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Drifting buoy measurements on
Weddell Sea pack ice

STEPHEN F. ACKLEY

U.S. Army Cold Regions Research and Engineering Laboratory
Hanover, New Hampshire 03755

Recent observations show that the Weddell Sea pack
ice is sustained during the summer over an area of ap-
proximately 2 million square kilometers. It advances
from the Weddell region (longitude 60°W to 300E) to
make a major contribution to the total pack ice that ex-
tends around Antarctica and covers about 7.5 million
square kilometers of ocean at the winter maximum. The
pack ice reaches to lower than latitude 55°S in the region
of the 00 meridian (Ackley and Keliher, 1976; Ackley,
1979).

In our study, we deployed an array of air-dropped
buoys with sensors to obtain information on the drift of
the ice cover and its deformation by the driving forces
of wind and ocean current. The buoys, designated AD-
RAMS (air-droppable random access measurement sys-
tem), transmitted data on location, pressure, and tem-
perature to the NIMBUS VI satellite that currently is in
a near-polar orbit. The air drop from one of the Na-
tional Science Foundation's LC-130 aircraft based at
McMurdo Station was accomplished on 18-19 Decem-
ber 1978.

Initial locations of the six buoys are shown in table 1.
As indicated in the table, two buoys ceased transmitting
after two weeks, presumably because they were crushed
or overridden by moving ice. The other four continued
transmitting for approximately four months (in fact, two
of them were still providing information in September
1979).

The drift record of the southernmost buoy (buoy
1433) that remained active for the four-month period
is shown in figure 1. The drift is dominated by a rela-
tively steady northward component throughout the pe-
riod, with some cyclical movements probably associated
with wind shifts from the movements of occasional low-
pressure systems across the region. To validate this as-
sumption, geostrophic wind data will be computed from
the pressure field available from the records of all the
buoys.

The mean drift speed of this buoy for four months
was 3.85 kilometers per day, which is in close agreement
with the mean drift speeds of Endurance and Deutschland
during their ice entrapment (4.1 kilometers per day and
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Figure 1. Drift track of buoy 1433 from late December 1978
through April 1979.

4.3 kilometers per day, respectively) (Ackley, 1979). The
mean ten-day drift speeds for the buoy are shown in
table 2. They indicate a tendency for several periods of
fast drift (>7.5 kilometers per day) in the fall preceded
by a longer period with speeds less than 3 kilometers
per day. The periods of fast drift account for nearly 70
percent of the northward movement during only 25 per-
cent of the time. The fastest drift period, averaging 10.5
kilometers per day from days 76 to 85, would require
wind speeds averaging over 21 kilometers per hour (5.8
meters per second) for the ten-day period under free
ice drift conditions (ice speed = 2 percent of wind speed
[Zubov, 1945]).

The temperature record for the same buoy is shown
in figure 2. The temperature sensor is located inside the
hemispherical shell of the buoy, which is painted white
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Figure 2. Temperature record of buoy 1433 from late De-
cember 1978 through April 1979.

to compare favorably with the high-albedo snow condi-
tions present on the pack ice. Some differences between
the measured temperatures and actual surface air tem-
peratures owing to thermal lag and radiational heating
of the buoy may be expected, but the measurements
seem consistent with our limited knowledge of the re-
gion. Temperatures above 0° C were measured for ap-
proximately 30 days from late December to late January.

We had previously inferred (Ackley, 1979; Ackley,
Buck, and Taguchi, 1979) that subfreezing tempera-
tures could be continuously present during the summer
period, based on the low observed surface ablation of
the ice. The buoy data, however, indicate that temper-
atures are above freezing during summer, but only for
a limited duration that would probably effectively con-
fine surface melt ablation to the snow cover on top of

the ice. Because the temperature is internal to the buoy,
it may be expected that the buoy-sensed temperature,
if in error, would tend to be higher than its surround-
ings, because the high incident radiation at this time of
year may cause some heating in the buoy.

Following a relatively constant period of subfreezing
temperatures during mid-February, the temperature
record shows large temperature swings over two- to
three-day periods (10 to 150 C) superimposed on a mean
temperature decline of 0.1 to 0.2° C per day. The period
of most rapid temperature fluctuations also generally
corresponds with the period of the highest drift rates,
perhaps indicating a series of cold air masses moved by
strong southerly winds from the Antarctic continent.
The deformational features of the buoy array indicate
that the ice is undergoing almost continuous conver-
gence during the summer-fall period, which is in agree-
ment with high ice ridging observed during the buoy
deployment. While this converging behavior is opposite
to the diverging sea ice behavior generally assumed
around Antarctica (Ackley and Keliher, 1976; Gordon
and Taylor, 1975), it may account substantially for the
sustaining of the Weddell Sea pack through the summer
period. Continuous ice convergence would limit the
heating available through radiation absorption in open
water and thin ice areas and, therefore, delay the dis-
integration of the pack by lateral melting processes.

The support of U.S. Navy Antarctic Development
Squadron (vxE-6) in the carrying out of the buoy de-
ployment is gratefully acknowledged. Preflight weather
data and inflight ice observations by the McMurdo Sta-
tion forecasters and FleWeaFac ice observers are also
highly appreciated. This work has been supported by
National Science Foundation DPP 77-24528.

Table 1. initial buoy locations and lifetimes

Period of Operation (1978-79)
Buoy ID Drop Location Dec Jan Feb Mar Apr May Jun

0305 75031 'S/52°56'W
0333 71044'S/51040'W
0511 72057'S/58026'W
0527 69046'S/50006'W
1121 70018'S/50014'W
1433 73030'S/48034'W

Table 2. Ten-day mean drift speeds of buoy 1433

Julian Days	 Drift Speed (Km/day)

356(78)-005(79)	 2.07

	

006-015	 2.40

	

016-025	 3.70

	

026-035	 5.01

	

036-045	 2.94

	

046-055	 5.77

	

056-065	 7.52

	

066-075	 1.85

	

076-085	 10.57

	

086-095	 8.72

	

096-105	 4.79

	

106-115	 3.92
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Discharge of Weddell Sea ice into
the belt of mid-latitude westerlies

WERNER SCHWERDTFEGER

Table 1. Winds at Matlenzo Station: Annual total and
relative frequency of four wind classes, for three speed

thresholds, March 1968 to February 1969 (total number of
all 3-hour observations: 2,920; number of calms: 992)

Wind speed:	 >5 >10 >15m/sec

Total number of observations	1450 827	488
Department of Meteorology	 S-W, cold, barrier winds (%)	78	79	77

University of Wisconsin	 W-NNW, warm, foehn-affected (%)	14	20	22
Madison, Wisconsin 53706	 N-ENE (%)	 6.5	1	1

E-SSE (%)	 1.5	0.1	0

It is well known that the surface air and water tem-
peratures of the southern South Atlantic and south-
western Indian Oceans, between longitude 50°W and
100°E, are several degrees lower than those at the same
latitudes of the remainder of the Southern Ocean (see
figure 1). This anomaly had no satisfactory explanation
so long as meteorological information for the main
source region of cold water and air did not exist and
satellites had not yet mapped the varying extent of the
antarctic ice cover.

Decisive meteorological evidence became available in
the years after 1962, when the Argentine station Ma-
tienzo (longitude 60°W) was installed in the northern
part of the Larsen Ice Shelf, east of the Antarctic Pen-
insula. This station provided monthly surface tempera-
ture and wind data consistent with results of Norden-
skjöld's antarctic expedition of 1902-03. Statistical
analysis improved the understanding of the strong, cold
barrier winds from the south and southwest along the
west coast of the Weddell Sea. These winds occur when
stable air over the central and southern Weddell Sea
moves westward and finds its progress blocked by the
Antarctic Peninsula's mountain wall. The theory of this
phenomenon has been developed by Schwerdtfeger
(1975). G. C. Simpson (1919) had described earlier an
analogous effect of the mountains west of the Ross Ice
Shelf.

New support for this theory has now been provided
by detailed analyses of 3-hour synoptic observations
from five Argentine stations, including the key station
Matienzo, and five British stations, for the twelve months
from March 1968 to February 1969. Also used in these
analyses have been copies of the unpublished daily ob-
servations of the Ronne antarctic expedition which, dur-
ing October and November of 1947, maintained three
stations between latitude 68° and 69°S: Cape Keeler Sta-
tion on the east side of the Antarctic Peninsula, Plateau
Station near its crest at 1,768 meters above sea level,
and Stonington Island Station on the west side.

These analyses, described in a recent research report
(Schwerdtfeger and Amaturo, 1979), led to three main
conclusions. First, along the east side of the Antarctic
Peninsula and the adjacent part of the Weddell Sea, 99
percent of all winds above 10 meters per second are of
only two types—cold, barrier winds from the southwest
sector (79 percent), and warm, foehn-affected winds
from the west sector (20 percent) (see table). The im-
portance of these winds for the drift of sea ice and sur-
face waters is evident. The interaction of these two wind
types (see figure 2) also helps to loosen the ice cover
adjacent to the coast or ice shelves.

Second, these prevailing wind and resulting current
conditions over the westernmost part of the Weddell Sea
create a kind of conveyor belt for the transport of ice
and cold water northward between latitude 75° and 67°S
and then northeastward. Significantly, this transport is
forced along the Antarctic Peninsula to the relatively low
latitude of 63.3°S and so must extend into the circum-
polar eastward flow of air and waters.

The third conclusion is that such a guided discharge
of ice into the belt of the mid-latitude westerlies cannot
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Figure 1. Zonal profile of the mean annual air temperature
near sea level, along the parallels 50 0S and 600S. (Data from

Taljaard at al, 1969.)
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