The dynamics of planetary atmospheres
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the dynamics of stratified fluid on a rotating sphere -
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“Primitive” equations:
fluid on a rotating sphere
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modifications
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Boussinesq approximation: c;—'[; =0 everywhere but gravity
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Spherical coordinate system:

du op

—=—a——2m(wsin@—vcos )
dt Ox

ﬂ — _aa—p—2a)ucos6’

dt oy

dw op

—=—g—a—+2mucosf
dt Oz




Useful numbers

f=2wcosO =2wsin g Coriolis parameter
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f =20smep, + ?COS ®, ¥ P-plane approximation

S = 2_a) cos@, Rossby parameter
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Adjustments

_vr equation of horizontal motion

geostrophic approximaton

hydrostatic approximation



thermal wind equation
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Opposite case: Ro >> 1
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Wave motion 1n the atmosphere

*Elasticity sound
*Buoyancy gravity waves
*Coriolis force inertial waves

Planetary-scale forced oscillations of any type
are called tides



acoustic waves
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gravity waves
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Rossby waves
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Eliminating P and use incompressibility,
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Earth case (wave mode)




<— Venus case (symmetric mode)

multiple Hadley cells?
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convective flow

superrotation thermal tide




Solsticial circulation
on Mars

westerly jet
Rossby waves




= Giant planets
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