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Figure 3. Plate crystals from clear sky at South Pole 8 Decem-
ber 1977. (The warmest temperature aloft was -27.70C).

From the trajectory analyses using 700-, 500-, and 400-
millibar isoheight maps, the moisture and nuclei for the ice
crystals observed at South Pole were transported from the
Weddell Sea after traveling more than 7 days toward the Ant-
arctic Plateau. The nuclei of individual ice crystals replicated
at Pole Station were analyzed by means of an X-ray energy
spectrometer during 1975-1976; about 50 percent of the ice
crystals contained sodium, magnesium, sulfur, and chlorine,
which are major components of sea salt from the ocean
(Ohtake, in press).

Similarly to the mechanism for the arctic ice-crystal for-
mation (Ohtake et at., 1978), the clear-sky ice crystals at
South Pole Station may result from the freezing of low-level
stratus cloud droplets, which form by slightly uprising and
cooling warm air transported from the Weddell Sea along the
slight slope toward the Antarctic Plateau. The patchy stratus
clouds are sometimes beyond sight from Pole Station,
although many times such ice crystals may occur with the
stratus clouds or fog banks upwind from the South Pole Sta-
tion.

This research is supported by National Science Founda-
tion grants DPP 74-04037 and DPP 76-23114.
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Figure 4. A stepped column crystal collected at South Pole 13
December 1976;
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Early winter storms in the
northwestern Weddell Sea

W. SCHWERDTFEGERandF. KOMRO

Department of Meteorology
University of Wisconsin-Madison

Madison, Wisconsin 53706

In sharp contrast with the extended fall season on the west
flank of the Antarctic Peninsula, winter comes early on the
Weddell Sea side (see table 1). In February 1903 the Antarctic,
the ship of the Swedish South Polar Expedition (Bodman,
1910), had been destroyed by wind-driven ice in the region

south of the Antarctic Sound. Seventy-two years later, in the
same area and same month, a similar catastrophe would have
occurred had the endangered ship not been a sturdy
icebreaker. On 26 February 1975, the Argentine General San
Martin was beset in a cold southerly windstorm of 40 to 50
knots. The pressure exerted by the ice broke some reinforce-
ments in the ship's body and at times lifted the entire vessel.
The USCGC Glacier tried but failed to reach General Van Martin.
It took 4 weeks, a change of weather, and extremely difficult
maneuvering before the Argentine ship could free itself
(Blanchard, 1975; Kirkpatrick, 1975).

Kormo (1978) has used weather reports made every 6
hours, satellite pictures, and twice daily synoptic maps pre-
pared by the Australian Bureau of Meteorology to analyze the
weather development during the last 5 days of February 1975
in the area shown in figure 1. A summary follows.

On 25 February 1975, cold, stable air moved across the
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Comparison of temperatures and wind between west- and east-coast of the Antarctic Peninsula (10-year averages).

Argentine Islands	 Matienzo
65.30 S.64.30 W.	 65.0°S.60.0°W.

	

Jan.	Feb.	Mar.	April	Jan.	Feb.	Mar.	April
Average daily temp.	 0.6	0.2	-1.0	-4.0	-1.4	-5.3	-10.9	-15.9

(in°C)
Average daily mm. temp.	 -1.2	-1.4	-2.8	-6.0	-3.2	-7.0	-14.3	-20.5

(in°C)
Average daily wind speed, calms ex-

cepted	 6	7	9	11	10	13	16	14
(in knots)

Figure 1. Trajectory of the cyclone, 23-28 February 1975. The
upper numbers indicate the date and Greenwich time, the
lower ones the central pressure In millibar. The dashed lines
delimit the ice cover of the Weddell Sea according to the U.S.
Navy's Fleet Weather Facility Suitland ice map for 27 Febru-
ary 1975. The ice concentrations are given in oktas; n.L-new
Ice. The thin, straight line joins the meteorological stations

Matienzo and Signy Island. (See caption for figure 2.)

southern and central Weddell Sea toward the west-northwest
and thus toward the mountains of the Peninsula, south of
about 65° S. Due to the damming-up effect of the mountain
barrier (Schwerdtfeger, 1975), a strong, northward -directed
flow of cold air developed along the east side of the Penin-
sula. This is clearly indicated by the wind and temperature
data of the stations Matienzo (65.0°S.60.0°W.), Marambio
(180 kilometers to the east-northeast), Petrel (85 kilometers
north-northeast from the latter), and Signy Island (South
Orkneys). At the same time, relatively warm and moist air ad-
vanced southwestward over the eastern Weddell Sea; the tem-
perature at Halley Bay (75.5°S.26.8°W.) rose by 8° from 24
February to 26 February, to reach values 4° higher than those
observed at Matienzo. This advection pattern suggests an in-
tensification of the frontal zone (strong baroclinicity) in the
area into which a moderately developed low pressure system
moved from the west (see figure 1). The result was that be-
tween 25 and 26 February the direction of the flow of air in
mid-troposphere turned from west-northwest to north-north-
west and intensified, while the cyclone deepened. The latter's
trajectory and central pressure values are shown in figure 1,

Figure 2. Pressure difference (left-side scale) and corres-
ponding geostrophic wind component (scale on the right) be-
tween the stations Matienzo and Signy Island. Lower part: 6-
hourly data of temperature, dew-point temperature, at-
mospheric pressure at sea level (985-998.5 millibars), and

wind (1 barb - 10 knots; wedge -50 knots).

and the sea level isobar pattern for 12 Greenwich Mean
Time, 26 February is shown in figure 3.

The consequences of this weather development for the
icebreaker General San Martin, positioned about 30 kilometers
north of Marambio, are obvious. The horizontal pressure
gradient between the northern part of the Antarctic Peninsula
and the center of the cyclone increased rapidly, and so did the
wind stress on the floating ice. The variation with time of the
pressure difference between Matienzo and Signy Island
(along the thin straight line drawn in figure 1) is shown in
figure 2; it must be borne in mind, however, that from these
values it was possible to compute only one component of the
geostrophic wind, perpendicular to the said line. The inter-
polated isobar pattern in figure 3 suggests a magnitude of the
geostrophic wind vector on the order of 50 to 60 knots during
the 36 hours of maximum storminess.

The important question arises: How much in advance
could a storm of this type be forecast? Considering the speed
and intensity of cyclonic developments in the southern subpo-
lar latitudes, it appears obvious that a reliable forecast several
days ahead of such a major event is, and will remain, simply
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Figure 3. Synoptic situation
26 February, 12 Greenwich
Mean Time, several hours
before the storm reached
maximum strength. (Solid
lines - sobars In millibars.
Curved dashed line around
low pressure center -
cyclonic vortex cloud pat-
tern as seen from satellite.
Station data as explained

In figure 2.)

impossible. However, two features of the synoptic situation in
the area 50°-80°S. 20°-90°W. can be identified which, if ap-
pearing concurrently, would warrant a 24-hour forecast of an
imminent southerly storm in the northwestern Weddell Sea,
and the corresponding advance of the sea ice:

1. The presence of an eastward-or east-southeastward-
moving cyclone, not necessarily a strong one yet, in the region
east of Tierra del Fuego or in the eastern Drake Passage.
Such cyclones can easily be monitored from satellite informa-
tion, the 3- or 6-hourly observations of the stations in
southernmost South America and on the South Shetland Is-
lands, and the upper air soundings of the station
Bellingshausen (62.2°S.58.9°W.)

2. The presence of relatively high pressure along, say, the
750 S. parallel to create or maintain an easterly flow over the
central Weddell Sea. As of now, only the stations Halley Bay
and Belgrano (77.8°S.38.2°W.) can provide the desired
weather reports. Synoptic data from the essentially unex-
plored southwest corner of the Weddell Sea are badly needed.
An automatic station at about 75°S.60°W. would be of the
greatest value. If installation and annual maintenance in that
area should prove too difficult, its location at the British sta-
tion Fossil Bluff (72.8°S.68.3°W.), in recent years in opera-
tion only during summer, would be a good substitute.

This study was supported by National Science Foundation
grant DDP 77-04506.
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