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ABSTRACT

For quasi-geostrophic stationary long waves forced by topography, the nonlinear lower boundary condition
is derived in terms of the geopotential height and compared with the linearized version. The common practice
of replacing terms describing the flow over and around a mountain by upstream zonal flow over the mountain
and evaluating the resulting condition at sea level is found to be a good approximation for the cases considered
and does not need to be modified as sometimes suggested. Specifically, it is found that this approximation
does not affect, for most cases, the lower boundary condition expressed in terms of the geopotential height
provided that the stationary wave is not near resonance. At resonance, the eddy advection terms may become
important for large-amplitude waves when dissipation and surface diabatic heating are taken into account.

1. Introduction

In calculations for the response of stationary long
waves in the atmosphere to topographic forcing, a
commonly used lower boundary condition is the
specification of the vertical velocity w; induced by
flow over mountains. If A(x, y) is the height distri-
bution of the topography, then from kinematic con-
siderations, the above-mentioned boundary condi-
tion takes the form!'

wy=u(x,y, h)-Vyh at z=h, (1.1)

with u being the vector velocity field of the flow rel-
ative to the surface of the earth and V being the
horizontal gradient operator. The linearized version
of (1.1) is usually given in the form?

_ 0
w,-—u(y,O)axh at z=0, (1.2)
where #@(y, 0) is the mean zonal flow at the sea level,
and is assumed to be given.?

! Cartesian coordinates, with x eastward, y northward and z up-
ward, are used here in the Introduction only for simplicity of pre-
sentation. In the main text, spherical coordinates, with A being the
longitude, ¢ the latitude, and with log-pressure in the vertical, will
be used throughout.

2 A formal linearization about the zonal mean horizontal flow
(&, 9) should give

_a _a
w,-uaxh+vayh.
In calculations concerning large scale stationary waves in extra-
tropical latitudes, the mean meridional flow ¥ is usually assumed
to be much smaller than the mean zonal flow #, thus giving (1.2).
3 The evaluation of the linearized expression for wy at the sea-
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Three approximations are made in going from (1.1)
to (1.2):

a) The term v(3/dy)h, commonly referred to as due
to flow around the mountain, is dropped in the lin-
earized version. The total upstream zonal flow #, is
forced to flow over the mountain without veering, as
far as wy is concerned.

b) It is the flow at the sea-level that is used in (1.2)
to force a vertical velocity, instead of that at the top
of the elevation.

c) The boundary condition is specified at the sea-
level, instead of at the actual lower surface z = A.

It has often been noted that these approximations
may be inaccurate even when the linearization as-
sumption can be justified for the interior flow (see
Dickinson, 1980, for a brief review). In this article,
the effects of these approximations on the forced sta-
tionary long waves will be assessed separately.

It has often been argued that the effect of approx-
imation a) is to overestimate the vertical velocity forc-
ing for the stationary waves, especially in the presence
of high elevations, because it assumes that the zonal
flow is not impeded by the rise of the mountain. Saltz-
man and Irsch (1972) compared the vertical velocity
calculated using the observed total near-surface wind
with that calculated using the observed zonal wind
in (1.2), and found that (1.2) generally overestimated
the magnitude of the vertical forcing. Their suggested
remedy of including the eddy meridional wind v’ in
the expression for wy, i.e.,

level is commonly taken as part of the linearization process, al-
though this is not necessary for the purpose of linearization, unlike
the case of say, water waves on an interface.






