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Ocean Atmosphere Interaction. 
Why does it matter?

Å Predictability: How far into the future can we predict the 

weather/climate? 

ü How slow is the ocean?

ü How is the atmospheric response to ocean forcing?

ü Preferred Modes of variability: .. ENSO, Indian Ocean Dipole

ÅModelling: Which processes need to be represented?, How 

much ocean do we need to predict the weather at daily/monthly 

time scales?

ü Momentum flux (wind -wave -currentsé) and mixing, diurnal Cycle, 
sharp SST fronts, Intraseasonal Oscillations (MJO), ENSO, é
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Å Implications for Predictability

ü Basis for extended range prediction

ü Simple conceptual models to understand predictability

Å Overview of the ocean circulation

ü The ocean as slow component

üWind driven and thermo -haline circulations

ü Adjustment: Kelvin and Rossby waves

Å Examples of Ocean - Atmosphere Interactions

ü Large/small spatial scales

ü PBL or ñdeeperò (is the ocean below the mixed layer involved?)

ü Dynamical/ thermodynamical

ü Tropical/ Extratropical

ü Time scales and modes of variability
o From diurnal to decadal

Ocean Atmosphere Interaction
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Basis for long - range predictability

Å Ocean is responsible for the slow time scales

ü The ocean has a large heat capacity and slow adjustment times relative to the 
atmosphere .

Å Atmospheric response to ocean forcing : very sensitive to the 
structure, location, and amplitude of the ocean forcing. 

ü The atmosphere responds more readily to large -scale spatial forcing.

ü The atmosphere responds to sharp SST fronts 

ü In the tropics, the atmosphere is quite sensitive to SST anomalies, implying a stronger 
response to a given temperature anomaly. 

Å Without any atmospheric response to boundary forcing, there can not 
be interannual -decadal atmospheric ñpredictabilityò

Hasselmann 1976, Saravanan et al 2000,

Latif et al 2002, Timmermann 2005é
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Conceptual models: system with 2 time scales

ÅThe connection between atmosphere and ocean can 

occur in a number of ways:

Å One way stochastic forcing and memory term

ü Atmos as stochastic forcing, ocean as integrator 

ÅOne way forcing with a resonance

üAtmos as stochastic forcing, ocean with preferred time scale

ÅTruly coupled modes  e.g. El Nino

üAtmos is more than just stochastic forcing.
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1) Climate System as an AR1

ÅThe ocean response to white noise 

forcing is a red spectrum - the 

ocean integrates the noise to give 

low frequency variability .

ÅThis is not a bad approximation in 

many parts of the extra - tropical 

world.

Hasselmann 1976
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2) Climate System as an AR2 (I) 

RESONANCE

ÅThe atmospheric forcing is white 
noise

ÅThe ocean can have a resonance 
forced by noise.

Å.

Examples:

Advective resonance in the North Atlantic (Saravanan and McWilliams 1998)

Advective resonance in the Antartic Circumpolar Wave (Haarsma et al 2000)

Some theories for the triggering of ENSO. Some theories for decadal variability


