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Outline

Emergence of ENSO as a coupled ocean  -atmosphere mode
ENSO characterization from Observations and Reanalyses.
Conceptual models of ENSO: implications for predictability
ENSO prediction

Example: the 2014 and 2015 EI Nifio

New directions
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La Nina Condltions
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Normal Conditions

El Nino Condltlons

A possible response of the atmospheric Hadley eirculation
to equatorial anomalies of ocean temperature

By J. BIERKNES, University of California, Los Angeles

(Manuscript received January 18, 1966)
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El Nino: Bjerknes feedback
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A Bjerknes positive feedback
(strongest in spring and
summer ) allows ENSO to
grow

A Generalized Bjerkness
feedback as interaction
between SST and deep
convection operates at
many time scales

Courtesy of Jerome Vialard



ENSO:El Nino -
Southern Oscillation

Largest mode of interannual climate variability
Best known source of predictability at seasonal time scales

It affects global patterns of atmospheric circulation, with changes in rainfall, temperature,
hurricanes, extreme events

| mpacts on marine ecosystems, on agriculture, heal

Impact on Earth Energy Cycle and ocean as a climate thermostate

EL NINO CLIMATE IMPACTS
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A bit more history

ABjerknes : ENSO as a coupled O -A mode

AWyrtki : importance of ocean Kelvin waves. Sea level as first observing
system for prediction

AFirst attempts at modelling and prediction with simple models (Zebiak and
00 Cane 1987)

ADevelopment of GCMs: Simulating ENSO as a big challenge
' ATOGA-TAO observational campaign

AFirst prediction system with GCMs, data assimilation, probabilistic
AConceptual models for ENSO

AENSO in climate change: conceptual models and projections

20000

AENSO diversity: predicting ENSO and its impacts remains challenging
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Relevance of Observations and Climate
Reanalyses

SST Observations + Observations of the Atmosphere +
Observations of the Ocean

1975; Wyrtki sets Equatorial tide ~ 1993 onwards: satellite ~ 1993 - TOGA-TAO program to
gauges to monitor Kelvin waves altimeter to monitor sea level monitor subsurface temperature
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When Observations are integrated with laws of ~2005:  Argo uniform sampling of

physics we obtain climate reanalyses, a essential subsurface temperature and salinity

e @ Yo 12-som-3019 23 Obsarvotions: E370E:

resource of the understanding, modelling and
prediction of ENSO
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20 years of Equatorial Anomalies

D20 Anomalies

anomaly (1981-2009 climate). Last date 201407
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Note the strong 1997 -8 EINino and 1998 -9 LaNinain Taux, D20 and SST
After them, ENSO has shown short -cycles of Central Pacific anomalies (no reaching the East Coast)

Unt i | 2014, when a strong Kelvin wave was generatedé.



Daily Equatorial Anomalies: Jan 1997 -Jan 1998

Anomalies S Anomalies SST Anomalies

Lot 1| s L de | 1y:] ; T = e
o — —— | i
e ? | . | |
Dec1997| - ;r‘“-*i Dec1997| - .- -I- Drec 1997 E
L b — I
- - [
l- | z | ’ E
E ~ - ‘ -
Nav197| -~ i = Noviggz| - -k - - Nav 197
: == | ‘ B
~—l ; E
- =1 B
: ! | | :
oct 1997 ':“ -5 Oxt 1997 |' e DL IB2 =1
B - — ] st
g ] [
_— | = I | - |
: .| :
Sep 1997 - " PR—— sepi7| - i -= Sep17| -
- ‘;I | : , s
Aug 1997 B Aug1997| - - - - e Aug1997| - - -
: P = | ug 199 | B 35 IRl
: §- - l :
Tul1997) - T | w1987l - - - == Tul1987 T
= | S ’ s
iz
Tun 19971 = 4@ Tun1997| -+ - - S -‘[7 Tunigezf - -
= . .>v = I i |
. ,.ﬁ-_ = - - | | -
May 1997 - 7 = B May1997| — - Sl i = ¥ -1- May 1997
: 3 - g [ ‘
E ’ I , r
i [ ‘ = ‘
Ape 1907]- | Apr1997| g I - SR ‘ r g T
E | 3 | B
=14 3 e B S | -
M ™ |¥| “‘_ 2 Mar1997| - ———rw- —————— o= = —— 2 t % - Mar 1997
E I 2
: . = | | 1
‘ e
- L e | -
Feb 1997 - e L - 2 D[ [Sr— Feb 1997| - __,,,1,,‘_l,,,,,,V,‘_V,,,_{,,,L_,_ Feb 1997| -
Wi - 3 |- ’
: -‘1 | (I | e ol .
I S | [l — | | 0
Janigezl L L Loyl |l ) ] gzl L lisl I A._‘ M. Jan 1997 L
008 e GO 1008 160w sow 1008 10w 0w
e Mine R Lang?
(Le2 N/m32): Min= -12 64, Max=2622 (ﬂ:hﬁn—m= 043 (deg ): Muw.zgf Max=564
20010080 60 -40 -20-15-10 05 05 1.0 15 20 40 &0 BA10020.0 -0.40 -030 020 015 010 0.05 0@ 002 005 010 015 020 030 040 5.0 40 3.0 25 2.0 151005 02 02 05 10 15 20 25 30 40 50

March 1997@ Strong Westerly Wind bursts (WWB) in the West Pacific.
Associated eastward propagating groups of Kelvin waves. The latest reaching the Eastern Coast

SST anomalies develop in the West (as a displacement off the warm pool), and in the East, when the Kelvin waves
arrive and depress the thermocline

May/June 1997: More WWB . Or is this already ENSO? Bjerknes feedback in action.






