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Abstract The spatiotemporal evolutions of equatorial Atlantic sea surface temperature anomalies
(SSTAs) during Atlantic Niño events and the associated climate impacts on the surrounding continents
are extremely diverse. In this study, we construct longitude‐time maps of equatorial Atlantic SSTAs for each
observed Atlantic Niño event during 1948–2019 and perform a spatiotemporal empirical orthogonal
function analysis to identify the four most frequently recurring Atlantic Niño varieties. The ﬁrst two contrast
the timing of dissipation (early terminating vs. persistent) and the other two the timing of onset
(early onset vs. late onset). Largely consistent with the differences in the timings of onset and dissipation,
these four varieties display remarkable differences in rainfall response over West Africa and South
America. Most of the varieties are subject to onset mechanisms that involve preconditioning in boreal spring
by either the Atlantic meridional mode or Paciﬁc El Niño, while for the late onset variability there is no clear
source of external forcing.
Plain Language Summary A phenomenon known as Atlantic Niño is characterized by the
appearance of warm sea surface temperature anomalies (SSTAs) in the eastern equatorial Atlantic in
northern summer. When it attains its full strength, it increases rainfall and the frequency of extreme
ﬂooding over the West African countries bordering the Gulf of Guinea and in northeastern South America.
Atlantic Niño thus has a direct socioeconomic impact in emerging countries in these regions. However,
not all Atlantic Niño events are alike. Some appear earlier than others or persists longer. These variabilities
during the onset and dissipation phases are well captured by the four most recurring Atlantic Niño
varieties identiﬁed in this study. Largely consistent with the differences in the timings of onset and
dissipation, these four varieties display remarkable differences in rainfall response over West Africa and
South America. Most of the varieties are subject to preconditioning in northern spring by cold SSTAs in the
North Atlantic or El Niño in the Paciﬁc, except for one variety with no clear source of external forcing.
1. Introduction
Perhaps the most remarkable example of tropical Atlantic atmosphere‐ocean variability is the intermittent
failure in the seasonal formation of the surface cold tongue, a phenomenon known as Atlantic Niño.
Closely phase locked with the seasonal cycle, Atlantic Niño usually develops in boreal spring
(March–May [MAM]), peaks in the summer (June–August [JJA]), and dissipates in the fall. As summarized
in Figure 1, Atlantic Niño is typically characterized by warm sea surface temperature anomalies (SSTAs) and
positive sea surface height anomalies (SSHAs) in the eastern equatorial Atlantic and westerly wind anomalies in the western basin (e.g., Carton & Huang, 1994; Philander, 1986; Zebiak, 1993). Some Atlantic Niño
events are also responsible for a failure of the West African summer monsoon and increased frequency of
ﬂooding in the West African countries bordering the Gulf of Guinea and in northeastern South America
(e.g., Folland et al., 2001; Foltz et al., 2019; Giannini, 2003; Losada et al., 2010; Lübbecke et al., 2018;
Okumura & Xie, 2004; Tschakert et al., 2010). Some studies have also suggested a far‐reaching impact on
Indian summer monsoon rainfall (e.g., Kucharski et al., 2008; Pottapinjara et al., 2019).
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In many respects, Atlantic Niño is analogous to El Niño in the Paciﬁc. As such, the leading theory behind it is
an atmosphere‐ocean positive feedback process known as Bjerknes feedback. Atmospheric teleconnection
from the Paciﬁc is thought to cause the westerly wind anomalies in the western basin to initiate the positive
feedback (e.g., Carton & Huang, 1994; Chang et al., 2006; Keenlyside & Latif, 2007; Latif & Grötzner, 2000;
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Figure 1. (a) Time‐longitude plot of composite mean equatorial Atlantic SSTAs, averaged between 3°S and 3°N, from
January to December derived from observed Atlantic Niño events. Signiﬁcant SSTA values at 99% or above based on a
Student's t test (two tailed) are indicated by gray dots. (b) Composite mean tropical Atlantic SST (shades), SSH (contours),
and 10‐m wind (vectors) anomalies; and (c) precipitation anomalies during June–August derived from observed
Atlantic Niño events. Positive and negative SSHAs are indicated by green and cyan contour lines, respectively in (b).
Signiﬁcant precipitation anomaly values at 95% or above based on a Student's t test (two tailed) are indicated by gray dots
−1
−1
in (c). The units for SST, SSH, winds and precipitation are in °C, cm, m s , and mm day , respectively. The contour
interval for SSH anomalies is 0.5 cm.

Lübbecke & Mcphaden, 2013; Martín‐Rey et al., 2018; Tokinaga et al., 2019). More speciﬁcally, the westerly
wind anomalies in the western Atlantic generate downwelling equatorial Kelvin waves that propagate to the
eastern basin, deepening the thermocline and temporarily stalling (or reducing) upwelling‐induced SST
cooling. As a result, warm SSTAs are produced in the cold tongue region, intensifying the westerly wind
anomalies via a Gill‐type response (Gill, 1980) to prolong the stalling of the equatorial SST cooling (e.g.,
Burmeister et al., 2016; Foltz & McPhaden, 2010; Keenlyside & Latif, 2007; Lübbecke & Mcphaden, 2012).
However, only a fraction of the observed Atlantic Niño events can be explained by the classical Bjerknes
feedback initiated by remote inﬂuence from the Paciﬁc (e.g., Brandt et al., 2011; Chang et al., 2006;
Lübbecke & Mcphaden, 2012; Lübbecke et al., 2018). For instance, some Atlantic Niño events are initiated
by oceanic advection of off‐equatorial warm anomalies in the absence of westerly wind anomalies in boreal
spring (Richter et al., 2012) or are forced by a weakening of the South Atlantic anticyclone and the associated
onset of warm SSTAs in the Angola‐Benguela region (e.g., Florenchie et al., 2004; Lübbecke et al., 2010, 2014;
Nnamchi et al., 2016; Shannon et al., 1986). Such Atlantic Niño events preconditioned by off‐equatorial processes or purely thermodynamic and stochastic processes (Jouanno et al., 2017; Nnamchi et al., 2015) are not
governed by El Niño‐like dynamics and thus are sometimes referred to as noncanonical events
(Richter et al., 2012).
As brieﬂy summarized above, multiple atmosphere‐ocean processes are at work to trigger Atlantic Niño
events. As such, the dichotomous classiﬁcation of the observed Atlantic Niño events into canonical and noncanonical events often invoked in recent studies is an oversimpliﬁcation. The main goal of this study is to
objectively identify and explain the differences in the spatiotemporal evolution of equatorial Atlantic
SSTAs and the associated rainfall variability over West Africa and South America for the entire lifespans
of the events.
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2. Data and Methods
In this study, we combine observational and reanalysis data sets. Monthly SSTAs are derived from three SST
data sets for the 1948–2019 period: the Hadley Centre Sea Ice and SST data set version 1 (Rayner et al., 2003),
which is used as the primary SST data set; the Centennial in situ Observation‐Based Estimates of the variability of SST (Ishii et al., 2005); and the Extended Reconstructed SST version 5 (Huang et al., 2017). Monthly
anomalies of surface winds (at 10 m), velocity potential and divergent winds at 200 hPa, and mean sea level
pressure are from the National Centers for Atmospheric Prediction‐National Center for Atmospheric
Research reanalysis (Kalnay et al., 1996) for the same period. Monthly precipitation anomalies are derived
from the National Oceanic and Atmospheric Administration gauge observation‐based global land precipitation reconstruction (Chen et al., 2002) for the same period. Monthly SSHAs, which are used here as proxies
for thermocline depth anomalies, are obtained from European Centre for Medium‐Range Weather Forecasts
Ocean Reanalysis System 4 (Balmaseda et al., 2013) for 1958–2017.
Since we are mainly interested in interannual variability, a separate 30‐year averaged climatology is constructed every 5 years and used to derive SSTAs. For instance, to compute SSTAs for the 1951–1955 period,
a 30‐year averaged climatology for 1936–1965 is used; to compute SSTAs for 1956–1960, a 30‐year averaged
climatology for 1941–1970 is used; and so forth. This method deﬁnes Atlantic Niño events by their contemporary climatology. It is also currently being used at National Oceanic and Atmospheric Administration's
Climate Prediction Center to deﬁne El Niño events.
We identify 22 Atlantic Niño events based on the threshold that the 3‐month averaged SSTAs exceed 0.5 °C
in the ATL3 region (3S°–3°N, 20°W–0°) for at least two consecutive overlapping seasons. Warm events identiﬁed based on only one or two SST data sets are excluded to reduce uncertainties in observations. See
Supporting Information Text S1 and Tables S1–S3 for an extended discussion of the threshold used to identify the 22 Atlantic Niño events. A longitude‐time map of the equatorial Atlantic SSTAs, averaged between 3°
S and 3°N, is derived for each of the 22 Atlantic Niño events. The time and longitude axes span from January
to December and the entire equatorial Atlantic (50°W–10°E), respectively. As shown in Figure S1, the spatiotemporal evolution patterns of the 22 events are different in terms of the timing, zonal extent, and amplitude of their onset, peak, and decay (e.g., Martín‐Rey et al., 2019; Okumura & Xie, 2006; Richter et al., 2012).
In fact, it is difﬁcult to ﬁnd any single event that can be described by the composite mean (Figure 1a) or any
two events that closely resemble each other. For instance, the 1991 event peaked in May–June and dissipated
very quickly afterward, followed by the onset of a cold event. In contrast, the 1963 event was very strong and
persisted through the end of that year.
In order to objectively identify the preferred spatiotemporal modes of the observed Atlantic Niño events, we
perform an empirical orthogonal function (EOF) analysis of these 22 longitude‐time maps of equatorial
Atlantic SSTAs. The resulting principal components (PCs) are associated with each individual Atlantic
Niño event, and the EOFs represent a linearly independent set of longitude‐time maps. The two leading
PCs, which explain 30% and 24% of the inter‐event variance, are further rotated by 90° to better align several
observed Atlantic Niño events with the PCs. In order to better understand atmosphere‐ocean processes associated with the onsets of different Atlantic Niño varieties, spatiotemporal patterns of ocean and atmospheric
variables are obtained by linearly regressing the corresponding time series onto these rotated PCs. Note that
the same method was previously used to identify the leading spatiotemporal modes of the observed El Niño
events in the Paciﬁc (Lee et al., 2014, 2018).

3. Four Most Frequently Recurring Atlantic Niño Varieties and Their Climate
Impacts on the Surrounding Continents
Each rotated EOF mode represents two contrasting Atlantic Niño varieties or ﬂavors (rotated PC changing
from −1 to 1) that correspond to adding and subtracting the rotated EOF SSTA pattern to the composite
mean, leading to a total of four main Atlantic Niño varieties (Figure 2). The ﬁrst rotated EOF mode distinguishes two contrasting varieties during the decay phase. As shown in Figure 2a, the ﬁrst variety is characterized by a rapid and complete termination of warm equatorial Atlantic SSTAs shortly after August. It is
therefore referred to as an early‐terminating variety. Consistent with the early‐terminating equatorial
Atlantic warm SSTAs, precipitation over the West African sub‐Sahel region (averaged over 0°–10°N) is
enhanced mainly during July–August, although enhanced precipitation over northeastern South America
VALLÈS‐CASANOVA ET AL.
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Figure 2. (a–d) Time‐longitude plots of the tropical Atlantic SSTAs (averaged over 3°S–3°N; shades) illustrate the four most frequently recurring Atlantic Niño
varieties during 1948–2019, namely, (a) the early‐terminating, (b) persistent, (c) early‐onset, and (d) late‐onset varieties. Signiﬁcant SSTA values at 99% or
above based on a Student's t test (two tailed) are indicated by gray dots. Land precipitation anomalies over South America (averaged over 0°–10°N and 70°W–50°
W; orange lines) and West African sub‐Sahel region (averaged over 0°–10°N and 20°W–20°E; green lines) are also shown for each of the four Atlantic Niño
varieties. (e) Normalized rotated PC1 versus rotated PC2 values for all 22 events. The two‐digit numbers indicate the Atlantic Niño years. The dashed
gray lines in Figures 2a–2c indicate 1 May and 31 August. The thick gray lines in Figure 2e are the boundaries (i.e., rPC1 = ±2 × rPC2 and rPC2 = ±2 × rPC1) that
−1
separate the four varieties from the mixed varieties. The units for SST and precipitation are in °C and mm day , respectively.

(averaged over 0°–10°N) tends to persist slightly longer. It is interesting to note that precipitation over northeastern South America is reduced during April and May. Three events (1974, 1991, and 1996) show the characteristics of early‐terminating variety (Figure 2e).
The second variety is characterized by strong equatorial Atlantic SSTAs that remain until the end of the year
and is thus referred to as a persistent variety (Figure 2b). Consistent with the strong and persistent equatorial
Atlantic SSTAs, precipitation over the West African sub‐Sahel region is greatly enhanced for an extended
VALLÈS‐CASANOVA ET AL.
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period from July to October. Precipitation over northeastern South America is enhanced during September–
December, supported by the persistent equatorial Atlantic SSTAs during those months. However, rainfall is
much reduced in January–May, and this cannot be explained as a response to the equatorial Atlantic SSTAs.
Seven events (1963, 1973, 1984, 1987, 2010, 2016, and 2019) display the characteristics of persistent variety
(Figure 2e).
The second rotated EOF mode distinguishes two contrasting varieties during the onset phase. Following the
two varieties already identiﬁed from the ﬁrst rotated EOF mode, the third variety is characterized by a gradual development of equatorial warm SSTAs starting in January or earlier and is thus referred to as an
early‐onset variety (Figure 2c). In this case, the equatorial Atlantic warm SSTAs start to dissipate relatively
early. Interestingly, the early development of equatorial Atlantic SSTAs does not lead to increased precipitation over the West African sub‐Sahel region before July. Thus, West African sub‐Sahel precipitation is
enhanced for a limited period mainly during July–August for the early‐onset variety. Enhanced precipitation
over northeastern South America during June–August is consistent with the timing of the maximum equatorial Atlantic SSTAs. However, the reduced precipitation in January–April and the enhanced precipitation
in September–December cannot be explained by the equatorial Atlantic SSTAs. Rainfall anomalies over
northeastern South America prior to and after the peak seasons for the early terminating, persistent and
early‐onset varieties are further discussed in section 6. Three events (1988, 1995, and 1998) show the characteristics of early‐onset variety (Figure 2e).
The fourth variety is characterized by a sudden and late development of warm equatorial Atlantic SSTAs
around June and is thus referred to as a late‐onset variety (Figure 2d). The warm equatorial Atlantic
SSTAs tend to persist relatively long compared to the other varieties. Thus, precipitation over the West
African sub‐Sahel region is much enhanced for an extended period during July–October. Interestingly, however, precipitation over northeastern South America hardly changes during the late‐onset variety. Six events
(1949, 1951, 1968, 1981, 1993, and 2018) display the characteristics of late‐onset variety (Figure 2e).
As shown in Figure S4, Sahelian rainfall over 10°N–20°N is generally reduced during June–September, thus
weakening the West African summer monsoon (e.g., Losada et al., 2010; Vizy & Cook, 2002). The Sahelian
rainfall reduction is more robust for the persistent and late‐onset varieties but much weaker for the
early‐onset variety. As shown in Figures S2 and S3, the four most frequently recurring Atlantic Niño varieties (Figure 2) are very well reproduced when the other two SST data sets are used. See Text S2 and
Figures S4–S6 for additional analysis and discussion on the spatiotemporal diversity of Atlantic Niña.

4. Potential Onset Mechanisms of the Four Atlantic Niño Varieties
To better understand atmosphere‐ocean dynamic processes linked to the onsets of the four Atlantic Niño
varieties, we show maps of surface wind anomalies, SSHAs, and SSTAs regressed onto the four varieties
for December–February (DJF [−1,0]), MAM [0], JJA [0], and September‐November (SON [0]) (Figure 3);
any month in the year prior to, during, and after the Atlantic Niño year is denoted by the sufﬁx (−1), (0),
and (+1), respectively. For the early‐terminating variety, a negative phase of Atlantic meridional mode
(AMM) develops in DJF (−1,0) and MAM (0) with cold and warm SSTAs in the tropical North Atlantic
(TNA) and tropical South Atlantic (TSA), respectively. The resulting cross‐equatorial gradient of SSTAs
drives interhemispheric wind anomalies (i.e., northeasterly in TNA and northwesterly in TSA) in MAM
(0), which lead to a robust development of positive SSHAs and warm SSTAs in the eastern equatorial
Atlantic in MAM (0) and JJA (0). Therefore, it appears that the early‐terminating variety is driven by a negative phase of the AMM in boreal spring. This onset mechanism of Atlantic Niño was previously suggested by
Foltz and McPhaden (2010). Additionally, the early‐terminating variety appears to be similar to the so‐called
horseshoe mode, for which upwelling Kelvin waves generated by Rossby wave reﬂection serve as the dissipation mechanism (Martín‐Rey et al., 2019).
For the persistent variety, equatorial wind anomalies and SSHAs are very weak in DJF (−1,0) and MAM (0)
and are thus likely to contribute little to the onset. Instead, this mode is preconditioned by a robust weakening of the off‐equatorial trade winds in both hemispheres during DJF (−1,0) and MAM (0), which leads to
reduced evaporative cooling and warm SSTAs in the TNA and TSA regions in MAM (0). In addition, southwesterly wind anomalies off the coast of West Africa weaken coastal upwelling (evidenced by positive
SSHAs), contributing to the gradual build‐up of strong warm SSTAs in that area, known as Dakar Niño
VALLÈS‐CASANOVA ET AL.
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Figure 3. SST (shaded), SSH (contours), and 10‐m wind (vectors) anomalies regressed onto the four Atlantic Niño varieties for (ﬁrst row) DJF [−1,0], (second row)
MAM [0], (third column) JJA [0], and (fourth row) SON [0]. Positive and negative SSHAs are indicated by green and cyan contour lines, respectively. The units for
−1
SST, SSH, and winds are in °C, cm, and m s , respectively. The contour interval for SSH anomalies is 0.5 cm.
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(Oettli et al., 2016). Richter et al. (2012) suggested that the anomalous warm surface water off the coast of
West Africa could be advected to the equatorial Atlantic region to trigger and sustain this Atlantic Niño variety, which they referred to as the noncanonical Atlantic Niño.
The early‐onset variety is characterized by an early development of warm SSTAs along the coast of
Southwest Africa and the interior TSA (across 20°S) in DJF (−1,0). But, more importantly, it is preconditioned by persistent interhemispheric wind anomalies during DJF (−1,0) and MAM (0). It appears that these
wind anomalies are directly responsible for a gradual and early development of warm equatorial Atlantic
SSTAs. Therefore, both the early‐onset and early‐terminating varieties seem to be initiated by interhemispheric wind anomalies. Unlike the early‐terminating variety, however, the TNA SSTAs during DJF
(−1,0) and MAM (0) are very weak. This suggests that the persistent interhemispheric wind anomalies that
are prevalent during the onset phase of the early‐onset variety in DJF (−1,0) and MAM (0) may be sustained
by external forcing. The external forcing that may trigger and sustain these interhemispheric wind anomalies is discussed in the next section. Another key difference between the early‐terminating and early‐onset
varieties is the stronger eastward SSHA gradient along the equator in MAM (0) and JJA (0) for the
early‐terminating variety, which is consistent with Bjerknes feedback and the conﬁnement of positive
SSTAs to the eastern equatorial Atlantic. In contrast, the broader spatial distributions of positive SSTAs
and SSHAs for the early‐onset variety are suggestive of remote ENSO forcing (Chang et al., 2006), as discussed in the next section.
The late‐onset variety is very distinct from the other three varieties because there is no clear preconditioning
of SSTAs or surface wind anomalies in DJF (−1,0) or MAM (0). It develops spontaneously around May (0)
and June (0) with no clear source of external forcing. Therefore, it appears that the late‐onset variety develops through atmosphere‐ocean processes internal to the equatorial Atlantic. A weak build‐up of positive
SSHA gradient along the equator in MAM (0) suggests that the eastward propagation of downwelling equatorial Kelvin waves and its ampliﬁcation by Bjerknes feedback play an important role in the initiation of the
late‐onset variety, as previously suggested by Keenlyside and Latif (2007). If that is the case, the onset
mechanism of the late‐onset variety is most comparable to that of canonical El Niño in the Paciﬁc.

5. Potential Inﬂuence of ENSO on the Onsets of Atlantic Niño Varieties
Figures 4a–4d show the four most frequently occurring Atlantic Niño varieties and the associated equatorial
Paciﬁc SSTAs between July of the preceding year and June of the following year. The early‐terminating variety is linked to slightly cold SSTAs in the equatorial Paciﬁc during the preceding boreal winter (Figure 4a).
This means that La Niña events may occasionally precede this Atlantic Niño variety but are not necessarily
required for it to develop in boreal summer. As shown in Figures 4b and 4c, it is clear that both the persistent
and early‐onset varieties are linked to strong El Niño events during the preceding boreal winter, suggesting
that they are largely forced by El Niño events.
To better understand how some El Niño events may trigger the persistent and early‐onset varieties,
Figures 4e–4h show velocity potential and divergent wind anomalies at 200 hPa, and mean sea level pressure
and surface wind anomalies in DJF (−1,0) regressed onto the two varieties. In both cases, the tropical
Atlantic region is characterized by anomalous subsidence, which is a typical response to El Niño‐induced
warming of the tropical Atlantic troposphere and associated increase in atmospheric static stability (e.g.,
Chiang & Sobel, 2002; Horel & Wallace, 1981; Mestas‐Nuñez & Enﬁeld, 2001; Yulaeva & Wallace, 1994).
For the early‐onset variety, the anomalous subsidence is largely north of the equator. Due to the anomalous
sinking and increased static stability, the vertical development of convection is suppressed. Therefore, high
sea level pressure anomalies are formed over TNA to sustain the interhemispheric wind anomalies. For the
persistent variety, on the other hand, anomalous subsidence is stronger and covers a much broader region in
the tropical Atlantic. As such, the trade winds are greatly weakened in both TNA and TSA, which in turn
warms both TNA and TSA in boreal spring (MAM). However, no clear interhemispheric wind anomalies
are formed across the equator. As suggested by Richter et al. (2012), the anomalously warm surface water
off the coast of West Africa could be carried by ocean currents to the equatorial Atlantic region to trigger
the Atlantic Niño. Although the atmospheric ﬂow anomalies linked to the two varieties are statistically distinctive (Figure S8), it is unclear why some strong El Niño events are linked to the persistent variety and
VALLÈS‐CASANOVA ET AL.
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Figure 4. (a–d) Time‐longitude SSTA plots of the tropical Paciﬁc (averaged over 5°S–5°N) and tropical Atlantic (averaged over 3°S–3°N) for the four most
frequently recurring Atlantic Niño varieties spanning from July (−1) to June (+1). Signiﬁcant SSTA values at 99% or above based on a Student's t test (two
tailed) are indicated by gray dots. (e, g) Velocity potential (shades) and divergent wind anomalies (vectors) at 200 hPa and (f, h) mean sea level pressure (shades)
and surface (10 m) wind anomalies (vectors) in DJF (−1,0) regressed on (e, f) the persistent and (g, h) early‐onset varieties. The units for SST, velocity potential,
−7 2 −1
−1
sea level pressure, and winds are in °C, 10 m s , hPa, and m s , respectively.

others the early‐onset variety. It is uncertain if this difference is due to El Nino diversity or processes internal
to the Atlantic basin.

6. Concluding Remarks
By performing a spatiotemporal EOF analysis of observed Atlantic Niño events, we identify the four most
frequently recurring Atlantic Niño varieties. The ﬁrst two contrast the timing of dissipation (i.e.,
early‐terminating vs. persistent varieties), while the other two the timing of onset (i.e., early‐onset vs.
late‐onset varieties). Largely consistent with the timings of onset and dissipation, the four varieties display
VALLÈS‐CASANOVA ET AL.
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remarkable differences in climate response over the surrounding continents. In particular, the persistent and
late‐onset varieties correspond to an extended period of increased rainfall over the West African sub‐Sahel
region during June–October, while the early‐terminating and early‐onset varieties correspond to a limited
period of increased rainfall over the West African sub‐Sahel region during June–August or July–August.
Similarly, rainfall over northeastern South America tends to increase during the peak seasons of the
early‐terminating, persistent, and early‐onset Atlantic Niño varieties. However, rainfall in this region is
not strongly modiﬁed during the late‐onset variety. Rainfall anomalies over northeastern South America
prior to or after the peak seasons are most likely driven by either the AMM for the early‐terminating variety
(Foltz et al., 2012) or ENSO in the Paciﬁc for the persistent and early‐onset varieties (e.g., Hastenrath &
Heller, 1977).
Further regression analysis suggests that each of the four Atlantic Nino varieties is subject to clearly different onset mechanisms. The early‐terminating variety is preconditioned and triggered by a negative phase of
the AMM in boreal spring (e.g., Foltz & McPhaden, 2010). Both the persistent and early‐onset varieties
appear to be forced by strong El Niño events in the preceding boreal winter. The persistent variety seems
to be initiated by oceanic advection of warm SSTAs off the coast of West Africa (Richter et al., 2012).
The early‐onset variety appears to be largely forced by interhemispheric wind anomalies that are persistently forced during DJF and MAM by El Niño‐induced anomalous subsidence and increased sea level pressure over TNA. In contrast to the other three varieties, the late‐onset variety is spontaneously triggered by
atmosphere‐ocean processes internal to the equatorial Atlantic (e.g., Keenlyside & Latif, 2007) and shows
no clear source of external forcing in boreal spring, thus suggesting low seasonal predictability compared
to the other three varieties.
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