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Dynamical	
  Methods	
  

•  Equivalent	
  Barotropic	
  and	
  Shallow	
  Water	
  (2D)	
  
–  Cho	
  et	
  al	
  (2003,2008)	
  Langton	
  and	
  Laughlin	
  (2007,2008)	
  

Rauscher	
  et	
  al	
  (2007,	
  2008)	
  

•  Navier-­‐Stokes	
  equaEon	
  (2D)	
  
–  Burkert	
  et	
  al.	
  2007	
  

•  PrimiEve	
  equaEons	
  (~3D)	
  
–  Showman	
  et	
  al.	
  (2002,	
  2005,	
  2006,	
  2008,	
  2009),	
  Menou	
  and	
  

Rauscher	
  (2009)	
  
•  Eulers	
  equaEons	
  (3D)	
  

–  Dobbs-­‐Dixon	
  and	
  Lin	
  (2008)	
  
•  Navier-­‐Stokes	
  equaEons	
  (3D)	
  

–  Dobbs-­‐Dixon	
  et	
  al	
  (2010)	
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RadiaEon	
  Transfer	
  Methods	
  

•  RelaxaEon	
  methods	
  (Newtonian	
  heaEng)	
  
–  Cho	
  et	
  al	
  (2003,2008)	
  Langton	
  and	
  Laughlin	
  (2007,2008)	
  Rauscher	
  et	
  al	
  

(2007,	
  2008),	
  Showman	
  et	
  al.	
  (2002,	
  2005,	
  2006,	
  2008),	
  Menou	
  and	
  
Rauscher	
  (2009)	
  

•  2/3D	
  one	
  temperature	
  flux-­‐limited	
  radiaEve	
  diffusion	
  
–  Burkert	
  et	
  al.	
  (2007),	
  Dobbs-­‐Dixon	
  and	
  Lin	
  (2008)	
  

•  3D	
  FLD	
  +	
  decoupled	
  thermal	
  and	
  radiaEve	
  components	
  
–  Dobbs-­‐Dixon	
  et	
  al	
  (2009)	
  

•  1D	
  (radial)	
  wavelength-­‐dependent	
  radiaEve	
  transfer	
  
–  Showman	
  et	
  al.	
  (2009)	
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3D	
  Navier-­‐Stokes,	
  flux	
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Prot=Porb=3.52d,	
  T★=6117K	
  
Mp=0.69MJ,	
  	
  Rp	
  =	
  1.3RJ	
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Photospheric	
  VelociEes	
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Observed	
  Inversion	
  (HD	
  209458b)	
  

Burrows et al (2007) 
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  Variability?	
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Emission Spectra 
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Transmission Spectra 
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Transmission Spectra: temporal variations 
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Transmission Spectra: temporal variations 

Egress-Ingress 



Transmission Spectra: viscous effects 
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Egress-Ingress 

Transmission Spectra: Viscous Variations 
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Eccentric	
  Planets	
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Eccentric	
  Planets	
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Eccentric	
  Planets	
  (e=0.5)	
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Eccentric	
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Conclusions	
  
•  Numerical	
  treatment	
  of	
  radiaEon	
  and	
  dynamics	
  must	
  be	
  included	
  as	
  coupled	
  

model.	
  
•  Three	
  (pseudo)	
  jets	
  (one	
  equatorial	
  and	
  two	
  mid-­‐lat.)	
  are	
  common	
  features,	
  with	
  

width	
  decreasing	
  with	
  increased	
  planetary	
  rotaEon.	
  DissipaEon	
  mechanisms	
  are	
  an	
  
open	
  quesEon.	
  	
  

•  OpEcal	
  and	
  IR	
  opaciEes	
  both	
  are	
  important	
  in	
  determining	
  locaEon	
  of	
  stellar	
  
energy	
  deposiEon	
  and	
  efficiency	
  of	
  redistribuEon	
  to	
  the	
  night-­‐side.	
  

•  Changing	
  viscosity	
  drasEcally	
  alters	
  streamlines,	
  changing	
  overall	
  thermal	
  structure	
  
•  CauEon	
  must	
  be	
  exercised	
  in	
  regions	
  where	
  material	
  passes	
  through	
  strong	
  shocks.	
  

Radial	
  velocity	
  becomes	
  very	
  important	
  
•  Dynamically	
  driven	
  variability	
  causes	
  variaEons	
  transit	
  spectra,	
  but	
  variaEon	
  in	
  

hemispherically	
  averaged	
  phase	
  curves	
  will	
  be	
  difficult.	
  
•  Differences	
  between	
  ingress	
  and	
  egress	
  transmission	
  spectra	
  may	
  prove	
  to	
  be	
  

powerful	
  tools	
  for	
  model	
  diagnosEcs.	
  
•  ConEnuing	
  observaEonal	
  programs,	
  and	
  coupling	
  of	
  dynamical	
  and	
  spectral	
  models	
  

should	
  allow	
  Eghter	
  constraints	
  on	
  dynamical	
  processes:	
  eccentric	
  planets,	
  
mulEple	
  wavelength	
  (and	
  conEnuous)	
  observaEons,	
  lower	
  masses,	
  younger	
  
planets.	
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