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  These close‐in extrasolar 
giant planets have masses 
comparable to Jupiter and 
orbital periods of a few 
days.  They are expected to 
be tidally locked into 
synchronous orbits. 

  From the view of 
atmospheric dynamics the 
two main properties of 
these planets are:  
1) intense, asymmetric 
radiative forcing , and  
2) slow rotation rates (e.g., 
compared to Jupiter) 

Showman & 
Guillot (2002) 



EXAMPLE: THE HOT JUPITER 
HD 189733B 

  Knutson et al. (2007) and 
Charbonneau et al. (2008) report 
8 μm secondary eclipse depths 
that differ by 2.3 σ 

  Agol et al. (2009) present 4 more 
8 μm secondary eclipse 
observations which show 
variation of less than 10% or 2 σ 

  Grillmair et al. (2007) report a 
dayside mid‐IR spectrum that 
differs strongly from the 
repeated observation in Grillmair 
et al. (2008), in that the later 
shows water absorption features 

  Madhusudhan & Seager (2009) 
cannot fit all data for this planet 
with a single model, at a 1.4‐σ 
confidence level Madhusudhan & 

Seager (2009) 



EXAMPLES OF UNDERLYING 
PROPERTIES THAT MAY 
INFLUENCE VARIABILITY 

EXAMPLES OF TWO DIFFERENT 
INSTABILITIES AT WORK 

Menou & Rauscher (2009) 

Lower atmosphere 

Upper atmosphere 

Earth‐like model:  
baroclinic instabilities 

Shallow hot Jupiter  
model: barotropic  

instabilities 

  The static stability of the 
atmosphere 

  The strength of horizontal 
temperature gradients 

  The absorption properties of 
the atmosphere, which 
determine the depth at which 
stellar energy is deposited 

  Whether processes exist that 
can efficiently dampen the 
growth of instabilities 


