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ABSTRACT

An analytical method for computing the speed at which the nose of a light (rotating) intrusion advances
along a continental shelf is proposed. The nonlinear model includes two active layers; the intrusion itself, which
occupies the entire shelf (and extends beyond the shelf break), and the heavy fluid situated both ahead of the
intrusion and in the deep ocean. The section of the intrusion which extends beyond the shelf break overlies an
infinitely deep ocean. Friction is neglected but the motions near the intrusion’s leading edge are not constrained
to be quasi-geostrophic nor are they constrained to be hydrostatic.

Solutions for steadily propagating currents are constructed analytically by taking into account the flow-forces
behind and ahead of the nose, and considering the conservation of energy and potential vorticity. This procedure
leads to a set of algebraic equations, which are solved analytically using a perturbation scheme in ¢, the ratio
between the internal deformation radius and the shelf width.

It is found that all the heavy fluid ahead of the intrusion is frapped and cannot be removed from the shelf.
Namely, it is pushed ahead of the intrusion’s leading edge as the gravity current is advancing behind. Unlike
intrusions without a shelf, which can never reach a truly steady propagation rate (in an infinitely deep ocean),
the intrusion in question propagates steadily when ¢ = 0. Under such conditions, the propagation rate is given
by (2g'D)", where g’ is the “reduced gravity” and D is the intrusion depth at the shelf break [note that D > H,
where H is the (uniform) shelf depth, so that at the shelf break the intrusion is deeper than the shelf].

Possible applications of this theory to various oceanic situations, such as the Skagerrak outflow, are mentioned.
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1. Introduction

When light fluid is released along a coast, an intru-
sion is formed due to the impossibility of balancing
the pressure gradient (along the wall) with the Coriolis
force. Conceptually, one can visualize that such a sit-
uation is created when a dam containing light water is
suddenly broken and the water rushes into the sea (Figs.
1, 2, 3). Equivalently, one can think of changes in the
atmospheric conditions (e.g., pressure or wind direc-
tion) which allow the penetration of light water from
marginal seas.

The intrusion advances in a similar fashion to Kelvin
waves in the sense that it can only propagate with the
coast on its right hand side (looking downstream in
the Northern Hemisphere). The present paper focuses
on intrusions along continental shelves with uniform
depth (Figs. 1, 2, 3). We shall see that the relatively
heavy oceanic water is trapped on the shelf and cannot
be removed from it, i.e., the intrusion pushes fluid
ahead of its nose.

Although the general properties of the intrusion are
relatively simple, it is quite difficult to compute the
actual advancement rate and the intrusion width be-
cause of the inherent nonlinearity, the nonhydrostatic
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motions near the nose, and the difficulty in finding
steadily propagating solutions. The nonlinearity results
from the fact that both the Rossby number and the
depth variations are of order unity and the nonhy-
drostatic motions are a consequence of the conditions
in the vicinity of the intrusion’s nose where the vertical
scale and the horizontal scale are of the same order.
Our study has been motivated by: (i) the fact that
most intrusions in the ocean take place over continental
shelves (rather than next to straight vertical walls), and
(ii) the interesting laboratory experiments of Whitehead
and Chapman (1986) which clearly demonstrate the
trapping of shelf fluid ahead of the intrusion nose.

a. Previous investigations

As just mentioned, the investigation which is most
closely related to our present problem is that of White-
head and Chapman (1986). Using a rotating table they
observed the behavior of a gravity current propagating
along a sloping bottom. They found a propagation rate
slower than that corresponding to a vertical wall and
found that, under some conditions, shelf waves were
generated ahead of the intrusion. From a theoretical
point of view, they attempted to determine the cross-
shelf structure and the conditions under which there
is shelf trapping; they did not focus on the intrusion
propagation rate although data were reported. Specif-
ically, they viewed the disturbance ahead of the nose






