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Abstract

The Northern Northeast Brazil (NNB) has two rainy periods, namely Pre-Wet Season (PWS) and Wet Season (WES),
which are usually treated as one system. The precipitation pattern on NNB is influenced by sea surface temperature
(SST) anomalies in the Atlantic and Pacific Ocean on interannual timescales particularly by the Interhemispheric Gradi-
ent of SST anomalies (IGS) and El Nifio Southern Oscillation (ENSO). On intraseasonal time scales, the MJO is espe-
cially important. This study investigates the variability of the PWS/WES. The PWS is largely associated with the
development of the South America Monsoon System and South Atlantic Convergence Zone (SAMS/SACZ); the onset is
depicted by incursion of the SAMS/SACZ northward. Anomalous atmospheric cyclonic circulation over the southeast-
ern Brazil along with easterlies over the northern Tropical Atlantic marks the early onset of the PWS, while easterlies
over the southern Tropical Atlantic are related to late onset episodes. The demise of the PWS is significantly associated
with propagation of the MJO, specifically during phases 4-5 of the MJO lifecycle. A Rossby wave train in 200-hPa
geopotential height with positive anomalies over central-southern Brazil is depicted during transition between PWS and
WES.
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Variagdes Interanuais e Intrasazonais do Inicio ¢ do Fim da Pré-Estacao
Chuvosa e da Estacao Chuvosa no Norte do Nordeste do Brasil

Resumo

O norte do Nordeste do Brasil (NNB) tém dois periodos imidos, a pré-estagdo chuvosa (PESC) ¢ a estagdo chuvosa
(EST), as quais geralmente sdo tratadas como uma. O regime de chuva sobre o NNB ¢ influenciado pelas anomalias de
Temperatura da Superficie do Mar (TSM) nos Oceanos Atlantico e Pacifico em escalas interanuais particularmente pelo
gradiente inter-hemisférico de anomalia de TSM (IGS) e o E1 Nino Oscilagio Sul. Na escala intrasazonal, a Oscilagdo de
Madden Julian (OMJ) ¢ importante. Este estudo investiga a variabilidade da PESC e EST. A PESC ¢ associada com o
desenvolvimento do sistema de mongao da América do Sul e da Zona de Convergéncia do Atlantico Sul (SAMS/SACZ);
o inicio é representado pela incursdo do SAMS/SACZ para norte. Circulagdo atmosférica ciclonicas andmalas sobre o
sudeste brasileiro juntamente com anomalias de leste sobre Atlantico Tropical Norte marcam inicios antecipados da
PESC, enquanto anomalias de leste sobre se posicionam sobre o Atlantico Tropical Sul sdo relacionados com episodios
de inicio tardio. O final da PESC esta intimamente associado com propagagdo da OMJ, especialmente durante as fases
4-5 de seu ciclo de vida. Um trem de ondas de Rossby no campo de altura geopotencial em 200 hPa ¢ observado, com
anomalias positivas sobre centro-sudeste do Brasil retratando sua ocorréncia durante a fase de transi¢do entre PESC e
EST.

Palavras-chave: pré estagdo chuvosa, estacdo chuvosa, Nordeste do Brasil, OMJ.
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1. Introduction

The Northern Northeast Brazil (hereafter NNB) has
complex climatic characteristics with short Pre-Wet Sea-
sons (PWS) (Brito and Nobre, 1991) and Wet Seasons
(WES) (Moura and Shukla, 1981; Hastenrath and Greichar,
1993). Previous studies indicated that the PWS occurs cli-
matologically between October and January (Brito and
Nobre, 1991; Alves et al., 1993; Moura and Hastenrath,
2004) and upper tropospheric cyclonic vortexes (Kousky
and Gan, 1981) and equatorward intrusions of cold fronts
(Kousky, 1979) are the main precipitating systems. The
WES occurs from February to May and is strongly associ-
ated with the southward position of the Intertropical Con-
vergence Zone (ITCZ) (Uvo and Nobre, 1989). Although
previous studies have provided important elements to un-
derstand the precipitation variability over the NNB (Moura
and Hastenrath, 2004; Sun et al., 2005; and references
therein), our understanding of the mechanisms controlling
the onset and demise of the PWS and WES is still limited.

In fact, onset and duration of the rainy seasons is es-
sential information to start planting and time to harvest,
public heathy, hydric management, and potentially impor-
tant to hydropower generation (Coelho et al., 2017). Rain-
fed agriculture (depend on rainfall only) and financial in-
come from crops are the bases of socio-economical
activities in rural regions in NNB (Alves et al., 2010),
which the decision of seed-releasing affects the vulnerabil-
ity of the region and justifying even more the relevance of
understanding the characteristics of the onset and demise of
the rainy periods.

Kousky (1988) determined the climatological onset
and demise of the rainy season over the NNB to be in late
December last about 55 days inland and about 125 days
over coastal areas. Rauscher ef al. (2007) used daily grid-
ded precipitation from gauge observations and found the
mean rainy season over the Northeast of Brazil (2S-13S;
45W-37W) to start in mid-December and last about 140
days. Although they did not investigate the PWS, they
showed the onset of the rainy period over the Northeast to
be in early December. These results seem to suggest that the
PWS is part of the WES.

Previous studies have also shown that the interannual
precipitation variability during the PWS and the WES is
driven by sea surface temperature (SST) anomalies on the
tropical Pacific and Atlantic Oceans (Brito and Nobre,
1991; Hastenrath and Heller, 1977; Alves et al., 1993; Uvo
et al., 1998). Alves et al. (1993) found that dry (wet) PWS
occur during warm (cold) El Nifio/Southern Oscillation
(ENSO) phases. Negative correlations between sea surface
temperature anomalies over the central-eastern Pacific and
rainfall anomalies over the Northeast Brazil were reported
by Uvo et al. (1998). Brito and Nobre (1991) showed nega-
tive correlations between precipitation anomalies and Inter-
hemisferic Gradient of SST anomalies (IGS). IGS is an
asymmetrical distribution of the SST anomalies across the
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equatorial tropical Atlantic (Servain, 1991; Chiang and
Vimont, 2004). In fact, early studies have clearly connected
the SST variability over the tropical Atlantic Tropical to the
seasonal climate over the NNB, whereby positive (nega-
tive) IGS is related to an anomalous northward (southward)
position of the ITCZ and reduced (enhanced) rainfall ano-
malies (Hastenrath and Heller, 1977; Moura and Shukla,
1981; Nobre and Shukla, 1996).

Some studies have also pointed out that precipitation
variability in South America (Taschetto and Wainer, 2008)
and the NNB in particular (Kayano and Andreoli, 2004;
Andreoli and Kayano, 2007) can be explained by SST
anomaly patterns in the South Atlantic. Bombardi ez al.
(2014) showed associations between the South Atlantic Di-
pole Index and precipitation anomalies in the South Amer-
ica Monsoon System (SAMS).

In addition, intraseasonal disturbances also influence
the climate of South America (e.g., Jones and Carvalho,
2002) and of the NNB in particular (Kousky and Kayano,
1994; Jones et al., 2004; Souza and Ambrizzi, 2006; Lieb-
mann et al., 2011; Valadao et al., 2015; Shimizu and
Ambrizzi, 2016). Souza and Ambrizzi (2006) showed that
the Madden-Julian Oscillation (MJO) (Madden and Julian,
1994) influences the precipitation variability over the east-
ern Amazon and NNB sector, playing an important role in
modulating the regional rainfall. Carvalho et al. (2004)
found significant relationships between the MJO, extreme
precipitation events and intense South Atlantic Conver-
gence Zone (SACZ) activity.

The main goal of this study is to investigate the
onsets and demises, especially the transitions from PWS
to WES on intraseasonal-to-interannual time scales. The
following questions are addressed: 1) What are the dif-
ference between the PWS and the WES? 2) What are the
atmospheric circulation patterns associated with
early/late onset/demise of the PWS and the WES? 3) Be-
cause on the intraseasonal characteristics of the transi-
tions, does the MJO have a significant role at the onset
and demise of the PWS and the WES on the NNB? The
paper is organized as follows: Section 2 describes the
data and methods utilized; Section 3 presents the results
and discussion; Summary and conclusions are presented
in the Section 4.

2. Data and Methods

Non-overlapping pentad was computed from daily
gridded precipitation (Liebmann and Allured, 2005) and
calculated the spatial average on the NNB region (Fig. 1) to
investigate the temporal variability of the onsets and de-
mises of the PWS and WES. To analyze the importance of
the MJO, the index described in Jones and Carvalho (2012)
is used. To analyze changes in the large/regional scale at-
mospheric circulation associated with early/late onsets/de-
mises of the PWS and the WES, pentads of the zonal and
meridional wind components at 200-hPa and 850-hPa, di-
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Figure 1 - Northeast region of Brazil. The black square depicts the study
area, Northern Northeast Brazil (NNB).

vergence of integrated moisture flux (DIV) and geopo-
tential high at 200-hPa (H200) from the Era-Interim rea-
nalysis are used (1979-2010). Anomalies are defined here
as departure from the mean seasonal cycle.

The method to determine the onset and demise of
the PWS and the WES is based on Liebmann and Ma-
rengo (2001) and adapted by Bombardi and Carvalho
(2009). The wet season onset and demise is based on the
running sum (S) of the pentad precipitation deviation
from the climatological annual mean precipitation. The
sum starts always at the dry season. The onset of the
PWS (WES) is defined when dS/d¢ becomes positive for
at least three consecutive (five) pentads. Likewise, the
demise of the PWS (WES) is defined when dS/dt be-
comes negative for at least two (four) consecutive
pentads. The separation between the PWS and the WES
is ensured by an additional criterion of at least 2 pentads
from the PWS demise to the WES onset. The classifica-
tion of onsets/demises of the PWS and the WES is ap-
plied to the time series of rainfall spatially averaged
over the NNB.

Intrinsic differences between PWS and WES are
investigated. The analysis focuses on dynamical at-
mospheric characteristics and water vapor transport
onregional scale by using composites of atmospheric
flow at upper and low levels, and water vapor flux-
related fields. Anomalies in the onsets/demises of
PWS (WES) are calculated using the climatological
mean and standard deviation of the onset and the de-
mise dates. An early (late) onset/demise is defined
when the onset/demise occurs before (after) the cli-
matological mean onset/demise date minus (plus)
0.75 standard deviation of the onset/demise dates.
Composites during early/late onsets/demises are
shown to characterize the lower and the upper tropo-
spheric circulation.

3. Results and Discussion

3.1. Mean characteristics of the PWS and WES

The interannual variability of the onset and demise of
the PWS (top) and the WES (bottom) are depicted in Fig. 2.
The mean onset and demise of the PWS are at December
12th and at January 25th, respectively, indicating mean du-
ration of about 10 pentads. The climatological WES shows
onset during February 09th and demise at May 12th, result-
ing in a mean duration of about 20 pentads. This result is
consistent with Rauscher ez al. (2005) and provides more
details about the timing of the PWS and the WES. The re-
markable interannual variability of the onset/demise of the
WES exhibits periods between 4-8 years and it is known to
be associated with ENSO (Kane, 1992, 1997).

In order to understand the intrinsic difference be-
tween the PWS and WES, we analyze the mean characteris-
tics of the large-scale atmospheric circulation (Figs 3-6).
During the PWS, the upper level circulation over the South
America and South Atlantic Ocean is characterized by an
anticyclone over the Bolivian Plateau (Bolivian High) and
the Northeast low over Tropical South Atlantic (Fig. 3).
These features are associated with the intense convective
heating over the core of the SAMS (Lenters and Cook,
1997; Zhou and Lau, 1998), yielding favorable rainfall con-
ditions over the NNB when associated with SACZ (Kousky
and Gan, 1981). At lower-levels, the deviation of the east-
erlies on the tropical region over the continent transports
water vapor from the Amazon and Tropical Atlantic to
southeastern South America (Fig. 4), which is consistent
with Chaves and Cavalcanti (2001) and Raia and Caval-
canti (2008). They pointed out that the location of the
SACZ over southern Northeast Brazil is controlled by
moist transport from Amazon and displacement of South
Atlantic anticyclonic eastward. Fluctuations on these fea-
tures define the precipitation patterns during the PWS on
the NNB. From the PWS to the WES the anticyclonic circu-
lation over Tropical South Atlantic in the upper-levels
(Fig. 5) indicates the weakening of the Northeast low and
over southeastern Brazil in lower-levels (Fig. 6), a “break”
phase in the SAMS.

The PWS is not defined on three rainy periods
(1984/1985,2003/2004 and 2006/2007) by using the afore-
mentioned method. Analyzing the composite of the inte-
grated moisture flux anomaly during the months from No-
vember to February, it is possible to explain the absence of
the PWS during those years. Easterly flux anomaly over
Central-Western Brazil and an anticyclonic flow anomaly
on southeastern South America during November-Febru-
ary (Figs. 7a-d) are patterns similar to findings by Jones and
Carvalho (2002) and Carvalho et al. (2004), which indi-
cates inactive phases of the SAMS and the SACZ. The lack
of SACZ and monsoon activity indicates disfavoring con-
ditions to development of the PWS, because the PWS rain-
fall is provided by precipitating systems mainly associated
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Figure 2 - Interannual variability of the onset and demise of the PWS (top) and the WES (bottom).

with frontal system, for example, upper tropospheric cy-
clonic vortex (Gan and Kousy, 1981; Brito and Nobre,
1991). These analyses indicate the link between the PWS
and summer rainfall systems over South America.

Figure 8 shows the lag composite analysis of the
pentad mean precipitation from GPCP during the onset of
the PWS. The SAMS/SACZ activity precedes the onset of
the PWS, as depicted in the Fig. 8 (top left and right). The
propagating precipitation pattern on southeastern Brazil

moves towards the NNB and the high precipitation covers
the Central-West Region of Brazil at the onset of the PWS
(Fig. 8 bottom). An interesting feature is related to the
weakening of the ITCZ over the Tropical Atlantic through
the development of SAMS and then SACZ over South
America, like a seesaw with a submonthly convective vari-
ability pattern. This kind of relationship between ITCZ and
SACZ agrees with Garcia and Kayano (2010, 2011).
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Figure 5 - Mean wind (m/s) at 200-hPa during the WES minus the PWS. Gray regions are statistically significant at 5% for test of difference between
means.

EST-PESC Vento 850 hPa

T
90°W 70°W 50°W 30w 10°W

Figure 6 - As Figure 5 except that for the level 850-hPa.



Interannual and Intraseasonal Variations of the Onset and Demise of the Pre-Wet Season and the Wet Season in the Northern Northeast Brazil 478

L L
\—"W////
]
] 4
4
S
.’////frtl:
ik
g NN N N ey
b O, R B T Y

ANNSN N L
Taatss s

wsdsor NN g o
JM"‘*‘“‘“\QQ\:\:
L A
L1777 e s NSO
/////522::°°“N\\\§§\
11177, SIS
//&//,/

(PRdetlR Rt
2227 TSNV
L) T

|
R
somm=SNAAR
-1 ‘. Saiere e AA
T

100 e o“re “re Fea

LA 8800
S
ST d
L a N
S AN

77 F N NNN—————. L
e e e e ]

1) VAL LAY
401 LV
/‘/

I

e re

crdinl
Ry SR TP
R L& i DA
R ety b = - s
N\ ¢ s prrrrrr/

RN RN

lomta e 2 4 v o N

RISy \“- P e e

e TN e Y R e
...... 5 CEICICET ZLN *r Pl e mnnn———
P P ST~ 5 L YD 7 A s e s n e e

x5 =

s R WS e S ———— .
e XA N TN e,

e v NANANNAN Y

.
SR . R

B S - st
et N .
RNV e s e 7N\ 7 o
=5 ‘°‘=~\n‘1:‘,.,-... = \'\\"(,-
< Vs as - [FXE
. S O 2! F\\‘\\...-_ Py /\/,
X el /Y (////M__“"“"\ ok 122222 R pmarmea 0N -
B el NN
P DO AR N wsYLrrss e TN NNNANNY

Figure 7 - Composite of monhtly integrated moisture flux anomaly (kg m-1 s-1) for a) November, b) December, ¢) January and d) February during no
PWS (1984/1985, 2003/2004 and 2006/2007).

onset-pws lag ~4 onset-pws lag -2

" i i

] ,/’/‘

. ¥

B )
“s Y - ,'K '

Figure 8 - Lag composite of pentad precipitation from GPCP in the onset of the PWS. Lag -4. lag -2, lag 0 and lag +2 in top left, top right, bottom left and
bottom right, respectively.



479

3.2. Composites of early/late onset/demise of the PWS
and WES

Composites of atmospheric circulation during ear-
ly/late onset/demise of the PWS and the WES indicate
anomalous behavior over the Atlantic Ocean and the South
Atlantic. These composites were computed with pentads of
wind at 200 and 850-hPa from the anomalous episodes of
the onset/demise. Anomalous easterlies at 850-hPa over the
Tropical South Atlantic indicate both early and late onsets
of the PWS (Figs. 9a and 9b, respectively), but the magni-
tude of the anomaly in early episodes, it seems to be weaker
than in late episodes. Furthermore, an anomalous cyclonic
circulation over the Southeastern Brazil/Southwestern
South Atlantic in early onset episodes is also observed; this

Vasconcelos Junior et al.

pattern is similar to the one found by Carvalho et al. (2004)
for continental SACZ events. This result supports our hy-
pothesis that the incursion of SAMS/SACZ northward has
significant influence on the PWS onset. In late onset epi-
sodes of the PWS, the pattern is not clear, but the intense
trade winds increase moisture transport (not shown) to
equatorial South America and the center of the continent,
indicating anomalous moisture flux divergence on NNB
even at the onset of the PWS (not shown).

In early demise episodes of the PWS (Fig. 9¢), easter-
lies anomalies over northern South America favor the
weakening or a break phase of the SAMS (Jones and Car-
valho, 2002; Silva and Carvalho, 2007). In addition, anom-
alous westerlies over the central-western Atlantic Ocean
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can indicate anomalous moisture divergence on the NNB
(not shown). In the late demise (Fig. 9d), easterlies over
northern South America/eastern Tropical Atlantic occur
with an anticyclonic anomaly over southeastern South
America. This configuration characterizes the demise of
the PWS, although the strengthening of the trade winds
supply moisture for the interior of the continent and could
explain the delay of the demise of the PWS.

In carly onset episodes of the WES (Fig. 9¢), the
anomalous circulation pattern over the Tropical North At-
lantic is opposite from the events of late onset (Fig. 9f).
North (south) wind anomalies over the Tropical North At-
lantic shifts the ITCZ southward (northward) from its cli-
matological position (Durand et al., 2005); this displace-
ment favors (disfavors) rainfall over NNB. Easterlies over
the Tropical South Atlantic are found in early demise epi-
sodes of the WES (Fig. 9g), besides anomalous wind from
the south causes unfavorable conditions to rainfall in the
NNB and explain the premature demise. On the other hand,
late demise episodes occur with a shift of the South Atlantic
High to southeast north wind anomaly on Tropical North
Atlantic and anomalous wind from the south on southeast-
ern Brazil/southwestern South Atlantic (Fig. 9h). Possible
connections with IGS over the NNB precipitation are cor-
roborated in this work (Hastenrath and Heller, 1977; Nobre
and Shukla, 1996), i.e., advanced onset (demise) and de-
layed demise (onset) of the WES when southward (north-
ward) low-level wind anomalies are observed on the Tropi-
cal Atlantic.

3.3. Intraseasonal response on demise of the PWS

In order to investigate possible relationship between
the MJO activity and the demise of the PWS, we identified
the occurrence of the MJO phase during each PWS event
(Fig. 9). Since the persistence of the MJO in each phase is
about 5-8 days, the results were then grouped into two con-
secutive phases (8-1, 2-3, 4-5 and 6-7 assigned to gl, g2,
g3, and g4, respectively) in order to obtain a reasonably
large sample. The Test of Difference in Proportions (Larry,
2006) was performed to estimate the statistical significance
for each group of two MJO phases relative to the other
groups. For example, the proportion of PWS events during
phases 8-1 was tested against events during phases 2-3, 4-5
and 6-7. This criterion was based on similar pattern of
geopotential height at 500-hPa over Northern South Amer-
ica from phase composites replicating the life cycle of the
MIJO (see Fig. 2 in Jones and Carvalho, 2012). In summary,
just the proportion with MJO phases 4-5 is statistically dif-
ferent (5% level for a two-tail test), as shown in the Table 1.
The MJO was active during 20 demise cases out of 28 PWS
events. Furthermore, 15 of those cases were assigned to
phases 4-5. 75% of all demise events of PWS during active
MJO were identified in 4-5 MJO phases (Table 2). This re-
sult agrees with the positive geopotential height anomalies
observed in the phase composites in Jones and Carvalho

(2012), it suggests that anomalous suppression of convec-
tion on intraseasonal timescales are found over Tropical
South America sector during the demise events of the PWS.

Table 1 - Tests of proportion of groups with MJO phases (see text to refer-
ence). Z values greater (less) than 1.96 (-1.96) are statistically significant
at 5%. Positive (negative) value means that ordinates (abscissas) group has
the highest proportion.

Z value
Group test- gl 22 23 g4
ing
gl - -1.051 -4.518 0
22 1.051 - -3.815 1.052
23 4518 3.815 - 4518
g4 0 -1.051 -4.518 -

Table 2 - List of dates of demise of the PWS assigned by the group of the
MIJO life cycle what it occurs. g1, g2, g3, and g4 are labeled for the MJO
phases 8-1, 2-3, 4-5, and 6-7, respectively.

Group of phases of the MJO life cycle

Date gl g2 g3 g4
21-Jan-80

5-Feb-81

5-Feb-82

20-Feb-83

20-Feb-84

11-Jan-86

20-Feb-87

5-Feb-88

27-Dec-88 X

1-Jan-90 X
25-Feb-91 X

31-Jan-92 X

22-Dec-92

26-Jan-94

21-Jan-95 X

31-Jan-96 X

20-Feb-97 X

5-Feb-98

5-Feb-99 X

26-Jan-00

27-Dec-00 X

31-Jan-02 X

5-Apr-03

31-Jan-05 X

22-Dec-05

5-Feb-08 X

7-Mar-09

31-Jan-10 X

T T R
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The composite of H200 anomalies during the demise
of the PWS along with 4-5 MJO phases shows a wave train
over the South Pacific propagating from southern Australia
towards South America (Fig. 10). Negative H200 anoma-
lies over southern Brazil and South Atlantic suggest con-
vergence and suppression signal of convection, which
could lead a break conditions on summer precipitating sys-
tems (Carvalho et al., 2004; Jones and Carvalho, 2002).
Similar results were found by Liebman ef al. (1999), Jones
and Carvalho (2002), and Carvalho ef al. (2004). It is im-
portant to note that those previous studies used filtered
submonthly (Liebmann ef al., 1999) or intraseasonal data
(Jones and Carvalho, 2002; Carvalho ef al., 2004) to inves-
tigate the variability and active and break phases of the
SAMS. The range of band-pass filtering is a priori arbitrary
choice. This study analyzed departures from the annual cy-

Vasconcelos Junior et al.

cle. The influence of the MJO (phase 4 and 5) on the demise
of'the PWS is clear in the upper tropospheric levels; similar
analysis does not indicate significant circulation anomalies
in the lower tropospheric levels over South America (not
shown).

4. Summary and Conclusions

This study investigates interannual and intraseasonal
changes on the onset/demise of the PWS and the WES over
the NNB, focusing on their distinct characteristics and tran-
sition. The mean onset and demise of the PWS and WES
found are December 12th/January 25th and February
09th/May 12th, respectively, which agree with previous
studies (e.g. Raucher ef al., 2005). The ENSO effect on
anomalies of WES is remarkable, in El Nino (La Nina/Neu-
tral) events the onsets are delayed (anticipated) and de-

- - TR
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Figure 10 - Composite of H200 anomalies for demise events of the PWS marked by phase 4 or 5 (g3 group). Gray regions have statistical significance at

5% level.
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mises are anticipated (delayed), which is not clear for the
onset/demise variability of the PWS. Differences between
the PWS and WES features are noticeable; at the upper tro-
pospheric levels, the Bolivian high and Northeast low
(shifted to east) characterize the PWS along with the flow
from Amazon Basin to South Brazil at lower levels charac-
terize the PWS. These features are necessary to the devel-
opment of an upper cyclonic vortex in vicinity of the NNB
and provide conditions for the development the SACZ
(Kousky and Gan, 1981; Lenters and Cook, 1997). During
the WES, trade winds decrease in intensity because of
southward displacement of ITCZ and upper anticyclone
over South America weakens due to lack of heat source
over land.

The lack of PWS in some years (1984/1985;
2003/2004 and 2006/2007) is explained by an anticyclonic
anomaly over Southeastern South America during Decem-
ber/January; easterlies on center-western Brazil are also ob-
served and indicate unfavorable conditions for vigorous
development of the SAMS (Jones and Carvalho, 2002). It is
reasonable, once that the main atmospheric system during
the PWS is the Upper Tropospheric Cyclonic Vortex and
agreed with the development of these systems over NNB
and Tropical South Atlantic (Kousky and Gan, 1981).
These results suggest a remote connection between the de-
velopment of the PWS and the SAMS/SACZ, however fur-
ther analysis still needed.

During ENSO warm phase convection is intensified
convection over center-southern Brazil (Paegle and Mo,
2002) and that could contribute for development of the
PWS, the anomalous subsidence generated over eastern
Brazil by the change in Walker Circulation seems to be a
factor that favors to early demise of the PWS (according to
Alves et al., 1993). Cyclonic circulation anomalies over
eastern South America along with easterlies on cen-
ter-western Tropical Atlantic indicate favorable conditions
to early onset of the PWS. Late onset of that period is
marked by intense trade winds over Tropical South Atlantic
and reversal wind anomaly over center Brazil. The changes
on circulation at low levels during early (late) demise epi-
sodes of the PWS depict westerlies (easterlies) over Tropi-
cal Atlantic. Such information could improve the decision
makers related to seed distribution and planting strategy
during the PWS (Lemos et al., 2002).

The composites of circulation at low levels during
early onset and late demise of the WES show north wind
anomaly over Tropical Atlantic and displacement of South
Atlantic subtropical high, respectively, while for late onset
and early demise episodes south wind anomaly is observed.

The PWS is embedded in summer rainy systems over
South America. In general, the transition from PWS to
WES occurs within intraseasonal timescales, the demise of
the PWS is marked by occurrence of the MJO phase 4-5
when the oscillation is active. The MJO influence takes
place through Rossby waves which reach South America

propagating over South Pacific Ocean from Oceania
region. Similar signals had been found by other author but
using filtered data (Liebmann ef al., 1999). This feature is
coherent with anomalous convection suppression over
South America sector indicated at MJO phases 4-5 (Jones
and Carvalho 2011), which highlights the importance to
monitor and predict that intraseasonal oscillation over
South America, and could improves the predictability of
the timing of the rainy season (Bombardi et al., 2017).

Investigating the mechanisms associated with the
PWS including its temporal variability can improve sub-
seasonal forecasts for NNB once that provides information
regarding timing variability and response from oceanic
forcing. Further analyses are necessary to expand the un-
derstanding related to link between PWS and SAMS/SACZ
development, for instance, correlate the onset/demise of the
rainy season in the SAMS region with the onset/demise of
the PWS.
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