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Revision of Fujiwara et al. (1997)’s Theoretical Solution for Surface Anti-cyclonic Gyre

Driven by Estuarine Circulation

Yutaka ISODA

Abstract

Under the baroclinic process influenced by the Earth’s rotation in enclosed coastal seas, Fujiwara et al. (1997)
suggested that anti—cyclonic gyre (negative vorticity) was generated in the upper mixed layer by the horizontal
divergence associated with upward entrainment, which was part of the estuarine circulation. They theoretically
show that such vorticity (&) is close to a spatial uniform value of {=—f/2 (f >0 is the Coriolis parameter) at the
steady state. However, this solution is basically given by infinitely small thickness of water column according to
the potential vorticity conservation. We propose the revised solution in the finite upper mixed layer (H), i.e., {=
—fx/ [x+(u/w,)H] is the increasing function of offshore distance from a river mouth (x) and depends on the
ratio of river inflow velocity (#,) to upward entrainment velocity (w;).
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Fig. 1. (a) Schematic illustration of the typical estuarine circulation. 1, is the river inflow velocity and w, is the

upward entrainment velocity across the interface.

(b) Vertical section of the upper mixed layer (H) ; showing

a behavior vortex tube moving from time ¢=ndt to t=(n+1) dt. A vortex tube D is slightly shortened by
the upward entrainment of w,4t, producing an anti-cyclonic vortex tube (@), which is instantaneously mixed

with an entrained water mass @).
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