
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
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Figure 1. Map of the McMurdo area showing Simpson's 1917 stream-
lines and the resultant wind direction for February 1982 from the AWS

units. Included Is the monthly mean of air temperature (°C), station
pressure (millibars), scalar wind speed (meters per second), and
constancy of the wind. The barbs on the resultant wind arrow are for
the resultant wind speed (meters per second). Stations Jimmy, Lau-
rie, Whitlock, and Sipie, were installed during the 1981-82 austral
summer.

Fossil Bluff—during 1981-82. However, on 18 November a
strong wind damaged the two British Antarctic Survey (BAS)

twin otter aircraft that were to be used, and the stations were not
deployed. (It was just as well, because the AWS units were not
operating properly and at that time the reason was not known.
Later it was found that in reversing the leads to one wind vane,
so that the wind direction was correct, the common connection
to the anemometer was connected to the reference power sup-
ply instead of to the ground. The reference voltage was thus
unsteady and uncertain.) The BAS subsequently deployed two
units to Petite Rocks and to northern Adelaide Island.

Enough AWS units are now deployed in the McMurdo area so
that observations of the mesoscale circulation can be made.
Figure 1 shows the resultant wind direction and mean data for
February 1982, the first full month of operation. Also shown in
figure 1 are the streamlines obtained by Simpson (1919) in July
1917. The July 1981 data from Manning, Ferrel, and Meeley
stations approximate the February 1982 resultant wind direction
and speed. The resultant wind direction is in substantial agree-
ment with Simpson's observations.

Disturbances such as a change in wind speed or direction are
observed to propagate across the ice shelf. Figure 2 shows a
change in wind speed and direction which moved from the
south on 11 January 1982. Three stations were used to estimate
the speed and direction of the disturbances. Using the arrival
times of the wind direction maximum at Jimmy, Laurie, and

Sites, identification number, latitude, longitude, and elevation for
13 *ws unite operating properly as of 1 February 1982

Elevation
Site	 ID	 Location	 (meters)

D-10	 8901	66042'S 139050'E	267
Byrd	 8903	80000'S 120000'W	1,530
Dome C	8904	74030'S 123000'E	3,280
Manning	8905	78046'S 166056'E	60
Marble Point	8906	77°26'S 163045'E	120
Ferrel	 8907	78001"S 170048'E	20
Asgard	 8908	77036'S 161 004'E	1,750
Siple'	 8909	75054'S 84018'W	900
Laurie,,	8910	77033'S 169054'E	20
Jimmye	8911	77048'S 166042'E	200
Whitlock'	8913	76005'S 168020'E	300
Meeley	 8915	78031"S 17001 1 'E	20
0-57	 8916	6801 l's 137°31 'E	2,064

'New stations installed in November–December 1981.

Meeley sites gives a propagation speed of 6.2 meters per second
and a direction of 180 0 . The direction is close to the observed
wind direction prior to and after the event at Meeley and Laurie
sites. The speed is slightly higher than the surface wind speed.
The observed surface event probably is related to the at-
mospheric behavior within the boundary layer. The propaga-
tion speed and direction are uncertain because the timing error
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Figure 2. Wind speed and direction at Meeley, Jimmy, and Laurie
sites, as a function of time of day, for 11 January 1982. The time
differences between the wind direction maximum gave a propaga-
tion speed of 6.2 meters per second from 1800.
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is never less than 10 minutes and may be more, depending on
the time the satellite was available to receive the data transmis-
sion. The time interval from Meeley to Laurie site is 315 min-
utes, but can be in error by 10 minutes, or at least 3 percent. The
wind direction and speed disturbance were not observed at
Manning, but the data from Marble Point and Ferret sites
showed changes similar to those at Jimmy, Laurie, and Meeley
sites. The air temperature and pressure time changes did not
agree well with the wind speed and direction changes.

This research was supported by National Science Foundation
grant DPP 79-25040.
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Air chemistry and meteorology

DAGMAR R. CRONN and ELMER ROBINSON

Air Pollution Research Section
Washington State University
Pullman, Washington 99164

The objective of this research, both in Antarctica and during
the trans-Pacific aircraft deployment operation, was to conduct
a program of air chemistry studies related to meteorological
exchange processes in the troposphere and lower stratosphere,
especially in Antarctica. The atmospheric samples were col-
lected by using the National Science Foundation's LC-130 (A/C
131) and McMurdo-based helicopters. The second season of a
two-season field program of helicopter vertical profiling has
now been completed. Analyses have included study of the
halocarbons F-li (CFCI3), F-12 (CF2C12), methyl chloroform
(CH3CC13), and carbon tetrachloride (CCI4); nitrous oxide
(N20); the C 2 hydrocarbons ethane, ethylene, and acetylene;
and carbon dioxide (CO 2). Helicopter sampling missions em-
phasized vertical profiles that permit a detailed examination of
exchange processes between the land surface, the boundary
layer, the free troposphere, and the stratosphere. The data
collected during the second field season have not yet been
evaluated in detail. However, results of the first season trace gas
profiles have been submitted for publication (Robinson et at. in
press).

The 1981 continuation of our annual latitudinal gradient stud-
ies of atmospheric trace gases, begun in 1976, was accomplished
by collection of air samples on board A/C 131 from California
through Hawaii, Pago Pago, American Samoa, and
Christchurch, New Zealand, to McMurdo Station. Ground
samples also were collected at South Pole Station and at Mt.
John, New Zealand. Most of these samples were air freighted to
the Washington State University (wSu) laboratories for immedi-
ate analysis.

Helicopter air-sampling flights began 21 October 1981 and
continued until 3 December 1981. In all, 18 flights were made; on
most flights 12 samples were collected between 30 and 3,000
meters. The samples were analyzed, at least in triplicate, for
F-12, F-il, CH 3CC13, CC14, and N20 in a laboratory at McMurdo
Station.

The 1981 data have been entered into a computer data file and
quality-control checks have been completed, but interpretation

of results has not been completed. However, the 1981 helicopter
flight profiles are expected to increase the size of the database
for statistical use in classifying the different concentration pro-'
file types according to the synoptic weather situations. In this
article we discuss some results of the 1980 helicopter vertical
profiling which are supported by preliminary review of the 1981
data set.

As we noted previously (Robinson and Cronn 1981), the con-
centration gradients observed in the helicopter profiles are fre-
quently larger than the variability observed between duplicated
samples, so that the profiles observed are indicative of the
changing synoptic conditions in the antarctic atmosphere at
McMurdo during the sampling program.

The data have been combined and averaged in several dif-
ferent ways in order to characterize identifying patterns that can
explain the development of the different kinds of profiles. Fig-
ure 1 shows the 13-flight average profiles for the five trace gases
F-12, F-li, N20, CC14, and CH3CC13 . The profiles are similar in
two ways: (1) the lowest concentration of each compound is in
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Figure 1. Average concentration profiles for F-12, F-li, N 201 CCI4, and
CH3CCI3 for 13 helicopter flights over the Ross Ice Shelf between 31
October and 4 December 1980.
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