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Rossby Waves — as seen by Rossby
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The picture is taken from above the
Palmen 1949 South Pole, shows a number of mid
latitude cyclones circling Antarctica.



Waves are strongly developed. The When the waves are pinched off,
cold air occupies troughs of low pressure. they form cyclones of cold air.
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Rossby waves (hydrodynamics)

Momentum equation in rotating frame (with angular velocity ())

a—u+(u'V).l = _in—Zqu+g,
ot P

where— Zpﬂ X W 1s the Coriolis force.

Ratio of convective and Coriolis terms 1s called a Rossby number
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When Ro0 << 1then the rotation effects are significant.



Rectangular coordinates:
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f =2QsinD is the Coriolis parameter.

I =90" -0 is the latitude.



These equations can be cast into one equation

i 2 2\ ] ou
0 1 , 7 0 8 Nu, - af du, _0
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gH  1s the surface gravity speed.

If one neglects the surface elevation /1 =( or % << 1
o (9> o of du,

SN A
Jdf \ dx~ oy dy ax

This approximation eliminates surface gravity (or Poincare) waves
and induces small change in Rossby wave dispersion relation.



At this point came up Rossby with his p — plane approximation

When spatial scales of considered process 1s less than sphere radius
then one can expand the Coriolis parameter at a given latitude as

f=1+By,

_of 2Q
dy R
0 ( 9°  9° ou

+ U, + = = 0.
ot | ox’ ayz) ¢ ﬁax

cos = const.
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Fourier analysis of the form exp(-iof + ik, x+ik y) leads to the
dispersion relation of Rossby (or planetary) waves
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Rossby waves always propagate in the opposite direction of rotation!
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Phase speed V,, =

Long wavelength waves propagate faster!
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If there 1s a constant zonal flow then the phase speed can be written as
(Rossby 1939)
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It appears that the waves become stationary when

_ g Bl _ _ U
L2
C = U(l — L82)1

Long wavelength waves propagate westward and short wavelength
waves propagate eastward!

c = {7




£=1.6 10-1 m-! s-! at mid-latitudes.

For the wavelength of 10000 km, one gets the period of 5.6 days.
Phase speed - 20 m/s.

The observed Rossby wave period on the Earth 1s 4-6 days
(Yanai and Maruyama 1966, Wallace 1973, Madden 1979).

The ratio of Rossby wave and Earth rotation periods is around 6!



