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Surface layer kinematics of the
circumpolar current as inferred

from Nimbus 6
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In December 1977 five satellite (Nimbus 6) tracked
drifters were deployed from the USCGC Burton Island in the
Antarctic Circumpolar Front south of New Zealand on the
leg from Wellington to McMurdo Sound. This was a pilot ex-
periment conducted as part of the International Southern
Oceans Study. It was designed principally to test the
feasibility of making oceanographic measurements of the sur-
face layer currents, air and sea temperatures and atmospheric
pressure in the Circumpolar Current during the First Global
Atmospheric Research Program Global Experiment. To
reduce wind drag on the drifters so that their movements
closely paralleled the flow of the Circumpolar Current, the
drifters were drogued at 100 meters by 9.2-meter personnel
parachutes.

As explained by Kirwan and others (1976, 1978) the Ran-
dom Access Measurement System (R.'Ms) on Nimbus 6
determines the drifter's position by Doppler shift of a con-
tinuous radio signal from the drifter. The radio signal also

contains the particular identifier (ID) for each drifter along
with eight data words. For this experiment, the data words
were sea surface pressure, air temperature, sea surface tem-
perature, and a drogue indicator to determine if the drogue
remained intact and deployed.

Two of the drifters failed shortly after they were deployed.
The failure has been traced to faulty crystals in the buoy
transmitter terminals. The other three have operated suc-
cessfully, at least until 9 March 1978. The only problem on
these drifters has been that their pressure sensors have not
worked since deployment.

The three drifters have provided new information on sur-
face kinematics in the Circumpolar Current. Figure 1 shows
the trajectories of those drifters up until 9 March. Drifter ID
1204 was deployed just south of the subarctic front. Its trajec-
tory indicates that after a large southward meander in that
front, it moved almost due north for 300 kilometers. After
reaching 54'S. it started slow eastward zonal flow. The tra-
jectory from drifter ID 1134 shows that it was deployed in a
cyclonic eddy. The existence of this eddy was verified by an
expendable-bathythermograph survey from the Burton Island
(Olson and Emery, 1978). After one revolution in the eddy,
this drifter moved off to the northeast, paralleling the track of
1204. It then began moving southward, changed direction
about 300 kilometers due south, executed a series of rather
complicated movements, and, after reaching 600 S., started
eastward zonal flow. Drifter ID 1102, deployed just north of
the subpolar front, has moved eastward along the front. Its
trajectory indicates a large northward meander of the front
centered around 179°W. Meanders similar to this have often
been reported in this front.

Figures 2, 3, and 4 are plots of the velocities of these three
drifters. Maximum eastward velocity of ID 1204 was about
.38 meter per second, just at the beginning of 1978. Since
then its eastward velocity has averaged only about 0.11 meter
per second. The record for ID 1134 shows considerably more
variability.
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Figure 1. Trajectories of drifters 1204, 1134, and 1102, from
day 355, 1977 to day 68, 1978.
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Figure 2. Plot of velocities of drifter 1204.

Figure 4. Plot of velocities of drifter 1102.
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Figure 3. Plot of velocities of drifter 1134.

This drifter shows two peaks of more than .4 meters per
second in eastward velocity. Its northward velocity also has
been quite variable, on time scales of about 10 to 15 days.
Note that the velocities associated with the eddy at the early
part of the trajectories are quite small, just over .10 meter per
second. The velocity record shows that ID 1102 has had the
strongest eastward flow. Its average up to day 68 of 1978 was
0.18 meter per second.

The velocity records of all three drifters are rich with
mesoscale information. Typical periods associated with these
disturbances range from 5 to 20 days, not unlike those

reported in the Mid-Ocean Dynamics Experiment and the
North Pacific Experiment.

The return on the data words, except for the surface
pressure has been excellent. Because Nimbus 6 is polar orbit-
ing, the satellite may receive up to eight signals a day from the
drifters. Although the satellite is not able to fix the location of
the drifters on each of those passes, the data received by the
satellite are of excellent quality. Because of this, the diurnal
cycle in both air and sea temperatures is seen clearly in these
drifter records. It is of the order of 0.2°C for the water tem-
perature and about 0.5°C for air temperature.

It is clear from these preliminary results that the RAMS on
Nimbus 6 is an extremely useful tool for studying the large
scale, near surface circulation and air/sea interactions in the
upper layer of the Circumpolar Current. Its use will be even
more enhanced when the data can be combined with data on
surface winds, hydrographic, and current meter.

This research was supported by National Science Founda-
tion grant OCE 77-16825. Joseph Coehlo collected data
aboard the ship.

References

Kirwan, A. D., Jr., G. McNally, and J . Coehlo. 1976. Gulf Stream
kinematics inferred from a satellite-tracked drifter.Journal of Physi-
cal Oceanography, 6(5): 750-755.

Kirwan, A. D., Jr., E. Reyna, and W.J. Merrell, Jr. 1978. The near
surface circulation of the eastern North Pacific (submitted for
publication).

Olson, D. and W. Emery. 1978. Eddies and ridges south of New Zea-
land. Antarctic Journal of the U.S., 8(4): 79-82.

0.5

—0.5

355/77

74	 ANTARCTIC JOURNAL


