
 

 

 

 

Lecture 4: Giant planets 
and brown dwarfs 

 

 

 

 

 

 

 

 

 

 

 

Adam P. Showman 

University of Arizona 

on sabbatical at Peking University 

 



 

 

 

 

Zonal winds on the giant planets 

Eastward wind (m/sec) 
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Sukoriansky et al. (2002) Kaspi et al. (2013) 



 

 

 

 



 

 

 

 

ÅRotation (hours) 

ÅMean radius (km) 

ÅMax. wind velocity (m/s) 

ÅObliquity  

ÅRossby number, u/ɋL 

ÅJupiter  
 

Å9.92 

Å69,911 

Å140 

Å3  

Å0.02 

ÅSaturn 
 

Å10.57 

Å58,232 

Å480 

Å27  

Å0.04 

ÅUranus 
 

Å17.24 

Å25,362 

Å240 

Å98  

Å0.1 

ÅNeptune 
 

Å16.11 

Å24,622 

Å380 

Å28  

Å0.1 

ÅSmall Rossby number Å  u/ɋL<<1       implies geostrophic balance ï a balance between 
Coriolis accelerations and pressure-gradient forces at large scale 

ÅEarth (to scale) 



 

 

 

 

Temperatures are relatively homogeneous: 
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Internal heat fluxes are substantial compared to 
solar flux on Jupiter, Saturn and Neptune 

Energy budgets 

Internal structure:  



 

 

 

 

Jupiter and Saturnôs temperatures and clouds 



 

 

 

 

Jupiter s Zonal Winds 

 

 

Limaye (1986), Porco et al. (2003) 



 

 

 

 

Saturnôs zonal winds at the dawn of Cassini 

 

 

Sanchez-Lavega et al. (2004, 2007); Porco et al. (2005) 



 

 

 

 

Cassini confirmed strong vertical shear at the equator with a 

slowdown in the upper troposphere (relative to Voyager).   
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Zonal wind speed (m/sec) 

Choi et al. (2009), Garcia-
Melendo et al. (2010, 2011) 



 

 

 

 

Thermal and jet structure above the clouds 

Read et al. (2009); 

Flasar et al. (2005); 

Li et al. (2008) 


