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1. Introduction

4. Experiment 1: El Niño 1997/98 – Idealized case

El Niño-Southern Oscillation (ENSO) events come in many flavors but
they each follow a similar pattern of developing in MAM, peaking in
DJF and termination in MAM of the following year. There are several
conceptual theories that have been proposed to explain the physical
processes responsible for this phase locking. Here, we focus on
identifying the role of the southward wind shift that occurs near the end
of the calendar year.
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2. Wind stresses EOF
EOF analysis of wind stresses over the Tropical Pacific (ERA-Interim 1979-2013)

EOF1 (33%)

o Both runs peaking in Dec 97.
o El Niño in HCM1+2 is stronger
than in HCM1 because:
1) Length scale of the wind
anomalies larger.
2) Westerly anomalies are more
symmetric around the equator.
o Normal values (SSTA = 0) are
reached up to 3 months later in
HCM1 compared to HCM1+2 and
observations.

Configuration in…
o … July: allows the SSTA to
increase sharply due to strong
coupling between the atmosphere
and ocean.
o … January: weak coupling and
heavy damped.
o Duration of El Niño event much
longer when EOF2 is fixed in July
than in January.

coupled

Starting the coupling in…
o … May and August: allows El
Niño to grow significantly.
o … November: SSTA weaker and
longer.
o All cases: the maximum peak is
around DJF, regardless the
calendar month when the coupling
starts.

5. Experiment 2: 4-member ensemble

Represents ENSO variability: positive
zonal wind anomalies in the westerncentral Pacific (anomalous Walker
circulation).

-

EOF2 (16%)
o Patterns largely meridionally
asymmetric.
o Prominent anticyclonic circulation in
the western north Pacific region
(Philippine Anticyclone).
o Meridional movement of wind stress
anomalies.
o Shown to play a prominent role in the
recharge/discharge of equatorial
region WWV.

Model set-up
Magnitude of WWB: 8, 10, 12, 14 m/s
Probability of WWB: 2.50, 3.75, 5.00 WWB/yr
Three atmospheric models: HCM1, HCM1+2, HCM1+2s
Each member of the ensemble with different timing of WWB occurrence
144 100-yr simulations
Standard deviation of SSTA in Niño-3
region for each calendar month

Duration of ENSO events

Contour: zonal wind stresses

Composites of EOF1 and EOF2 time series (PC1 and PC2) during El Niño and La Niña events

El Niño years: 1982, 1986, 1991, 1997, 2006
La Niña years: 1984, 1988, 1995, 1998, 2007, 2010
o PC1 in ENSO composites similar to SSTA
evolution over the equatorial central-eastern
Pacific during ENSO events.
o PC2 sign changes during the mature phase of El
Niño events. That shift is significant for Cool
Tongue or canonical El Niño events.
o PC2 does not show any marked difference
throughout the 2-yr-period in cold events.
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o Observations: strong seasonal cycle of the variability
o El Niño events in HCM1 tend to be longer than in
of SSTA over the eastern equatorial Pacific, with a
both HCM1+2s and specially HCM1+2.
clear Christmas time peak.
o A similar pattern for La Niña events.
o HCM1: none annual cycle, standard deviation
o The duration of El Niño and La Niña in HCM1+2s are
roughly constant throughout the year.
quite the same due to non asymmetries at all
o HCM1+2: phase locking, with maximum peak in Decbetween these two ENSO events in these
Jan. Seasonality weaker than observations.
simulations.
o HCM1+2s: stronger seasonal cycle than HCM1+2.
o All runs contain ENSO events longer than
observations.
HCM1
HCM1+2
HCM1+2s

3. Hybrid coupled model
3-component hybrid coupled model

Shallow-Water Model

Westerly Wind Burst Model

Atmospheric Model (3 versions)
HCM1+2

HCM1

o The higher magnitude and probability of WWB, the
higher variability in SSTA over the Niño-3 region.
o PLI~0 in HCM1 for all amplitudes and all
probabilities.
o For P > 3.5 WWE/yr, PLI’s are only magnitude of
WWB dependent in HCM1+2 and HCM1+2s.

6. Conclusions
HCM1+2s

- The southward wind shift plays an important role in the seasonal
synchronization of ENSO events.
- El Niño events in simulations including this meridional wind movement
(EOF2) are stronger and shorter than in simulations taking into account
EOF1 only.
- The seasonality of SSTA in the Niño-3 region shown in simulations with
PC2simple is stronger than PC2 “normal”, although asymmetries between
warm and cold events do not exist in the simple configuration.
- Both magnitude and probability of WWB influence on the standard
deviation of SSTA in Niño-3 region as well as the phase locking.

where
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between PC1 and each calendar month
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