Lecture 2 Conservation laws and planetary waves

* Potential vorticity

 Orographic forcing of Rossby waves
 Barotropic Instability

*Baroclinic Instability

* Fronts and wave breaking

» Midlatitude storm tracks




Planetary Balance and conservation

If the time scale t of the motion is larger than :

t>f1> N1

T>20hs > 10min
And for scales large such U < L/f, L<~ a (earth
radius).

The flow Is In Aydrostatic balance
Buoyancy ~vertical component of pressure force.
And In geostrophic balance:
coriolis force ~ horizontal component of pressure
force.



Hydrostatic Balance
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Geostrophic Balance

If the Rossby Number is much smaller than 1 (R, = U/(fL) << 1)

C.0
—u2Qsing, = —*2 on
acosg, oA
o7/
v2Qsing, = 20 o7
a o¢

Where u and v are zonal and meridional velocity components and ¢, a
particular latitude



Conservation of Potential Vorticity
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Quasi-geostrophic
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Shallow water




Rossby Waves

o High PV
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Possibility of stationary because:

Phase group (Energy flows to the east)

Zonal flow U
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Fig. 4.7 A cylindrical column of air moving adiabatically, conserving potential vorticity.
3 Named for the German meteorologist Hans Ertel. A more general form of Ertel’s potential vorticity

is discussed, for example, in Gill (1982). Potential vorticity is often expressed in the potential vorticity
unit (PVU), where 1 PVU = 109K kg"1 m2 s~ 1,






