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Sea surface temperature in the north tropical
Atlantic as a trigger for El Niño/Southern
Oscillation events
Yoo-Geun Ham1,2, Jong-Seong Kug3*, Jong-Yeon Park3 and Fei-Fei Jin4

El Niño events, the warm phase of the El Niño/Southern
Oscillation (ENSO), are known to affect other tropical ocean
basins through teleconnections. Conversely, mounting evi-
dence suggests that temperature variability in the Atlantic
Ocean may also influence ENSO variability1–5. Here we use
reanalysis data and general circulation models to show that
sea surface temperature anomalies in the north tropical At-
lantic during the boreal spring can serve as a trigger for
ENSO events. We identify a subtropical teleconnection in which
spring warming in the north tropical Atlantic can induce a
low-level cyclonic atmospheric flow over the eastern Pacific
Ocean that in turn produces a low-level anticyclonic flow over
the western Pacific during the following months. This flow
generates easterly winds over the western equatorial Pacific
that cool the equatorial Pacific and may trigger a La Niña event
the following winter. In addition, El Niño events led by cold
anomalies in the north tropical Atlantic tend to be warm-pool
El Niño events, with a centre of action located in the central
Pacific6,7, rather than canonical El Niño events. We suggest
that the identification of temperature anomalies in the north
tropical Atlantic could help to forecast the development of
different types of El Niño event.

The anomalous sea surface warming in the tropical Pacific
during the El Niño is known to produce robust teleconnections
over the tropical ocean basins. It is generally agreed that the ENSO
over the Pacific domain influences Atlantic climate variability with
a few months’ lag8–11. In particular, this remote ENSO impact
on the tropical Atlantic is robust in the north tropical Atlantic
(NTA) over the northern subtropics. On the other hand, ENSO
is not statistically relevant to the simultaneous equatorial Atlantic
variability, because the atmospheric bridge mechanism is cancelled
by the opposite influence of oceanic processes12.

Significant sea surface temperature (SST) anomalies over the
NTA region are known to have broad impacts on climate variability
over the US and Africa13–15, and even interact remotely with North
Atlantic climate16,17. In addition, recent studies suggested that the
Atlantic Ocean variability can influence the ENSO variability and
its predictability1–5. In particular, some studies argued that the
equatorial Atlantic zonal mode (that is, Atlantic Niño) in boreal
summer can affect ENSO development by modulating the Walker
Circulation4,5. Thus, it is also possible that the NTA SST may
modulate the Pacific climate variability. In particular, the NTA SST
can play a role in triggering ENSO events because the NTA SST
has strong variability during boreal spring when the onset of most
ENSO events occurs.
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Figure 1 | Regression with respect to NTA SST. a–c, Lagged regressions
between NTA SST (90◦–20◦ E, 0◦–15◦ N) averaged during February to April
(the FMA season) and SST, wind vector at 850 hpa (vector) and
precipitation during the MAM (a), JJA (b) and SON (c) seasons, after
excluding the impact of NINO3.4 SST (170◦–120◦W, 5◦ S–5◦ N) during the
previous DJF season. Only the values at the 95% confidence level or higher
are shown.

To isolate the impact of NTA SST on the Pacific climate
variability, lagged regressions are calculated with respect to the
NTA SST (90◦–20◦ E, 0◦–15◦N) during February–April (the FMA
season). As it is known that the NTA SST is influenced in part by
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Figure 2 | Two pathways for relaying Atlantic signals to the Pacific. a,b, Lagged regressions of 3-month-averaged subtropical precipitation, stream
function at 850 hPa and SST (a), and equatorial (10◦ S–10◦ N) thickness (that is, geopotential height at 250 hpa minus geopotential height at 850 hpa),
precipitation and SST (b) from March to September. Note that the subtropical region of precipitation is 5◦–15◦ N, whereas the region for other variables is
5◦–20◦ N. Only the values with at least 95% confidence level are shown.

the ENSO variability10,11, the ENSO effect is first removed using the
linear regression with respect to the NINO3.4 SST (170◦–120◦W,
5◦ S–5◦N) during the previous season (December–February, DJF)
and then the lagged regression is obtained.

During boreal spring (the MAM season; Fig. 1a), there is a
significant positive SST over the NTA region. This SST anomaly
enhances the convective activity, especially over the equatorial
Atlantic where the Atlantic Intertropical Convergence Zone (ITCZ)
is located. The associated diabatic heating gives rise to a low-
level cyclonic flow over the subtropical eastern Pacific as a Gill-
type Rossby-wave response18, which produces a northerly flow
on its west flank. The northerly flow leads to surface cooling
through the enhanced wind speed19 and cold/dry advection from
higher latitudes20, resulting in an anomalous sinking motion.
The associated suppression in convection is clear over the off-
equatorial region in the vicinity of the ITCZ, where climatological
convective activity is strong.

During boreal summer (the JJA season), the negative precip-
itation anomaly over the subtropical Pacific is slightly shifted to
the north owing to the northward migration of the ITCZ. At the
same time, the negative precipitation anomalies induce a low-level
anticyclonic flow anomaly, generating a pair of circulation anoma-
lies along the Pacific ITCZ. This anticyclonic flow enhances the
northerly flow at its eastern edge, which reinforces the negative
precipitation anomaly. This strong coupling among negative pre-
cipitation, the northerly flow and negative SST anomalies leads to
a slow westward extension of the negative precipitation anomaly
and the anticyclonic flow, which amplifies and relays the influence
of the Atlantic to the Pacific. This subtropical anticyclonic flow
is located over the western North Pacific, so it induces equatorial
easterly anomalies over the western Pacific. This equatorial western
Pacific easterly flow acts as an efficient trigger for a cold event over
the equatorial Pacific by shoaling the equatorial thermocline and
inducing westward zonal current anomalies21.

The subtropical variability in the Pacific is known to be
capable of exciting an equatorial ENSO signal22, and our results
demonstrate that the NTA SST is partly responsible for this
subtropical signal. It is worth pointing out that there is a region of

anomalous westerly flow over the far-eastern Pacific, which is part
of the NTA-forced cyclonic flow. It prevents the eastern Pacific SST
from being cooled by suppressing local upwelling, thus allowing the
SST anomaly to develop mainly over the central Pacific. Once the
negative SST is generated over the equatorial central Pacific, it is
intensified through air–sea coupled processes and leads to strong
cooling during the subsequent season (Fig. 1c). During this season,
the robust equatorial cold SST signal locks the negative precipitation
maximum over the Equator, whereas the subtropical signals are
much weakened as the ITCZmigrates southwards.

So far, it has been shown that the NTA SST warming (cooling)
can initiate equatorial Pacific cooling (warming) through a pair
of low-level circulation responses along the Pacific ITCZ. Figure 2
clearly illustrates the sequential evolution of this atmospheric
teleconnection. Once the positive NTA SST is developed in the
FMA season, the enhanced local convection generates a cyclonic
flow over the eastern Pacific as a Gill-type Rossby-wave response18.
Then, the anomalous convective activity, due to the anomalous
northerly flow at the western part of this cyclonic flow, produces
an anticyclonic flow over the western–central Pacific in the AMJ
season. As this anticyclonic flow is gradually intensified through
air–sea feedback, it leads to an equatorial easterly flow over the
western Pacific that initiates surface cooling over the equatorial
central Pacific. This westward relay of the Atlantic signal takes
place along the Pacific ITCZ through the strong coupling with the
wind-driven convection anomalies.

In addition to this subtropical teleconnection, the NTA SST
can modulate western Pacific wind through eastward-propagating
signals. During March, there is a quick response of the atmospheric
thickness anomaly from the Atlantic to the eastern Indian
Ocean, which might be explained by the warm Kelvin-wave
response to the equatorial diabatic heating (Fig. 2b). This positive
thickness signal over the eastern IndianOcean propagates eastwards
slowly, possibly owing to a coupling with the convection. This
warm thickness signal is linked to a low-level low-pressure
anomaly, leading to an equatorial low-level easterly flow in the
region of negative zonal pressure gradient. This easterly flow
induces low-level convergence over the maritime continent and
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Figure 3 | Evolution of the oceanic variables with respect to NTA SST.
a–c, Lagged regressions of equatorial (2◦ S–2◦ N) subsurface temperature,
oceanic zonal currents and vertical velocities during the MAM (a), JJA (b)
and SON (c) seasons, after excluding the impact of NINO3.4 SST
(170◦–120◦W, 5◦ S–5◦ N) during the previous DJF season. Only the values
at the 95% confidence level or higher are shown. The red and blue dots at
the surface layer are marked when there are positive and negative 850-hPa
zonal wind anomalies at or above the 95% confidence level, respectively.

a resultant positive precipitation anomaly in the AMJ season. In
turn, the positive precipitation anomaly enhances the anomalous
equatorial easterly flow.

The anomalous easterlies, induced by NTA warming, give rise
to significant oceanic responses along the Equator (Fig. 3). During
the MAM season, there is a weak subsurface temperature anomaly
in the central Pacific related to the equatorial easterly flow. The
easterly forcing also induces anomalous westward currents with
the upwelling over the central Pacific through the upwelling
Kelvin waves. However, these upwelling Kelvin-wave signals are
not extended to the eastern Pacific, and there are even weak
downwelling signals due to the local westerlies (red dots in Fig. 3a)
as a part of the cyclonic flow (Fig. 1a). Therefore, the subsurface
temperature anomalies cannot develop further and consequently
the surface cooling is suppressed in the eastern Pacific.

During boreal summer and autumn, the westward current
anomaly is extended to the east with the extension of equatorial
easterly forcing, thereby the surface cooling develops further over
the central Pacific. On the other hand, in the eastern Pacific, the
surface cooling is not significant owing to competing processes
between local westerly flow and remote easterly forcing. Therefore,
the SST anomalies develop mainly over the central Pacific, rather
than over the eastern Pacific. It is also noted that the temperature
anomaly over the surface layer is co-located with the westward
current anomaly, whereas the location of the surface anomaly is
shifted to the west of the subsurface temperature anomaly, implying
that the negative SST over the central Pacific is mainly driven
by zonal advection7.

It is shown that the NTA warming in boreal spring can trigger
a cold event in the subsequent winter by inducing western Pacific
easterlies through both equatorial and off-equatorial pathways. As
some ENSO events accompany the NTA SST events10,11, our study
also suggests that there is two-way feedback between ENSO and
NTA SST, which leads to fast phase transition of ENSO (ref. 1
and Supplementary Fig. S9). That is, when the El Niño events
accompany the NTA warming, the NTA warming can lead to fast
termination of El Niño and possibly rapid development of La Niña
in the subsequent winter. This implies that the NTA SST plays
a critical role in modulating ENSO evolution such as its onset,
and phase transition.

Even though the observational analysis clearly emphasizes the
role ofNTASSTon the ENSO, it has limitations due to the relatively
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Figure 4 | The impact of the NTA SST in the idealized experiment using a CGCM. a, Ensemble-mean difference in the 850-hPa zonal wind over the
western Pacific (120◦–160◦ E, 5◦ S–5◦ N) and NINO3.4 SST from January to December between two CGCM simulations with and without NTA warming.
Error bars indicate the 95% confidence intervals. b, Probability distribution of NINO3.4 SST in December using 60 ensemble simulations with the
climatological SST (black bar) or with the NTA warming (red bar). Note that the moderate (strong) case is defined as the magnitude of NINO3.4 SST being
between one and two (two and three) standard deviations of the 60 ensemble members.
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short records with a mixture of various climate variabilities.
Therefore, this observed role of the NTA SST is substantiated by
idealized experiments using a coupled general circulation model
(CGCM). To isolate the impact of NTA warming, two CGCM
experiments are carried out with and without positive NTA SST
anomalies (Supplementary Fig. S3). The differences between the
two experiments are clearly due to the NTA SST, because the
only difference in the experimental designs is the existence of
the NTA SST anomaly.

The model results confirm that the NTA warming leads to
the development of La Niña during the subsequent winter season
(Fig. 4a). It is clear that the equatorial easterly anomalies are
significant over the western Pacific during boreal spring, even
though the equatorial Pacific SST signals are positive. This indicates
that this anomalous easterly flow is induced by the NTA SST rather
than by the Pacific SST. Owing to these equatorial anomalous
easterlies, the La Niña signal begins to show up from boreal
summer, and further develops during subsequent seasons.Note that
the anomalous easterlies are weakened during boreal summer as the
impact of the NTA warming is weakened, but they are reinforced
during SON as the LaNiña signal becomes stronger.

As in these processes, the model tends to predict that the La
Niña state is more probable in 60 ensemble runs under the NTA
warming (Fig. 4b). The probability of La Niña is increased 1.9 times
in the simulations with the NTA warming, and the probability of
having a strong La Niña is even higher (×4). On the other hand, the
probability of El Niño is reduced to 52% with the NTA warming,
which clearly shows that the NTA warming during spring time
favours La Niña signals nine months later.

The key distinctive role of NTA SST is characterized by the
opposite low-level wind responses between the western and eastern
Pacific. In the case of NTA cooling, there is a region of equatorial
westerly flow over the western Pacific, whereas the equatorial
easterly flow is over the eastern Pacific. Therefore, surface warming
prevails in the central Pacific, whereas the eastern Pacific SST
does not, owing to the opposite effect of the anomalous local
easterly flow. This suggests that the NTA cooling favours the
development of an El Niño event whose action centre is over the
central Pacific, rather than the eastern Pacific. In other words, the
NTA cooling tends to be closely related to the development of
the warm-pool El Niño6,7,23,24 (Supplementary Fig. S8 for model
results), which has occurred frequently in the recent decades25.
Interestingly, the triggering role of NTA SST seems to be much
stronger in the recent decades when the warm-pool El Niño
events are frequently observed. With the increasing scientific and
socioeconomic interest in the warm-pool El Niño due to its
distinctive global impacts6,25, a better understanding of NTA SST’s
role may provide a unique, and more reliable predictor for the
different types of El Niño event.

Methods
In Figs 1–3, lagged regressions onto NTA SST during the FMA season are applied,
after removing the regressed fields, onto NINO3.4 during the previous DJF season.
This is equivalent to the partial regression method26, which is often used to
calculate the linearly fitted equation between two variables after excluding the
linear impact of the third variable. As it captures only a linear relationship, this
regression analysis has a limitation, namely, it does not reflect the asymmetry
between the NTA warming and cooling events. The significance test used in
this study is a two-tailed t -test based on the temporal standard deviation for
which the distribution of the test statistics under the null hypothesis can be
approximated by a t -distribution.

The monthly mean wind, geopotential height and precipitation from 1980 to
2010 are obtained from the Modern-Era Retrospective Analysis for Research and
Applications (MERRA, http://disc.sci.gsfc.nasa.gov/daac-bin/DataHoldings.pl)27.
The observed SST data during 1980–2010 are from the improved
Extended Reconstructed Sea Surface Temperature version 2 (ERSST V.2,
http://www.ncdc.noaa.gov/oa/climate/research/sst/sst.html) from the National
Climate Data Center of the US (ref. 28). In addition, the monthly mean subsurface
temperature, oceanic current and vertical velocity from 1980 to 2010 are

obtained from the NCEP Global Ocean Data Assimilation System (GODAS,
http://www.esrl.noaa.gov/psd/data/gridded/data.godas.html)29. All of the data
are de-trended first.

The GFDL CM2.1 model is used for the idealized CGCM experiment, which
is developed by the Geophysical Fluid Dynamics Laboratory30. To isolate the
impact of NTA warming, two CGCM experiments are carried out by prescribing
different SST fields; one is using warm NTA SST anomalies added to the observed
climatological filed (ExpNTA, see Supplementary Fig. S3 for the prescribed SST
anomalies), and the other is the control experiment of prescribing the observed
climatological SST (ExpCTRL). The SST fields are prescribed only over the Atlantic
Ocean (5◦ S–25◦ N) in both NTA and CTRL experiments, whereas the model is fully
coupled over the other regions. For the prescribed SST of the NTA warming case,
the observed SST anomalies from the NTA developing season (that is, January) to
the subsequent winter season (that is, December) are obtained using lag composite
analysis when positive NTA SST during the FMA season is larger than one standard
deviation (Supplementary Fig. S1), and then these composited SST anomalies are
added to the climatological SST. A total of 60 ensemble members with different
initial conditions are conducted, which are used for both the ExpNTA and the
ExpCTRL. The t -test to determine the significance of ensemble-mean differences
between two experiments is based on the standard deviation of differences in two
experiments of each ensemble member.
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