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ABSTRACT

The authors investigated the rainfall variability response in northern Northeast Brazil (NNEB) from

El Niño/La Niña (EN/LN) events and from the meridional sea surface temperature gradient (MGRAD) over

the tropical Atlantic during the period 1948–97. The diagnostic analysis was stratified according to four cli-

matic series of scenarios associated with EN, LN, and positive and negative MGRAD. During ENs, which

were more numerous and more intense after the 1970s, the MGRAD was generally not noticeable, and the

drought impact in NNEB was mainly due to the warm Pacific influence. Conversely, during LNs, the

MGRAD signal was important, but there was an inverse relationship between the third and the fourth

quarters of the twentieth century. Thus, before the 1970s the LNs were associated with positive MGRAD,

which led to an inverse influence inducing minor changes in seasonal rainfall in NNEB. After the 1970s the

LNs were linked to negative MGRAD, which induced a cumulative wet influence in NNEB. The positive

MGRADs were generally associated with ENs, which reinforced the drought impact in NNEB. The well-

marked negative MGRADs, which all occurred after the beginning of the 1970s, were generally linked with

large LNs that induced very consistent wet episodes in NNEB. Interestingly, the two low-frequency variations

in the tropical oceans observed during the second half of the twentieth century (i.e., from a few to several

strong ENs and from none to numerous strong negative MGRADs) occurred concomitantly with symmetric

long-term changes in the Pacific decadal oscillation (PDO) and the North Atlantic Oscillation (NAO). This

symmetrical long-term climate behavior during the second half of the twentieth century could have lead to an

inverse influence on the climate over the north Northeast Brazil, in agreement with a quasi-null long-term

trend of the rainfall observed in that region all along this period. Such symmetrical behavior seems to have

been unique during the last 150 years.

1. Introduction

The climate of Northeast Brazil (28–148S, 358–468W;

see Fig. 1) is largely semiarid with noticeable sea-

sonal and interannual rainfall variability. Exception-

ally wet or dry episodes are often associated with

worldwide and regional climate phenomena, such as

the El Niño–Southern Oscillation (ENSO) in the equa-

torial Indo-Pacific Ocean (Philander 1990; Rao and

Hada 1990; Trenberth 1997; Pezzi and Calvalcanti 2001;

Giannini et al. 2004) and the meridional sea surface

temperature gradient (MGRAD) over the tropical At-

lantic (Hastenrath and Heller 1977, Markham and

McLain 1977; Moura and Shukla 1981; Servain 1991;

Nobre and Shukla 1996; Giannini et al. 2004).

The ENSO signal is known to be dominated by an

eastward displacement of the Walker circulation inside

the equatorial region from the central Pacific to the
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western Atlantic (Kidson 1975; Covey and Hastenrath

1978; Giannini et al. 2000). During the positive phase of

ENSO [i.e., during El Niño (EN)], there is a tendency

for the inhibition of the convective system over the west

tropical Atlantic that is associated with predominantly

weak precipitation, especially off the coast of Northeast

Brazil (Uvo et al. 1998; Saravanan and Chang 2000).

Conversely, during the negative phase of ENSO [i.e.,

during La Niña (LN)], there is a reinforcement of the

westward convective system on this oceanic region,

leading to more precipitation over Northeast Brazil.

The MGRAD is represented as a latitudinal gradient

in SST anomalies in the tropical Atlantic (Servain 1991;

Hastenrath and Greischar 1993; Servain et al. 1999;

Ayina and Servain 2003). During a standard negative

phase of MGRAD, which is characterized by a negative

SST anomaly and abnormal subsidence (cold sink) in the

north tropical Atlantic and a positive SST anomaly and

enhanced moisture convection (upward heat source) in

the south, the thermal gradient is directed toward the

Southern Hemisphere (Chang et al. 1997). Consequently,

the intertropical convergence zone (ITCZ), characterized

by a maximal level of cloudiness and precipitation, is

predominantly located to the south of its climatological

position. This generally brings more rain over Northeast

Brazil (Wagner 1996), especially in its northern sub-

region (Hastenrath and Heller 1977; Markham and

McLain 1977; Moura and Shukla 1981; Hastenrath

1990). Conversely, during a positive phase of MGRAD,

the regular ITCZ moves northward from its normal

position and the precipitation rate is often below the

average in Northeast Brazil (Wagner 1996). In some

instances, these changes can lead to dramatic drought in

the region. Chang et al. (1997) interpreted this ocean–

atmosphere relationship in the tropical Atlantic basin as

a positive feedback that sustains the MGRAD. Sec-

ondary reasons for the seasonal rainfall in Northeast

Brazil (especially in its northern subregion) include local

deep convection, lines of instability, breeze occurrences,

and atmospheric easterly waves (AEWs). For more

details on the tropical Atlantic variability and its effect

on rainfall, see the extensive reviews by Sutton et al.

(2000) and Xie and Carton (2004).

Interestingly, during strong ENSO years, studies have

shown that there is a tendency for SST changes of the

same sign (i.e., positive during ENs, negative during

LNs) to develop during boreal spring in the northern

region of the tropical Atlantic (Nobre and Shukla 1996;

Chang et al. 1998; Uvo et al. 1998; Giannini et al. 2004;

Huang et al. 2005; Huang et al. 2009). These changes can

be associated with positive occurrences of MGRAD

(Enfield and Mayer 1997; Saravanan and Chang 2000;

Andreoli et al. 2004; Andreoli and Kayano 2007; Huang

et al. 2009), which increase the remote influence of the

tropical Pacific Ocean over the Northeast Brazil climate

variability (Giannini et al. 2004). Such a SST anomalous

pattern over the tropical ocean, which is linked with

changes in the large-scale zonal Walker-type and me-

ridional Hadley-type circulations (Charney and Shukla

1981), may extend to the extratropical latitudes (Nobre

and Shukla 1996; Gu and Philander 1997; Okomura and

Xie 2001).

Our early basic purpose was to extend previous find-

ings and examine the Pacific and Atlantic climatic im-

pacts on seasonal rainfall in all of Northeast Brazil. For

that, an extended study (Lucena 2008) was previously

performed over the three subregions of Northeast Brazil

(northern, eastern, and southern) such as they are histor-

ically classified according to seasonal climate variations

and different regimes of precipitation (e.g., Hastenrath

and Heller 1977; Hastenrath and Lamb 1977; Moura and

Shukla 1981; Molion and Bernardo 2002). Based on this

academic work, we specifically focus, in the present

paper, on the northern subregion (NNEB), see Fig. 1)

where the climate response to the Pacific/Atlantic

combination was found as the most coherent. Comple-

mentary information on the relative climatic impact

over the three subregions of Northeast Brazil can be

found in Lucena et al. (2011).

The main seasonal rainfall in NNEB occurs from

February to May (see Fig. 2). This corresponds to the

period of time for the southernmost position of ITCZ

FIG. 1. Partial map of Brazil including the northern Northeast

Brazil subregion.
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over the Atlantic and also corresponds to the period of

time that immediately follows the canonical occurrences

of the El Niño and/or La Niña (LN) phenomenon.

During the rest of the year (especially from July to

December) precipitation over NNEB is very rare or

nonexistent, as also illustrated in Fig. 2. Interesting to

note, the linear trend of the rainfall precipitation over

NNEB was quasi-null (10.002 mm yr21) and insigni-

ficant during the second half of the twentieth century.

The diagnostic analysis proposed here involved four

scenarios that stratified the climatic effects from EN/LN

events with those from main positive/negative MGRAD

episodes. The study examined the climate measure-

ments from 1948 to 1997 when important changes in

number, intensity, phase, and property of ENSO epi-

sodes were previously noted (Wang 1995; An and Wang

2000; Federov and Philander 2000; Richard et al. 2000;

Wang and An 2001). Early studies have also shown that

this second half of the twentieth century experienced

long-term changes in the phases of the Pacific decadal

oscillation (PDO) (Mantua et al. 1997; McCabe and

Dettinger 1999; Graham 1994; Hare and Mantua 2000;

Richard et al. 2000; Stenseth et al. 2003) and the North

Atlantic Oscillation (NAO) (Hurrell 1995; Hurrell and

van Loon 1997; Tanimoto and Xie 2002; Stenseth et al.

2003; Wainer et al. 2008).

After presenting, evaluating, and discussing the data-

sets in the following section, the core of the diagnostic

analysis, structured according to the four scenarios (i.e.,

EN, LN, positive MGRAD, and negative MGRAD), is

illustrated and discussed in the third section according to

different time scales of variability. In the final section,

we have provided a summary and conclusion.

2. The datasets

For this study, being mainly diagnostic, all data

presented here are unfiltered and undetrended (as in

Giannini et al. 2004). This allows us to better quantify

the direct impact of the climate variability over the

NNEB response by retaining the real amount of rainfall

that is directly related to, for instance, the damage to

local economy.

We used the Climate Prediction Center (CPC) pre-

cipitation dataset (Chen et al. 2002) for the rainfall ob-

servations in NNEB between 1948 and 1997 (Fig. 2).

This dataset is based on a global network of in situ rain

gauges interpolated according to a 2.58 3 2.58 grid

(about 12 grid boxes spread over NNEB). Although the

distribution of rain gauges are heterogeneous across the

globe, the distribution of the rain gauge numbers is

generally up to five by each grid box inside Northeast

Brazil (see Fig. 4 of Chen et al. 2002).

Using the Global Sea-Ice and Sea Surface Tempera-

ture (GISST) database (Rayner et al. 2003), Fig. 3a

shows the monthly time series of the Niño-3.4 index (i.e.,

SST anomalies in 58N–58S, 1208–1708W) (Trenberth

1997; Rasmusson and Carpenter 1982; Ropelewski and

Halpert 1989) for the 50 years of the study period. Ac-

cording to a standard computation from the NOAA

Climate Prediction Center, EN and LN years were

classified as years in which the threshold of 60.58C was

met for a minimum of two consecutive months from

November to January using the three-month running

mean of the Niño-3.4 index value. Table 1a roughly

classifies (as strong, moderate, or weak) 14 selected EN

episodes [4 (10) before (after) 1970] and 13 selected

LN episodes [5 (8) before (after) 1970]. Although the

number of strong LNs was equally balanced before and

after 1970 (four strong LNs in each subperiod), the sig-

nificant (1% level using a Student’s t test) positive linear

trend (10.0148C yr21) noted in the Niño-3.4 index from

1948 to 1997 (Fig. 3a) was due to the greater number of

strong EN events that occurred after the 1970s (four

strong ENs versus one strong EN before 1970). This

change in the ENSO signal was concomitant with a

negative-to-positive long-term phase change in the PDO

(Fig. 3b), which was related to a long-term warming

in the tropical region of the Pacific (Graham 1994;

Hare and Mantua 2000; Richard et al. 2000; Mantua

and Hare 2002; Stenseth et al. 2003). Such tropical–

extratropical extensions of the interdecadal climate

fluctuation have previously been simulated (Gu and

Philander 1997).

The years with positive or negative MGRAD were

chosen based on the ‘‘dipole’’ index proposed by Servain

(1991). This dipole index is estimated as the difference

between the average SST in the northern tropical At-

lantic (NTA), delimited by 58N–288N, 608–208W and the

average SST in the southern tropical Atlantic (STA),

delimited by 58N–208S, 358W–58E. These limits were

FIG. 2. 1948–97 monthly precipitation (mm day21) averaged

over the NNEB subregion. The linear trend (quasi-null) is super-

imposed and the linear coefficient (a) is indicated.
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chosen because the SST annual ranges are very similar

in these two subregions (for more details see Servain

1991). The years of positive (negative) MGRAD were

considered to be when the monthly dipole index value

was above 10.58C (below 20.58C) for at least two con-

secutive months between January and June. The monthly

time series of MGRAD is shown in Fig. 3c. Table 1b

roughly classifies (as strong, moderate or weak) a selec-

tion of 10 positive MGRAD episodes (4 before 1970 and

6 after 1970) and 9 negative MGRAD episodes (all after

1970). If we only considered the positive MGRAD

yearly distribution that could be partially related to the

change in the occurrences of EN episodes noted above,

then more EN events after the 1970s would imply more

warm episodes in NTA (i.e., a favorable condition for

more occurrences of positive MGRAD) (Nobre and

Shukla 1996; Uvo et al. 1998; Giannini et al. 2004). The

small difference in these two numbers (6 versus 4),

however, does not allow us to conclude this with cer-

tainty. Negative MGRAD episodes were only present

after the 1970s (8 of the 9 events were strong), which

suggests that a climatic change led to a significant (1%

level Student’s t test) negative linear trend in the

MGRAD index (20.0108C yr21) between 1948 and 1997

(Fig. 3c). The positive-to-negative shift in the MGRAD

index that occurred within the middle of the second half

of the twentieth century could have been directly related

to the interdecadal change observed in the NAO during

the same period (see Fig. 3d). Indeed, a negative phase

of NAO (leading to warm SST in the NTA) between the

1940s and the 1970s was followed by a prevailing posi-

tive phase of that oscillation (leading to cold SST in

NTA) during the last three decades of the twentieth

century (Hurrell 1995; Hurrell and van Loon 1997;

Tanimoto and Xie 2002; Stenseth et al. 2003; Giannini

et al. 2004; Wainer et al. 2008).

3. Four scenarios for climatic impact in NNEB

This discussion is based on two different time scales.

On the interannual time scale, we are interested in the

year-to-year occurrences of climate variability in both

Pacific and Atlantic tropical oceans and by their climatic

responses over NNEB. Here the individual yearly epi-

sodes can be detailed, quantified, and compared basin by

basin. The decadal time scale, obviously limited here to

the 50 years of study, is mainly attempted thru the

above-indicated long-term global climatic see-saw that

was observed during the 1970s, especially in the tropical

Pacific region. That approach highlights the discussion

FIG. 3. (a) Monthly Niño-3.4 index (8C), (b) yearly normalized values of the PDO computed from monthly database constructed by

Mantua and Hare (2002), (c) monthly MGRAD index (8C), and (d) December–March normalized values of NAO computed and updated

by Hurrell (1995) for the time period 1948–97. Linear trends have been superimposed and the linear coefficients (a) are indicated for

Niño-3.4 and MGRAD indices.
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about such global features that may have different long-

term impacts on the climate of NNEB.

As seen on Table 1, a positive (negative) MGRAD

index was associated with an EN (LN) event for 50% of

the selected cases between 1948 and 1997, which in-

dicates a strong relationship between the climate var-

iability of the two tropical ocean basins. Trying to avoid

statistical obstacles in the interpretation of the climatic

impacts of both the Pacific and Atlantic Oceans in

NNEB, we analyzed in the present study four different

scenarios. Each scenario was directly related to the pre-

viously selected EN, LN, positive, or negative MGRAD

episodes. The behavior of the SST anomaly pattern (i.e.,

Niño-3.4 or MGRAD) associated with either the Pacific

or Atlantic region was diagnosed over the other oceanic

region during a 12-month period, which was divided into

four quarters starting with September–November (i.e.,

before the beginning of the rainy season in NNEB). Fig. 4

shows the results related to the 14 selected ENs and the

13 selected LNs, and Fig. 5 shows the results related to

the 10 selected positive MGRADs and the 9 selected

negative MGRADs. In particular, we were interested in

the EN/LN events during the September–November

(SON) and December–February (DJF) quarters, the

MGRAD events during the DJF and March–May

(MAM) quarters, and the precipitation during the MAM

quarter (i.e., the core of the rainy season in NNEB).

Though our method of stratification of the climatic modes

was similar for some aspects with the method used by

Giannini et al. (2004), we were interested in the present

study by the four scenarios EN, LN, positive MGRAD,

and negative MGRAD, whereas in the previously cited

study only the two modes attached to ENSO were dis-

cussed (with a focus on the preconditioning variability in

the tropical Atlantic).

For each one of the 14 selected ENs, the quarterly

Niño-3.4 index is shown in Fig. 4a. As expected, not all

of the EN events developed in exactly the same way. For

9 ENs, the Niño-3.4 index remained positive during the

four quarters, whereas the Niño-3.4 index quickly de-

creased from positive to negative values for four cases

(1963–64, 1969–70, 1972–73, and 1990–91). Fig. 4b shows

the NTA and STA indices computed for the same

quarters as the 14 selected ENs. For most of these EN

episodes, the MGRAD was nonexistent or very weak.

However, two cases merit special consideration: the

strong 1957–58 EN event, which was associated with

a large positive MGRAD, and the strong 1972–73 EN

event, which quickly changed into a negative LN episode

and was associated with a strong negative MGRAD.

These results indicate that an equal relationship between

an EN episode and a positive meridional SST gradient

over the tropical Atlantic does not happen systematically.

That result must be compared to Giannini et al. (2004)

where it was found that the Atlantic variability was, for

most of the time, ‘‘discordant’’ with the ENs (i.e., inverse

signs between EN and MGRAD).

However, the climate variability of the Atlantic can

still be related to ENSO. Indeed, previous studies have

shown that an EN episode can be linked to the warming

of the northern part of the tropical Atlantic (i.e., the

NTA domain) without any other consequence for the

southern part (i.e., the STA domain) (e.g., Nobre and

Shukla 1996; Chang et al. 1998; Uvo et al. 1998; Andreoli

et al. 2004; Giannini et al. 2004; Huang et al. 2005;

Huang et al. 2009). Moreover, the majority of the cases

presented in the present study have verified that EN

episodes are linked to warming of the NTA (see Fig. 4b).

Furthermore, previous studies based on observations

and numerical simulations (e.g., Delécluse et al. 1994)

showed that strong ENs (e.g., the 1982–83 EN) could be

related to subsequent warming episodes over the equa-

torial basin of the Atlantic (e.g., the 1984 Atlantic

El Niño).

Fig. 4c shows the observed precipitation anomalies in

NNEB during the same 14 EN episodes using the same

TABLE 1. El Niño and La Niña years, and positive and negative

MGRAD years classified according to a rough combination be-

tween rate amplitude and duration of event.

Year Classification Year Classification

El Niño La Niña

1957/58 Strong 1949/50 Strong

1963/64 Weak 1950/51 Strong

1965/66 Moderate 1954/55 Strong

1968/69 Moderate 1955/56 Strong

1969/70 Moderate 1964/65 Moderate

1972/73 Strong 1970/71 Moderate

1976/77 Weak 1971/72 Moderate

1977/78 Weak 1973/74 Strong

1982/83 Strong 1974/75 Strong

1986/87 Moderate 1975/76 Strong

1987/88 Moderate 1984/85 Weak

1990/91 Strong 1988/89 Strong

1991/92 Strong 1995/96 Weak

1994/95 Moderate

MGRAD

Positive Negative

1951 Moderate 1951 Moderate

1956 Moderate 1956 Moderate

1958 Strong 1958 Strong

1966 Weak 1966 Weak

1970 Moderate 1970 Moderate

1978 Weak 1978 Weak

1980 Moderate 1980 Moderate

1981 Moderate 1981 Moderate

1983 Weak 1983 Weak

1997 Moderate 1997 Moderate
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quarters as in Figs. 4a and 4b. The MAM quarter, con-

sidered to be the core of the rainy season, is represented

by a different symbol (gray disk). For the majority of the

EN occurrences (8 versus 14 events), the precipitation

was weaker than normal during MAM. This result is in

agreement with the known relationship between an EN

episode and a somewhat dry rainfall season in NNEB.

Indeed, the three driest episodes (1957–58, 1982–83, and

1991–92) were concomitant with three strong ENs (Fig.

4a and Table 1a). However, an inverse relationship can

also be seen in this analysis when five ENs were asso-

ciated with wet episodes in NNEB. Indeed, the discus-

sion of the EN scenario does not allow a definitively

robust conclusion.

A similar analysis was done for the 13 LN events. The

climatic behavior during these LNs (Fig. 4d) was more

stable than for the ENs (Fig. 4a). For 11 of the 13 LN

events, the Niño-3.4 index remained negative for at least

FIG. 4. Quarterly (SON, DJF, MAM, JJA) (a) Niño-3.4 index for the 14 EN events selected during the period 1948–97; (b) the NTA

index (black) and STA index (gray); and (c) the observed precipitation anomaly in NNEB from CPC dataset, with a focus on MAM (gray

disk). (d)–(f) as in (a)–(c) but for the 13 LN events.
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12 months. The two exceptions were the LN events of

1964–65 (JJA 1965 with a positive value in the Niño-3.4

index) and 1971–72 (MMA and JJA 1972 with positive

values in the Niño-3.4 index). The MGRAD behavior was

also very different during the LN events (Fig. 4e) com-

pared with the previously studied EN episodes (Fig. 4b).

For most of the cases (8 versus 13), the MGRAD was

well marked but there was a noticeable change around

the 1970s. Indeed, the MGRAD values (see Fig. 4e) were

strongly positive (discordant, according to the results of

Giannini et al. 2004) during the LN events for 1950–51,

1955–56, and 1964–65, whereas this index was strongly

negative (concordant) during the LN events for 1973–74,

1974–75, 1984–85, and 1988–89. Consequently, the ob-

served rainfall response in NNEB during these 13 LN

events (Fig. 4f) showed clearly differentiated impacts of

the Pacific and Atlantic in NNEB. During the 1950s and

1960s, the observed rainfall anomalies in MAM, which

were associated with the seven LN events that occurred

during this period, did not exceed 6 mm day21. Among

FIG. 5. Quarterly (SON, DJF, MAM, and JJA) (a) NTA index (black) and STA index (gray) for the 10 positive MGRAD events

selected during the period 1948–97; (b) the Niño-3.4 index; and (c) the observed precipitation anomaly in NNEB from CPC dataset, with

a focus for MAM (gray disk): (d)–(f) as in (a)–(c) but for the 9 negative MGRAD events.
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these weak rainfall anomalies, three were positive, three

were negative, and one was neutral. This quasi-normal

response is in agreement with an inverse-forcing climatic

impact from the Pacific (LN events leading to a wet

response) and the Atlantic (positive MGRAD leading

to dry response). Conversely, during the subsequent

period (the 1970s, the 1980s, and part of the 1990s), the

observed rainfall anomalies in MAM, which were asso-

ciated with the LN events that occurred during this pe-

riod, were positive for the greater majority of the events

(5 versus 6). These results reflected a combined wet ef-

fect of the Pacific (due to LN) and the Atlantic (due to

a negative MGRAD). In particular, the observed rain-

fall anomalies in NNEB, which were integrated from the

MAM quarter of 1975 and 1985 (after LN events),

reached positive values of up to 13 mm day21 (Fig. 4f).

Thus, the LN scenario leads to an unexpected result

directly linked to long-term climate changes that oc-

curred during the second half of the twentieth century.

To note, Giannini et al. (2004) indicated that the At-

lantic variability was mostly ‘‘concordant’’ with the LN

occurrences; here we found that was only the case during

the fourth quarter of the twentieth century: for the third

quarter of that century our results are in disagreement

with this previous study.

Fig. 5 shows the 10 positive and 9 negative MGRADs

that were selected for the study period (Table 1b).

Among the 10 positive episodes (Fig. 5a), most of them

(e.g., 1955–56, 1957–58, or 1996–97) were a good repre-

sentation of the meridional SST gradient. The Niño-3.4

index related to these 10 episodes is shown in Fig. 5b.

Except for the two initial strongly positive MGRAD

events (1950–51 and 1955–56), when the Niño-3.4 index

indicated strong LN episodes (Figs. 4d and 5b), and the

moderate 1980–81 positive MGRAD episode, which

occurred during a weak (1980–81) cold condition in the

Pacific, the other seven positive MGRAD events were

associated with a warm Pacific condition. Five of these

seven occurrences were already presented in the EN

list (Fig. 4a). Previous studies have shown that a com-

bination of Pacific EN and positive MGRAD in the

Atlantic was associated with dry conditions in North-

east Brazil (Nobre and Shukla 1996; Enfield and Mayer

1997; Uvo et al. 1998; Saravanan and Chang 2000;

Andreoli et al. 2004; Giannini et al. 2004; Andreoli and

Kayano 2007), which was the case for the large majority

of the 10 events described in Fig. 5c. Except for the DJF

quarter in 1979–80, the rainfall anomalies were always

negative (or very close to zero) for the 40 quarters as-

sociated with the 10 positive MGRAD events. This indi-

cates a very consistent dry response of the NNEB climate

when the years are stratified according to a positive

MGRAD index.

As noted previously, all of the negative MGRAD

episodes occurred after 1970 (Fig. 5d). With the excep-

tion of the first episode in 1970–71, which was weak, the

other negative MGRAD events were in excellent con-

formity with the standard Atlantic dipole (a strong

negative SST anomaly pattern over NTA associated

with a strong positive SST anomaly pattern over STA),

which remained stable for several months. This constant

behavior was significantly different from the positive

MGRAD scenarios (Fig. 5a) that showed a less consis-

tent intensity and duration. For a majority (7 versus 9) of

the negative MGRAD events, the Niño-3.4 index was

also negative during at least three quarters, which in-

dicated a LN condition (Fig. 5e). Among these seven

occurrences, five events were already present in the LN

list (Fig. 4d), which confirms the concordant LN-to-

negative MGRAD relationship during the fourth quar-

ter of the twentieth century. Conversely, the 1972–73

event, which was previously discussed when analyzing

the selected EN episodes (Fig. 4a), appeared again as

a nonstandard event. This 1972–73 event was the only

case where a strong negative MGRAD was associated

(during the two first quarters SON and DJF) with a

strong EN condition. Furthermore, during the next two

quarters (MAM and JJA) of 1973, the Niño-3.4 index

dropped dramatically to negative values. With regard to

the combined climatic effects in NNEB seasonal rainfall

by the full negative MGRAD and the quasi-continual

LN condition, it was not surprising that a systematic wet

condition was observed (Fig. 5f). This was especially

true during the MAM quarter—the peak time of sea-

sonal rainfall in the region. Thus, the negative MGRAD

scenario leads to a very robust wet impact on the sea-

sonal rainfall in NNEB.

Complementary analyses (not shown here) carried

out on the selected events from detrended time series of

Niño-3.4 and MGRAD indices supported qualitatively

the main results stated above at the interannual time

scale. Thus, during detrended EN events the detrended

MGRAD index remained rather weak and positive,

whereas during detrended LNs the detrended MGRAD

index evolved again differently before and after the

1970s; in the same way, warm (cold) detrended condi-

tions on the Pacific were rather noted during positive

(negative) detrended MGRAD index values. This in-

dicates that the principal conclusions stated above about

the interannual time scale remain essentially consistent

when using either unfiltered or filtered time series.

4. Summary and conclusions

This study pointed out the complex relationships be-

tween the El Niño and/or La Niña in the Pacific and
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positive/negative MGRAD in the Atlantic, and their

mutual influence in the seasonal rainfall of Northeast

Brazil, especially in its northern subregion. This rela-

tionship was illustrated and discussed for the second half

of the twentieth century, which experienced noticeable

long-term climatic shifts in the Atlantic and Pacific

Oceans around the 1970s. From our diagnostic analysis,

stratified in four climatic modes, 14 ENs, 13 LNs, 10 pos-

itive MGRAD events, and 9 negative MGRAD events

were selected. The present study allowed us to proceed

further in several aspects that were not tackled in a similar

‘‘stratification’’ of climatic modes by Giannini et al. (2004),

where only the positive and negative ENSO modes were

used. In some other aspects our study led somewhat to

a contradiction with those of Giannini et al. (2004).

Our main results and new insights are listed in the

following.

(i) The behavior of the 14 ENs had various intensities

and durations. During most of these warm Pacific

events, the MGRAD was generally positive (but

not with a very salient value, as that was claimed by

Giannini et al. 2004). In agreement with what we

expected (e.g., Huang et al. 2009), the northern

part of the dipole (i.e., NTA) was significantly

warmer than usual for most of the selected EN

episodes, particularly at the beginning of the study

period. This resulted in a weak tendency for less

precipitation in NNEB.

(ii) The behavior of the 13 LNs selected in the 1948–97

period were very intense and persisted for many

months. Contrary to the EN years, the meridional

gradient of SST over the tropical Atlantic was well

developed during these LN events but with a re-

markable and interesting inversion during the 1970s

(not discussed in Giannini et al. 2004): the MGRAD

signal was primarily positive before the 1970s and

mostly negative during the LN episodes after that

decade. This change in the MGRAD signal altered

the precipitation induced by the Pacific and the

Atlantic in NNEB. Indeed, this region was rather

dry during the LN episodes of the 1950s and 1960s,

but very wet during the LN events of the 1970s,

1980s, and 1990s.

(iii) Although the majority of the 10 positive MGRAD

episodes during the 1948–97 period were not very

prominent, three cases (two in the 1950s and one in

the 1980s) were associated with strong EN events.

This cumulative dry impact from the Atlantic and

the Pacific SST variabilitys led to a consistent series

of eight dry years in NNEB.

(iv) The nine negative MGRAD episodes, all noted

after 1970, were especially interesting. They were

not only remarkable in intensity and duration, but

were also often related to a large and long-lasting

LN event. The combined effect of the Atlantic and

the Pacific was stronger than it was for the positive

MGRAD scenario. This effect induced a very sig-

nificant wet signal in the seasonal rainfall in NNEB.

The previous results indicate that the climatic impact

related to the tropical Atlantic seems significantly more

consistent than that directly linked to ENSO. An illus-

tration of this could be found in the sign steadiness (ei-

ther negative or positive) of the observed rainfall

anomaly during the cases of MGRAD events (see Figs.

5c and 5f) in comparison with sign unsteadiness during

cases of ENSOs (see Figs. 4c and 4f). In fact, the main

reason for the wet or dry episodes in NNEB during the

50 years of this study was the development of negative or

positive MGRAD patterns. Except for very large EN or

LN episodes, the Pacific influence only serves as a sec-

ondary contribution to rainfall variability. As expected,

the Pacific contributes to dry episodes (EN associated

with a positive MGRAD) or wet episodes (LN associ-

ated with a negative MGRAD) for two scenarios. The

Pacific opposes the Atlantic influence for the two other

scenarios (i.e., the EN associated with a negative MGRAD

and the LN associated with a positive MGRAD). Dur-

ing these two last scenarios a quasi-normal condition for

the rainfall season is induced.

This analysis also suggests that the low-frequency

climate variability in NNEB may be remotely influenced

by the oceanic region in the Northern Hemisphere be-

yond the tropics. The larger number of ENs (drought

impact) observed after the 1970s was concomitant with

a negative-to-positive long-term change in the phase of

the PDO. Moreover, the present work shows that strong

negative MGRAD occurrences only appeared in the

tropical Atlantic after 1970. That may be related to

a decadal change in the NAO index—more positive

phases of NAO after the 1970s led to concomitant cold

SST occurrences in the NTA (Giannini et al. 2004),

which could have supported negative MGRADs and

then induced conditions for strong rainfall episodes in

Northeast Brazil. Thus, in conjunction with the long-

term climate variability (i.e., EN/LN and MGRAD)

over tropical oceans, the observed in-phase (i.e., inverse

impacts) long-term variations of the PDO and NAO

during the second part of the twentieth century could

have inhibited their possible indirect mutual impact on

NNEB seasonal rainfall. Indeed, no significant linear

trend was observed in the precipitation for this region

during that period (Fig. 2). The in-phase interdecadal

variability between PDO and NAO indices seems to

have been a distinctive characteristic of the climate
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during the second half of the twentieth century (e.g., see

Fig. 1 of Mantua and Hare 2002 for PDO and Fig. 1 of

Hurrell 1995 for NAO). Other concomitant in-phase (or

out-of-phase) long-term characteristics did not seem so

obvious during the first part of the twentieth century or

even from the beginning of the historical in situ ob-

served SST dataset, which started during the 1860s. It is

also not easy to find a similar relationship during the

early years of the twenty-first century.
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Atlântico sobre a estacxão chuvosa no Nordeste do Brasil. Rev.

Bras. Meteor., 26, 287–294.

Mantua, N. J., and S. R. Hare, 2002: The Pacific decadal oscillation.

J. Oceanogr., 58, 35–44, doi:10.1023/A:1015820616384.

——, ——, Y. Zhang, J. M. Wallace, and R. C. Francis, 1997: A

Pacific interdecadal climate oscillation with impacts on salmon

production. Bull. Amer. Meteor. Soc., 78, 1069–1079.

1 DECEMBER 2011 L U C E N A E T A L . 6183

Unauthenticated | Downloaded 10/23/21 06:03 AM UTC



Markham, C. G., and P. R. McLain, 1977: Sea surface temperature
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