
potassium chloride is enriched inside biological cells. These
three pieces of evidence seem to confirm that cloud con-
densation nuclei of biogenic origin, such as those derived from
plankton in the southern ocean, actively participate in the pro-
cess of cloud formation over the Ross Ice Shelf. Frequently,
these clouds produce snow. The biogenic nuclei may be initiat-
ing the condensation-freezing mechanism that helps these
clouds precipitate. Previous studies (Schnell and Vali 1976; Vali
et al. 1976) have indicated that biogenic nuclei exhibit good ice-
nucleating activity.

Precipitation in the Southern Hemisphere (e.g., New Zea-
land) is known to be more nutrient-laden than that in the
Northern Hemisphere. Maclntyre (1974) has discussed the reci-
pe for rainwater for a small town on the New Zealand coast. The
biological material in the precipitation samples represented one
thousand times the amount of organics normally present in
seawater. The processes by which this material finds its way into
the atmosphere are still not understood, and heretofore there
has been no report of plankton and algae in cloud water, though
these things are an integral part of rainwater in New Zealand.
Our measurements have indicated that the biogenic material,
which may be derived from plankton, is present in the cloud
water. This finding provides an insight into the relationship
between macroscopic meteorology and microlayer oceanogra-
phy. In the antarctic region, biogenic nuclei may be treated as a
tracer for air masses that advect from the plankton-rich ocean

onto the continent. Analysis of the transport processes of these
nuclei clearly will require additional extensive measurements.

This work was supported by National Science Foundation
grant DPP 79-22058. The assistance of Robert E. Baier, Arvin
Caispan Advanced Technology Center, in analyzing the cloud
water samples is gratefully acknowledged.
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Analysis of antarctic automatic
weather station data from the western

Ross Sea/Ice Shelf

ROBERT J. RENARD and WILLIAM J. THOMPSON

Naval Postgraduate School
Monterey, California 93940

In the Antarctic, where fewer than 30 manned stations lie
scattered over vast regions and where surface visibility can
decrease rapidly, endangering field parties and air operations,
the automatic weather station is one way of collecting much-
needed meteorological data.

Designed to operate under severe weather conditions auto-
matic weather stations (Aws) currently provide reliable and ac-
curate observations of surface pressure, wind, and tempera-
ture, for potential use in research on antarctic circulations. The
data are available on a real-time basis (via satellite) to the Naval
Support Force Antarctica weather center at McMurdo Station
(figure 1).

A prototype station was installed at each of three antarctic
locations in 1975-77. A second-generation station was deployed
at each of seven locations during the 1978-79 austral summer.
Five of these stations were located around McMurdo to provide
warning of worsening weather conditions and to collect data for
analyzing subsynoptic-scale circulations affecting the McMur-
do operating area. In the summer of 1980-81, three stations were
redeployed further east and southeast over the Ross Ice Shelf.
During the 1981-82 season three new stations were added,

Figure 1. Automatic weather station "Jimmy" (2.5 nautical miles
north-northeast of McMurdo). From left to right: C. S. Stearns and M.
L. Savage, University of Wisconsin, and W. J. Thompson, Naval
Postgraduate School.

bringing the total in the McMurdo area to eight stations
(figure 2).

The data from the three prototype stations were analyzed at
the Naval Postgraduate School to establish the credibility of the
observations and their uniqueness to antarctic operations (Re-
nard and Salinas 1977). Analysis of data from the second-gener-
ation stations (covering the period January 1979-February 1980)
was completed recently (Scarbro 1982). Considerable statistical
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Figure 3. Automatic weather station Manning: wind roses for December 1980 and July 1981 and diurnal temperature statistics for December
1980.
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processing of these later data was accomplished to enhance
their potential for use in climatological and synoptic studies.
There are some problems with the data as a result of mechanical
failures that led to erroneous reports or shut the station down
entirely. For those stations that did function, such as Asgard
and Marble Point (figure 2), cross-comparisons with existing
climatology from McMurdo give every indication that the data
being transmitted were of excellent quality. Such data will be the
basis for formulating a more extensive climatology for use in
weather forecasting over the Ross Ice Shelf and McMurdo
Sound areas.

Currently, data covering the period February 1980-December
1981 are being analyzed. During this period, the following
McMurdo area stations were operational: Asgard, Marble Point,
Meeley, Manning, and Ferrell. Completion of this analysis is
being delayed because it is necessary to reprocess the data to
include a number of pressure and wind corrections discovered
during austral summer 1981-82 visits to the stations. Figure 3
presents samples of some of the derived climatological products
for the Manning station for December 1980 (summer) and July
1981 (winter). Such observations of pressure, temperature, and
wind are typical of the western Ross Ice Shelf area. Wind obser-
vations were made approximately twice an hour during both
months. Wind direction and maximum wind speed during
these months differed only in minor ways: mean wind speed in
December (5.1 meters per second) was 50 percent higher than in
July; wind steadiness was .80 in December and .71 in July; calms
were much more common during July.

Diurnal variations in the high latitudes are also of interest.
Figure 3 shows the diurnal temperature variation at Manning
for December 1980. Keeping in mind that the local solar time is
Greenwich mean time plus 11 hours, it can be seen that the
maximum temperature occurs from 12 to 6 p.m. and the mini-
mum from 2 to 4 a.m. There is a 4°C spread between the mean
hourly high and low temperatures and an absolute range of
nearly 25°C. Winter (not shown) has about the same absolute

range and variation between mean diurnal high and low, but the
mean temperature trend relates poorly to time of day in winter.
Early indications from linear correlations of pressure, wind, and
temperature data from the McMurdo weather center and from
nearby AWS's (with and without time lag) indicate that the AWS

data will be a useful supplement to the visual sightings from
McMurdo in the effort to enhance short-period forecasting.

Part of the fiscal year 1982 effort included onsite visits to the
automatic weather stations from mid-November through De-
cember 1981. Working out of McMurdo, W. Thompson provided
assistance to the University of Wisconsin group in the annual
maintenance, calibration, and setting up of new stations (Sav-
age and Stearns 1982).

Visits to the Naval Support Force weather office made it possi-
ble to observe forecast procedures and to become familiar with
some of the problems in issuing forecasts for flights in and out
of McMurdo. Conversations with the duty forecasters suggest
that the infomation received from outlying automatic weather
stations often provide warning of an approaching change in
weather conditions, in advance of indications on satellite
imagery.

This work was supported in part by the National Science
Foundation grant DPP 76-80165.
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Antarctic automatic weather stations

CHARLES R. STEARNS

Department of Meteorology
University of Wisconsin

Madison, Wisconsin 53706

Automatic weather stations (Aws) measure wind speed and
direction, air temperature at a nominal height of 3 meters, and
atmospheric pressure. Data are telemetered to polar-orbiting
satellites every 200 seconds and are updated every 10 minutes.
(For additional details, see Stearns and Savage 1981, and Savage,
Stearns, and Teague 1981.)

Mike Savage and I, from the University of Wisconsin Depart-
ment of Meteorology, were at McMurdo from 18 November to 17

December 1981, and William Thompson, from the Naval
Postgraduate School, was there from 18 November to about 26
December—all of us in support of the AWS units. During the
season, four additional stations were installed (at Siple Station;
on Franklin Island; on Starr Glacier northeast of McMurdo; and
east of Cape Crozier, Ross Island, on the Ross Ice Shelf), bring-
ing to 13 the total number of operating AWS units. (See figure 1
for the locations of the new stations in the McMurdo area; also
see the table for the coordinates and elevation of the 13 stations.)
In addition, during the 1981-82 season, the Asgard, Manning,
Marble Point, Dome C, and Byrd stations were serviced, the
aerovanes that measure wind speed and direction were re-
placed with serviced units, and output data, as determined by
the ARGOS test set, were checked against the measured pres-
sure, air tempertaure, wind speed, and wind direction. For a
complete description of the 1981-82 fieldwork and calibration
results, see Savage and Stearns (1982).

Three AWS units were to be deployed in the Antarctic Penin-
sula region— on the Larsen Ice Shelf, on Butler Island, and at

1982 REVIEW	 /	 217




