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ABSTRACT

The vertically integrated atmospheric vorticity budget over the oceans offers, in principle, a possibility
of determining the surface stress curl from upper wind data without the need to specify a relationship
between the surface stress and surface wind. Results for the wind stress curl obtained by this vorticity
method, using upper wind data for the period 1968~73, are compared with the recent stress-curl calculations
by Hellerman from surface data.

The two completely independent methods give basically similar mean latitudinal distributions of the
stress curl. In the midlatitudes of the Southern Hemisphere, where the transient eddies are the main
mechanism of vorticity transfer, the two estimates of the basin-wide longitudinal averages of the stress
curl do not deviate from each other by >20%. However, in the Northern Hemisphere the agreement is
less. This seemingly strange result appears to be due to the sensitivity of the vorticity method to errors in
the estimates of vorticity advection by the standing waves.

It is concluded that for the time being the geographical pattern of the mean surface stress curl can, at
least in the Northern Hemisphere, be estimated from surface data (using a drag formulation) more ac-
curately than from upper wind data (using the vorticity method). Together the two methods offer a useful
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quality check for the upper air data.

1. Imtroduction

The curl of surface wind stress (curl =) is a quan-
tity of paramount importance in studies of the
oceanic large-scale circulation. The climatological
distribution of this quantity is normally obtained by
evaluating the stress from surface observations with
the aid of a drag-law formulation (e.g., Hellerman,
1967). However, considerable difficulties are in-
volved in applying this method. Besides problems
in formulating the dependence of the drag coefficient
on stability and wind conditions, the inadequate geo-
graphical coverage of surface data also poses a seri-
ous problem. Naturally, the relative uncertainty as-
sociated with estimates of the curl of wind stress is
larger than the uncertainty in the stress itself. For
these reasons, it would be of great value to get es-
timates of curl 7, by independent means.

The vorticity budget of the aimosphere offers, in
principle, an opportunity to determine curl 7, from
upper wind data alone, as was first pointed out in
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1956 by Mintz.? Later this was used by one of the
present authors (Holopainen, 1967) to calculate curl
7, (and the associated Sverdrup transports) for the
oceans in the Northern Hemisphere north of ~20°N,
by using upper wind statistics compiled by Crutcher
(1959). The results were encouraging. For example,
the values obtained by the vorticity method for the
annual-mean Sverdrup circulation in the Gulf Stream
and Kuroshio were rather realistic.

In this paper we report determinations of curl 7,
by the vorticity method using global upper air statis-
tics for the S-year period 1968-73. A description of
the method and the data used is given in Section 2.
The presentation of the results (Section 3) is followed
by an analysis of the uncertainties associated with
the vorticity method (Section 4) and a discussion of
its possible future applications (Section 5).
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