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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

• ENSO in Models
– IPCC Class Models
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September‐October‐November 
Sea Surface Temperature Climatology

Cold Tongue
Warm Pool





September‐October‐November 
Equatorial Temperature Climatology

Warm Pool Cold Tongue

Thermocline





Air‐Sea Heat Flux

Heat Flux INTO the Ocean Heat Flux OUT OF the Ocean



Zonal Momentum Flux (Wind Stress)



Meridional Momentum Flux



Ocean Mixed‐Layer



Ocean Mixed‐Layer



December 1982‐2001
SST Climatology

December 1997
Total SST

December 1997
SST Anomaly











Warm Upper Layer

Cold Lower Layer

Thermocline



El Nino vs. Normal Thermocline Depth

Thermocline is Shallower 
than Normal

Negative Depth Anomaly

Thermocline is Deeper than 
Normal

Positive Depth Anomaly



December 1997 ( El Nino) Thermocline Depth Anomalies)



Normal Conditions in the Tropical Pacific



Warm (El Nino) Conditions in the Tropical Pacific



Cold (La Nina) Conditions in the Tropical Pacific



Walker Circulation



"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

Jakob Bjerknes

The Role of the Ocean







Evolution of the 1997‐98 ENSO Event

Warm  Sub‐Surface Temperature (Deeper 
Thermocline) Anomaly is the Precursor of the 
Coming Warm Event – Why We Can Predict









Mature Warm Event

The Precursor of the Coming Cold Event









Idealized 
upper 
ocean 
layer

Pressure Pressure gradients in an idealized upper layergradients in an idealized upper layer

• Pressure 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
• Sea surface height  thermocline depth [cm vs. m]



Equatorial Ocean Wave Dynamics

0

Free Kelvin and Rossby Waves



Equatorial Ocean Wave Dynamics

Free

Steady

Free vs. Steady Response



Role of the Ocean in the Delayed Oscillator Theory for ENSO





Prediction vs. Predictability







What Is and ENSO Prediciton System?
What is the Forecast Quality?









Obs

CMIP3

CMIP5

ENSO in Models
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