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ABSTRACT

In this brief note it is demonstrated that the question of what is the mechanism(s) responsible for the southern
migration of the Gulf Stream front during winter—is still open.

1. Introduction

In an interesting paper, Adamec and Elsberry
(1985b, hereafter referred to as AE) present a series of
numerical simulations which examine the response of
an oceanic jet to both atmospheric cooling and wind
forcing. Their main aim was to determine whether the
southward shift of the Gulf Stream front, which occurs
in late winter (Fuglister, 1963; Worthington, 1976), is
a result of atmospheric cooling or a result of wind forc-
ing. The relationship between the Gulf Stream and
winter cooling was previously examined by Worthing-
ton (e.g., see Worthington, 1972), Csanady (1982) and
Nof (1983, hereafter referred to as N) whereas the in-
fluence of increased wind was first examined by Iselin
(1940; see also Monin et al., 1977, p. 185) and recently
reconsidered by Adamec and Elsberry (1985a). The
basic ideas behind the processes in question are as fol-
lows.

(i) Atmospheric Cooling: The possible association
of atmospheric cooling with the strength and position
of the Gulf Stream was first suggested qualitatively by
Worthington (e.g., see Worthington, 1972). His idea
was that, with the aid of convection, winter cooling
causes deepening of the thermocline south of the
Stream and this causes an intensification of the Stream.
Further developments of this idea were made by Csan-
ady (1982) who showed analytically that a large cross-
stream cooling gradient does indeed cause an intensi-
fication of the Stream which, in turn, causes a steeper
interface and a southward displacement of the front.
He found that due to this mechanism the Gulf Stream
frgnt may be displaced by ~35 km to the south during
winter.

Nof (1983) being, at the time, unaware of Csanady’s
efforts (which had not appeared in press yet), has in-
dependently examined the effect of a different kind of
cooling. Instead of focusing on the changes that take
place due to large cross-stream cooling gradients, con-
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sidered by Worthington and Csanady, he has looked
at the effect of long-stream cooling gradients. Specifi-
cally, using a two-layer nonlinear analytical model, he
has shown that an imposed along-stream atmospheric
cooling forces cross-stream velocities which are in
“thermal wind” balance. With the aid of a uniformly
valid perturbation scheme, N has also showed that al-
though cross-stream velocities are generated, the main
speed and transport remain unaltered. As a result, the
front migrates toward the south while the interface
pivots around the curve representing the intersection
of the lower interface with the level of the undisturbed
depth. He estimated that, during winter, this produces
? southern migration of ~90 km of the Gulf Stream
ront.

(ii) Increased wind stress: Iselin (1940) has intro-
duced the concept that an increase of the wind over
the North Atlantic circulation system causes an inten-
sification of the currents. He argues that, because the
system is roughly in geostrophic balance, such an in-
tensification causes an increase in the thermocline
depth (in center of the gyre) and a shrinkage of the
gyre outer edge. This implies that during winter (when
the wind is strong) the position of the Stream will be
farther to the south than it is during summer.

With the aid of a ten-level primitive equation nu-
merical model, AE have shown that an increase in the
eastward wind stress causes a shift of the Stream toward
the south—as expected from simple Ekman layer the-
ory and the fact that the Stream intensifies. In addition,
AE found that atmospheric cooling produces south-
ward motions which are in thermal wind balance as
predicted by N.

In this note we shall mainly be concemed with a
comparison between the AE numerical study and N’s
analytical model. There are no fundamental differences
between the main cooling processes in the two models
in question although there are some technical differ-
ences as discussed by AE. Despite the fact that, dy-






