Rossby wave and instability
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Question 3

A zonal jet has a profile between latitudes y = -L and y = L given by

u = Ucos (nL_y)

1) Show that for a planet that has no north-south surface curvature, this profile satisfies the
for barotropic instability.

2) For a planet that does have north-south curvature, for what value of g is this profile
stabilized ?

3) Show that for a planet that has no north-south surface curvature, this profile satisfies the
for barotropic instability.



Conditions for growth

§ — iy, must change Sigf somEWRELE Yo, (@~ ) (p )
0 and L). SOmewh Uyy ) must
in the domair betWeEn &lterlon is satisfied, OOUf ;re [ the € domain e Positive
. If the Rayleigh C € Figrtoft critey,

tability. Mmight have 5

ni -
we might have an Ins n Instab:ht 'S satisfied, e

- g
y
y=0 ‘
4 % Both and criteria are just necessary conditions. They are not sufficient

conditions. This means that, when analyzing a potential vorticity map, if one of these conditions is
satisfied, it does not mean that the flow is unstable, it means that it is possible for the flow to be

unstable.
On the other hand, the non-satisfaction of a necessary condition is a sufficient condition,
which means that if the or the condition is not satisfied then the flow is stable.
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A zonal jet has a profile between latitudes y = -L and y = L given by

u = Ucos (ﬂTy)




Instability and Rayleigh cglierion
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Show that for a planet that has no north-south surface curvature, this profile satisfies the
for barotropic instability.
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Instability and Rayleigh criterion

For a planet that does have north-south curvature, for what value of 3 is this profile
stabilized ?

y=L u_0 U _
I N thEd nJ;Ja’inmUSt Chan Slg
\ S if the et‘{vee (-Lang ° here
Y = 0 ==mmmmmmmmemeee : I we might y Igh cr )
? Instabjj Satisfie
y=-L :
T
u = Ucos (T)
y=1L1 _U:_z . U%
| To guarantee no change signin [ — Uy, :
Yy
Y = 0 --emmmmemmeees . E— V)’;,B o u'yy2 0 = ﬁ = mln_‘Y(uJ/Y)
; | 71-2
y=-L : IB = U—
2

T Ty LZ
—Uy,=U Tz coS (T) Q:)



Instability and’ Fjortoft criterion

Show that for a planet that has no north-south surface v
curvature, this profile satisfies the o, (@ — 4, )8 - 5
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V=0 ---mmmmmmmmeee- : '1 -------------- where U; is any real constant. It is most useful to choose this constant to be the value of
Uiy} at which § — U, vanishes. This leads directly to the criterion
I A necessary condition for instability is that the expression
y=-L ' (B — Uy (U = Us)
Ty where U is the value of U{v) at which § — Uy vanishes, be positive somewhere
u = Ucos (—) in the domain.
This criterion is satisfied if the magnitude of the vorticity has an extremum inside the
domain, and not at the boundary or at infinity (Fig. 6.8). Why choose U/; in the manner
_U“_Z U’T_z we did? Suppose we chose U to have a large positive value, so that U - UU; is negative
y=1L L? ? L everywhere. Then (6.59) just implies that § — U/,.,, must be negative somewhere, and this is
I already known from Rayleigh's criterion. If we choose Us to be large and negative, we simply
find that § — U,.,, must be positive somewhere. The most stringent criterion is obtained by
0 | choosing [/; to be the value of U(w) at which § — U,.,. vanishes.
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