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Frontal baroclinic instability of the
Antarctic Front Zone
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ARA Islas Orcadas cruise 17-78 took place between 2 Septem-
ber and 14 October 1978 (see Inoue and Ichiye 1980). Tempera-
ture and salinity profiles taken at station 7, located south of the
Antarctic Front Zone in the Drake Passage, show that interleav-
ing structures were conspicuous in the upper layer, as seen in
figure 1. The pair of stations 6 and 7 produced an unusually
strong geostrophic current of 63 centimeters per second, as-
suming that there is no motion at the 1,500-decibar level (about
1,500 meters) (figure 2). The interleaving profiles may have been
caused by convective processes, by advection of different water
masses at different levels, or by other processes. However, the
example of station 7 suggests that the cause was baroclinic
instability coupled with horizontal shear instability, since from
100 meters to 900 meters the density at station 7 increased
almost linearly with depth, by 0.000413 grams per cubic cen-
timeter, and the geostropliic speed between stations 6 and 7
decreased linearly with depth, by 29 centimeters per second.

Eady (1949) examined baroclinic instability of the geostrophic
basic flow that has a speed decreasing linearly with depth gen-
erated by a density distribution increasing linearly downward
(see also Pedlosky 1971). However, in Eady's model the basic
flow is bounded by two parallel vertical walls. The instability
occurs in a certain range of the wave number (inverse of the
wavelength) of the perturbation propagating in the direction of
the flow. This range corresponds to the presence of an imagin-
ary part of the frequency in the frequency-wave number curves
which indicate a possible period (inverse of frequency) for a
certain wave length of the disturbance. The imaginary part has a
maximum at a certain wave number, which may excite perturba-
tion fastest and thus correspond to the most probable scale of
the perturbation. The Eady model may not be applicable to the
Antarctic Front Zone, where there is no apparent vertical
boundary.

A new model has been developed, one in which the basic
current decreases exponentially with distance from a horizon-
tally uniform flow (Ichiye 1982). In this model the perturbations
have cellular structures in the vertical direction. Further, the
instability is strongly excited by resonance of baroclinic in-n-
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Figure 1. Temperature and salinity profiles down to 1,000 meters
(upper panel) and down to 4,000 meters with temperature-salinity
curve (lower panel), station 7, Islas Orcadas cruise 17-78. PPT =
parts per thousand.

stability coupled with instability of horizontal shear, as man-
ifested by an infinite amplification factor at certain wave num-
bers, though the infinite become finite by including a dissipa-
tion mechanism. Figure 3 shows the amplification factor for the
perturbation wave number scaled with the distance L = NHf-1,
where N is the Väisäla frequency, H is the thickness of the layer,
and f is the Cariolis frequency. The factor A is a distance scaled
with L, in which the basic flow decreases to the e-times of the
maximum value (e-folding distance). The mean value of L at
stations 6 and 7 is 21 kilometers between 100 and 900 meters.
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Figure 2. Vertical cross section of geostrophic speed (In centimeters per second) in the Drake Passage, assuming there is no motion at the
1,500-decibar level (about 1,500 meters), from data taken on Islas Orcadas cruise 17-78.
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Thus the e-folding distance should be less than 5 kilometers in
order that the perturbation may have cellular structures. This
suggests that the interleaving structures could not be present at
station 8, as indicated by the data.

The work on the Islas Orcadas 17-78 data was supported by
National Science Foundation grant DPP 79-09258, and the work
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contract N00014-80-C-0113.
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