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ABSTRACT

This paper is an analytical and numerical study of the response of the ocean to the fluctuating com-
ponent of the wind stress as computed from twice-daily weather maps for the period 1973 to 1976. The
results are described in terms of (time) mean and rms fields, frequency spectra and horizontal cross spectra,
and local cross spectra between oceanic and atmospheric variables.

A forcing function with scales strictly larger than O(100 km) induces oceanic motion that is depth
independent at periods between the inertial period and ~300 days. The dynamics is essentially linear
so that rectified currents are small, the associated rectified transport amouats to at most 1-2 Sv in the
western boundary layer. Root-mean-square currents are typically a few centimeters per second and are
most intense in the western part of the basin, and near major topographic features. Fluctuations in the
transport of the western boundary layer can be as large as 20-30 Sv. Three distinct frequency bands
characterize the wind-induced barotropic fluctuations: 1) At periods between the inertial period and
about one week the energy density increases steeply with decreasing frequency. Current spectra have a
slope between —2 and —4. These forced waves can show an (imperfect) coherence between wind stress
and the corresponding current components, and between atmospheric pressure and subsurface pres-
sure. But spatial inhomogeneities in the wind field or bottom topography can destroy this coherence. 2)
At periods between a week and a month planetary (or topographic) Rossby waves are dominant so that
westward phase propagation is prominent. 3) At longer periods westward phase propagation is less evi-
dent and there is a time-dependent Sverdrup balance between meridional (cross-isobath) currents and
wind stress curl. The spectra at these long periods are frequency independent (white) and the zonal
(along-isobath) velocity component is more energetic than the meridional (cross-isobath) component.

Despite the high degree of idealization in the models, local coherence between oceanic and atmos-
pheric variables is virtually nonexistent (except possibly at periods between 1 and 10 days) because of
the wavelike structure of the oceanic response, the broadband stochastic character of the atmospheric
variability, and inhomogeneities in the wind field and bottom topography.

It is proposed that fluctuations observed at site D north of the Gulf Stream are primarily atmospherically
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forced. At the MODE central mooring, however, there must be an additional energy source.

1. Introduction

The surface winds that drive the oceanic circula-
tion have a fluctuating component with an rms ampli-
tude which exceeds that of the mean winds over
large regions. It is therefore important to know the
nature of the oceanic variability induced by atmos-
pheric disturbances. Previous studies of this vari-
ability concern the oceanic response to idealized
atmospheric forcing functions such as sinusoidal
wind fields and moving or standing disturbances
(e.g., Longuet-Higgins, 1965; Pedlosky, 1965a;
Phillips, 1966; Veronis, 1970; Philander, 1978;
Leetma, 1978; Harrison, 1979). Gates (1968) studied
the transient response to the sudden onset of steady
winds. Magaard (1977) included the effect of
buoyancy fluxes at the sea surface. Nearly all exist-
ing studies are deterministic and calculate the
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oceanic response to a particular wind field. The
atmospheric variability, however, is more aptly
described as a stochastic process, with a local
correlation time (integral time scale) of a few days.
The induced oceanic motions can therefore not be
regarded as deterministic, and a description of
atmospherically forced motion must explicitly take
into account the broadband stochastic nature of both
atmospheric and oceanic fields. Frankignoul and
Miiller (1979) have constructed a simplified sto-
chastic forcing model, and calculated the spectral
energy transfer to the ocean by a stationary and
homogeneous wind field. .

In order to go one step beyond the investiga-
tions mentioned above we have considered more
realistic forcing fields by utilizing information from
weather maps. Willebrand (1978) has analyzed twice-
daily NMC sea surface pressure maps from 1973-76,
and determined the spectral characteristics of the
surface wind field over the ocean. This data set has
several deficiencies, the most serious of which is the






