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Outline

 Role of the Ocean (Dynamics)

— Mean State, Air-Sea Fluxes,Mixed Layer

— Rossby, Kelvin Waves, Sverdrup Balance
 Predictability

— Error Growth, Stochastic Forcing (WWB)

— Low Frequency Variations in Predictability
* Prediction

— Ingredients, Quality, Uncertainty
e ENSO Iin Models

— IPCC Class Models
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Zonal Momentum Flux (Wind Stress)
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Meridional Momentum Flux

b Climatological Meridional Wind Stress




Thermocline

Deep Water
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Monitoring Ocean Temperature
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Monitoring Ocean Temperature
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TAO/TRITCN Monthly Mean SST (°C) and Winds (m s~ 1)
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Monthly Mean TAO/TRITON Temperatures (°C)
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El Nino vs. Normal Thermocline Depth

Equatorial Pacific

El Nino Thermocline

,' Thermocline is Deeper than
Thermocline is Shallower Normal
than Normal Positive Depth Anomaly

Negative Depth Anomaly



December 1997 ( El Nino) Thermocline Depth Anomalies)
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Normal Conditions in the Tropical Pacific
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Warm (El Nino) Conditions in the Tropical Pacific
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Cold (La Nina) Conditions in the Tropical Pacific
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Jakob Bjerknes

The Role of the Ocean

"It is the gradient of SST along the
equator which is the cause of [...] the
Walker circulation. An increase In
equatorial easterly winds [is associated
with] an increase in upwelling and an
Increase in the east-west temperature
contrast that is the cause of the Walker
circulation in the first place. [...] On the
other hand, a case can also be made for a
trend of decreasing speed [...] There is
thus ample reason for a never-ending
succession of alternating trends by air-sea
Interaction in the equatorial belt, but just
how the turnabout between trends takes

place is not yet clear.” 1969




Warm SST
anomaly

Equatorial upwelling BJERKNES Weakening Walker

brings up water that is circulation;
less cold than normal FEEDBACK Weakening easterlies

Flow of warm
yater in layer above thermo
cline toward east, deepening
of thermocline in east




Cold SST
anomaly

Equatorial upwelling BJERKNES Strengthening Walker
circulation;

brings up water that is FEEDBACK

colder than normal trengthening of easterlie

Flow of warm
ater in layer above thermo
line toward west, shallowing
of thermocline in east




Evolution of the 1997-98 ENSO Event
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Warm Sub-Surface Temperature (Deeper
Thermocline) Anomaly is the Precursor of the
Coming Warm Event — Why We Can Predict
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Mature Warm Event

'
-
- '

B gl o
| :_ —January 1998

180 150W 120W

The Precursor of the Coming Cold Event

-150 = |




May 1998

150W




’

.

] ;
M

) ..I ................... ~ .j_____,_,..q-.-. ........... .September.1998 ..... \.. ....... N |
S0 150E 180 150W 120W SOW <00 N\



January 1999

150W 120W




Pressure gradients in an idealized upper layer

|dealized

Upper "
ocean water *?

(more dense)
c D

layer PGF ~ 0

Deep water

* Pressure oc mass above

» At A ocean surface high so PGF from A toward B in upper ocean
» Deeper thermocline balances higher sea surface —> PGF small
below thermocline

e Sea surface height oc thermocline depth [cm vs. m]



Centimeters

Simple Model of Wind Induced Perturbation of the Tropical Pacific Ocean
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Thermocline Depth Anomalies Day-10
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Role of the Ocean in the Delayed Oscillator Theory for ENSO
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Schematic of the Recharge/Discharge Theory of ENSO
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Prediction vs. Predictability

NINO3.4 SST anomaly plume
ECMWF forecast from 1 Nov 2007
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Nino3.4 (170°W—120°W)
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MMME Forecast for Mino 3.4
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a0n MMWME Forecast of 55T Anom [C=201207 for 20120JF
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All winters
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IRI Multi-Model Probability Forecast for Precipitation
for November-December-January 2013, Issued July 2012
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Outline

 Role of the Ocean (Dynamics)

— Mean State, Air-Sea Fluxes,Mixed Layer

— Rossby, Kelvin Waves, Sverdrup Balance
 Predictability

— Error Growth, Stochastic Forcing (WWB)

— Low Frequency Variations in Predictability
* Prediction

— Ingredients, Quality, Uncertainty
e ENSO Iin Models

— IPCC Class Models
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