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ABSTRACT

Shock waves are discontinuities (in the physical properties of a fluid) which behave in an organized
manner. The possibility that such waves may occur in oceanic boundary currents is examined with a
nonlinear two-layer analytical model. Attention is focused on separated boundary currents (i.e., light currents
whose lower interface strikes the free surface or heavy currents whose upper interface intersects the floor)
with zero potential vorticity. The shocks result from an increase in the upstream transport; they correspond
to abrupt and violent changes in depth and velocity accompanied by a local energy loss. Nonlinear solutions
for steadily translating shocks are constructed analytically by connecting the upstream and downstream fields
without solving for the complicated region in the immediate vicinity of the shock.

It is found that, while stationary shocks are impossible, steadily propagating shocks can always occur.
There are no special requirements on the boundary currents in question and the only necessary condition
for steadily advancing shocks to occur is that the upstream depth is increased. Once formed the shocks
propagate downstream at a speed greater than that of a Kelvin wave associated with the increased up-
stream flow.

Possible application of this theory to the Mediterranean outflow is discussed. For this purpose, the results
of the two-layer model are extended to a three-layer model corresponding to a wedge-like boundary current
“sandwiched” between two infinitely deep layers. With the aid of this model it is suggested that the abrupt
changes in temperature and depth observed in the Mediterranean outflow are a result of a shock wave
advancing downstream. The observed changes in this region are so abrupt and violent that no other known
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kind of wave can explain them.

1. Introduction

Abrupt and violent property changes advancing in
an organized fashion are usually referred to as shock
waves. They involve nonlinear effects and correspond
to a balance between steepening and dissipative effects.

Examples are the waves genecrated in air by an
aircraft which exceeds the speed of sound (“sonic
booms™), the steep water waves propagating in rivers
due to high tides (“tidal bores™) and the large discon-
tinuous waves observed in the lee of obstacles (“hy-
draulic jumps™). The existence of these shock waves
in rivers and atmospheres has been known for a long
time and, consequently, they have been studied ex-
tensively both analytically and experimentally (see
e.g., Lighthill, 1978; Stoker, 1957; Whitham, 1974).
The structure of oceanic flows in the vicinity of
continents and the fact that Kelvin waves steepen
(Bennett, 1973) suggest that shocks, or jumps,' are
likely to be present in the ocean as much as they are
present in rivers and atmospheres. The purpose of
this paper is to point out that this is indeed the case
and to illustrate that some oceanic disturbances are
probably associated with oceanic shock waves.

! Hereafter, we shall follow the common terminology and use
the terms shock waves, shocks, bores and jumps interchangeably.

Our aim in this paper is to develop a general
analytical theory for the behavior of shocks in oceanic
boundary currents. In addition, we wish to examine
the possibility that abrupt changes observed in the
Mediterranean outflow (e.g., Thorpe, 1976; Griind-
lingh, 1981) are associated with an oceanic shock
wave resulting from an increase of the transport
through the Straits of Gibraltar. To do so, we shall
take the following steps. First, we shall consider a
separated boundary current flowing underneath an
infinitely deep layer (or above an infinitely deep fluid)
and examine the conditions under which such a
current can sustain a shock wave (Figs. 1 and 2).
Later on, we shall extend the results of this two-layer
model to a three-layer system and apply it to the
Mediterranean outflow.

We shall follow the general approach of Rayleigh
(1914) who made the first analysis of nonrotating
bores. Namely, instead of examining the complicated
time-dependent problem involving the evolution of
the waves and the ultimate formation of a shock, we
shall focus our attention directly on the final state. It
will be assumed then that the existence of a steadily
propagating shock is an indication that the time-
dependent process does indeed lead to a steadily
propagating jump. It is not obvious that this is the
only possible case because, although there is theoretical
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