SON, the models show dipole patterns in
the base period, which remain in the future in projec-
tions of 2 models, while changing to an unique anom-
aly signal in the other 2 models (not shown). The time
series of principal components, which give the sign of
anomalies, indicate interannual variability in the
base period and future projections, with agreement
among models in some years (not shown).

5.  CONCLUSION

Model projections of precipitation changes in the
future, unlike those for temperature, contain uncer-
tainties. An increase in temperature is projected for
the entire globe, including SA during the whole year,
in global and regional models (Collins et al. 2013,
Marengo et al. 2012). In contrast, projected changes
in amounts and extremes of precipitation present
uncertainties in some regions and seasons. Uncer-

tainties arise from various sources, but in the present
study they are analyzed based on the spread of
results of different regional models. The projections
of different regional models of CLARIS-LPB for the
LPB show increased precipitation in the whole basin
 during DJF, projected by the 4 models, with a low
degree of spread among model results indicating a
low level of un certainty. There is also a low level of
uncertainty regarding reduced precipitation in the
northern sector and in creased precipitation in the
southern sector during JJA and SON. In MAM the
spread among models is larger than in the other
 seasons.

Changes in extreme seasonal precipitation fre-
quency obtained from percentiles of dry and wet
extremes, from base to the future periods, indicate
increases in the number of extreme wet summers in
the entire LPB, with low uncertainty. Increases in the
number of extreme dry winters and springs are also
projected in the upper LPB with low uncertainty,
while during MAM the uncertainty is high in this
region. The region that presents the lowest uncer-
tainty during all seasons is the lower LPB, where the
majority of models project increased frequency of
seasonal wet extremes. In the middle LPB the major-
ity of models project increased frequency of seasonal
wet extremes during MAM and reduced frequency
in JJA and SON, also with low uncertainties in these
seasons in this region. Daily precipitation indices
show rainy days with higher precipitation in the
future, mainly in the middle and lower LPB, and in -
creased length of dry periods (consecutive dry days)
in the upper LPB.

The models simulate features similar to those iden-
tified in observations of the dominant mode of pre-
cipitation variability (EOF1). The patterns in the
future projections continue to show the dipole pre-
cipitation pattern in DJF and the same configuration
anomaly in the whole LPB during JJA, as in the base
period. The future projections, compared to the base
period, present stronger anomalies in the northern
summer dipole and a southward shift of the maxi-
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Model DJF MAM JJA SON
Base Future Base Future Base Future Base Future

ETA 22.5 21.6 38.7 27.2 40.2 33.8 19.6 21.8
LMDZ 18.9 17.5 16.9 15.3 24.5 25.78 18.9 18.9
PROMES 19.3 18.1 19.3 18.7 24.9 42.2 17.5 30.7
RCA 15.3 22.6 25.0 24.7 19.5 24.15 20.8 18.43

Table 2. Variance (%) of EOF1 explained by different models used to 
project changes in precipitation over La Plata Basin
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Fig. 9. EOF1 patterns of
standardized precipitation
anomalies in the La Plata
Basin in DJF, simulated by
4 regional climate models.
Left column: base period,
1961−1988; right column:
future period, 2071−2098)
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Fig. 10. EOF1 patterns of
standardized precipitation
anomalies in the La Plata
Basin in JJA, simulated by
4 regional climate models.
Left column: base period,
1961−1988; right column:
future period, 2071−2098
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mum anomaly in the winter. In MAM the models
show different patterns in the base and future peri-
ods, while in SON there is more agreement among
models in the base than in the future period.

The results showed changes in mean precipitation,
precipitation extremes and patterns of variability
projected by 4 regional models, information that can
be useful for planning and preparing adaptation
measures. The uncertainties, measured by the
spread among the models, are low in some seasons
and regions of LPB. Since these uncertainties arise
mainly from differences in physical parameteri -
zations of regional models, from different lateral
boundary conditions of global models and model
bias, it is expected that improvements in both global
and regional models will reduce the uncertainties
and provide better information for use in agriculture
and water resource management in the LPB region.
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