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Abstract

An axisymmetric, baroclinic, two-layer ocean models was used to study the ocean’s response to the
wind stress fields of stationary tropicai cyclones (O’Brien, 1967). The initial onset of the cyclonic stress field
produces a downwelling and convergence at the center. Intense upwelling, which occurs several hours later,
is confined to within twice the radius of maximum winds. The upwelling and downwelling depend on the
radial gradient of the tangential stress. The upwelling velogity contains oscillations at the near inertial
frequency. Induced current field consists of a vortex component and a radially propagating wave mode.

Geisler (1970) used a linear, inviscid two-layer model on an f-plane to describe the ocean’s response to a
moving tropical cyclone, represented by a positive stress curl and a negative pressure anomaly. The
steady-state solution indicates that there is an internal wake behind the storm, if the translation speed of the
tropical cyclone exceeds the baroclinic long wave speed, The angle of the wedge of the wake is small,
because the scale of the fropical cyclone is larger than the baroclinic radius of deformation, After the wake
disperses, a geostrophic balanced baroclinic ridge remains along the storm track. The surface perturbation
field in the form of & balanced trough follows the storm and is distributed over an area which has a radius of
the order of the barotropic radius of deformation.

A 3D, asymmetric nonlinear model was employed by Chang and Anthes (1978) to investigate the ocean’s
response to moving tropical cyclones. A turbulent kinetic energy budget is used to parameterize the stress

induced vertical mixing. They found the storm induced response was biased to the right side of the track in

northern hemisphere. They also found that the maximum induced current in the mixed layer was not
sensitive to the speed of the storm, but the induced temperature change was. Alternating vertical motion
patterns were found in the wake where there was a narrow ridge of the thermocline.

Price (1983) examined the baroclinic response in the wake of a hurricane using a muiti-layered model and
obervations acquired during Hurricane Eloise (1979) at the EB-10 buoy. The amplitudes and phases of the
simulated currents agreed fairly well with the observed ocean current at 53 m.

Using a multi-level, axisymmetric ocean circulation model with a free surface and a rigid bottom, Chang
(1985) modeled both the baroclinic and barotropic ocean responses to tropical cyclones. He found that the
wind stress field first excited a baroclinic mode and through the pressure gradient term generated a bartropic
response, with the associated deep ocean overturning circulation, produced current and temperature changes in
the deep ocean. The vertical motion filled the vertical column from the bottom to the surface. A 57 cm
maximum surface depression was found for Hurricane Eloise.

Aided by in situ observations, an analytical model and a nonlinear 3D ocean circulation model with free
surface, Shay et al (1990) analyzed the free surface effects on the near-inertial ocean current response Hurricane
Frederic of 1979. The origin and role of the depth-averaged component of velocity were investigated by

forcing both the analytical and the 3D models with estimated stress of Frederic. The analytical model
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produced a maximum sea surface depression of 20 om with a barotropic current velocities rotating inertially

with periods 1-2%, above the inertial period and a maximum amplitude of 11 cm s™', located two radius of

maximum stress to the right of the track. The 3D model simulated a 18-20 cm 'shrf'ace depression with a
depth-averaged current of 10-11 cm s These results suggested that the ocean’s barotropic response to
tropical cyclone is a linear process. The magnitude of the depth averaged current generated by the models

agreed well with the 5-11 cm s~ depth-averaged component measured by ocean current meter arrays in water
depth 100-950 m.
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