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ABSTRACT

The nonlinear leakage of Kuroshio water (via the Tsushima Strait) into the Sea of Japan is examined using
a “reduced gravity” analytical model. The flow in our conceptual model results from the zonal sea level difference
between the Pacific Ocean and the Sea of Japan. The landmasses separating the Pacific from the adjacent Sea
of Japan are represented by thin walls and the Tsushima Strait, whose width is larger than the Rossby radius,
is represented by a gap. The gap is initially closed and the problem is treated as an adjustment process resulting
from an abrupt opening of the gap.

Steady analytical solutions for the final state associated with the adjustment are constructed using the integrated
momentum equation on a 3 plane, conservation of energy, and potential vorticity. Also, a perturbation expansion
in € = BL/fo (the ratio of the change in the Coriolis parameter, as one moves from the gap to the boundary
current separation latitude, to the Coriolis parameter at the center of the gap) is used.

It is found that the leakage associated with the Kuroshio’s penetration is only a function of the latitude of
the gap, the separation latitude of the Kuroshio, and the stratification in the Pacific (i.e.,the undisturbed depth
of the Pacific upper layer, H, and the “reduced gravity,” gAp/p). As other studies for flows through broad gaps
have demonstrated, the transport is controlled by the geostrophic flows upstream and downstream. However,
in addition to the so-called “geostrophic control,” the flow is also controlled by 8 and, therefore, we term it
“beta control.” Specifically, the penetration flux is given by
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which for values typical for the Kuroshio and the latitude of the Tsushima Strait, gives 3-4 (X10° m?s™).
This computed flux is much greater than the linear transport,
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In addition, it is approximately equal to the observed transport; the location of the observed penetrated current
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(immediately to the west of Japan) also agrees with the theoretical aspect.

1. Introduction

The communication between oceans and marginal
seas is important because of the associated interaction
of waters with different properties. This has been rec-
ognized for some time and, consequently, the last two
decades have seen a relatively large number of both
observational and theoretical investigations of flows
through straits and passages. The interested reader is
referred to the most recent issue of the NATO advanced
science series (edited by Pratt 1990) where many of
these investigations are mentioned and reviewed. By
and large, the theoretical investigations consider straits
to be entities on their own, that is, channels connecting
two otherwise passive basins. While these studies are
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informative, it appears that the leakage through, at least
some, straits depends on the circulation in the adjacent
ocean.

For instance, the question of what happens to a
western boundary current that runs along the coast
and suddenly encounters a gap in the wall is applicable
to a number of oceans. In particular, it appears that
the leakage of the Kuroshio into the Sea of Japan cor-
responds to such a situation (Fig. 1). The Kuroshio
runs northward along the western boundary and prior
to its separation latitude encounters the Tsushima Strait
on its left-hand side (looking downstream). As a result,
a portion of the Kuroshio transport is lost to the Sea
of Japan and the question is what controls the amount
of water that leaks out. To answer this, we shall consider
an inviscid inertial boundary current on a 8 plane that
runs along a meridional boundary which contains a
gap (Fig. 2). The gap is initially closed with an imag-
inary gate; after the removal of the gate and a brief
period of adjustment some water will leak out; we wish
to compute this leaked transport as well as the other
changes that will occur in the flow.






