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ABSTRACT

Forced, nonresonant barotropic response at low frequencies (w < /') and large scales (L ~ f/8) can be written
in terms of a streamfunction, which is similar to the quasigeostrophically derived streamfunction. However,
the “nearly equilibrium” forced vorticity equation is valid on the planetary length scale and is influenced not
only by the vortex stretching induced by the driving mechanism (tides, atmospheric pressure, or Ekman-pumping
displacement) but also by 8 coupling to the divergent velocity field of the nearly equilibrium response. A similar
result follows for topographic coupling, albeit on the topographic length scale.

1. Introduction

Under the assumptions of shallow-water theory
(Miles 1974), linear barotropic, forced oceanic motion
satisfies

—fo=—gn.+2Z,—ru (1.1a)

o+fu=—gn+2Z,—rv (1.1b)

n + (uH), + (vH), = 0, (l.1¢c)
where we include constant linear damping, propor-
tional to r, and low-frequency forcing (Gill 1982, pp.
336-340)

__Pa, [* ,

z=gi- 24 [wpuat (12)

due to long-period tides, atmospheric pressure distur-

bances, and Ekman-pumping displacement,’ respec-
tively. The remaining notation is conventional.

In the following section, we demonstrate that, under
the assumption that the ocean response is nonresonant
(or, equivalently stated, nearly equilibrium, nearly in-
verted barometer, or nearly isostatic), the rotational
response to low-frequency (w/f < 1), large-scale (L
~ f/B) forcing can be understood in terms of a vor-
ticity equation which is driven not only by the vortex
stretching induced by the forcing mechanism, but also

by 8 coupling to the divergent velocity field of the
“nearly equilibrium” response.

! Thus, Wexman corresponds to the specified vertical velocity at the
base of a thin, frictional surface layer.
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For simplicity, this derivation retains Cartesian ge-
ometry, although the analogous derivation for spherical
geometry is straightforward. Owing to the original mo-
tivation for this research, which was to clarify the nature
of oceanic long-period tidal response (Miller 1986,
chapter 3), we designate the forcing mechanism as
“tidal” in the following two sections,

2. Asymptotic expansion

For the case of a flat bottom, we manipulate (1.1)
into the standard continuity, vorticity, and divergence
equations, written respectively, as

dm = HV?¢, (2.12)

(V29, + oy + rV2)y = V- (fV9), (2.1b)
(V0, + B0, + rV%)¢ = =V - (fVY) + gV — gV,

(2.1¢c)

where Y represents the velocity streamfunction, ¢ the
velocity potential, n the deflection of the free surface
from rest, 5 the “self-consistent”? equilibrium tidal
forcing (Agnew and Farrell 1978), and 8(y) = df/dy.
The condition of no velocity transport normal to the
ocean-basin boundary is satisfied by the convenient
(but ad hoc) assumptions that V¢ n = 0, where n
= (ny, nz) is unit normal to the boundary, and ¢ = 0
along the boundary. Introduce into (2.1) the scalings,

(n,n)~ F(n,0), v~S¢, ¢~ Py,

2 Self-consistent forcing implies that if the response is equilibrium
(or inverted barometer), so that the free surface coincides with Z/g
and no dynamic currents arise, the effects of mass conservation, ocean
self-attraction, and the deformation of the solid earth are held in
account, For the purpose of this note, self-consistent may be taken
simply to imply f, . .i, Zdxdy = 0.
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