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Observational studies have identified
enhanced ENSO predictability from
Tropical Atlantic and Indian ocean

Variability modes

Nevertheless, this enhancement only
takes place during some particular
decades



Stationarity of Tropical basin interactions
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ENSO impact on Atlantic Nifio seems to be inconsistent

Boreal Summer Atlantic Nifio =» Pacific

Rodriguez-Fonseca et al (2009), Polo et al. (2015) =» Atlantic Nifio impact on ENSO occurs since 1970’s
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23y running mean AMO and correlation Atl3-Nino3 HadISST
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Boreal winter Atlantic Nifio = Pacific

* Gbo et al (2022) =» Winter Atlantic Nifio precedes ENSO in some decades
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Tropical North Atlantic Nifio =» Pacific

Corrrelation coefficient

Corrrelation coefficient

Ham et al. (2013 a,b) =» North Tropical Atlantic
variability (TNA) impact on ENSO
Wang et al., 2017 =» The relation is enhanced
from the 1990’s (positive AMV)

ENSO impact on TNA is robust
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. Indian Ocean Dipole Indian Ocean Basn Mode
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Lag-correlation

Lag -18 -12 -6 0 +6 +12 +18 Lag
L i 1 1 1+t 1 1.1 l I N T N | { B8 el N G Y N e S N |
0.60 ENSO before 0D
0.40———————5— ——————— B
0.20 :
0 /\,\:/
~0.20 - |
—0.40-——————5———— Gl = “!3?1—— e o
= i ! . 95%
-0.60 - !
| L B L L G L G o L | | TTr T 1T 1T rrrrrir I | 52 B B G551 5 B G | | BEA | | BB B8 B G 52 . 5 [ L L
M J S DM J S DM J S DM J S D
Year -1 Year O Year 1 Year 2

3.0 0.9
. 0.7 _
® 1.0 - I 2
E sal \/\ el
= 0.0 = )
g 1.0 _ —0.3 8
o B o

-2.0 = ——— ENSO-10D relation |~ 0.1

- — AMO index i
'3.0 1 1 l 1 T T I T 1 T I 1 T T I U T U l T T ‘0.1
1900 1920 1940 1960 1980 2000 _
)
0.8+
0.6
0.4
0.2-
Y950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005



Lead-lag regression of SST and 850hPa winds on DMI
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The enhanced rainfall in the western tropical Indian Ocean
during positive I0D weakens the easterly trade winds over
the tropical Atlantic, causing warm anomalies in the central
and eastern equatorial Atlantic basin and therefore
triggering the Atlantic Nifo

(recent decades, no studies about multidecadal
modulation, but increase skill in recent decades )



. Observations show these relations are non stationary,
ocurring ONLY in some particular decades:

. 10D and summer Atlantic Nifno impact on AMV negative
phase.

. TNA and Winter Atlantic Nino in AMV positive phase.



“the robustness of the tropical interanual
interbasin modulation and the causes are still
open questions *

There is a need for sensitivity experiments

- AGCMN experiments

- Pacemaker experiments
- Coupled models

- Prediction models



CMIP5 modesl: Lead-lag 21 window correlation between JJAS Atl4 and Ninho3
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For the AtINi-ENSO connection the relation is robust and appears
in some decades...




Mechanisms



2 posible mechanisms

* Changes in the interanual variability modes

* Changes in the background atmospheric and oceanic conditions
* Changes in the thermocline slope
* Changes in the stratification
* Changes in the variability

They can be driven by decadal variability or by stochastic processes

* Both
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FIGURE3 Decadal change of the Atlantic Nifo pattern and its impact. SST anomalies of the Atlantic Nifio pattern during boreal summer before (a) and

after (b) the 1970s and a schematic representation of the respective impact on the Pacific and Indian Oceans



The summer Atlantic- Nifio effect on ENSO was stronger during early- and late-Twentieth Century

Winter Atlantic-Nino was dominant during the mid-Twentieth Century.
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Figure 4

Atlantic-Nirio lead-time associated climatological mean state. (a) Long-term (300-month) climatolog
mean SST (shading), low-level wind (vectors), precipitation (green and brown crosses for positive an
negative), and SLPA (contour) regressed onto the Atlantic Nifio lead-time index for the period 1885~
indicated as a red curve in Fig. 1a.




(a) MULTIDECADAL CHANGES ATLANTIC VELOCITY POTENTIAL AND PACIFIC SST VARIABILITY
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Boreal Summer Atlantic Nifio = Pacific

There is a non-stationary behaviour of the Atlantic Nifio influence on
the tropical Pacific variability . Observed multidecadal modulation

... in fact, it only shows up during the first and last decades of the 20th century

(negative AMO phases)
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Partially-coupled simulation SimAtiVar Martin-Rey et al. 2014
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Coupled model experiments introducing modification of the ITCZ by
changes in the incomming solar radiation (reduction )

Reg sst JUAS AtI3NoENSO JJUAS CTL
A

a)  Dif ST AtISlm CTL (c)

d) Reg sst JJAS AtI3NoENSO JUAS AtISim

120E

Reg sst SOND AtI3NoENSO_JJAS CTL

ZON

Rl

N
0

) Reg sst SOND AtI3NOENSO_JJAS AtISim
m- o

WA
-\
\I
W
60E

) Reg sst NDJF AtI3NoENSO JUAS AtISim I

LLLL L eooooooco

60E 90E 120E150E 180 ‘ISOWI 20W90W 60Vl SOVI 0 30E

b) pif. prcp AtISlm CTL (mm/day)

60€ 90E120E150E180150M20W9W GOVI 30Vl 0 30E

C) Thermocline depth AtlSim- CTL

|1 | O==NNGIGH

BULNN==O0 & 0 O
g o 00 ;m

higher
rainfall

Flatter Pac

o TR NG T ] r?s::? : )
W NS T Ry SR L I B 07 R L thermocline
x NI ‘ﬂ" ;:% 1\,'..

60E JOSSOE 120

FIG. 4. Regressions of the (a),(d) JJAS, (b),(¢) SOND, and (c),(f) NDJF SST (°C) onto the JJAS Atl3 index for (left) CTL and (right)
AtlSim. Gray (black) contours show significant correlations at the 95% (90%) level.
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FIG. 1. Differences in annual (a) SST (°C), (b) precipitation
(mm day '), and (c) thermocline depth (m) in AtlSim with respect
to CTL. Not-dotted regions show significant differences at the 95%
level. Boxes in (a) denote the regions for the incoming SW reduc-
tion (black), Atl3 index (blue), NTA index (green), Nifio-3 index
(red), and Nino-1+2 index (magenta). Positive (negative) values in
(c) mean deeper (shallower) thermocline for AtlSim.
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nificant differences between (a) and (b) at the 95% level.
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FIG. 4. Regressions of the (a),(d) JJAS, (b),(e) SOND, and (c),(f) NDJF SST (°C) onto the JJAS Atl3 index for (left) CTL and (right)
AtlSim. Gray (black) contours show significant correlations at the 95% (90%) level.



The pacemaker experiment significantly:
- improves the impact of the Atlantic Nifio/Nifia on ENSO.
- More realistic ENSO periodicity (close to the observed 5 years periodicity) compared with the

control runs, thus suggesting that capturing the influence from equatorial Atlantic variability is
important for an improved ENSO simulation.



Experiment Prescribed SST boundary

CLim1 Mean observed global SSTs for the period 1950-1960 (positive AMV phase)

CLIM2 Mean observed global SSTs for the period 1975-1985 (negative AMV phase)
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ATL2 As CLIM2 including an Atlantic Nifo
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Difference due to climatology Multimodel Ensemble Mean of the
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TNA =» Pacific

Correlation coefficient
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Figure 4 | A schematic diagram showing the biennial cycle of the ENSO
induced by the Atlantic capacitor effect. ‘ ' o






|s the capacitor effect is spurious?
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Fig. 4 Schematic trans-basin relationships between tropical Pacific and North Atlantic oceans regulated by the ENSO periodicity. In the quasi-biennial
ENSO cycle (red loop), an El Nifio condition in boreal winter (left panel) leads to positive North Tropical Atlantic (NTA) warming during subsequent spring
(upper panel) at a -4-month lead time, which in turn can see a La Nifia formation (right panel) typically following EI Nifio in the subsequent winter, showing
a statistical ~8-month lead time of the NTA. Likewise, a La Nifia condition in boreal winter (right panel) gives rise to the following spring NTA sea surface
temperature (SST) cooling (lower panel) with a lag of - 4 months, which is often followed by an El Nifio formation (left panel), corresponding to a statistical
-8-month lead time of the NTA. The same applies for the quasi-quadrennial ENSO cycle (blue loop) except for the negative correlation of NTA SST
variability with the following ENSO event by -20 months.
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(b)iNAO and AMO
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The relationship between NAO and AMO in the observations. a Lead—lag correlations between the NAO and
AMO indices for the period 1900-2015 based on decadally filtered (red) and unfiltered (blue) time series.
Negative (positive) lags indicating the NAO leading (lagging) AMO. Red (blue) dashed lines denote the 95%
confidence levels for filtered (unfiltered) time series using the effective numbers of degrees of freedom. b The
decadally filtered AMO index and the time-integrated NAO (referred to as iNAO in the text) for the period 1900—
2015. The two indices are scaled to unit variance and the long-term linear trends are removed
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Xue et al (2022) =» The ENSO-IOD relationship is found to be time-varying and
IOD=» ENSO linked to the AMO, with AMO warm (cold) phases corresponding to weakened
(strengthened) ENSO-IOD relationship.

a AMO+ -> Indo-Pacific mean climate

Secondary
heating

The modulation is found to occur through
the AMO induced Indo-Pacific mean
climate changes, which influence both the
ENSO amplitude and the Indian Ocean
sensitivity to ENSO forcing, thereby
modulating the ENSO-IOD relationship
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The warm pool is able to cool during El Nifio if strong
easterlies cause evaporation or upwelling anomalies.
However, it is unable to get much warmer than about
during la Nina 302C because of the effect of cloud
feedbacks.

The far eastern equatorial Pacific can warm during El
Nifio if the thermocline gets deep. But it does not cool
(as much) during La Nifia because wind anomalies are
mostly con fined to the central Pacific

Relation to PDO? Is the PDO the reddening of ENSO?

Fedorov et al. (2013) A remaining question arises
Is it the PDO/IPO modulating ENSO, or 1s it ENSO modulation that is responsible for the decadal variability?



Dong et al. (2003)=» AMV produces changes in Equatorial Pacific variability

Warming of the North Atlantic and cooling of the south Atlantic
leads to a reduction in ENSO variability.

The deeper equatorial thermocline weakens
The coupled instability through which ENSO events grow
[e.g.,Zebiak and Cane, 1987], and reduces ENSO variance

Figure 3. (a) Percentage changes of monthly SST standard
deviation between positive and negative AMO experiments.
Shading indicates significant changes at 95% confidence
level using F-test. (b) and (c) Monthly Nino 3 SST anomalies
with thin dotted lines being 1.5 standard deviation limits.
The error of Nino 3 standard deviation for 150 year sections
based on an 1800 year HadCM3 simulation is 0.053°C.
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Trascasa et al. (2022) = sensitivity experiments with AMV positive and negative

El Nino and La Nina events are weaker when the North Atlantic is warmer than usual, and vice versa.

During the warm phase of the AMV (AMV+), the trade winds associated with the Walker circulation are lo-
calised in the west Pacific, directly impacting sea surface temperature patterns associated with ENSO events.

Reduced wind stress in the eastern equatorial Pacific means that the upper ocean heat content is less
perturbed in the AMV+ simulation, eventually affecting ENSO-related sea surface temperatures.
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The recharge oscillator model (Jin 1997) is based on the cyclic recharge-discharge
process of the upper ocean equatorial heat content and is

Discharged

5
&

Recharge-discharge
mechanism

Depth anomaly

Schematics: Meinen and McPhaden 2000




Changes in the Pacific Mean State Crespo et al. (2022)
=» The Recharge
- : Oscillator is a good
Model parameters Ninos region model for
: d -
a,, = SST growing rate ZSST =a SST+a h+ N, i representing ENSO
a,, = coupling of h to SST d e i from the 1970's
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a,, = coupling of SSTto h dt
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(a) El Nino lagging network (b) El Niiio leading network
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The influence of tropical basins on the El Nino-Southern Oscillation (ENSO) exhibits a non-stationary behavior, as indicated by
observational data.

Notably, the boreal winter Atlantic Niflo and spring Tropical North Atlantic (TNA) impact during positive Atlantic Multi-decadal
Variability (AMV+ ).

Conversely, the boreal summer Atlantic Nifilo and fall Indian Ocean Dipole (IOD) impact during negative AMV (AMV-)
Modeling efforts have been dedicated to unraveling the underlying mechanisms behind these modulations.

One key factor lies in understanding how changes in the Pacific's mean state and variability play a crucial role in Tropical Basin
Interactions (TBI).

AMV, for instance, can significantly alter the Pacific's mean state and variability, leading to increased ENSO variability during
AMV- phases.

Stochastic processes also contribute to low-frequency variability in the Pacific, causing changes in the mean state.

Asymmetries in ENSO further contribute to the decadal variability observed in the Pacific basin.



* The impact of boreal summer Atlantic Nino and 10D on ENSO becomes prominent during decades
characterized by higher equatorial Pacific variability, warmer Eastern Equatorial Pacific, flatter thermocline,
and an equatorward shift of the Intertropical Convergence Zone (ITCZ).

* This could be due to AMV- or other processes (equatorward shift of ITCZ due to extratropical influence).

* The location of convection in the Atlantic is also crucial in understanding TBI. Westward displacement of
convection in the Atlantic (associated with the Atlantic Nifio) plays a significant role in influencing ENSO.

* Regarding the TNA impact on ENSO, it occurs during positive North Atlantic Oscillation (NAO) / positive AMV.

* The validity of the capacitor effect in this context remains a subject of question and further investigation.



