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Dependence of Wind-Driven Current on Wind Stress Direction
in a Small Semienclosed, Homogeneous Rotating Basin

Hirofumi HINATA*
Synopsis

The dependence of wind-driven current (WDC) on wind stress direction in a small semi-enclosed,
homogeneous rotating basin is investigated using a linear steady-state analytical model based on Ekman
solutions. The model is applicable to the middle of the basin (mid-basin) and the current is driven by a
constant wind stress of an arbitrary direction. The WDC is made up of wind-stress driven current (WSDC)
and pressure-driven current (PDC) components. The laterally varying water depth of the basin confines the
total volume transport in the longitudinal direction, while the wind-stress-driven volume transport changes
direction according to the wind stress direction. Therefore, the pressure-driven volume transport, or
equivalently the pressure gradient, depends on the wind stress direction: the relationship between the
pressure gradient and the wind stress is anisotropic. As a result, the mid-basin WDC is also dependent on
the wind stress direction. The dependence varies according to the lateral position and Ekman number (E).
For large E (small rotation), the longitudinal volume transport is generally proportional to the longitudinal
wind stress component. Hence, the ratio of the volume transport driven by the wind stress of direction 8 (6
> 0) to that driven by the longitudinal wind stress (6 = 0) becomes cosé. For small E (large rotation), the
ratio becomes larger than cosd. The extent to which each component of wind stress contributes to the
generation of the pressure gradient to satisfy no-net-longitudinal and no-lateral transports is determined by
a wind stress-pressure gradient transformation matrix, whose components depend on the lateral position
and E.

The majority of the model-derived surface WDC can be decomposed into two EOF modes, but these
modes do not represent the anisotropic response of the surface WDC to the winds. Therefore, care is
required when making any physical interpretations of such EOF modes. In addition, our results suggest that
linear correlations between the surface currents and the winds would be physically less meaningful for real
small semi-enclosed basins. The surface currents in the real basins include anisotropic PDC component
which also depends on coastal and bottom topography. The winds should be compared with the WSDC

component.

Key Words: wind-driven current, surface wind stress, pressure gradient, semienclosed basin, Ekman
solution
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(a) Total volume transport ([V])
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(b) Wind stress-driven volume transport ([V,])
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(c) Pressure-driven volume transport ([V,])
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