
QUASI.BIENNIAL AND QUASI.TRIENNIAL OSCILLATIONS IN
THE RAINFALL OF NORTHEAST BRAZIL

R. P. Kane

'l'[c l2-¡1onthly running mcans ccnterccl 3 rronths apart (4 valucs pcr ycar) olthe rainfàlls in NE
(Northcast) Brazil rvcrc sub.jectcd to Maxinrunr lìntropy Spcctral Analysis and results compared
rvith siutilar analysis lìlr scvcral othcr paralrctcrs. Charactcristics of northcrn NE and castcrn NE
rainfirlls rvcrc alrnost sirnilar but diff'crcd consiclcrably liom thosc of'southern NE rainlàlt. ln the

QIIO rcgion. nortllcrn NII hacl srnall pcriodicitics at 2.03,2.45 ycars, castcrn NE had strong
pcrioclicitics a|2,26,2.60 ycars rvhilc southcrn Nll had no signilìcant QtlO.'l'hc 50rnb equatorial

zonal rvincl hacl a stlongcst p0ak at 2.33 yoars, a snr¿ìllcr pcak at 2.ó4 ycars ancl a still srnallcr peak

at -2.00 ),c¿rr.s. 
'l'hc Southcrn Oscillation Inclcx'l--l) ('l'ahiti ntinus Darrvin atlnospheric prcssure)

harl pcaks at 2.05. 2.57 1,cars rvhilc tlljl'-SS'l'(cquatorial castcrn l'acilìc sca surf'ace tcmpcraturc)
hacl pcaks ar 2. 10,2.57 ycars. (North and South Atlantic SS'l') hacl pcaks at (2.10-2.1 5) ycars

rvhilc NIi llrazil coast SS'l' had 2.29 ycars ancl Wincl Strcss hacl 2.20 ycars. In tlie QTO region,

50mb rvincl hacl a sntall pcak at 3.2 ¡,ç¿1¡. rnd NI'l coastal Wind Strcss ¿Ìt 3,3 ycars. All other
par¿ulotcl's inclucling all tlrc 3 rcgional rainlalls ol'NIì Ilrazil hatl signifìcant pcaks ncar 3.5 ycars.

I)caks rvcrc also in thc (4.5-5.0) 1,car ancl (9.5- 13.9) ycar bancls. All thc thrcc rainl'alls had modcratc

cor.rclatious rvith 'l'-D ancl lìlìP-SS'l' (-0.3) ancl rvith 50mb rvincl (..-0.4). I{ainlàll corrclations
rvcrc highcr rvith North nncl South Atlantic SS'l' (-0.5) and rvith Nll coastal SSl' (-0.6). 'l'hc

castorrì Nll rainfirll hacl ahigh corrclation (0.5) rvithNli coastal Wincl Strcss.

Key words: Quasi-bicnnial OsciIlation; Northcast Ilrazil; IìainIall.

OSCILAÇÕBS QUASI-BIENAIS E QUASI-TRIENAIS NAS PRBCIPITAÇÕNS OO NON-
DESTE DO BRASIL - il¡'nttidius ntóvcis tla l2 ntescs c'anlrudas a t'adu 3 nrcses (4 vulorcs por
tttto) tlus precil'tituç'õcs no Ì\ttsnlesta lo lJrusil (lttli) ¡xtssttranl pot'unlo Atttilisc lispeclrul dc Mtixi-
rnu lintropirt c os resullurlo"'.fòntnt c'ontltttrutk¡,s t'om untilisas similttras poro outros parântetros. /s
cttrttctcríslit,tts tlus cltut,u"^ ttt¡ Nli salctttrir¡tt¿tl c oricnlul .fìran quusc similuras, ntus cliJerium con'
sitlaruvalnrcnlc tlu"'t'ltuvcts nt¡ Nl., maritlionul. Nu região do QllO, o NÌl selcnÍrionctl lava paquctttrs

pcrioclic'itlutlas an 2,03 c 2,15 uttt¡s, t¡ Atli Iaya.litrttts periodic'itlutlas cm 2,26 c 2,60 unt¡s enquonlo

o N Ii naritlionll ttão tevc ncnhun sigu(ìt'unta QllO. O venlo zottul equulorial lcve o ¡tico nnis.fòrle
ant 2,33 ottos, unt ¡tico mcnor am 2,61 unos e oulro uittdu nrcnor am -2,00 u¡tos. O índice cle

osci!trçîtcs nrcridionul 'l:D (prcssãt¡ ulmosJórit'u ¿lt¡'l'uiti, nrcilos em Darwin), teve picos em 2,05 e

2,56 anos enquuttto que a tililt-SS'l'(lcnrparutttru du supa(ícia do nnr no l)ocíJico Oriental liqua'
torittl) teva picos cn 2,10 c 2,57 uttos. O SS'l'tlr¡ ltlôntico Norlc a Sul tevc picos ent (2,10-2,15)
(tno.\ e nquunto o SS'l'na costa Nll clt¡ Brusil tava ¡tic'o e m 2,29 ottos c o lensäo ¿los ventos leve p¡cos

cn 2,20 ttnos. Nn ragião Q't'O, o vctllo am 50ntb lavc un pequeno pico cm 3,2 anos e o tcnsão de

r)attlos n(t co.sto Nli lcve ¡tico e m 3,3 uttos.'lixlos os oulros purûntetros, incluindo lodos os 3 índices

rcgiottctis tlc cltuvcts no Nl') do lJrusil, Iit,crunt ¡tit'o.s signiJicunlas próxintos cla 3,5 uttos. Áparece'
run tunthónt ¡ticos nus./ìti.xcts de (1,5-5,{)) unt¡s a (9,5-13,9) unos.'l'odos os três íttdices de precipi-
Itrç'ão livcrunr c'orrcluç'íio noderrulu t'on'l'-D a lilil'-'\S'l' (-{),3) c o venlo em 50ntb (-0,4). As

corraluções con o S,S'l'tu¡ Ál!äntico Norte c Sul.fitrun ntuis ullas (-0,5) c luntbént cont o SS'I'costctl

do Ntl (-0,(t). / precipitoção tlo Nll oricntul tt:vc ullo t'orreluç'[ío (0,5) t'om o let:o-[io da vantocostaL
do l\tli.

Pnlavras-chave: Oscilação Q,uttsi-bienniul; Nonlesle do llrasil; l)reci¡titttção.
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INTRODUCTION

Several decades ago, a QBO (Quasi-biennial
oscillation) was discovered in the low latitude stlatospheric

zonalwirrds (Reed et al., l96l;Veryard & Ebdon, l96l;
Angell & Korshover, 1962). Details are given in Nau.lokat

( 1986). A theoretical explanation was given by Lindzen &
Holton (1968) in terms of absorption in the stratosphere of
vertically propagating Kelvin and Rossby-gravity waves

generated in tlre troposphere. Plumb & Bell (19S2)
produced a numerical rnodel, which reproduced many of
the features of this QBO.

On the surface of the earth, QBO and QTO (Quasi-

triennial oscillation) are shown by the phenomena ENSO,

which consists of three rnain pararneters. One paratneter,

El Ninos (EN), are warnl water episodes occurring at the

Peru-Ecuador coast (S. America). Quinn et al. ( 1978, 1987)

has docuurented these events. The events last f'or several

months and the warnrth spreads to the equatorial eastern

Pacific (EEP) giving the second parameter, warm EEp-SST
(sea-surface ternperature) events. Besides the EEP-SST, the

El Ninos are also associated with another phenortrenon viz.
SO (Southern Oscillation) (third parameter), which is an

atmospheric pressure see-saw due to an exclrange of air
between the South Pacific subtropical high and the
lndonesian equatorial low. A sinrple SO index is the Tahiti
(T, I 8"S, I 50'W) minus Darwin (D, I 2.S, I 3 l,'E) pr.essure

difference (T-D) which is normally a few mb but
occasionally dips low to alnrost zero, or even negative. The

minima of T-D occur during E,l Nino year.s.

Many rneteorological parameters also show QBO and

QTO (Landsberg et al., 1963; Landsberg &. Kaylor, 1976;
Kane & Gobbi, 1995; Kane, 1995, 1996). QBO of the lOnb
wind seerns to have some relation with India¡r nronsoon
(Bhalme et al., 1987).

For rainfall in Brazil, particularly in the northeast, east

and southerrr region, several fàctors are known to be

relevant. Markhanl & McLain (1917) reported considerable

influence of tropical Atlantic SST. Other fàctors, 700nlb
circulation pattern over the North Atlantic (Namias, 1977),

meridional displacement and strength of the Intertropical
Convergence Zone (ITCZ) (Hastenrath & Heller, 1977),

Atlantic trade winds (Chung, 1982), rainfall systenrs
associated with tropical disturbances moving westward
from the Atlantic towards northeast Brazil (Rarnos, 1975;

Yamazaki & Rao, 1977; Rao et al., 1993), and southern
hemisphere cold fionts or their rernains nroving northward

Quasi-bicnnial Ântl Quasi-tricnnial Oscillations ln'l'hc lìainfìrll Of'Northcast llrazil
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Figure I - (a) Map of the South-Anlerican continent,
slrowing Brazil and its northeast (NE) (slraded) and the
seaport Fortaleza (Ceará) and (b) Map of Northeast (Nor-
deste) Brazil. Open circles show locations of northern NE,
full circles, eastern NE and triangles, southern NE.

Fìgura I - (u) Mupu do continente Sul-Atnericetno, mostran-
do o Brssil e sua região nr¡rdesle NE (sombreada) e o porto
Forlalezu (Ceará); (h) Mapa tlo nr¡rtleste clo Brusil. Os cír-
culos uberlos nroslrem locolizctções tlt¡ norle tft,¡ NE, os cír-
cult¡:; cheio.ç dr¡ lesle do NE e o.r lriângulos clo:sul tk¡ NE.
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along the nortlreast coast of Brazil (Kousky & Chtt, 1978;

Kousky, 1979). There is a well defined large-scale

atmospheric circulation pattern related to the sea surface

temperature anontalies in the tropical Atlantic (Hasterrrath

& Heller, 1977; Moura & Shukla, l98l). According to

Hastenrath ( I 990), droughts in northeast Brazil can be due

to an anomalously lar northerly position of the intertropical

convergence zone (ITCZ), reduced northeast trades and

accelerated cross-equatorial flow fì'out the southet'n

hemisphere and anomalously warn.r surface waters itr a

zonal band across the tropical North Atlantic, contrasting

with negative SST anonralies south of equator. The

association with southern oscillation (SO) rninirrra may

corne through the displacement of the near-equatorial

trough northward. Hastenratlr et al. ( 1984) and Hastenrath

( 1990) fonrulated prediction schemes involving zonal and

meridional wind courponents over linrited areas of the equa-

torial Atlantic, SST in tropical North and South Atlantic,

SO index and pre-season rainfall itself in nortlreast Brazil,

as predictors. A particularly interesting aspect is the

relationship between the rainfall in northeast Brazil and

the coastal wind in that region, through its effect on the

positioning of the ITCZ. Servain & Seva (1987) indicated

that the position of ITCZ was well-related to the nri¡rirnunr

of the meridional corrrponent of the wind stress. Xavier &
Xavier (1997) utilised this relationship for locating the

position of the ITCZ in individual rnonths and fbr
predictions of rainf'al l.

Regarding periodicities, Markham (1974) reported a

significant period near l3 years for rainfall at Fortaleza,

Ceara. Kousky & Chu ( I 978) reported spectral peaks of3-
5 years for Northern NE, 2-3 years f'or Southern NE and

l0-20 years for several stations in NE Brazil. Hastenrath

&. Kaczmarczyk (1981) showed that climatic variability

was concentrated in different regions and, NE Brazil had a

preference for 2.5, 5, l0 and l3-21 years. Chu (1984)

examined data for Northern and Southern NE for l9ll-
1974 and found rnaxinlum power in the frequency bands

12.7-14.9,4.5-4.9 and2.2-2.4 years and exanrined the plrase

relationship between rainfàll and surface circulation
patterns. Kane & Trivedi ( 1988) made a Maximu¡n Entropy

Spectral Analysis of the annual rainfall series for the various

parts of NE Brazil. Recently, Sperber & Hameed (1993)

reported a phase locking of NE Brazil precipitation with

SST (sea surface temperatures) in the Pacific and Atlantic

sectors.
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ln the present paper, we use the l2-rnonth running

means of rainfàll, centered 3 nro¡rths apart, so tlrat at least

8- l2 data points per cycle would be used for estimating the

QBO cycle. Also, we use ME,SA (Maxirnum Entropy
Spectral Analysis) which detects peaks nruclr more
accurately than the broad bands reported by other workers,

rnentio¡red above.

DATA

Data fbr NE Brazil rainfall were available from
FUNCEME (Fundação Cearense de Meteorologia e Re-

cursos Hídricos) and CPTEC/INPE as monthly rneans. Data

for -50mb (stratospheric) wind were obtained tì'onl Venne

& Dartt ( I 990) who give a four-statiolt average of rnonthly

nrean zonal wind at Gan (0.7"S, 73.2"8), Balboa (8.9"N,

79.6'W), Singapore (1.4'N, 103.9'E) and Canton (2.8"S,

171.7'W). Data fbr SO index (T-D) were obtained fi'onr

Parker ( I 983) and were updated from Meteorological Data

Reports. EEP-SST values were obtained from Angell ( I 981,

and fùrther private communication). Atlantic SST indices

were obtained from Servain ( l99l ) and SST and Wind stress

data near NE, Brazil coast were kindly supplied by Dr.

Servain & Dr. Vianna privately.

MtrTHODS OF ANALYSIS

Most of the parameters have strong seasonal variations.

For study of larger periodicities, tlre seasonal variation was

elirninated by calculating l2-rnonthly mnning means and

values centered 3 rnonths apart (4 values per year) were

rused for analysis.

For spectral analysis, we us MESA (Maximum
Entropy Spectral Analysis, Burg, 1967; Ulrych & Bishop,

1975) which detects periodicities very accurately. The

conventional BT (Blackrnan & Tukey, 1958) method gives

power estimates at certain fiequencies only, viz., k/2m

where k:l ,2,... , ril and m is the lag, generally
recommended as 25o/o of the data length. MESA gives

estimates for any chosen frequency and the frequency steps

can be chosen as close as one needs. For example, in a 100

data point sample, periods near 2.00 can be studied as

closely as DT:0.01 and the accuracy is so good that 2.10

can be distinguished from 2.20 confidently. However,

lì. I). Kanc

Revisla ßrasileira tla Cedísica, Vol' l6(l)' 1998



40

MESA has one defect. The power estinrates are not very

reliable (Kane & Trivedi, 1982). Hence, we use MESA only

for detecting possible peaks Tu (k:l to n) and these Tu are

used in the expression:

f (t) = A,, *f,fao sin(zrt /rr)+hr cos(zn t rr)l+ n

= A,, +l r* sin(2n I Tr + þr) + E (l)

where f(t) is the observed series and E, the error F-actor.

The parameters An, (a*, b*) and their standard errors are

obtained by a Multiple regression analysis (MRA,
Bevington, 1969). Fronr these, the amplitudes r* and their
standard errol o.r (sarne for all ru in this nlethodology) can

be estirnated. In MESA, there is a variable callecl LPEF
(length of the prediction error lilter). At low LPE,F, only

srnall periodicities are revealed. For higher LPEF, larger

periodicities are revealed (even those approaching the to-

tal data length) but lower periodicities show peak-splitting.

Our experience shows tlrat an LPEF of 50Yo of the data

length reveals quite satisfactorily all periodicities up to
about half the data length (e.g. T up to 50 in a 100 data

point sample). Higher periodicities do appear but the error

may be 10Yo or more (e.g, T:80+8).
Besides spectral analysis, we carry out a cross-

correlation analysis, which shows, firstly, whether two
parameters are wçll-related (correlations above, say, 0.5)

and secondly, with what phase shift, if'any.

RESULTS OF VISUAL INSPECTION

Fig. 2 shows a sample plot for the rainfall at Fortale-

za, Ceara (4"S, 39'W), for l95l-1969. The top plot (la)
shows 3 monthly rainfall totals (DJF, MAM, JJA, SON).

The peak rainfall is in MAM but varies considerably from
year to year (300 to 1300 mm). The seasonal variation is

eliminated (or considerably minimized) in the l2-rnonthly
running averages shown in Fig. 2(b) as thin lines (4 points

per year). An oscillatory strúcture is visible though not

uniformly all th,rough. To isolate it from long-term
variations, 3-year running means were calculated and are

shown as the smooth, thick line in Fig. 2(b) while the

difference between the thin and thick line is shown in Fig.

2(c). We will, hereafter, call this FR (12-36). The QBO,

Quasi-bicnnial u\ncl QLrasi-tricnnial Oscillations In'l'hc f{ainlìrll Ol'Nortlrcast []razil
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Figure 2 - (a) lrortaleza rainlàll, 3-monthly values (DJF,

MAM, JJA, SON) for l95l-1969); (b) l2-nronthly (4

season) r'unning means FR ( l2) (thin line) and 3-year (12

season running means FR (36) (smooth, thick line); (c) the

diffèrence FR (12-36) of l2-monthly and 3-year running

means; (d) the difference FR ( l2-48) of l2-nronthly and 4-

year running nreans and (e) the diff-erence FR (12-60) of
l2-rnonthly and 5-year running uteans.

Figuru 2 - (a) Precipitcrçîio pluviométricct em Fortulezu,
para dados de três meses (D.lF, MAM,,lJA, SON) pura o
período de l95l-1969; (b) Mëdias móveis para l2 nteses

(4 e.stações) FR(12) (linha./ìnu) e nécliq mót,el purq 3 ctnos

FR (36) (suctvizctção, linha espessu); (c) Di/'crença entre

us médicts nttjveis tle l2 mese:s e 3 unos, FR (12-36); (d)

Diferençcr enlre os métliqs móveis cle l2 meses e 4 ctnos,

FR (12-48); (e) Di/brença entre ds médias móveis de l2
meses e 5 unos, FR (12-60),

QTO are now clearly visible, though tlre peak spacing is

irregular. To check whether subtracting the 3-year means

caused any distortion of the QBO, QTO, we calculated 4-
year (16 season) and 5-year (20 season) running means

atrd subtracted these frorrr the l2-monthly running means.

The residues are shown in Fig.2(d) as FR (12-48) and in
Fig.2(e) as FR (12-60), Fig. 2(c, d, e) are very similar to
each other. Hence, we will use FR (12-36) as a good

representative of the QBO, QTO, corrected for long-term

trends.

52 54 56 58 60 62 64 66 68

YEAR

(o) rn

FR((b)

(c)
24 27 39 30

FR(
30

FR (t2-481(d)

FR ( t2-601(e)
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POWER SPECTRUM ANALYSIS

Fig. 3(a) shows the MIISA spectra f'or l9-5 l- 1990, fbr

the l2-montltly nrcans FR (12) and the resicluals FR (12-

36). ln FR (12), T-2.06,3.,50, -s.2, I l.-5 and 28 ycars are

400

200
0

2c'0
too

o

LOGT ={
T2

f.o t.2 t.4
IO I5 YEARS

Figure 3 - (a) MIISA (Maxilnunr Entro¡ry Spectral
Analysis) ol'the l2-nronthly means FR (l2) and the

dilference FR ( l2-36) of' l2 nonthly and 3-year nleans ol'
Fortalcza raintall serics (19-5 l-1990). NLrnlbels indicatc
periodicity peaks in years and (b) anrplitudes olthe varioLls

periodicitics obselvecl in IrR (12) anci FR (12-3(r) of-Iror-
taleza rainfall and i¡l 50nrb zonal wind, Sor¡thern
Oscillation lndex Tahiti rlinus Darwin (T-D) atntos¡theric

pressure and EEP-SST (equatorial eastern Pacific sca

surfàce terlperature). The hatched portions inclicate 2s

Iimits.

4l

¡rrorninent peaks. In FR ( l2-36), 'l':2.07 ancl 3.50 years
(QBO and Q-l'O) anrplitudes rernain inract, while T:5.2,
I 1.5 and 28 year arrrlrlitudes have reduced consiclerably,
as expccted. -l-hr¡s, 

f'or studying QBO and eTO only, FR
( l2-36) rvould be quire adequare. In Fig. 3(a), the ordinate
is log (Porver') and in FR ( l2), T= I I .5 ycars seenrs ro have
overrvhelnring llower, fbllo',vecl by T:3.50 and T:2.06
ycals, r,vhile 'l'-5.2 and 28 years lrave lcsser power.
I-[owcver', our ex¡terience has been that in MESA, these
rclative ¡rloportions are not re liablc (l(ane & Trivecli, l9g2).
llcllce, a Multi¡tlc Regression Analysis (Eq. l) was car.ried

out using all thcse periodicities (as also soure of the sutaller
ones) as T*. The amplitudes ar.e shorvn in Fig.3(b). For FR
(12), T:11.5 year is stillthe largest peak and T:28 years,
the second largest, while T:3.5 and -5.2 years are almost
eqrral ancl 'f:2.01 only slightly lcsser. These results are f'or
40 ye ars data ( I 9-5 l- I 990) and, with 5-10% er.ror, are si-
nrilar to thc peliodicities -l--2.07, 3.6, 12.9,25.I years

rc¡rorted by Kane & Trivcdi ( 1988) f'or the longer ( I 849-
1916, l2tì ycars) selics of l:'ortaleza. For FR ( l2-36), T:2.0j
and 3.-5 )/cars are thc nlost plonrinent ancl of cornpar.able

anrplitudes, lbllorved by additional QBO peaks at T:2.31
an<l 2.49 years, rvhilc 1-:4.4 antl -5.2 years are comparable
to cach other but of'rcduced size. Thtrs, IrR (12-36) is not
usefìrl lbr stuclying periods cxcceding 4.0 years. The
lratched portion indicates the 2s limit (95olo confidence level,

a priori) ancl thc periodicities rnentioned above are

signifìcant far abovc the 2s linlit.
Ilowcver, it rlay bc notecl that the l2-rnonthly runnirrg

nleans arc obtaincd by calculating running lleans over ttlur
corrsccutivc seasorral (3-rnonthly) valL¡cs. Iìerrce, even

though therc are 4 points per ycar, therc is only one

Figura -1 - (u) lt4ESA (Murinun Enlntp.¡t S¡tectral Anulysi,ç -

¡lntili.sa tlu ll4ú.rintu Erttt'o¡tiu Espac'trul) puru os métliq.s tle l2
tnc.rc,y lrll. (12) a pø'u ul; tlif ercnço,s FII (12-3(t) tlu praci¡titoçíio

¡tltrt,itnrelricu de Ft¡rtulczu ttrs períoclo clc 195 l- 1990; (b) Ant-

¡tlituda,s rlus ytirìu:; ¡tcriotliciclutle:s obsan,qtlo.y em IrR (12) c

att¡ FR (12-3(t) du preci¡tituç:ão ¡tluviontétrica tlc [it¡tlolezu c

c ttt 5 0 n t b tle t,c n l o zt ¡ n a l, i ntl i ca tlc O.sc i l uçiío M er i tl ion ol Tult i t i

tttanr¡:; I)unyin (T-D) tlu prassão utnrosfërica e EEP-SST (Er¡trct-

lot'iol Euslct'n Puc:ific Sco Sur.'fircc Tam¡tcralure - Temperalure

tlu Sttpc(ícia tk¡ ()c'cutto Pucí/ìco Equutrtrial Oriental). A ytr-
ç'tio ltuchuruclu indicu os limilas 2:s.
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independent point per year. Hence, the 2s limits (hatched

portions) shown in Fig. 3 (and in later similar figures) are

in reality, equivalent to s levels only. Hence, peaks will be

significant ata95Yo confidence levelonly if these protrude

above2 times the hatched area. In FR (12-36) in Fig.3(b),

many of the QBO, QTO peaks do exceed the 4s level.

The other plots in Fig. 3(b) are for S0rrrb wind, SO

index (T-D) and EEP (equatorial eastern PacifÌc) SST.

Sirnilarities or dissimilarities between periodicities do not

necessarily irnply physical relationships or lack of these.

But a.comparison of these spectra indicates the following:
l)The 50nrb wind shows only QBO peaks, and no

other periodicities (QTO etc.). The SO index (T-D) and

EEP-SST have spectra very sirnilar to each other and

different from the 50mb wind spectra, with nrore emphasis

in the QTO (3.5 years) and 4-6 year region. Since Fortale-

za rainfall also lras a similar pattern, it is tempting to

conclude that rainfall is lnore related to the ENSO
phenomenon than to the stratospheric wind.

2)All these pararneters have QBO. MESA is very

accurate in this region and the several peaks in the QBO
region are probably all rneaningful. Three specifìc bands

seem to be involved vi2.2.00-2.15,2.30-2.50 and 2.65-
2.85 years. ln 50mb wind, T:2.35 is most prominent. ln
rainfall 2.07 years is nrost prorninent; but 2.3 I and 2.49

are also significant. In (T-D) and SST, all these QBO exist,

but not very significant. Thus, one may argue that the

rainfall QBO is contributed at least to sotne extent by tlre

50mb wind QBO. There seems to be a possibility that palt
of stratospheric wind QBO and the ENSO phenornena rnay

be interrelated. Rasmusson et al. (1990) asserts that the

ENSO has a biennial rrrode, dissinlilar to the stratospheric

wind QBO. But Gray et al. ( 1992) hypothesize a rnechanisnr

by which stratospheric QBO influences ENSO variability
while Geller & Zhang (1991) and Celler et al. (1997)
illustrate a mechanism by which SST variations lnodulate

tropical wave activity and force a stratospheric zonal flow
with the same period as SST-QBO.

3)T:3.5 years in rainfall is exactly similar to those of
(T-D) and SST. T:5.2 years in rainfall may or may not be

related to the T:4.8 and 6.4 years of (T-D) and SST. T: I I .5

years of rainfall is seen is SST but not in (T-D).

Table I lists the periodicities significant above a 4s

(in reality,2s) level, for l95l-1990 data.

Earlier workers mentioned broad bands near 2.2-2.4,
4.5-4.9 and 12.7-14.9 years (Chu, 1984). Our finer analysis

Quasi-bicnnial Ancl QLrasi-tricnnial Oscillalions ln'l'hc Iìainl'all Ol'Nollhcast []razil

Table I - Periodicities significant ata95o/o confÌdence level,

f'or l95l-1990, fbr Fortaleza rainfall, 5Ornb wind, (T-D)

and Pacific SST.

Tahelu I - Periodicidqtlcs significalivcts ctr¡ nível cle cr,¡nlian-

çu tle 95'%, paru l95l-1990, para u ¡treci¡tituçäo
plu,iontëlriccr cle Fortalezu, ve¡tlos cle 51ntb, (T-D) e SST no

Pucí/ìco.

reveals very narrow periods (e.g. 3.5 years) prevailing in

many of these paranreters. It is terrpting to consider 3.5

and 5.2 years as third and second harlrronics of sunspot

cycle (10-l I years), but this may be a chance coincide¡tce.

CROSS-CORRELATION ANALYSIS

Fig.4 shows the cross-correlation results. The top plot
shows a rnaxilnurn correlation of -0.4 and a phase shift of
-2-3 seasons i.e. Fortaleza rainfall maxirna occurring 2-3

seasons befbre the 50mb westerly wind maxima. The snlall

correlation, though highly significant (0.40+0.07), is not

very encouraging. But, in the next two plots also, the For-
taleza rainfàll shows low correlations with equatorial
eastern Pacific SST or SO index (T-D). Low correlations
(-0.4) between NE Brazil rainfall and SO index or Pacific

SST have been reported earlier (Ropelewski & Halpert,

1987; Rogels, 1988; Aceituno, 1988) but have been

interpreted as indications of meaningful relationships
between these parameters. By the same token, a relationship

between Fortaleza rainfall and 50mb wind may be

considered as meaningful. The exact mechanism needs

further investigation. For the Indian summer monsoon,

amongst several parameters, the 5Omb ridge-trough east-

west extent over northern hemisphere during winter
(Thapliyal, 1984) and westerly wind at lOmb (Bhalme et

al., 1987) seem to be important. For NE Brazil rainfall, the

ernpirically based prediction methods of Hastenrath ( 1990)

have not yet included stratospheric winds as a parameter.

The fourth plot in Fig. 4 shows correlation between

(T-D) and Pacific SST. As expected, the correlation is very

l'crioclicity rangcs (ycars)

2.00-2.30 2.3t-2.60 2.6-3.0I)ar¿ilìrctcr
(te5r-r990)
trR ( t2-36)
50 nrb rvind
(1'-D)
ssl'

2.(rtl, 3.0

3.0-4.0

3.5

3.5
3.5

4.0-7 .0

4.4, 5.2

4.8, 6.3
4.8,6.4

2.0'l
2.05

2.3 t . 2.49
2.35
2.42
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Figure 4 - Cross-colrelations between Fortaleza rainfàll
pararneter FR (12-36) and 50mb wind, EEP-SST and (T-

D) and, bctween each other.

Figura 4 - Crtrrcloçãt¡ cruzudq cnlra os ¡turämalros tlu
preci¡tilttç[io pluviotnélricu dc Fortulczu FR (12-3(t) c 50mb

tle vento nnul, EEP-SST c (7'-D), c cntrc cuclu outro.

high and negative (-0.8) as expected, as (T-D) tììininta are

very well associated with SST maxinta. The other two plots

show low but signifìcant correlations (0.30+0.08) between

ENSO and 50urb wind, due to the QBO part being similar'.

Whether this inrplies an inrpact of ENSO on the

stratospheric winds (or vice versa) is a nrute question.

ATLANTIC PARAMETBRS

In the Atlantic region, the temperature variations are

dissimilar in the northent and southern henrisphere. Fig. 5

shows a plot of various paratìteters. The top plot (a) shows

Figure 5 - Plots f'or 19,51-1990 of: (a) Foltaleza rainfàll
l2-monthly running tnéans FR ( l2) (thin lines) and

superposed 3-year running nteans FR (36) (srnooth, thick
line); (b) diffelence FR (12-36); (c) 5Omb equatorial zonal

wind; (d) Southern Oscillation Index (T-D) (Tahiti rrrinus

Darwin aturospheric pressure); (e) equatorial eastern Pacific

SST (sea surface ternperature); (f) North (N) Atlantic SST;

(g) South (S) Atlantic SST;(h) (N+S)/2; (i) (N-S)/2; (i) NE
Brazil coast SST; (k) NE Brazil coast wind stress and for
(1, nr, n, o, p, q) Rainfall in northern, eastern and southern

NE, l2-monthly (thin Iine), 3-year (smooth, thick
superposed line) and (12-36) valt¡es.

Figura 5 - Curvus ¡tnru o período de I 95 l- 1990 de: Médi-
us ntóveis de l2 me.ses da prccipituç[ío pluviomëtrica ¿le

Ft¡rtalczu (linhu./inu) superpostas ct:; clc 3 anos FR (3(t)

(linho es¡tessa). (u) Di/'erençu FR (12-3(r, (b) Vento zonul

et¡ttcrtoriul 50mb; (c) indicc cle O,sciluçtío Mericlional (T-

D) (¡tressiío ulnosféricu Tahiti nteno,ç Darwin); (d) Pucí/ì-

co orienlul ec1ualoriul SST (tcmperatura clct super/ície do

mur); (e) Atluntict¡ norte SST; (/) Atlíintico Sul SST,: (g)

(N F:;)/2; (h) (N-S)/2, (i) Costu clo norde"^te do BrasilSST;

(j) Intensitlutle clo ventr.¡ na coslq do norde.sle do Brasil; (1,

trr, t1, o, ¡t, q) Precipitaçäo pluviométrica no norte, lesle e

sul tlo norclesle, linha ./ìna (t2 meses), linha espe'ssa (3

anos) e (f2-36).
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the l2-rnonthly running rneans (thin lines) of Fortaleza
tainlall lìR ( l2) ancl the 3-year lLrnnirlg nreans (thick line)
IrR (36). Thc next plot (b) shows thei¡ clifferencc FR (12-

36). Tlre third plot (c) shows the l2-nonthly nrnrrirru rrreans

of 50nrb wind. 'l'he plots (cl) and (c) are l2-nronthly running
nreans of SO index (T-D) and EEP-SST rvhilc tlrc in-
between rcctangles show El Ninos (fìrll : strong; hatclred
: nrocleratc; blank: rvcak). (1'-D) nrininra ancl SST nlaxirrra

arc ¡raintccl black ancl, in ge neral, coincidc rvith each other

and rvitlt nrodelatc or strong El Ninos. 1916-77 is a glaring

exception rvhen El Nino and SST ntaxirnr¡nl occr¡rred in

197(r rvhile (T-D) rrrinintr¡nl occurred in 1977. Dcser &
Wallace ( 1987) have pointe<J out such cleplrasings.

Thc plots (l) and (g) shorv l2-monthly running rtreatrs

olthe SS'f inclices f'ol northern N (28"N-5"N) and southern

S (-5'N-20'S) Atlantic as given in Servain (1991). Plot (h)

is thcir average (N l-S)/2 while plot (i) is their average

dif ference (N-Sy2. Moura & Slrukla ( l98l) nrcntion that a

sinrr¡ltaneoLrs occr.rn'ence of'rvarrn \vaters in the tropical

North Atlantic and colcl \vaters in thc equatorial South

Atlantic, induce a rrreridional circulation cell, with
sr¡bsiclence over Nll Brazil. Horvever, plots (f) and (g) do

not seen.ì to shorv op¡tosite variations (Atlantic clipole) all

the tinre. -lhc plot (j) shows SS'l variations near thc NE

Brazil coast (see Fig. l) and plot (k) shows the zonal pseudo-

rvind stress (¡rroduct olthe intensity olthe eastward wind

velocity and the total wind speecl) in the sanre rcgion.

Since the Atlantic data are f'or a shorte r period ( 1964-

1990,21 years) and the spectlal characteristics ntay change

slightly fiom period to period, MESA was perl'ormed fbr
1964-90 also lbr all the paranreters. Fig.6 shows the aur-

plitudes f'or l2-nlonthly nrean series. For Fortaleza rainlàll,
,50mb rvind, ('f-D) and EEP-SST, the peaks in Fig. 6 lbr
1964-90 diff'er slightly fionr thosc of Fig. 3 fbr I 95 l-90,
indicating that the peaks ntay not be firlly stationary. In the

Atlantic, (N-S) shows the largest peak at 12.3 years,
temptingly sinlilar to 12.5 years in Fortaleza rainfall. Thus,

Figure 6 - Spectla fbr l9-5l-I990 l'or the l2-monthly
running means ofvarious paranleters. -lhe 

hatched portions

indicate 2s (a priori) limits.

Figuru 6 - Espcctro ¡turu o ¡teríoclo tlc 195 l- 1990, ¡taru øs

ntéclius ntóve is unuuis tlt¡s vtirios purcinclros. A,t ¡'nrções
Ituchura¿lus inclicqm os limite.s 2s.
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the long-ternt peaks ill the Fortaleza rainfall are probably

due to Dipole efÍèct in the low latitude Atlantic SST.
'fhe nlost pronrinent peak at 2.33 years in the -50nlb

wind fbr 1964-1990 (not vcry dif fèrent fì-om thc 2.35 yeat

peak in 195 l- 1990), is trot seen in any SS'1, Atlantic or Pacific

paranreter, nor in the lrortaleza rainfàll. Thus, this peak is

stratospheric only. On the other hand, the snlaller peak at

2.64 years and thc still snlaller one rleal'2.00 years irt

stratospheric wind QBO are seen in ('I-D) and EEP-SST

(2.05-2.10; 2.57) and rrray be indicative of links between

stratos¡rheric wind and llNSO. Gray et al. (1992) havc

described hypothetical rnechanisnrs by which QBO of lorver

stratospheric zonal 'uvinds altcrs the distribution of intensc

deep convective activity throughoLrt the tropical west Pacil'ic,

while Geller' &, Zhang( 199 I ) and Geller et al. ( 1997) explo-

re a nrechanisnr by which SST variations lrrodulate tropical

wave activity which nray f'orcc stratospheric zonal flow with

the sarne peliod as thc QBO of SST.

The plots in the bottonl part of Fig. 6 show spectra fbr'

sea-surfàce tenlperatures near the NE Brazil coast. IIere,

3.6 and 4.8 years arc thc pronrinent peaks, sirnilar to N and

S Atlantic SS'f . A srnaller peak at 2.29 years resenlbles

nrole the 50nlb wind peak 2.33 years than the Atlantic SST

peaks in this band. For rvind strcss near NE Brazil coast,

the QBO peaks (2.20, 2,64 years) nratch the (N+-S) Atlantic

SST ¡reaks (2.12,2.64 years) but 3.3, 4,2,5.6, 9.8 nratch

only roughly with (N+S) SST peaks 3.7, 5.4,9.-5 ycars.

Table 2 shows the periodicities signifìcant above a 4s

(in reality, 2s) level, fòr the shorter period 1964- 1990.

I'criotlicit¡' rarrgcs (¡'crrs)

l'atarrclct
( l9(r4- l(.)90)

l;R (12)
50 nrb rvirrtl
(1'-r))
ssl-

2.(X)-2.:ì0 2.:ll-2.60 2.6-:r.0 i.0-,1.0 4.0-8.0 7.0- I .l.0

t 2.52.16
2.00 2..t 1

2.57
2.51

2.61
3.ó
t.2
3.5
1.5
3.6
3.ll
:ì.7
l.ó
-rb
3.3

5.5

Llt
4.lt
.l .t)

N (41'1.)

s (A'il-)
(N fS)^1'1.
(N:S)41't.
ssl'(Nlt BR)
wrND(NU BR)

2.t0
2.16
2.12
2.2t
2.29
2.20

2 6tl
5 .4, 7 .'1

5.8
4.ll

4.2,5.ó

I 0.9
13.9

9.5
I 2..',t

t0.5
9. ¡ì264

Table 2 - Periodicities signifìcant ata95Yo confìdence level,

for 1964-1990, fbr Fortaleza rainfall, -50mb rvind, (T-D),

Pacifìc SST and Atlantic parallleters.

Tahela 2 - Pcrit¡tlicitlucle.s signi/ìcutivct.s uo nível tlc con/i-

ança cle 95(%t, pore 1964- 1990, puru u prcci¡tilução

pluviométricu tle Forlqlezu, venlos cle 50ntl¡, (T-D) e

puränrelro.s de SST tto Percí/ìco e nt¡ All4ntico.

llevísla Brosileiru tlc (ìct¿lísictt, I'ol. l6(l)' l99tl
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fig. 7(a,b) show the cross-correlations. Fortaleza
rainfall(FR l2) (Fig.7a) has a low correlation (0.30) rvith
North Atlantic SSl' and a higher' (0.45) correlarion with
South Atlantic SST and nroderate (0.40) correlations with
(N+S) and (N-S). The correlation wirh (N-S) is probably

duc to the co¡unton 12.5 years periodicity. The rainfall
corre lations are higher rvitlr SST of NE Brazil coast (0.-5),

and also with NE Brazil coast rvind stress (0.4). Thus, the

local environnrent seenls to lre of greatest irl¡rortance.
I-lowever, these cannot be useful fbr prediction purposes,

because the ¡rhases coincitlc. On the other hand, the rainfàll
nraxirna (zero line) ocÇur a fèw seasons rrlicr the North
and South Atlantic (N or S or N+-S) SST nraxilna. 'IhLls,

thc Deccrnber-January Atlantic SST rvarrning coulcl be an

indicator of'cxcess rainfalls. The (N-S) coinciclc,s witl't
rainfall nlaxillluln and has no ¡rrediction potential.

Horv is the easteln equatolial Pacifìc (EEP) SST related

to the Atlantic SS'f? Fig. 7(b) shows the cross-correlations.

Thele is good corre lation with North Atlantic SST

(0.65+0.0.5) but lesser with SoLrth Atlantic SST (0.4,5*0.06),

good colre lation rvith (Nr S) (-0.6) and nruch lesser with
(N-S) (-0.2-5). Correlation betrveen llEP-SST and NE Brazil

coast SST is also lrigh but rvith a phase shill of-3-4 seaso¡ls.
'Ihus, rvlrc'reas sonre relatiorrship is indicated, the Atlantic

and Pacifìc paranleters arc not fìrlly related. Only about

407o variancc is conlnron.

The nlaxinlurn corre lations (at -2 season phase shift)

betrveen Fortaleza rainfall and S. Atlantic SST, N. Atlantic

SST, l2 montlrly running nreans ol(T-D), Pacilic SST and

-50mb rvincl rvere 0.52,0.32,0.2,5, 0.18 and 0.1 I (decreasing

order). Wc shif'ted Fortaleza lainfall values 2 seasons earlier

and conductecl a nlultivariate analysis. The single variable

correlation betrveen rainfàll and South Atlantic SST (0.52)

increased to a multiple correlation of 0.69 when Nolth
Atlantic SS'l was also consideled, bLrt rernained -0.69 when

(T-D), Pacifìc SST and -50mb wind were added to the list

of variables one by one. Thus, the Atlantic sector SST seetrrs

to play a nrajor lole while Pacifìc SST, SO index and 50mb

wind do not seeln to be of much consequence. On the other

hand, the NE coastal pararneters viz. SST and Wind stress

ale each highly correlated to Fortaleza rainfàll (0.66 and

0.,57) and when considered together in a bivariate analysis,

gave a multiple correlation of 0.76 which ilrcreased to 0.80

when one nrole variable S. Atlantic SST was added but

incrcased only slightly (0.S l) by adding the other
paranleters. The northeast Brazil coastal parameters (SST

R. l'. K¿rnc
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Figure 7 - Cross-correlations between: (a) Fortaleza rainfàll
l2-monthly running means FR (12) and the Atlantic SST
parameters N, S, N+S, N-S and the NE Brazilian coastal

SST and Wind Stress and (b) equatorial eastern Pacific sea

surface temperature EEP-SST and the Atlantic SST and

NE Brazilian coastal SST.

and wind stress) probably affect the Fortaleza rainfall
through changes in the ITCZ locations (Servain & Seva,

1987; Xavier & Xavier, 1997)

NONUNIFORMITY OF NE BRAZIL RAINFALL

Though NE Brazil is drought-prone, the characteristics

of rainfall in all parts of NE are not sinrilar (Kousky &
Chu, 1978; Kousky, 1979; Chu, 1983, 1984; Rao et al.,

1993). To check the spatial variability, we selected several
locations mostly on or near the NE Brazil coast as shown

in Fig. l(b).
Fig. 8(a) shows the rnonthly average rainfalls for 1951-

1985, confinrring that whereas locations in nor.tlrern NE
have maxirnum rainfall in March-April, the maximum shifts

to the middle of the year for eastern NE even up to 12"S,

and at southern latitudes, to later months. Fig. 8(b) shows

the spectra for these locations. As can be seen, the spectra

are varied. The QBO is prominent in northern NE and very
prorninent in some eastern NE locations. T -3.5 years seems

to be significant in almost all locations. T -4.3 years appears

in sorne locations while T:(4.6-7.1) years and (9.0-11.7)

years appear in others. Chu ( 1984) lnentions a phase lag of
-1.3 years between northern and southern NE rainfalls for
the 12.7-14.9 year band, approxirnately out of phase for
the 4.5-4.9 year band and approxinrate coincidence for the

2.2-2.4 year band. In Fig. 8(b), the only periodicity seen in

all locations is near 3.5 years; but even this varies in the

range (3.3-3.6) years. Part ofthis variation could be due to
idiosyncrasies of individual locations. Hence, we co¡nbined

the data into 3 major groups viz. Acaraú, Fortaleza, Pen-

dência, João Câmara representing northern NE;
Canguaretarna, Recif'e, Maceió, Aracajú, Alagoinhas
representing eastern NE; and, Ilhéus, Condeúba, Januária

representing southern NE. The lower part of Fig. 5 shows

the plots of the l2 monthly running means (thin Iines), the

3-year (36 season) running rneans (superposed stnooth,

Figura 7 - Correlações cruzades entre: (c) Médias móveis

unuais FR (12) da ¡trecipitação pluviométricu de Fortaleza
e os parâmetros AlIântico.r SSZ.' {, E N+,S, N-S e SST e a

tensão do vento do litoral do NE bro.sileiro; (b) EEP-SST

(Temperattrra da Super/ície do oceano PacíJìco Leste Equa-

torial) e SST Atlantico e SST do litoral do NE brasileiro.
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Figure 8 - (a) Avcragc monthly rainfalls for I95 l- 1985 at

various locations at or near the NE Brazil seacoast and (b)

Spectra ofrainfall selies ( 1 95 l - 1 985). The hatched portions

indicate 2s (a priori) limits.

Figura 8 - (a) Médias ntensui.s du ¡treci¡.tilcrção
pluviométrico puru o período de 195 1- 1985 cnt vtirios lo-

cais clo litorul clo nordeste brqsileiro; (b) Espectrc ¿lus sé-

ries cle preci¡titcrção pluvirsmélricu ¡taru o período tle 195 1-

1985. As porçõcs ltaclturrtdus indicunt os limile,ç 2s.

thick line) and the diffèrence (12-36). Sonre peaks are

clearly recognizable and sin.rilar for all the three locations

but others are not clear or similar. Fig. 9(a) shows the spectra

(amplitude estimates) fbr the periodicities in thè l2 monthly

running n1ean. For QBO, northern NE, has small

periodicities at2.03,2.45 years, the eastern NE, region has

strong periodicities at 2.26 and 2.60 years, and southern

NE has no significant QBO. Periodicities 3.5 and 4.5 years

are prominent everywhere, while periodicities in the range

(9.6-l 1.3) are also present in the three regions. The larger

periodicities (34,35,37 years) in a 35 years sample are not

Figure 9 - (a) Spectra ofthe northern, eastern and southern

NE average lainfall series fbr 195 l- 1985. The hatched

portion indicates 2s (a priori) limits and (b) cross-
correlations between northern, eastern and southern NE

rainfàlls.

Figura 9 - ('u) Espectro clu.ç série,ç métlius du precipitação

¡tluviomélrica no ¡tcríodo tlc 195 1- 1985, para crs regiões

norte, lcste e sul do NE bru.çilcin¡. As porçõe,r hqchuradas

intlicunt t¡,s limitcs 2s; (h) Correluções cruzadds enlre ds

¡trecipituções pluviomélricas do norte, leslc e sul clo NE

brqs ileiro.

reliable and are, probably indicative of long-term trends,

visible in the thick line (3-year mean) plots of Fig. 5.

Table 3 shows the periodicities significant above a 4s

(in reality,2s) level, for the period l95l-1985, for the

rainfall series at individLral locations and their 3 groups.

The overall lags or leads can be obtained by a cross-

correlation analysis. Fig. 9(b) top shows the results for
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Table 3 - Periodicities signifìcant ata95Yo conlidence level,

for 195 l-1985, for rainfall at various locations.

Tubela 3 - Periocliciclacles .significulit¡us uo nível tlc couf i-
ança cle 95%,, ¡tura l95l-1985, puru u ¡treci¡tilução
pltrv iom ëtrica em vúr i us I ocqI i dedes.

rainfalls of northern NE versus eastern NE and indicates

reasonably good correlation (exceeding 0.5) at zero lag.

But correlations of northern and eastern NE with southern

NE are very Iow, indicating that lainfàll characteristics ol'

southeln NE are vely diffèr'ent fì'om those of northern or'

eastern NE Brazil, as was evident in Fig. 9(a) also.

Fig. l0 shows the cross-correlations of the three NE

Brazil rainfall series (a) N-NE, (b) E-NE, (c) S-NE velsus

50mb wind, T-D and EEP-SST in rows 1,2,3, Atlantic

SST parameters N, S, (N+S) (N-S) in rows 4,5,6,7 and

NE Brazilian coast SST and WIND STRESS in rows 8,9.

The full lines show correlations between l2 utonthly
running nlea¡rs and thus, include effects of QBO, QTO and

all other largel periodicities including long-telur trends. To

know the lelationships for QBO, QTO only, and the (12-

36) values of all the paralneters were used f'ol correlation.

The dashed lines in Fig. l0 representsuch correlations. The

results are surnmarized in the Conclusions.

CONCLUSIONS

Our results are contained rnainly in Fig.6-10 and the

nlain conclusions are as follows:
l) Analysis of the l2 monthly running nreans centered

3 months apart (4 values per year) by Maxinrunr Entropy

Quasi-bicnnial Ancl Quasi-tricnnill Oscillations ln 'l'hc Iìainlìrll Ol'Nolthcast llrazil

l)criodicity rangcs (¡'cars)

llainfhll scries 2.00- 2.10 2.31-2.ó0
(re5r-re85)
Acaraú
lìortalcza
l)cntlônci¡
.lo¿ìo C¿ìtlara
Cangtrarctatnr 2.59

Iìcci fb

Macciir
Araca jri

Alagoirrhas
Ilhóus
Condcriba
.l ar uária
Nonh Nli lllì 2.03 2.45
l.lâst NE IIR 2.26 2 60

Sotrth Ntl IIR

2.96

2.6 - :ì.0 3.0 - 4.0 4.0 - r,1.0 7.0-l 4.0

3.5
1.5

3.5

t.3
1.5

3.4
3.6
1.5
3.4

1.4

:l.4
1.5

4.ll,5.lt
5.I
6.0
42

|.1
I t.5
I 0.7

10.0

7.t

6.t

t .l.ó

9.9
9.0
9.4

I t.l
t2.6
I0.9
9.6

ll..ì

5.8
'1 .lt

4.5.5.9

4.5

Spectral Analysis reveals periodicities rnucll ntore

accurately than the use of one value per year. I;or data lì'om

l9-5 I onwards, results are as fbllows (see lrig. 6,7,9, l0).
2) ln the QBO region, only -50rnb wind had very

pronrinent periodicities, the largest one at 2.33 years, a

snraller one (-2l3 magnitude) at 2.64 years and a still
snraller one at -2.00 years.

(T-D) and EEP-SST had snrall QBO at (2.05-2.10)

and 2.57 years.

N (North) and S (South) Atlantic SST had QBO at

(2.10-2.16) years. (N+S) and (N-S) showed an additional

peak at (2.64-2.10) years which was seen in the Wind Stress

also at NE Brazil coast.

The NE Blazil coastal SST showed a peak at 2.29 years

while Wind Stress showed2.20 years.'l'hus, whereas (T-

D) or Atlantic SST did not show any peak near the

pronlinent peak of 50mb wind at 2.33 years, the NE coastal

Wind Stless did show a peak at2.29 years.

In the NE rainlall selies (Fig. 9), small QBO was

observed at..2.03 and2.45 years in northern N8,2.26 and

2.60 years in eastern N E and no signifìcant QBO in southern

NE rainfall. None of these tally exactly with the 50mb wind

peaks (-2.00,2.33 and 2.64 years); but sonre connection

nray exist between 50nlb wind and terrestrial phenonrena

like (T-D), EEP-SST and the various lainfàlls through QBO
near 2.00 and 2.50 years. Gray et al. ( 1992) lravc described

lrypothetical rnechanisrns by which QBO of lower
stratosphere zonal winds alters the distribution of intense

deep convective activity throughout the tropical west

Pacifìc. Conversely, Celler & Zhang ( 199 l) and Geller et

al. (1997) explore a mechanisnl by which SST variations

modulate tropical wave activity, which may fbrce
stratosplreric zonal flow with the same period as the QBO
of SST.

3) In the QTO region, -5Omb wind had a snrall peak at

3.2 years, NE Brazil coastal rvind stress had a peak at 3.3

years while (T-D), EEP-SST, Atlantic N, S, (N+S), (N-S)

and NE Brazil coastal SST had peaks in (3.5-3.8) year ran-

ge. In NE rainfall, all the three regiolls (northern, eastent,

sot¡thern) had prominent peaks at (3.4-3.-5) years while
northern NE had a small peak at 3.1 years. Thus, -3.5 years

seenls to be a prorrrinent periodicity pervading all the

terrestrial parameters, Surprisingly, this periodicity is

conrpletely missing in the analysis of Hastenrath and

Kacznrarczyk (1990) who nrention 2.5,5, l0 and l3-2 I

years f'or NE Brazil rainfàll f'or the period l92l-1972. Chu

llevista ßrasileira de GcoJísica, I/ol. l6(l), 199¿l
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Figurc l0 - Cross-corrcltiotts ol'll Illtl¡ltltl¡'¡¡¡¡1¡1 ¡¡"

nreans (flll lincs) and ( l2-3(r) valucs (claslred lirrcs) ol'

(a) rrortltcrrr Nll; (b) castenr NII; (c) sotrtlìcrn ND

rainl¿rlls. rvith 50nrb rvind 1r'orv l), (1'-D) (row 2), tìEP-

SS'l'(row 3), Atlantic SSI', N, S, N+S, N-S (rorvs 4,5,
6,7) and ND Brazilian coast, SS1'(row tl) ancl Wind

Stress (rorv 9).

( 1984) also doe s not tncrrtiotr 3.-5 ycars (only -2.2-2.4 ),ears

ancl 4.5-4.9 ycars arc urerrtionecl); but in Fig. 4 ol'ChLr

(1984), snrall pcaks ncar 3.-5 ycars arc seen. It is likely that

this pe riocl has courc into ¡trottrinence only recently (alìcr

tel 4).

4) Pcaks in thc (4.5-5.0) years band arc secrl

pronrinently irr altrost all ¡tarantetel's, inclrrding NE Brazil

rainfall in all thc tlrrcc rcgions, itr agreetrtent with -5 ycars

nlentioned by Ilastcnrath & Kaczntarczyk (1989) fbr NE

Ilrazil and (4.5-4.9) years tnentionecl by ChLr (1984) fòr

5

-ro -5 0

Ilcvi.sttt lJnt.til¿ir¿ tlt' ( )colisittt, l't¡1. Ió( I ). It)t)8

-.5

o 5
SEASONS

Itiguru I0 - ('t¡t'rclttç'õc:; crtt:uclus tlus I 2 ntétliu.¡ ntót,ai.s

tttatt.ttti.s (litrltu c'lteiu) a dt¡,s t,ult¡ras ( l2-3(t) (littltos

trttt'c.judu,s) tle: (u) rtot'ta; (b) la.slc; (c) ,rttl dt¡ NE, puru us

¡trt'c'iltittrçõc.s ¡tluviomólricu:¡, ct¡ttt t,cnlt¡ cla 50 trtb (litrltu

l), ('l'-D) (linlru 2), EEI'-SS'l'(lìttltu 3), SST Atlûntico, N, S,

N 1 ,Sl N-,S (liuhus l, 5, (¡ c 7) a SS'l'tlu coslu clo NE bt'u.silci-

ro (littlru 8) e letrsäo tk¡ vt'ttlt¡ (linltu 9).

[roth nolthel'n ancl southcrn NI] rainf all, Earlier', l(ousky &
Chu (1978) rncnlionccl a Lrroacl band 3--5 years.

-5) Peaks near 5.5 years are seen in southern Atlantic

SST (also leflected in Nl-S ancl N-S) and NE Braziliarr

coastal Wind Strcss and arc leflectecl in lrortaleza rainfall

(l:ig. 6); but in northcnr NE rainlàll(Fig. 9), this peak shilts

to -5.9 years, i¡l eastern NII raillfhll to 6.4 years, and is

rnissing in soutltern NE rainf all. ln F'ig. 4 of Chr¡ ( 1984)'

there is an indication of'two peaks ncar 5.0 and -5.-5 ycars,

though Chu has ntentionecl this band only as (4.5-4,9) years.
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6) Pcaks at 9.-5,9.(r,9.8, 10.-5, 10.9, 11.3, 12.3, 12..5,

13.9 (9.-5- 13.9 ycars) cxist in ntany parallletcrs. llastcnrath

& Kacznrarczyk ( l98l) rnention thcsc as l0 ancl l3-2 I

years, rvlrilc Chu ( 1984) rnentions thcsc as ( 12,7- 14.9)

years, tlrough Fig.4 of'Clru (1984) slrorvs trvo ¡tcaks, ottc

neal' l0 ancl another near l6 years. Iìarlicr', l(ousk1, & Chu

( I 978) had identifìeci a broacl band at ( I 0-20) ycars.

7) Regarding cross-corrclations, northern ¿r¡l<J casterrr

NE rainfall scenr to bc fàirly rvcll correlated (0.7-5) rvitlr

each other (Fig. 9b) whilc southern Nll rainfàll is poorly

Çorrelated (0.2 or less) with northcrn and eastern Nll
ra infa ll,

These results are in general agreenrerrt rvith thosc ol'

K'ousky & Chu ( 1978), Ilastenrath & l(acznrarczyk ( 1990),

Clru (1983, 1984), Iìao et al. (1993) ancl, bcsidcs giving

lìner details of the periodicitie s involvcd, ilrdicate that at

least for the nolthern arrd eastern NE rainf all, the Atlantic
N and S, SST and r'vinds in S. Atlantic are the nlost intportiìnt

paranleters. The lelationship beconres nrorc inlcnse u,hcn

paralretels rlearer to NE Brazilian coast arc collsiclcrcd;

but then the advantage of'anteccdence is lost. 'l'hc rolc of
(T-D) or EEP-SST or 5Onlb rvind seenls to be contparatively

negligible.

For studying thc dynanrics ol'dloughts in NII Brazil,

Moura & Shukla ( l98l) concluctecl nu¡nerical cx¡rcrirncnts

with a General Circulation Model and obtained satislactoly

results. The role of 50nrb wind is not yct thcorcticall¡,

explored fbr Nll Ilrazil but the observed relalionship is

weak. For floods and dloLrghts in the lndian n'ronsoon,

Khandekar' (1996) proposÇd a conceptual large-scale

atnrospheric l'lorv model, invölving the Walkcr circulation

in the equatorial zonal plane associated with El Nino, the

tropical easterly.iet streanl at I 50nlb centered around 12"N,

easterly/westerly phases of the QBO at 5Onlb and Eurasian

winter snow cover. For ÑE Brazil, a sinlilar stucly is

warranted.

The characteristics of northern NE and eastern NE

rainfàll ale alrrrost sirrrilar but dif fer considelably fì'ont those

of southern NE rainfall fbr which Chu (1984) mcntions

additional relationships rvith winds and SST of sor¡theast

coast of Brazil (50"-10'W, 20"-30"S) or, in gcneral, cold

lì'onts of the Soutlrern Henrisphere (Kousky & Chu, 1978;

KoLrsky, 1979; ChLr, 1983).

Overall, we ale inclined to believe that the QBO, QTO
characteristics of northeast Brazil rainfàllare related nrainly

to the characteristics of the Atlantic paranreters, including

(Julsi-bicnniirl z\nrl Quirsi-tliclrni¿rl ()scillirlions ln llrc lìtrinlirll ()l'Not'lhcirst lÌluzil

thosc ncar tlìc NI: Brazil coast, though rainlalls in cliflìrc¡lt
parts ol'Nlr Ilrazil rrray bc al'fcctccl in clillòr'cnt ¡rroportions
by tlrc cl i l'l'erent llaralnctcrs.
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