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Near the end of the calendar year, when El Niño events typically reach their peak amplitude, there is a southward shift of the zonal wind anomalies
which were centred around the equator prior to the event peak. Previous studies have shown that ENSOs anomalous wind stresses, including this
southward shift, can be reconstructed with the two leading EOFs of wind stresses over the tropical Pacific. Here a hybrid coupled model is
developed, featuring a statistical atmosphere that utilises these first two EOFs along with a linear shallow water model ocean, and a stochastic
westerly wind burst model. This hybrid coupled model is then used to assess the role of this meridional wind movement on both the seasonal
synchronization as well as the duration of the events.

1. Southward Wind Shift

4.2 Response of the HCMs to observed WWBs

Observations 1979-2013 (ERA-Interim)

Linked to:
§ The southward displacement of
the warmest SST and
convection during DJF.
§ The associated minimal surface
momentum damping of wind
anomalies.

Forced with wind stress observed during
Jan 96 – Apr 97 (Atm. & WWB models
inactive), and then coupled (Atm. model
activated) in different calendar months

§ HCM1: similar pattern for all simulations.
§ HCM1+2: as the coupling shifts to later in
the calendar year the wind stresses become
less symmetric about the equator è the
maximum amplitude of the events gets
smaller
§ HCM1+2: all simulations reach their SSTA
peak during DJF, regardless the calendar
month when the model coupling is initiated.

Seasonal evolution of
solar insolation
To drive:
§ Strong thermocline shoaling
in the eastern equatorial
Pacific.
§ Changes in equatorial warm
water volume (WWV).
§ Interhemispheric exchanges
of upper ocean mass.

Research Questions:
Does this meridional wind movement…
§ …play a role on the seasonal synchronization of ENSO events?
§ …account for the fact that La Niña tend to persist for longer periods than El Niño?

2. Empirical Orthogonal Function Analysis
Observations 1979-2013 (ERA-Interim)

Principal Components (PC)
§ Relationship between time series of EOF2
(PC2) and time series of EOF1 (PC1)
depends strongly on calendar month.
§ The linear combination of EOF1 and EOF2
can reproduce wind stress patterns during
ENSO events similar to those observed.

EOF1
§ 33% of the equatorial
region variance.
§ Positive zonal wind
anomalies in the
western-central
tropical Pacific.
§ ENSO variability
(PC1 ~ Niño-3 SSTA)

EOF2
§ 16% of the equatorial
region variance.
§ Largely meridionally
asymmetric.
§ Anticyclonic circulation
in the western north
Pacific region.
§ Westerlies located
south of the equator.

Observations 1979-2013
ERA-Interim

5. Response of the HCMs to stochastic WWBs
Ensemble of 100-yr runs:
o Amplitudes of WWB:
8, 10, 12 and 14 m s-1
o Probabilities of occurrence of WWB:
2.50, 3.75 and 5.00 WWBs yr-1
o HCMs:
HCM1, HCM1+2
o 4-member:
Timing of occurrence of WWBs

§ HCM1: no synchronization to the annual cycle.
§ HCM1+2: ENSO seasonal synchronization. Most
La Niña peaks occur during two periods of time
in May–August and November–December. The
relative minor southward wind shift that occurs
in HCM1+2 during cold events does not act to
synchronize the events to the seasonal cycle.

Modelled warm event

§ STD:
- Increase for both magnitude and number
of WWE.
- HCM1: slightly higher because of longer
duration of warm events.

3. Hybrid Coupled Model
3.1 Shallow Water Model
§ Ocean dynamics described by the linear
reduced-gravity form of the shallow-water
equations.
§ 1½-layer baroclinic system.

3.2 Statistical Atmospheric Model
HCM1
§ EOF1 only
§ PC1 ~ Niño-3 SSTA

§ SSTA at the equator computed as a linear
function of thermocline depth anomalies. For
the rest of latitudes, SSTA decay away from
the equator by a fixed meridional structure.

§ PP index:
- HCM1 ~ 0
- HCM1+2: greatest values for P ~ 4 WWB
yr-1 and M ~ 13 m s-1.

HCM1+2

§ Amplitude of seasonal cycle:
- HCM1 ~ 1
- HCM1+2: increase trend for few WWE.

§ Both EOF1 and EOF2
§ PC1 ~ Niño-3 SSTA
§ PC2 calculated by least squares 2nd order
polynomial fit from PC1 for each calendar month

6. Concluding Remarks
Observations 1979-2013
ERA-Interim

§ No Southward Wind Shift

§ Southward Wind Shift

3.3 Westerly Wind Burst Model
WWB parameter

Symbol

Value

Magnitude

M

8 – 14 m s-1

Zonal width

LX

20˚

Meridional width

LY

9˚

Duration

T

10 days

Center longitude

x0

160˚E

Center latitude

y0

Eq.

Peak-wind time

t0

10 days

4.1 Response of the HCMs to observed WWBs
Forced with wind stress observed during Jan 96 –
Apr 97 (Atm. & WWB models inactive), and then
coupled (Atm. model activated)
§ Magnitude in HCM1+2 stronger than in HCM1.
§ Normal values reached up to 3 months earlier in
HCM1+2 compared to HCM1.
§ Differences in SSTA due to differences in both
magnitude and spatial distribution of zonal wind
stresses:
HCM1: weaker magnitude and centered at 5˚S during
the whole simulation.
HCM1+2: symmetric about the equator during JJA and
shift towards south of the equator in DJF.

The addition of the southward wind shift in the model (EOF1+EOF2)…
Ø …results in variation of the air-sea coupling intensity from month to month
(strong in JJA, weak in DJF).
Ø …leads to a Christmas peak in variance similar to that seen in the
observations.
Ø …allows stronger westerlies during the growth phase (JJA) and more
symmetric about the equator, favoring the rapid growth of the event.
Ø …makes El Niño shorter, whereas it is still unclear for La Niña.
Ø …might be neutralized by high frequency of WWB activity.

“The role of the southward wind shift in both, the seasonal synchronization and
asymmetric duration of ENSO events” Manuscript submitted for publication.
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