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Hasselmann 1976

�Assume that the climate system can be split into two subsystems, that 
are characterized by strongly differing response times (for example 
'weather' and 'climate'.
�The evolution of the slow component is then determined its own 
state, and by the statistics of the 'weather' system for a given climate 
state, that is retained as a forcing term. 
�The slow climate variable then integrates this stochastic forcing and 
leads to 'red' variance spectra.
�In the absence of a negative feedback, the  variance of the slow 
climate variable increases with time (as the square root of ~). 
�The problem of climate variability “is not to discover positive 
feedback mechanism that enhance small variations of external forcing 
and produce instabilities, but .. to identify the negative feedback that .. 
balances the continual generation of climate fluctuations by random 
driving forces”
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Ocean-Atmosphere Thermal Coupling



Barsugli and Battisti (JAS, 1998) model
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Blade 1997

Variance of 90 day 
mean geopotential 
height at 500 mb in 
AGCM forced with 
climatological (fixed) 
SST. Contour is 600m2

Difference of 90 day mean 
variance between AGCM 
coupled to a slab mixed layer 
ocean and CNTR. Contour 
100m2, neg. dashed. Shading is 
10% and 20% relative 
difference.
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Basic effect of atmosphere-ocean thermal coupling:

 increases variance in both media, while patterns are largely unchanged
 decrease energy flux between them
 prescribing SST does not yield the proper simulation of low frequency

   variance in the atmosphere (will yield the atmospheric mode least 
   damped by the damping at the surface)



Processes contributing to increased persistence 
of SST:

Reemergence
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Nonlocal Response to Stochastic Forcing



Stochastic forcing of ocean pressure or advected temperature
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Spectra of wind 
stress curl in N 
Atlantic (coupled 
model output).
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Stochastically forced spatial resonance
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Response of ocean to stochastic forcing only


