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Seasonal variation in meridional overturning and poleward
heat transport in the Atlantic and Pacific Oceans:
a model study

by Kirk Bryan!

ABSTRACT

Numerical solutions for a model of the World Ocean are analyzed to illustrate the important
changes in the meridional circulation of the ocean induced by seasonal changes in wind stress.
Seasonal variations of meridional circulation and associated changes in poleward heat transport
predicted by the model are most important in the Pacific where the background thermohaline
circulation is relatively weak. Numerical experiments show that seasonal variations of cross-
equatorial heat transport basically depend on the variations of the zonal component of the
wind stress. Seasonal variations of the meridional wind stress exert an influence on cross-
equatorial heat transport which is 180° out of phase in the seasonal cycle from the more
dominant influence of seasonal variations of the zonal wind stress.

1. Introduction

One of the author’s first exposures to oceanography was a cruise aboard the
RV Crawford with L. V. Worthington. A naive prediction of the local surface
currents based on Ekman drift was greeted by Worthington with jovial, but pro-
found skepticism. The skeptical view was confirmed when we attempted a few brief
measurements with drifters in the vicinity of the mid-Atlantic Ridge. Worthington
was aware of the dismal history of attempts by Ekman and Helland-Hansen (1931)
to confirm the Ekman spiral by direct measurements at sea. It is only recently that
enough measurements have accumulated to allow us to conclude that Ekman and
Helland-Hansen’s measurements were a classic failure in experimental design. The
Ekman drift was simply too weak a signal to be detected easily in a noisy background.

A parallel problem now exists on a planetary scale. In a few regions the response
of the ocean to seasonal changes in the wind is easy to see in standard data. For
example, the dramatic reversal of currents along the coast of Somali in response
to the monsoon was well known to early navigators. In other areas the response to
winds on a large scale is more subtle. It is difficult to establish cause and effect
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