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Energetics of Baroclinic Instability 

Switching parcels A and  
B moves heavy stuff up 
and light stuff down:  
This requires energy! 
 
However C is lighter  
than A, but is above it:  
Switching these releases 
energy! 
 
This is the ultimate  
energy source for  
baroclinic instablity 



Available Potential Energy (APE) 

Equations can be derived for the APE of the mean state and of eddies – let’s look at  
one of these equations… 



Energy Conversion 

�  So turns out when there’s heat flux down a 
temperature gradient then there’s conversion 
from mean APE to eddy APE 

�  When there’s vertical motion correlated with 
temperature, there’s conversion from eddy APE 
to eddy kinetic energy 

�  Do either of these happen in baroclinic instability in 
the atmosphere, or in the Eady model? 



Baroclinic Instability Parcel Trajectories 

Both conversions happen, of course! 



Structure of Modes in Eady Model 

Remember these  
plots? 
 
 
Height (contours)  
& theta (colors) 
 
 
 
 
 
 
Vorticity (contours) 
& w (colors) 



Eady Model Heat fluxes 

Growing mode has heat flux 
poleward – warm air moving 
poleward and cold air moving  
equatorward 
 
 
 
 
 
Decaying mode has equatorward 
heat flux (upgradient!). 
Converts from eddy APE to  
mean APE  
(so eddies won’t last long…) 

Eady model also has w’T’ > 0… 



Nonlinear Baroclinic Instability 

Initial conditions: jet centered at 45 degrees 
Simmons and Hoskins 1977 

What about that other term in the eddy kinetic energy equation?  It transfers  
energy between eddy kinetic energy and mean kinetic energy.   
Let’s look at it in a simulation of baroclinic instability. 



Nonlinear evolution 

After 7 days, perturbation has grown from 1 hPa to 32 hPa within the low 



More nonlinear evolution 



Energetic Terms 

So in a baroclinic lifecycle, kinetic energy  
is returned to the mean flow!! 
 
The mean flow ends up being stronger  
after the lifecycle.   
 
This process is associated with a 
momentum transport into the jet stream. 
It ultimately leads to surface westerlies in  
the midlatitudes and surface easterlies in  
the tropics.   
 
So baroclinic instability is also very  
important for the structure of the mean  
winds on Earth… 


