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It turns out that the 2015/2016 El Nino event was the strongest in the recent history 





   
 
 
 
  

First impact: Global mean temperatures have started to rise more strongly again 
after a period of stagnation (hiatus) 

Look at this other 1998 
El Nino event! 



internal stochastic atmospheric variability (Newman et al.

2003; Power et al. 2006; Yeh and Kirtman 2009) or non-

linearities in ocean-atmosphere coupling within the tropics
(Timmermann and Jin 2002; Rodgers et al. 2004) to drive

the low-frequency variability. Another possible mechanism

for the modulation of ENSO on decadal time scales is
through an oceanic teleconnection (or ‘tunnel’) involving

the Pacific subtropical cells (STCs), particularly the

northern one (Kleeman et al. 1999; McPhaden and Zhang
2002; Klinger et al. 2002; Nonaka et al. 2002).

The STCs are shallow meridional overturning cells

straddling the tropical-subtropical regions in both hemi-
spheres. They are characterized by poleward-flowing sur-

face (primarily Ekman) flow and an equatorward

geostrophic flow in the pycnocline, the two branches con-
nected by subtropical subduction and equatorial upwelling

(McCreary and Lu 1994; McPhaden and Zhang 2002).
Being particularly strong in the Pacific ocean, they are also

responsible for a large poleward heat transport (Klinger and

Marotzke 2000). It has been suggested that changes in the
strength of the STC can lead to variations in equatorial

upwelling and decadal SST variability in the tropical Pacific

(Nonaka et al. 2002; Lohmann and Latif 2005; Zhang and
McPhaden 2006). Theories for the STC relate their strength

to the subtropical wind tress (McCreary and Lu 1994), so

that it is plausible to imagine decadal subtropical anomalies
substantially affecting the tropical variability and to con-

sider the STC as an effective oceanic mechanism for

extratropical-tropical teleconnection. The strength of the
Pacific STCs has been observed to weaken from the 1960s

to 1990s (McPhaden and Zhang 2002), but they began to

strengthen in the following decade starting in 2000
(McPhaden and Zhang 2004), suggesting the possibility of

natural interdecadal variations. The recent variability of the

STCs, with associated equatorial upwelling and heat
transport anomalies, thus seems consistent with the tropical

SST and midlatitude variations discussed above.

The focus of this study is on the ocean’s role in gener-

ating decadal variability of tropical Pacific SST and on the

atmospheric teleconnection linking those tropical anoma-
lies to the midlatitudes. Hence, the purpose of this paper is

to connect the two teleconnections—the atmospheric

bridge and the oceanic tunnel—and argue that they might
constitute a viable mechanism for coupled ocean-atmo-

sphere variability in the Pacific sector, giving rise to ENSO

variability on decadal time scales. Atmospheric bridges and
oceanic tunnels have usually been studied separately (for a

review on the subject, see Liu and Alexander 2007). In this

study, we speculate that the extratropical atmospheric
response to tropical forcing in turn feedbacks onto ocean

dynamics, leading to a time-delayed response of the trop-

ical oceans and thereby providing a mechanism for multi-
decadal oscillatory behavior. We first hypothesize that

wind-stress anomalies in the northern Pacific, generated by
tropical SST forcing, can lead to significant changes in the

oceanic subtropical gyre circulation. Then, we show that

the altered Ekman transport is responsible for modulations
in the northern STC strength and associated poleward heat

transport in the tropical-subtropical region. This oceanic

response, triggered in the extratropics, eventually generates
SST decadal anomalies in the tropical Pacific.

The proposed oceanic response involves transport

anomalies, as also suggested by Kleeman et al. (1999),
rather than the advection of temperature anomalies along

the oceanic thermocline, as originally proposed by Gu and

Philander (1997). Many authors have argued that the latter
mechanism is not a viable one for the generation of EDV,

especially so in the case of the northern hemisphere. With

the help of GCM simulations, most of the temperature
anomalies were found to recirculate within the subtropical

gyre and no significant coupling was found between the

northern hemisphere midlatitudes and the equatorial region
via the advection of thermal anomalies (e.g., Schneider

et al. 1999; Nonaka et al. 2000).

Fig. 2 December-to-February
sea surface temperature
anomaly, computed as the
difference between the decades
2000–2009 and 1990–1999.
Units are K

Pacific interdecadal variability
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This was due to a decade of La Nina-type mean state conditions in the tropical 
Pacific (Figure from Farneti et al, 2013) 
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How can the ‘small’ Atlantic Ocean impact variability in the ‘big’ Pacific Ocean? 
Probably the Atlantic Ocean can provide some initial persistent forcing that  
is amplified in the Pacific through positive feedback (e.g. Bjerknes feedback  
and others).  
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not the focus of this paper to analyze this feature in fur-
ther details.

Overall, the model performace seems realistic enough to 
use the model to investigate changes in the Pacific region 
that have occurred in the the 20th century.

4  Results

4.1  Identification of the Atlantic influence

There are obviously many factors that may be responsi-
ble for Pacific decadal and multi-decadal changes. Zonal 
surface winds in the equatorial central Pacific have been 
identified as a crucial factor and may be interpreted as an 
indicator of variations in the Walker circulation (Kucharski 

et al. 2011; England et al. 2014; McGregor et al. 2014; 
Yang et al. 2014). These zonal surface wind changes may 
be potentially induced by Atlantic SSTs (Kucharski et al. 
2011; McGregor et al. 2014; Chikamoto et al. 2012). Cen-
tral Pacific zonal near-surface wind anomalies are part of 
the Bjerknes feedback and may therefore be the cause of, 
but also the response to eastern Pacific SST anomalies. We 
therefore consider the decadal variations of central Pacific 
low-level wind anomalies (at the 925 hPa level for observa-
tions and model; averaged over the region 160°E–190°E, 
5°S–5°N after applying a 10-year running mean; this 
index is referred to as Central Pacific Wind Index (CPWI) 
in the following) in Fig. 4. The definition of the CPWI 
is motivated by the results from Kucharski et al. (2011; 
Fig. 3), who showed that in this region there is the strong-
est Atlantic impact on equatorial Pacific surface winds. 

(b)

(a)

Fig. 1  Annual mean precipitation and 925 hPa wind climatologies. a Observations, b ATL_VAR. Units are mm/day for precipitation and m/s for 
winds

Atlantic forcing of Pacific decadal variability

1 3

Results presented are robust regarding modest changes of 
the averaging region, for example using the Nino4 region 
(160°E–210°E, 5°S–5°N) for the CPWI definition gives 
very similar results.

There are clearly prominent decadal variations of the 
observed CPWI (black curve in Fig. 4). For example the 
1970’s climate shift is clearly visible in the CPWI as well as 
the following downward trend in the 1990s. The wind index 
shows also low values in the 1930s and 1940s. The model 
ensemble mean (ATL_VAR; red line) shows overall simi-
lar variations at the multidecadal timescale to the observed 

one (particularly if the first 20 years are discarded), but 
with smaller amplitude. Indeed, the correlation between the 
observed and ensemble mean ATL_VAR CPWI is 0.33 for 
the whole period, but increases to 0.64 if the period after 
1920 is taken into account. In Fig. 4, also the CPWI from the 
ensemble mean of integrations with climatological Atlantic 
SSTs (ATL_CLIM) is shown as dashed blue line. As can be 
seen the variations at multidecadal timescale (which can be 
considered as residual internal Pacific variability) are much 
smaller than that of ATL_VAR. The standard deviations of 
the observed, ATL_VAR, and ATL_CLIM ensemble mean 

Fig. 2  Temperature (shading) 
and zonal current (contours) 
in zonal-vertical section at 
the equator. a ECMWF ocean 
reanalysis, b ATL_VAR. Units 
are °C for temperature and cm/s 
for zonal current

(a)

(b)

Some basic validation: Rainfall and Eq. Pacific Ocean 



   
 
 
 
  

a) Atlantic zonal mode impact on ENSO 

Figure 1

L20705 RODRÍGUEZ-FONSECA ET AL.: ATLANTIC INFLUENCE ON ENSO L20705

3 of 6

Figure 2. Same as Figure 1, except for the ensemble mean of the coupled simulation.

L20705 RODRÍGUEZ-FONSECA ET AL.: ATLANTIC INFLUENCE ON ENSO L20705

5 of 6

From Rodriguez-Fonseca et al. (2009) for period 1979 to 2001 
Experiments done with speedy coupled to an RGO. 
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Figure 1. Regression of (a) observed and (b) ATL_VAR SSTs (DJFM) onto the preceeding JJAS ATL3
index. Anomalies that are 95% statistically significant are indicated by contours. Units are K.

Figure 2. Regression of (a) observed and (b) ATL_VAR SLP and low-level winds (DJFM) onto
preceeding (JJAS) ATL3 index. SLP anomalies that are 95% statistically significant are indicated by
contours, and only statistically significant wind vector components are shown. Units are hPa for SLP
and m/s for winds.

Analysis period: 1901 to 2010, JJAS ATL3 regression onto following DJFM fields 
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Figure 1. Regression of (a) observed and (b) ATL_VAR SSTs (DJFM) onto the preceeding JJAS ATL3
index. Anomalies that are 95% statistically significant are indicated by contours. Units are K.

Figure 2. Regression of (a) observed and (b) ATL_VAR SLP and low-level winds (DJFM) onto
preceeding (JJAS) ATL3 index. SLP anomalies that are 95% statistically significant are indicated by
contours, and only statistically significant wind vector components are shown. Units are hPa for SLP
and m/s for winds.

OBS 

Model 



   
 
 
 
  

Analysis period: 1901 to 2010, JJAS ATL3 regression onto following DJFM fields 

OBS 

Model 
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The descending (ascending) motions in the central Pacific lead to anomalous easterlies (westerlies)
in the central-western Pacific that trigger an upwelling (downwelling) oceanic Kelvin wave propagating
eastward during the following months ([9,10]). As the Kelvin wave propagates, the eastern Pacific
becomes cooler (warmer) through the activation of the thermocline feedbacks and the establishment of
the Bjerknes feedback ([9]).

Regarding the oceanic changes in the Tropical Pacific associated with a positive Atlantic forcing,
Figure 3 reveals that there is a substantial subsurface signature, characterized by a cooling in the
central-eastern Pacific and a warming in the western side of the basin. Notice that maximum values
are located near the thermocline. The surface and subsurface Pacific responses to an Atlantic Niño
(Niña) resemble a La Niña (El Niño)-like signal (e.g., [47]).

Figure 3. Regression of (a) observed; (b) ATL_VAR temperature near the equator (DJFM; averaged
from 5�S to 5�N) onto the preceding (JJAS) ATL3 index. Anomalies that are 95% statistically significant
are indicated by contours. Units are K.

Equatorial Pacific section 



   
 
 
 
  

b) North tropical Atlantic impact on ENSO 

From Ham et al. (2013) 
for period 1980 to 2010  

LETTERS

PUBLISHED ONLINE: 6 JANUARY 2013 | DOI: 10.1038/NGEO1686

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 inwhich
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.

1Global Modeling and Assimilation Office, NASA/GSFC, Greenbelt, Maryland 20771, USA, 2Goddard Earth Sciences Technology and Research Studies and
Investigations, Universities Space Research Association, Columbia, Maryland 21044, USA, 3Korea Institute of Ocean Science and Technology, Ansan
426-744, Korea, 4Department of Meteorology, University of Hawaii, Honolulu 96822, USA. *e-mail: jskug@kiost.ac.
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Figure 1 | Regression with respect to NTA SST. a–c, Lagged regressions
between NTA SST (90� W–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 calculatedwith respect to theNTA
SST (90� W–20� E, 0�–15� N) during February–April (the FMA
season). As it is known that the NTA SST is influenced in part by

112 NATURE GEOSCIENCE | VOL 6 | FEBRUARY 2013 | www.nature.com/naturegeoscience

In this paper they argued that  
ENSO’s forced by the North Tropical  
Atlantic are typically central Pacific ENSOs 
(perhaps helped by lack of stat. sig.  
response in eastern parts   



   
 
 
 
  

Analysis period: 1901 to 2010, FMA NTA regression onto following DJFM fields 

OBS 

Model 
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3.1.2. North Tropical Atlantic-Pacific Teleconnection

In [14,15], the teleconnection of the North Tropical Atlantic (NTA) SSTs to the tropical Pacific has
been analyzed, and it has been found that SST anomalies in the NTA also favor the development of
central Pacific ENSO events. Similar to [14,15], we define an index representative of the North Tropical
Atlantic (60�W to 0�, 0� to 20�N, referred to as NTA index).

The season for the NTA index definition is February-to-April (FMA), as suggested by [14],
according to the peak of the maximum variability of this subtropical region. The previous boreal
winter (December-to-March) Niño3.4 effect is linearly removed from the FMA NTA index. Figures 4–6
show similar regressions to those of Figures 1–3 but using the NTA index instead of the ATL3 index.
The SST, SLP and low-level wind, as well as ocean temperature fields are defined in the DJFM season
following the FMA season [14,15]. The results are rather similar to those of Figures 1–3 and are
indicating a La Niña development, that is consistent with the findings of [14,15]. For ATL_VAR, the
response is stronger compared to the response to the Atlantic Niño, and comparable in magnitude
to the observed response. However, there is no indication of the response to the NTA being more
central Pacific ENSO events compared to the response to the ATL3 as suggested by [14,15], either in
observations or the model results. It is possible that that results depend on the exact period analyzed.
Overall, however, the studies of [14,15] are confirmed in the respect that a warming (cooling) in the
tropical North Atlantic indeed leads to a La Niña (El Niño)-type response in the Pacific region.

The results from the teleconnection with Atl3 and NTA over the tropical Pacific are very similar.
Indeed, a better agreement is observed between model and observations in the NTA forcing. The NTA
SST pattern is most pronounced in boreal spring ([49]), and the FMA season contains the early part of
boreal spring. However, the above results are insensitive to which part of the boreal spring season is
used to define the NTA index. For example, results are very similar if the NTA index is defined in the
May-to-July season (not shown).

In order to separate the mechanisms, in the following, the results from the AGCM pacemaker
experiment ATL_VARAGCM will be used.

Figure 4. Regression of (a) observed and (b) ATL_VAR SSTs (DJFM) onto preceding (FMA) NTA index.
Anomalies that are 95% statistically significant are indicated by contours. Units are K.

Atmosphere 2016, 7, 29 8 of 20

Figure 5. Regression of (a) observed and (b) ATL_VAR SLP and low-level winds (DJFM) onto
preceeding (FMA) NTA index. SLP anomalies that are 95% statistically significant are indicated
by contours, and only statistically significant wind vector components are shown. Units are hPa for
SLP and m/s for winds.

Figure 6. Regression of (a) observed; (b) ATL_VAR temperature near the equator (DJFM; averaged
from 5�S to 5�N) onto the preceding (FMA) NTA index. Anomalies that are 95% statistically significant
are indicated by contours. Units are K.



   
 
 
 
  

Analysis period: 1901 to 2010, FMA NTA regression onto following DJFM fields 

OBS 

Model 
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Figure 5. Regression of (a) observed and (b) ATL_VAR SLP and low-level winds (DJFM) onto
preceeding (FMA) NTA index. SLP anomalies that are 95% statistically significant are indicated
by contours, and only statistically significant wind vector components are shown. Units are hPa for
SLP and m/s for winds.

Figure 6. Regression of (a) observed; (b) ATL_VAR temperature near the equator (DJFM; averaged
from 5�S to 5�N) onto the preceding (FMA) NTA index. Anomalies that are 95% statistically significant
are indicated by contours. Units are K.

Seems rather canonical to me! 

Equatorial Pacific section 



   
 
 
 
  

c) Atlantic Multidecadal Variability impact on Indo-Pacific 

From Kucharski  et al. (2015) 



   
 
 
 
  

Analysis period: 1901 to 2010, annual mean AMO index regressions 

OBS 

Model 
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Figure 10. Regression of (a) observed and (b) ATL_VAR SSTs onto the AMO index. In (b), anomalies
that are 95% statistically significant are indicated by contours. Units are K.

Figure 11. Regression of (a) observed and b) ATL_VAR SLP and low-level winds onto preceding AMO
index. In (b), SLP anomalies that are 95% statistically significant are indicated by contours, and only
statistically significant wind vector components are shown. Units are hPa for SLP and m/s for winds.

Atmosphere 2016, 7, 29 12 of 20

Figure 10. Regression of (a) observed and (b) ATL_VAR SSTs onto the AMO index. In (b), anomalies
that are 95% statistically significant are indicated by contours. Units are K.

Figure 11. Regression of (a) observed and b) ATL_VAR SLP and low-level winds onto preceding AMO
index. In (b), SLP anomalies that are 95% statistically significant are indicated by contours, and only
statistically significant wind vector components are shown. Units are hPa for SLP and m/s for winds.



   
 
 
 
  

Analysis period: 1901 to 2010, annual mean AMO index regressions 

OBS 

Model 
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Figure 12. Regression of (a) observed; (b) ATL_VAR temperature near the equator (averaged from 5�S
to 5�N) onto the AMO index. In (b), anomalies that are 95% statistically significant are indicated by
contours. Units are K.

In order to further investigate the physical mechanism for the AMO teleconnection to the
Indo-Pacific region, we perform the AMO index regressions onto SLP and low-level wind from the
ATL_VARAGCM experiment (Figure 13). There is a clear easterly wind response in the central-western
Pacific to the AMO forcing. The SLP shows high pressure in the central Pacific. Different from the
ATL_VAR results, the high pressure extends into the Indian Ocean and shows also off-equatorial Rossby
wave-type gyres. Such gyres indicate a Gill-type response to sinking motion in the central-western
Pacific region (e.g., [37]). Therefore, the low pressure present in the Indian Ocean in the ATL_VAR
simulation may be interpreted as response to the eastern Pacific cooling and to the local SST warming.
The initial low-level wind response in the central-western Pacific to the AMO act as trigger for the
La Niña-type response at multidecadal decadal time scales once the model is coupled. Li et al. [32]
proposed that mixed-layer adjustment processes in the western Pacific region may be relevant to
modify the wind patterns induced by the Atlantic warming in such a way that the easterly wind
anomalies in the central-western Pacific are strengthened. Such an adjustment may be crucial to
induce effectively the upwelling oceanic Kelvin waves that eventually cool the eastern Pacific. We
test this hypothesis here for the AMO-induced teleconnection by performing idealized experiments
with a constant AMO-type forcing pattern in the Atlantic region but with a mixed-layer ocean coupled
elsewhere (ATL_VARMIX). Figure 14a indeed shows that a warming in the western Pacific is present
in the ATL_VARMIX simulation in response to the AMO, and also a weak cooling is seen in the
south tropical eastern Pacific region. This heat flux-induced SST response modifies the SLP response,
which shows high pressure in the south equatorial eastern Pacific that is subsequently leading to a

Subsurface signal  
indicates importance  
of ocean dynamics 

Equatorial Pacific section 



   
 
 
 
  

Analysis period: 1901 to 2010, annual mean AMO index regressions 

Atmosphere 2016, 7, 29 14 of 20

stronger and eastward shifted easterly wind response (Figure 14b) compared to the ATL_VARAGCM
experiment (Figure 13). Therefore, our analysis confirms the results of [32], indeed indicating that
purely thermodynamic processes can enhance the easterly surface winds that are the trigger for the
following La Niña-type development.

Figure 13. Regression of ATL_VARAGCM SLP and low-level winds onto the AMO index. SLP
anomalies that are 95% statistically significant are indicated by contours, and only statistically
significant wind vector components are shown. Units are hPa for SLP and m/s for winds.

Figure 14. Response of ATL_VARMXL on (a) SST and (b) SLP and low-level winds to AMO forcing. SST
and SLP anomalies that are 95% statistically significant are indicated by contours, and only statistically
significant wind vector components are shown. Units are K for SST, hPa for SLP and m/s for winds.
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stronger and eastward shifted easterly wind response (Figure 14b) compared to the ATL_VARAGCM
experiment (Figure 13). Therefore, our analysis confirms the results of [32], indeed indicating that
purely thermodynamic processes can enhance the easterly surface winds that are the trigger for the
following La Niña-type development.

Figure 13. Regression of ATL_VARAGCM SLP and low-level winds onto the AMO index. SLP
anomalies that are 95% statistically significant are indicated by contours, and only statistically
significant wind vector components are shown. Units are hPa for SLP and m/s for winds.

Figure 14. Response of ATL_VARMXL on (a) SST and (b) SLP and low-level winds to AMO forcing. SST
and SLP anomalies that are 95% statistically significant are indicated by contours, and only statistically
significant wind vector components are shown. Units are K for SST, hPa for SLP and m/s for winds.
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Slab-Ocean 

Li et al. (2015) in a Nat. Geo.  
paper pointed to the importance  
of mixed-layer adjustment proc 
in WP. Indeed, it seems that  
mixed-layer adjustments  
are very important as 
preconditioning, also verified for  
interannual time scales! 
And perhapsdominate the WP  
response! 



   
 
 
 
  

d) Atlantic long term trend influences on Indo-Pacific 

From Kucharski  et al. (2011); 
also here speedy coupled to 
RGO 

[15] The physical mechanism for the La Nina‐like SST
change in response to the Atlantic warming is similar to
what has been reported by Rodríguez‐Fonseca et al. [2009]
on interannual timescale: the Atlantic warming modifies
the Walker Circulation, leading to rising motion and upper‐
level divergence in the African‐Indian Ocean region
and sinking motion and upper‐level convergence in the
eastern‐to‐central Pacific region. The sinking motion leads

to easterly surface wind anomalies in the central‐to‐western
Pacific favouring a La Nina‐type mean state. Figure 3a
demonstrates this for our simulations (ATL), where the
200 hPa velocity potential (positive values correspond to
upper‐level convergence) and the 925 hPa wind regressions
(arrows) onto the ATLM index are shown. The low‐level
easterly wind anomalies are consistent with the La Nina‐
type mean state response. A very similar signal, but weaker

Figure 2. Regression of the HadISST Atlantic mean SST index of Figure 1 (ATLM; red curve) onto SSTs from
(a) HadISST, (b) ATL_CO2, (c) ATL, (d) NOATL_CO2 and difference in SST, (e) 2xCO2‐CTR, (f) 2xCO2_NA‐CTR_NA,
(g) Figure 2e–Figure 2f, and (h) response of ocean model to central‐west Pacific wind stress forcing. Contours indicate
anomalies that are significant at the 5% level. Units are K.
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[9] A 10 member ensemble of AGCM simulations with
observed SST forcing in the Atlantic region and climato-
logical SSTs elsewhere is also conducted in order to isolate
the pure effect of atmospheric teleconnection from the
Atlantic region to the Pacific region (ATL_AGCM). The
CO2 concentrations are set to a value corresponding to
1950. Table 1 summarizes the experiments used.
[10] All analysis is performed on annual mean data. To

the transient simulations a 11‐year running mean is applied
subsequently. For the ensemble simulations, ensemble
means are used for the analysis of the responses, and intra‐
ensemble variabilities are used to assess the statistical
significance.

3. Results

[11] Figure 1 shows the time series of global mean 11‐year
running mean observed SST anomalies (black curve; aver-
aged over 0° to 360° in longitudes, 50°S to 50°N), and
the Atlantic mean SST (red curve; averaged over 290°E to
380°E, 50°S to 50°N). As is well known the global mean
SST has increased throughout the 20th century with accel-
erated warmings in the early part and late part of the century.
The Atlantic shows a very similar behaviour compared to the
global mean, but with an overall stronger increase, which,
however, is mainly based on the data sparse early period of
the 20th century and thus less reliable.
[12] In the following, the Atlantic mean SST anomaly

time series (ATLM) will be used in linear regression anal-
ysis, defined as covariance of the normalized ATLM index
with several global fields. Figure 2a shows the regression of
the SST from the HadISST data onto the ATLM index. As
can be clearly identified, for this dataset the equatorial east
Pacific warms substantially less than the other regions and
even shows a slight cooling at about 150°W. The same
analysis repeated with the ERSST dataset [Smith and
Reynolds, 2004] on the contrary shows a stronger warm-
ing in the eastern equatorial Pacific (not shown). This result
has been reported by Vecchi et al. [2008]. The regression of
the modeled ATL_CO2 SSTs onto the ATLM index is
shown in Figure 2b and shows similarities to the HadISST
regression in that the equatorial eastern Pacific is warming
less than the other parts of the tropical Pacific. However,
there are also notable differences, for example the modeled
cooling in the tropical south eastern Pacific and eastern
Indian Ocean are not observed. The tropical Pacific mean
SSTs (defined in region 120°E to 240°E and 30°S to 30°N)
for the HadISST data and ATL_CO2 are shown in Figure 1
(green and blue curves, respectively) and both indicate
reduced long‐term warming with respect to the global mean
and Atlantic SSTs in the early part of the 20th century.

[13] These results suggests that in our simulation the
Atlantic warming provides an atmospheric teleconnection to
the Pacific that induces a La Nina‐like response.
[14] Figure 2d shows the regression of the SSTs from

NOATL_CO2 onto the ATLM index. Clearly, our coupled
model, if forced with observed CO2 only, shows a stronger
warming in the eastern equatorial Pacific indicating that the
mechanism in our model does not show similarities to the
‘ocean thermostat’ mechanism [Clement et al., 1996; Cane
et al., 1997]. As suggested by Lintner and Chiang [2007]
the atmospheric stability (relative humidity) outside the
tropical Pacific region increases (decreases) as a result of the
warming in the eastern Pacific, leading to overall reduced
convection and increased net surface heatfluxes (not
shown). This process would increase SSTs in the Atlantic
region if SSTs were not held fixed. The same stability and
humidity mechanism would cause a modest equatorial
Pacific warming as response to the Atlantic warming,
which, however, is not the dominant mechanism in our
simulations. Although common practice in so‐called
‘pacemaker’ experiments, a caveat of our simulations could
be that the SST changes in the Atlantic region are prescribed
and could lead to unphysical responses [e.g., Bretherton and
Battisti, 2000], even if some feedback may be expected.
Therefore, we perform the sensitivity experiments 2xCO2
and 2xCO2_NA. The responses compared to the corre-
sponding control simulations are shown in Figure 2e
(2xCO2‐CTR) and Figure 2f (2xCO2_NA‐CTR_NA).
The relatively weaker modeled warming induced by the
CO2 increase in the Atlantic region compared to the Pacific
(0.83 K and 0.94 K, respectively) acts to reduce the
warming in the eastern Pacific, as is shown by the difference
of Figures 2e and 2f in Figure 2g.

Table 1. Experiments Used in This Paper and Their Purpose

Experiment Coupling Forcing Purpose

ATL_CO2 Indo‐Pacific Obs SST in Atl., clim. else; obs CO2 full forcing experiment
ATL Indo‐Pacific Obs SST in Atl., clim. else; const. CO2 isolate Atlantic effect
NOATL_CO2 Indo‐Pacific clim. SST also in Atl.,; obs CO2 sensitivity to CO2 change
ATL_AGCM no coupling Obs SST in Atl., clim. else; const. CO2 atm. Atlantic influence
CTR_NA Indo‐Pacific clim. SST in Atl.; const. CO2 (1950) control
CTR global tropics const. CO2 (1950) control
2xCO2_NA Indo‐Pacific clim. SST in Atl.; doubled CO2 doubled CO2 response
2xCO2 global tropics doubled CO2 doubled CO2 response

Figure 1. Time series of annual mean and 11‐year filtered
SST anomalies (with respect to the period 1961 to 1990);
Global mean SST (black), Atlantic mean SST (red), tropical
Pacific mean HadISST (green) and Pacific mean ATL_CO2
(blue). Unit are K.
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[9] A 10 member ensemble of AGCM simulations with
observed SST forcing in the Atlantic region and climato-
logical SSTs elsewhere is also conducted in order to isolate
the pure effect of atmospheric teleconnection from the
Atlantic region to the Pacific region (ATL_AGCM). The
CO2 concentrations are set to a value corresponding to
1950. Table 1 summarizes the experiments used.
[10] All analysis is performed on annual mean data. To

the transient simulations a 11‐year running mean is applied
subsequently. For the ensemble simulations, ensemble
means are used for the analysis of the responses, and intra‐
ensemble variabilities are used to assess the statistical
significance.

3. Results

[11] Figure 1 shows the time series of global mean 11‐year
running mean observed SST anomalies (black curve; aver-
aged over 0° to 360° in longitudes, 50°S to 50°N), and
the Atlantic mean SST (red curve; averaged over 290°E to
380°E, 50°S to 50°N). As is well known the global mean
SST has increased throughout the 20th century with accel-
erated warmings in the early part and late part of the century.
The Atlantic shows a very similar behaviour compared to the
global mean, but with an overall stronger increase, which,
however, is mainly based on the data sparse early period of
the 20th century and thus less reliable.
[12] In the following, the Atlantic mean SST anomaly

time series (ATLM) will be used in linear regression anal-
ysis, defined as covariance of the normalized ATLM index
with several global fields. Figure 2a shows the regression of
the SST from the HadISST data onto the ATLM index. As
can be clearly identified, for this dataset the equatorial east
Pacific warms substantially less than the other regions and
even shows a slight cooling at about 150°W. The same
analysis repeated with the ERSST dataset [Smith and
Reynolds, 2004] on the contrary shows a stronger warm-
ing in the eastern equatorial Pacific (not shown). This result
has been reported by Vecchi et al. [2008]. The regression of
the modeled ATL_CO2 SSTs onto the ATLM index is
shown in Figure 2b and shows similarities to the HadISST
regression in that the equatorial eastern Pacific is warming
less than the other parts of the tropical Pacific. However,
there are also notable differences, for example the modeled
cooling in the tropical south eastern Pacific and eastern
Indian Ocean are not observed. The tropical Pacific mean
SSTs (defined in region 120°E to 240°E and 30°S to 30°N)
for the HadISST data and ATL_CO2 are shown in Figure 1
(green and blue curves, respectively) and both indicate
reduced long‐term warming with respect to the global mean
and Atlantic SSTs in the early part of the 20th century.

[13] These results suggests that in our simulation the
Atlantic warming provides an atmospheric teleconnection to
the Pacific that induces a La Nina‐like response.
[14] Figure 2d shows the regression of the SSTs from

NOATL_CO2 onto the ATLM index. Clearly, our coupled
model, if forced with observed CO2 only, shows a stronger
warming in the eastern equatorial Pacific indicating that the
mechanism in our model does not show similarities to the
‘ocean thermostat’ mechanism [Clement et al., 1996; Cane
et al., 1997]. As suggested by Lintner and Chiang [2007]
the atmospheric stability (relative humidity) outside the
tropical Pacific region increases (decreases) as a result of the
warming in the eastern Pacific, leading to overall reduced
convection and increased net surface heatfluxes (not
shown). This process would increase SSTs in the Atlantic
region if SSTs were not held fixed. The same stability and
humidity mechanism would cause a modest equatorial
Pacific warming as response to the Atlantic warming,
which, however, is not the dominant mechanism in our
simulations. Although common practice in so‐called
‘pacemaker’ experiments, a caveat of our simulations could
be that the SST changes in the Atlantic region are prescribed
and could lead to unphysical responses [e.g., Bretherton and
Battisti, 2000], even if some feedback may be expected.
Therefore, we perform the sensitivity experiments 2xCO2
and 2xCO2_NA. The responses compared to the corre-
sponding control simulations are shown in Figure 2e
(2xCO2‐CTR) and Figure 2f (2xCO2_NA‐CTR_NA).
The relatively weaker modeled warming induced by the
CO2 increase in the Atlantic region compared to the Pacific
(0.83 K and 0.94 K, respectively) acts to reduce the
warming in the eastern Pacific, as is shown by the difference
of Figures 2e and 2f in Figure 2g.

Table 1. Experiments Used in This Paper and Their Purpose

Experiment Coupling Forcing Purpose

ATL_CO2 Indo‐Pacific Obs SST in Atl., clim. else; obs CO2 full forcing experiment
ATL Indo‐Pacific Obs SST in Atl., clim. else; const. CO2 isolate Atlantic effect
NOATL_CO2 Indo‐Pacific clim. SST also in Atl.,; obs CO2 sensitivity to CO2 change
ATL_AGCM no coupling Obs SST in Atl., clim. else; const. CO2 atm. Atlantic influence
CTR_NA Indo‐Pacific clim. SST in Atl.; const. CO2 (1950) control
CTR global tropics const. CO2 (1950) control
2xCO2_NA Indo‐Pacific clim. SST in Atl.; doubled CO2 doubled CO2 response
2xCO2 global tropics doubled CO2 doubled CO2 response

Figure 1. Time series of annual mean and 11‐year filtered
SST anomalies (with respect to the period 1961 to 1990);
Global mean SST (black), Atlantic mean SST (red), tropical
Pacific mean HadISST (green) and Pacific mean ATL_CO2
(blue). Unit are K.
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3.3. Centennial Atlantic-Pacific Teleconnection

In order to investigate the Atlantic-Pacific connection at even longer time scales, suggested
by [16,37], we analyze the trend in the observational and ATL_VAR data. From the experimental set-up
that does not include time-dependent CO2 forcing, it is clear that the direct impact of CO2 increase on
the Indo-Pacific region cannot be investigated using the ATL_VAR experiment. Nevertheless, the model
can be used to isolate the Atlantic impact on the Indo-Pacific at centennial time scales. Figure 15a,b
shows the observed and modelled linear trends in SSTs for the periods 1901–2010, respectively. In the
observations, a general warming can be found, but the eastern Pacific shows a slight cooling. On the
one hand, ATL_VAR shows a much stronger eastern Pacific cooling, which is not surprising as the local
CO2-induced eastern Pacific warming is not present in the model. On the other hand, a substantial
part of the Indian Ocean and western Pacific warming can be reproduced by just the Atlantic forced
experiment.

Figure 15. Linear SST trend for the period 1901 to 2010 per 110 years for (a) observed and (b) ATL_VAR.
In (b), anomalies that are 95% statistically significant are indicated by contours. Units are K.

On the subsurface, the observations (Figure 16a) also show strong cooling of up to 3 K in the
eastern Pacific, which is weakened close to the surface, presumably due to CO2-induced warming.
The ATL_VAR subsurface trend (Figure 16b) is also a cooling in the eastern Pacific, but it is weaker in
magnitude compared to the observed cooling. A substantial subsurface cooling trend in the equatorial
eastern Pacific has also been reported by [54]. This shows that the rate of the Atlantic warming may be
crucial to understand the structure of the SST changes in other ocean basins, consistent with [16,37].
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Figure 16. Linear trend of temperature near the equator (averaged from 5�S to 5�N) for the period 1901
to 2010 per 110 years for (a) observed and (b) ATL_VAR. In (b), anomalies that are 95% statistically
significant are indicated by contours. Units are K.

4. Discussion and Conclusions

We have reviewed the teleconnection of the Atlantic to the Indo-Pacific region from inter-annual
to centennial time scales and have performed further analysis using coupled and uncoupled Atlantic
pacemaker experiments.

At inter-annual time scales, the observed and well-documented teleconnections from the Atlantic
Niño and the tropical North Atlantic to the Pacific could be reproduced in the coupled experiments,
although with reduced amplitude in the case of Atlantic Niño. An idealized AGCM pacemaker
experiment showed that although the forcings from the Atlantic Niño and North tropical Atlantic are
different, in their positive phases both lead to easterly surface wind anomalies in the central-western
equatorial Pacific region. In our simulations, the Atlantic Niño (Niña) also leads to substantial westerly
equatorial low-level wind anomalies in the eastern Pacific that counteract the La Niña (El Niño)
development and may therefore explain the weaker modelled response. Thus, both the Atlantic
Niño and the North Tropical Atlantic forcing lead eventually to a La Niña-type response in their
warm phases.

At multidecadal time scales, the AMO is influencing Indo-Pacific decadal variability and may
have influenced the recent climate shift at the beginning of the 21st century that has been made
also responsible for the hiatus in global warming. A trans-basin response to the positive AMO

Equatorial Pacific section 
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Figure 2. Linear trends in SODAsi.1 from 1900 to 2008 of (a) sea surface temperature, (b) 
temperature as a function of depth on the equator and (c) vectors of zonal and meridional 
wind stress.  
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                                 Differences 1980 to 2000 minus 1900 to1920 

the trends between the different ensemble members. Even

though there are some differences between Fig. 7c and d,
there is no indication that the selected models reproduce

the reduced warming seen in the HadISST data. Indeed,

even though the difference between Fig. 7c and d (dis-
played in Fig. 8b) shows a tendency for an increased east–

west gradient in the tropical Pacific, this change is rather

weak and there are other larger differences in the extra-
tropical regions. Indeed, Kucharski et al. 2011 argued that

in the eastern Pacific there may be a competition between a

greenhouse gas (GHG) induced warming and a cooling
from the Atlantic teleconnection, and that the cooling

induced by the Atlantic may only act to substantially

impact the eastern Pacific with respect to the western
Pacific despite the GHG increase if the Atlantic region

warms more than the global mean. We pursue this idea by

further exploring the selected CMIP5 ensemble. Figure 9
shows a scatter plot using all 63 ensemble members of the

16 selected models with more realistic tropical Atlantic/

Pacific teleconnections. Shown are the individual twentieth

century trends (defined as the 1981–2000 minus

1901–1920 difference) of the equatorial Pacific SST east–
west gradient on the y-axis, defined as the area averaged

equatorial difference (190E to 240E minus 130E to 180E,

5S to 5N) versus the tropical Atlantic warming (20S to
20N) with respect the global mean warming (averaged over

domain 50!S–50!N, 0!E–360!E) on the x-axis. Note that

the Atlantic region is broader for this analysis, because
whereas on interannual timescales the ATL3 is an out-

standing feature, on multidecadal timescales this is not
necessarily the case. If there is a tropical Atlantic influence

on the tropical Pacific zonal SST gradient as expected from

the analysis of the lead–lag correlations in observations and
the models, then there should be a negative average slope.

Indeed, the regression model slope through the data points

clearly shows a negative slope (Y = -0.64X - 0.01). The
correlation of the points is -0.28, which is 95 % statisti-

cally significant. If one outlier is removed (CESM1-CAM5,

r1i1p1), the correlation value increases to -0.4. If, on the
other hand all models are used for the scatter plot, there is

no statistically significant correlation between the data

points (correlation = 0.025).
In order to relate this result to the observed tropical

Pacific and Atlantic changes, we draw the resulting values

for the Atlantic warming and Pacific gradient changes into
the same scatter plot (red: HadISST, green: ERSST). The

observational changes fall within the range (although at the

edge in terms of the Atlantic warming) of modeled chan-
ges, with the HadISST producing a larger Pacific response

that indicates a strengthening of the east–west SST gradi-

ent, whereas the ERSST shows negligible changes in the
Pacific east–west gradient. The observational datasets

clearly indicate a stronger tropical Atlantic warming

compared with the global mean, which is absent in the
CMIP5 multimodel ensemble mean and also in the

ensemble mean of the selected models, which indeed show

less tropical Atlantic warming than the global mean (black
point in Fig. 9). If we take the Atlantic warming rate as the

observed estimates, then the selected CMIP5 models

according to the regression line indicates an expected
equatorial Pacific east–west SST change of around -0.1 K.

However, given that the selected CMIP5 models still

underestimate the Atlantic–Pacific connection, this value is
likely to be a lower limit of the magnitude of the expected

change.

4 Conclusions

In this paper we have revisited the observed lead–lag

relationship between the tropical Atlantic and the tropical

Indo-Pacific SSTs and SLP in the twentieth century
observations. The equatorial Atlantic shows highly

Fig. 7 SST change (1980–2000 minus 1900–1920). a HadISST,
b ERSST, c CMIP5 selected Models ensemble mean, d CMIP5 all
models ensemble mean. Signal-to-noise ratio in c is in contours

Tropical Atlantic influence on Pacific variability
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Summary: 
 
• There is a robust impact from the Atlantc to the Indo-Pacific regions from  
  interannual to centennial time scales. 

• There is strong evidence that a modification of the Walker Circulation plays an  
  important  role in all so far identified teleconnections.  
 
• Ocean mixed-layer sdjustment processes may provide an important pre-conditioning 
  before ocean dynamical feedback mechanisms can set-in (e.g. Bjerknes feedback). 
  This seems particularly true for the Western Pacific region. 

•  The Atlantic warming  seems to have even modified the spatial structure of the  
   global warming trend, and may ‘switch-on’  a tropical Eastern Pacific thermostat. 
   Reasons for the stronger Atlantic warming still to be completely clarified. 
 
•  Also relative roles of local GHG warming in the tropical Pacific versus Atlantic- 
   induced cooling needs to be clarified in details.  
 
  



  

How can the ‘small’ Atlantic Ocean impact variability in the ‘big’ Pacific Ocean? 
Probably the Atlantic Ocean can provide some initial persistent forcing that  
is amplified in the Pacific through positive feedback (e.g. Bjerknes feedback  
and others).  
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