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ABSTRACT: The classification of El Nifio events was performed based on the time evolution of sea surface warming in
the tropical Pacific Ocean during the period 1950-2000. Two sets of events were constructed: one in which the warming
core migrates eastward along the tropical Pacific until April-June of the following year, and another one in which it
evolves westward until November—January. The first type has associated positive precipitation anomalies over southeastern
South America during April-June. It results from a favourable combination of cyclonic vorticity advection and humidity
convergence. At high levels, cyclonic vorticity advection is explained in terms of an eastward extension of the subtropical
jet. Enhanced humidity advection takes place by an increased low-level northwesterly flow to the east of the Andes. It
provides enough moisture availability that, in combination with the upper-level cyclonic vorticity advection, supports heavy
precipitation during April—June. The second type of event exhibits slight negative or near-normal precipitation anomalies
over the same region. Both low and high-level circulation anomalies are also weaker in this case. The 1997-1998 El Nifio
is analysed separately because it cannot be classified into any of the previously described event types.

The observed distribution of both types of events along the analysed period changes after the 1970s. Comparison
with other authors’ results suggests the influence of low-frequency processes such as the Pacific Decadal Oscillation

(PDO). Copyright © 2008 Royal Meteorological Society
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1. Introduction

It is known that the El Nifio Southern Oscillation (ENSO)
has a strong influence on interannual rainfall variability
over southeastern South America (e.g. Ropelewski and
Halpert, 1987; Aceituno, 1988; Diaz et al., 1998; Grimm
et al., 1998; Grimm et al., 2000; Barros and Silvestri,
2002). In particular, ENSO has a considerable impact on
the discharge of the main rivers in the Plata basin, i.e.
the Parand, the Paraguay and the Uruguay rivers (Berri
et al., 2002; Camilloni and Barros, 2003; Barros et al.,
2004). In the case of the Parani river, five out of the
six major discharges in the twentieth century occurred
during the autumn following the year of the El Nifio onset
(Camilloni and Barros, 2003), hereinafter referred to as
autumn(+). Similarly, in the Paraguay river, six out of the
nine greatest discharges occurred simultaneously with El
Nifio events, and five of them during autumn(+) (Barros
et al., 2004). Thus, ENSO impacts on river discharge are
more noticeable during autumn at the end of the event.
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The first conceptual models of El Nifio (Rasmusson
and Carpenter, 1982) described the phenomenon as equa-
torial positive sea surface temperature anomalies migrat-
ing westward from the American coast to the central
Pacific. Later, Wang (1995), and Wang and Ropelewski
(1995) identified other El Nifio events with warm anoma-
lies migrating eastward in the tropical Pacific.

This study relates the occurrence of precipitation
anomalies in southeastern South America during autumn
with distinctive developments of El Nifio events. The
latter are classified in terms of differences in the time
series of sea surface temperature indices in the tropical
Pacific Ocean. Then, two types of El Nifio events are
defined. Anomalous field composites were computed
for each type of event to capture the main circulation
and precipitation anomalies. The description of datasets
and methodology is presented in Section 2. Section
3 discusses anomaly composites for several variables
within the corresponding subsections. Precipitation is
analysed in Section 4. Then the special case of El
Nifio 1997-1998 is analysed in Section 5. Finally, the
summary and conclusions are presented in Section 6.

2. Data and methodology

Sea surface temperatures were obtained from the National
Oceanic and Atmospheric Administration (NOAA),
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Extended Reconstructed Sea Surface Temperature
(ERSSTv2) monthly dataset with a spatial resolution of
2° x 2° for the period 1950—2000 (Smith and Reynolds,
2004). National Centers for Environmental Prediction
(NCEP) reanalysis monthly data were used for the same
period with 2.5° x 2.5° horizontal resolution (Kalnay
et al., 1996). Reanalyses are available at the website
of NOAA-CIRES Climate Diagnostics Center, Boulder,
Colorado, USA, http://www.cdc.noaa.gov/. Precipitation
analysis corresponds to the monthly global dataset pre-
pared by the University of Delaware at 0.5° x 0.5° reso-
lution (Legates and Willmott, 1990).

Following the definition of El Nifio periods given by
Trenberth (1997), the time series of the Nifio 3.4 index,
monthly anomalies were computed considering the base
period 1950-2000. Though different from Trenberth’s
(1997), the base period was defined to capture the
interdecadal variability of sea surface temperature in the
Pacific Ocean. An El Nifio event is defined when the 5-
month moving average of the index anomaly is greater
than or equal to 0.4°C for at least 6 months. During the
period 1950-2000, 15 EI Nifio events were identified
(Figure 1). Despite the differences in the base period and
the database, the list of events almost coincides with that
in Trenberth (1997). The only exception is the El Nifio
1979-1980, which does not meet the definition criteria.

From now on, we will use the term ‘phase’ to refer
to the difference, expressed in months, between the
occurrence of peaks in the 3-month-centred moving
averages of the anomalies of the Nifio 3.4 and the Nifio
1 + 2 indices. A phase is defined as positive (DF+) when
the maximum anomaly in the Nifio 3.4 index occurs
before the maximum in the Nifio 1 + 2. In these cases,
the latter occurs during March—June following the year
of the El Nifio onset. On the other hand, the phase is
defined as negative (DF—) when the maximum anomaly
in the Nifio 3.4 index occurs after the maximum in the
Nifo 1 + 2, which occurs during April—July.

950 19 1980 1990 2000

Figure 1. Time series plot of 5-month moving average of the Nifio
3.4 sea surface temperature index anomalies as departures from the
1950-2000 base period. A threshold of 0.4°C is indicated with a
dashed line to define El Nifio events. Dark (light) shading indicates
DF + (DF—) events. This figure is available in colour online at

www.interscience.wiley.com/ijoc
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Thus, a set with four DF+ events and another set
with five DF— events were identified during the period
1950-2000, as is shown in Figure 1 and listed in
Table I. These sets are used to compute the corresponding
composite means.

3. Analysis of anomaly composites

Time series of the Nifio 3.4 and Nifio 1 4 2 for each
individual event are shown in Figure 2(a)—(d) with their
corresponding averages for the DF4 and DF— events.
The averaged anomaly peak in the Nifio 3.4 index
occurs in January (+) for the DF4 events (Figure 2(a))
and in December (0) for the DF— events (Figure 2(b)).
On the other hand, the averaged anomaly peak in the
Nifio 142 occurs in May(+4) for the DF+ events
(Figure 2(c)) and in July(0) during the DF— events
(Figure 2(d)). In order to capture all the peaks from
individual events, the following 3-month periods were
constructed: May(0)—July(0), November(0)—January(+)
and April(4+)—June(+). Later on, these will be referred
to as MJJ(0), NDJ(0) and AMJ(+), respectively. Since
the averaged Nifio 3.4 anomalous index peaks during
NDJ(0) for both types of El Nifio events, the major
differences in the anomaly time series will occur for
the Nifio 1 4+ 2 index during MJJ(0) and AMJ(+). In
the case of DF+ events, the comparison of Figure 2(a)
and (c) clearly shows the eastward migration of the
anomalies peak from the central tropical Pacific (Nifio
3.4 index) during NDJ(0) towards the far eastern tropical
Pacific (Nifio 1 4 2 index) during AMIJ(+). Conversely,
westward migration of the anomaly peak occurs during
DF— events from the South American coast at the far
eastern Pacific to the central Pacific is evident when
comparing Figure 2(c) and (d).

It may be seen in Figure 1 that there are a number of El
Nifio events that are not classified either as DF+ or DF—
events. These are the 1953, 1963-1964, 1977-1978,
1993, 1994—1995 and 1997-1998 events. The anomaly
series of their Nifio3.4 and Nifio 1 + 2 indices are shown
in Figure 2(e) and (f) with the corresponding averages,
excluding 1997-1998 to avoid bias. Except those of
1953 and 1993, all of them have their peaks in the
anomalous Nifio 3.4 and Nifio 1 4 2 index series during
September—January. This feature may lead to a definition
of a third type of event, i.e. those events having almost

Table 1. Sets of El Nifio events classified as DF+ or DF—
during the period 1950-2000. Events are identified by the
beginning and ending years.

DF+ events DF— events
1968-1969 1951-1952
1982-1983 1957-1958
1986-1987 1965-1966
1991-1992 1972-1973

1976-1977
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Figure 2. Time series plots of 3-month moving average of the Nifio 3.4 (upper panels) and the Nifio 1 + 2 (lower panels) sea surface temperature

indices for each individual El Nifio events classified as DF+ (left), DF— (middle) and others (right) during the period 1950-2000. The symbol

0 at the horizontal axis indicates months of the El Nifio onset year; the symbol + indicates months of the following year. Values are anomalies

in°C relative to the 1950—-2000 base period. The heavy solid line is the mean time series for each sea surface temperature index and different
types of events, excluding 1997-1998 in (e)—(f) panels.

a simultaneous warming along the central and eastern
tropical Pacific. However, most of them depend to some
extent on previous El Nifio events. For instance, the
1977-1978 and 1993 events are actually a continuation
of warm conditions after the 1976—1977 and 1991-1992
El Nifio events, respectively (Figure 1). The same occurs
with the 1994—1995 event and the previous 1993 event.
In the case of El Nifio 1997-1998, even though it is
not related to a previous event, its unprecedented high
sea surface temperature anomalies (Figures 1 and 2(e),
(f)) lead to a particular anomaly pattern during AMIJ(+),
including precipitation anomalies, that resemble in many
aspects those of the DF+ events. This will be further
discussed in Section 5. In particular, the 1953 event is
not considered because it is very weak and completely
out of phase compared with other events. Finally, the
1963-1964 event is not preceded by an El Nifio event, as
in the previous case of 1997-1998. It has no remarkable
features that may be related with any of the other types
of events, hence it is not considered in this study.

3.1.

The distribution of sea surface temperature anomalies
over the Pacific during MJJ(0) for each type of event
is shown in Figure 3(a) and (b). In the same figure,
the statistical significance given by the Student’s 7-test

Sea surface temperature

Copyright © 2008 Royal Meteorological Society

is also shown. Even though both types of events have
an anomalous warming in the tropical Pacific, sea sur-
face temperature anomalies seem to favour the further
development of positive anomalies in the central tropical
Pacific only during the DF+ events.

During NDJ(0), DF+ events (Figure 3(c)) show the
highest statistical significance on positive anomalies
to the west compared to that of the DF— events
(Figure 3(d)) on the central tropical Pacific. Accordingly,
the negative anomaly over New Zealand acquires higher
statistical significance during DF— events, as well as the
anomalous warming centred at 35°S 150 °W. On the other
hand, during DF+ events positive anomalies extend to the
southeast over the eastern tropical South Pacific. Another
difference is that the sea surface cooling observed over
the North Pacific is enhanced during the DF+ events.

Major differences between DF+ and DF— sea surface
temperature patterns occur during AMJ(+4) (Figure 3(e)
and (f)). During this period, the anomaly pattern for DF—
events does not evidence remarkable features. However,
DF+ events reveal an anomalous pattern quite similar
to the NDJ(0) pattern, with the highest warming shifted
eastward. In addition, negative anomalies deepen over
the North Pacific and New Zealand during DF+ events,
whereas positive anomalies are also enhanced over the
central South Pacific.

Int. J. Climatol. 29: 719-727 (2009)
DOI: 10.1002/joc
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Figure 3. Mean sea surface temperature anomalies for El Nifio events classified as DF+ (left panels) and DF— (right panels) as the 3-month

average May—July (a) and (b) during the El Nifio year; November—January (c) and (d) during the El Nifio peak; and April-June (e) and

(f) during the year following the El Nifio onset. Anomalies are relative to the 1950-2000 base period. Contour interval is 1 °C. Dashed contours

indicate negative anomalies. Shading in red (blue) indicates positive (negative) anomalies at the 95% confidence level according to Student’s
t-test; darker shading at the 99, 99.5 and 99.9% level.

The persistence of the negative anomaly in the North
Pacific between NDJ(0) and AMJ(+) during DF+ events
resembles the warm phase of the Pacific Decadal Oscil-
lation (PDO) pattern (Mantua et al., 1997). As shown in
Table I most of DF+ events occur after the 1970s, when
DF— events did not occur. It is exactly during this decade
when the PDO changes its phase from negative (cold) to
positive (warm) conditions.

3.2. High-level circulation

Anomalies of stream-function at the 0.21 sigma level,
which approximately correspond to the 200-hPa level,
were chosen as representative of the upper tropospheric

Copyright © 2008 Royal Meteorological Society

circulation (Figure 4(a)—(f)). The Rossby-like response
in the tropical high-level circulation in the presence of
positive sea surface temperature anomalies during El
Nifio events appears as a pair of anticyclonic anomalies
centred off the equator. Their position is affected by the
spatial distribution of sea surface temperature anomalies
over the tropical region in each type of event. Whereas
high-level circulation anomalies do not show relevant
features over the Pacific Ocean during the onset of
DF+ events, i.e. during MJJ(0) (Figure 4(a)), a pair of
anticyclonic anomalies straddles the equator from 160 °E
to 150 °W over the tropical Pacific during the DF— events
(Figure 4(b)). However, the area affected with positive

Int. J. Climatol. 29: 719-727 (2009)
DOI: 10.1002/joc
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Figure 4. As in Figure 3 with stream-function anomalies at the 0.21 sigma level instead of sea surface temperature. Contour interval is
2 x 10 m? s~!. This figure is available in colour online at www.interscience.wiley.com/ijoc

sea surface temperature anomalies extends to the east of
the date line (Figure 3(b)). Hence, the more significant
anticyclonic pair at 160°E does not necessarily result
from the anomalous sea surface warming in the tropical
Pacific, as it should be the case to the east of the date line.
The relationship between circulation anomalies and sea
surface temperature is more evident during NDJ(0), when
comparing Figures 3(c), (d) and 4(c), (d) While during
DF+ events (Figure 4(c)) the anticyclonic pair is well
defined and centred at 140°W, during the DF— events
(Figure 4(d)) they are zonally elongated affecting also the
eastern tropical Pacific due to the eastward displacement
of the positive sea surface temperature anomalies. The
persistence of positive sea surface temperatures over
the eastern Pacific during AMIJ(+) for the DF4 events

Copyright © 2008 Royal Meteorological Society

(Figure 4(e)) supports the anticyclonic pair well extended
over the South American coast. Also remarkable is the
pair of cyclonic anomalies centred off the equator on
the Atlantic. The quadrupole pattern formed by the
anticyclonic pair on the Pacific and the cyclonic one
on the Atlantic may also be a Rossby-like atmospheric
response to El Nifio conditions during AMIJ(+4). At
subtropical latitudes there is a cyclonic anomaly zonally
elongated along 35°S over South America. Its major
statistical significance is found off the American coast.
Together with the Pacific anomalous anticyclone, it
supports the strengthening and eastward extension of
the subtropical jet stream over the continent. These
anomalous patterns of the jet stream have been associated
to higher than normal precipitation in southeastern South

Int. J. Climatol. 29: 719-727 (2009)
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America during winter(0) (Antico, 2003) and spring(0)
(Ropelewski and Halpert, 1987). Consistently with the
sea-surface temperature anomalies for DF— events during
AMI(+) (Figure 3(f)), high-level circulation anomalies
do not show relevant features over the tropical Pacific.

3.3. Low-level circulation and humidity advection
during AMJ(+)

Low-level circulation for DF+ and DF— events was
represented by the 850-hPa wind field. The correspond-
ing mean and anomalous composites are shown in
Figure 5(a)—(d), together with the wind vectors and
the advection of specific humidity. The climatological
April-June mean circulation is apparent in both types
of events (Figure 5(a) and (b)). Between the equator and
15°S, circulation is dominated by the easterlies. Neg-
ative humidity advection occurs along the northeastern
South American coast. Poleward of 30°S, the westerlies
become the dominant circulation feature. At subtropical
latitudes, the eastern slope of the Andes acts as an obsta-
cle for the low-level flow, which follows a southward
path from 15 to 30°S. This meridional flow defines the
western edge of the Atlantic anticyclone, in opposition to
the northward flow related to the Pacific anticyclone west
of the Andes. Consequently, positive humidity advection
occurs over most of subtropical South America to the east
of the Andes. This advection is enhanced during DF+
events mainly due to an increase in the northwesterly
flow along the eastern slope of the Andes, as it is shown
in Figure 5(c). There is also an anomalous southward
humidity advection along the subtropical Atlantic coast.
Along the equator, easterly anomalies are found from
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the Atlantic to the Andes mountains. Together with the
anomalous northerly wind over the Atlantic these features
may result in a westward shift of the Atlantic anticyclone.

On the other hand, during DF— events (Figure 5(d))
humidity advection does not exhibit major anomalies for
AMI(4). However, low-level circulation anomalies show
a strengthening in northerly flow along 53 °W from 10 to
30°S.

4. Precipitation over southeastern South America

During MJJ(0), both types of El Niflo events have weak
precipitation anomalies in southeastern South America
(not shown). However, as the El Nifio events develop dur-
ing NDJ(0) precipitation anomalies acquire statistical sig-
nificance during DF+ and DF— events (Figure 6(a) and
(b)). Even though both composites have positive precip-
itation anomalies over southeastern South America, they
look different for each type of event. Positive anoma-
lies occur during DF+ events (Figure 6(a)), between 35
and 15°S over Paraguay, southern Brazil, northeastern
Argentina and north of Uruguay. Negative anomalies
affect the northwestern portion of the domain, to the
north of 15°S. During DF— events (Figure 6(b)) positive
precipitation anomalies also occur, extending southward
over central Argentina and Uruguay, where they become
statistically significant. There is also a region with posi-
tive precipitation anomalies to the northeast of Paraguay
surrounded by negative precipitation anomalies. To the
north of this area, precipitation anomalies are mostly neg-
ative.
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Figure 5. Mean wind and specific humidity advection (left panels) and anomaly (right panels) at the 850-hPa level during April-June following
the El Nifio onset for DF+ events (a) and (c) and DF— events (b) and (d). Shading in blue (red) indicates positive (negative) humidity advection.
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shading at the 99, 99.5 and 99.9% level. This figure is available in colour online at www.interscience.wiley.com/ijoc

Shadows denoting statistical significance in Figure 6(a)
and (b) are shifted from the location of the precipitation
anomaly cores during both types of El Nifio events. This
may be due to the high spatial variability of precipita-
tion during NDJ(0) between individual El Nifio events
(Ropelewski and Halpert, 1987; Grimm et al., 2000).

During AMJ(+), positive anomalies of DF4 events
(Figure 6(c)) become stronger, as they move northeast-
ward to be centred at 25°S 54°W. The statistically sig-
nificant anomaly core exceeds 300 mm and is located
over the upper Parand basin. These precipitation anoma-
lies cause major floods downstream in the Parand River
(Camilloni and Barros, 2003). On the other hand, dur-
ing DF— events (Figure 6(d)) the same area is covered
by negative precipitation anomalies. In particular, there
is a well-defined negative core lower than 100 mm cen-
tred at 27°S 56°W. The affected area covers the middle
Paraguay basin, thus causing low river discharges during
this season.

Despite the relationship between the type of El Nifio
event and autumn precipitation anomalies, it is evident
in Table I that most of the DF+ events occurred after
the 1970s. In this way, recent findings of Andreoli and
Kayano (2005) and Kayano and Andreoli (2006, 2007)
relate to precipitation anomalies in South America with
the phases of the PDO and the phases of ENSO. When
both oscillations are in (out of) phase, precipitation
anomalies are stronger (weaker) than usual for a given
season, as observed during AMIJ(+).

Copyright © 2008 Royal Meteorological Society

5. El Nifio 1997-1998

Even though this event has not been classified as DF+,
the sea surface temperature remains very high in the
tropical Pacific during April-June 1998 (Figure 7(a)).
The maximum in the Nifio 1 + 2 anomaly series occurs
in November 1997, but a secondary maximum in April
1998 resembles the absolute maximum typical of DF+
events (see Figure 2(f)). In response to the warming on
the eastern tropical Pacific, the anticyclonic anomalies
pair dominates circulation at high levels centred off the
equator (Figure 7(b)). This causes an eastward extension
of the South Pacific subtropical jet stream. At low levels,
positive humidity advection anomalies occur at 20°S
60°W within an anomalous northwesterly flow along the
eastern slopes of the Andes (Figure 7(c)). Consequently,
a surplus of humidity convergence may be favoured
upstream of the area where a positive precipitation
anomaly is observed, with some localized values above
400 mm to the north of Uruguay (Figure 7(d)). Month-
by-month analysis of precipitation anomalies (not shown)
reveals that most of the April-June 1998 precipitation
occurs during April. This is not surprising since at the end
of the 1997-1998 El Nifio, a sudden cooling develops in
the central Pacific after April 1998, as it was shown by
the Nifio 3.4 anomaly index in Figure 2(f). Then, the
positive precipitation anomaly core in Figure 7(d) during
April-June is affected by the spatial distribution of
April precipitation totals and results in a southward shift
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compared with the DF+ events precipitation anomaly
composite (Figure 6(c)).

6. Summary and conclusions

The classification of El Nifio events is based on the
phase lag between the time series of the Nifio 3.4 and
Nifio 1 4 2 indices during the 1950-2000 period. Thus,
two sets of DF+ and DF— events were respectively
built with their corresponding anomaly composites. In
the first type (DF+) positive sea surface temperatures
maximize in the eastern tropical Pacific during AMIJ(+),
whereas in the second type (DF—) the latter occurs
immediately after the El Nifio onset during MJJ(0). In
addition, the first type has associated higher than normal
precipitation totals over southeastern South America
during AMJ(+). The analysis of the anomaly composites
revealed there is a favourable combination of upper-
level cyclonic vorticity advection and low-level humidity
convergence in the region. An anomalous high-level low
at 35°S is centred off the South American coast over
the Pacific Ocean. Together with an anomalous high-
level anticyclone on the eastern tropical South Pacific, it
produces an eastward extension of the subtropical jet that
favours cyclonic vorticity advection over South America.
Simultaneously, there is an enhancement of humidity
advection by the low-level northwesterly flow east of
the Andes. This advection increases moisture availability
over an area that encompasses the upper Parand basin.

Copyright © 2008 Royal Meteorological Society

The similarity is remarkable between this anomalous
pattern of low-level circulation and that described by
Nicolini et al. (2002) for the occurrence of low-level
jets characterized by their extension farther south in
subtropical South America during summer. That paper
relates to jet episodes with major precipitation events in
our study region. Thus, the described high- and low-level
circulation patterns for DF4 events combine together to
produce more precipitation than usual during AMJ(+).
On the other hand, during AMJ(+) after the DF— events
there are no major anomalies both in precipitation and
circulation patterns. Thus, this type of events is related
with near-average or slightly below average rainfall totals
in southeastern South America.

There are a number of El Nifio events during the
1950-2000 period that cannot be classified into DF+
or DF— events. One of them is the El Nifio 1997-1998,
which was the strongest warm event ever recorded in
the Pacific Ocean. During this event, the persistence of
extremely high sea surface temperature anomalies in the
eastern tropical Pacific is accompanied by anomalous
circulation patterns quite similar to those of the DF+
events. Therefore, major precipitation anomalies occur in
southeastern South America during April-June 1998.

The occurrence of a given type of event is not even
along the analysed period. In fact, most of the DF+
events occur after the 1970s, DF— events occur before.
These results are in concordance with those of Wang
(1995) who found changes in the onset of El Nifio
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episodes before and after the late 1970s, when an abrupt
interdecadal change is observed from cold to warm con-
ditions in the Pacific Ocean. In fact, the anomaly compos-
ites of sea surface temperature for DF+ events resemble
the warm phase pattern of the PDO, which changed its
phase during the 1970s (Mantua et al., 1997). It consists
of positive anomalies along the equatorial Pacific, and
negative anomalies in the subtropical southcentral Pacific
(as shown in Figure 3(e)). A similar pattern was found by
Barros and Silvestri (2002) for El Nifio events with major
precipitation anomalies in subtropical South America dur-
ing spring(0). They emphasized the role of negative sea
surface temperature anomalies in the subtropical south-
central Pacific during El Nifio. The background defined
by the PDO warm phase strengthens the El Nifio impacts
on precipitation in southeastern South America during
autumn(+) (Andreoli and Kayano, 2005; Kayano and
Andreoli, 2006, 2007). Therefore, low-frequency pro-
cesses such as those related to the PDO may be the ones
that modulate the evolution of each El Nifio event.

The method applied to classify El Nifio events is based
on monthly values of sea surface temperature indices.
Considering that the Nifio 1 + 2 index maximizes before
July(0) in the case of DF— events, it is possible to
classify an ongoing El Nifio event at the time the Nifio
3.4 maximum occurs, i.e. during January(+) or before.
Furthermore, the type of event is closely related with
autumn(+) precipitation anomalies. In particular, the high
rainfall totals observed during DF+ events may cause
severe flooding (Camilloni and Barros, 2003). Therefore,
the methodology used may also be regarded as a potential
contribution to the monitoring of regional climate.
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