Two layer adjustment

(See Dewar and Killworth(1990), J. Phys. Oceanogr., 20, 1563-75 for a more accurate
treatment.)

If the upper layer has density p; and thickness hy, and the lower layer has po, ho, the
upper layer pressure is

1
—Vp1 = gV(h1 + h2)
P1

while the lower layer pressure is

1
—Vpy = %gvm + gVhs
2

From geostrophic balance for the azimuthal flow (neglecting the cyclostrophic terms), we
get

0 P2 — pP1
_ — /_h / —
f(vl 02) g@r 1 g Py g
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where 7 ; is the initial radius of the annulus which settles at radius 7 and h{ represents
the initial thickness at the initial position.
If we subtract the two PV equations, we find
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Since we’ve already neglected order Rossby number terms in the balance statement, we
might as well linearize the h values also:

h1:H1+77—h N h2:H2+h

where 7 is the surface displacement and h the interface displacement. Our equation be-

comes , f f
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and we also ignore the difference between ry and r. Finally, we neglect surface displace-
ments compared to interface displacements and find

VZh = R;?*(h — hY)

with R;Q = f2/g'H, + f?/g'H>.
Exterior: Outside r = a, we have hg = 0 and

h = AKo(T/Rd)

1



Interior: Inside r = a, the initial PV differs from the value at infinity so that hg = H
and
h=H + Bly(r/Ry)

Matching together the values and the slopes of h gives
H + Bly(a/Ry) = AKo(r/Rq) and  Bli(a/Rg) = —AKi(a/Ry)

Our solution is therefore

Radial profiles for different v = a/ Ry values (7 = 0.25 is the lowest curve).
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