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A cartoon atmospheric model 

Differential heating drives the circulation. 



A cartoon atmospheric model 

There may be important sources of drag … 
(Goodman 2009, Dobbs-Dixon et al. 2010, Li & Goodman 2010, 

Perna et al. 2010, Rauscher & Menou 2010) 



A cartoon atmospheric model 

which will decrease the speed of the winds, 



A cartoon atmospheric model 

as well as provide an additional source of 
heating 



Atmospheric Energetics 

Kinetic energy 
(winds) 

Dissipation 

Heating 
(stellar irradiation) 

Cooling 

Potential energy 
(temperature) 



Available Potential Energy 

  Original: Lorenz (1955) – component of potential energy 
available for direct conversion into kinetic energy 



Available Potential Energy 

  Original: Lorenz (1955) – component of potential energy 
available for direct conversion into kinetic energy 

  Global: Pearce (1978) – created through differential 
heating 
 
 



Available Potential Energy 

  Original: Lorenz (1955) – component of potential energy 
available for direct conversion into kinetic energy 

  Global: Pearce (1978) – created through differential 
heating 
 
 

  Local: Marquet (1991) – local terms for generation and 
conversion 



Local energy cycle 



Numerical models 
Rauscher & Menou (2010); Perna, Menou, & Rauscher (2010) 

Credit: D. Spiegel 



Radiative APE generation 

Model without drag (RM10) 
 



Radiative APE generation 

Model without drag (RM10) 
 

•  APE is generated on the night 
side of the planet 

 
 
 
 

Tr = 1800 K 
(Tr/T) > 1 for P < 10 bar 

 
•  This is not strictly the case, due 
to the advected temperature 

structure 



Frictional APE generation 

Model with strong drag (PMR10c) 
 



Frictional APE generation 

Model with strong drag (PMR10c) 
 

•  Most of the kinetic energy is on 
the night side 

 
•  APE is lost on the night side of 

the planet 
(qf > 0 always) 



Global energetics 

More drag 



Caveats! 

  We assume: kinetic energy dissipated is locally converted 
into heating 
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Caveats! 

  We assume: kinetic energy dissipated is locally converted 
into heating 

  The generation of APE depends on the strength and 
spatial pattern of the drag; for more localized drag, 
weaker strengths could still significantly alter the 
circulation. 

  We are neglecting any time-variability (which will definitely be 
important for eccentric planets) 



Summary 

  APE is produced by differential heating and is converted 
to kinetic energy (winds). 

  An energetic analysis of the atmosphere can determine 
the potential influence of heating sources on the 
circulation. 

  If the frictional heating could have a significant influence 
on the APE generation, then it should be explicitly 
included in numerical models to determine how it affects 
the circulation. 



RM10: horizontal slice at 150 mbar 



PMRc: horizontal slice at 150 mbar 


