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The objective of this research, both in Antarctica and during
the California to New Zealand aircraft deployment operation,
was to conduct air chemistry studies related to meteorological
exchange processes in the troposphere and lower stratosphere,
especially in Antarctica. Atmospheric samples were collected
using both an LC-130 aircraft, AJC 131, and McMurdo-based
helicopters. Sample analysis was done primarily onsite at
McMurdo during the sampling program. Analyses included
the halocarbons F-li (CFC1 3 ), F-12 (CF2 C12 ), methyl chloro-
form (CH3 CC13 ), and carbon tetrachloride (CC1 4 ); nitrous
oxide (N2 0); and the C2 hydrocarbons, ethane, ethylene, and
acetylene. Aircraft sampling missions emphasized vertical
profiles and other sampling that would permit detailed exam-
ination of exchange processes between the land surface and
the atmosphere and between the troposphere and the strato-
sphere. The collected data have not yet been evaluated in
detail. Some preliminary results are presented briefly in this
article.

The Washington State University instrumentation on board
A/C 131 included a continuous ozone (0 3 ) analyzer, a strip-
chart recorder, two Metal Bellows vacuum pumps, and a con-
stant pressure manifold system. Halocarbon and hydrocarbon
sampling was done by pressurizing whole-air samples into
special 1-liter and 6-liter stainless steel canisters for subse-
quent analysis at the McMurdo laboratory.

Helicopter air sampling flights began on 31 October 1980
and continued until 4 December 1980. A total of 13 helicopter
flights were made; on each flight 12 samples were collected
between 100 feet and 10,000 feet. On the helicopter, the sample
inlet was on a landing skid forward of the pilot's canopy.

Figure 1 presents the plotted results from one helicopter
flight (over the Ross Ice Shelf south of McMurdo in November
1980). The plotted data show the results of analyses for F-li,

WIND
-to 1SS 4 4 -2 272.2	-4 -2 ITS .6	-4 -2 106 '2	-4-2 140 0 2	-4 -2 33602

Figure 1. McMurdo altitude profiles—Helicopter flight C, 7 Novem-
ber 1980. PPT = parts per trillion (1012); PPB = parts per billion
(10-9).

F-12, CH3 CC1 3 , CC14 , and N20- To the left is plotted the
temperature sounding as obtained from the pilot's cockpit
sensor. Wind from the McMurdo noon sounding is also
shown. The temperature profile indicates a weak inversion
layer to about 1,000 feet and then decreasing temperatures to
10,000 feet. The air chemistry samples show, in general, mark-
edly increasing concentrations through the surface inversion
(e.g., see the F-li and N 20 records). Between the top of the
surface layer and 10,000 feet there are also measurable changes
between sample altitudes. Sampling and analytical precision
were checked carefully, and duplicate samples were routinely
taken at 10,000 feet. For F-il there was agreement within 1
part per trillion for 75 percent of the samples. The other anal-
yses were also satisfactory. Thus, the type of pattern seen in
the F-il profile is believed to be generally representative of
conditions at this time.

This set of profiles is not unique in the data set; rather, it
is generally typical. However, in some of the other profiles
the surface layer (to about 1,000 feet) shows significant de-
creases in concentration, in contrast with the increases shown
in figure 1.

Since study of these situations is in its early stages, we are
not ready to explain how essentially nonreactive atmospheric
constituents such as the halocarbons can be found in layers
with significant concentration gradients. We intend to look at
synoptic weather patterns and at possible wintertime atmo-
spheric events that could affect the concentrations of tropo-
spheric constituents. One mechanism that could cause con-
centration changes is the injection of stratospheric air into the
troposphere. This has been observed through air chemistry
measurements on A/C 131 a number of times. Our experiences
on the 1980 C-130 flights in the vicinity of the polar jet streams
are described in the following section.

While A/C 131 was in Christchurch in October 1980 two
flights were made into the area of the polar jet stream circu-
lation. Both of these flights encountered circulation systems
where stratospheric air was subsiding into lower altitudes.
Twleve samples were taken on these flights to correlate with
the jet stream circulation. These samples, along with a number
of the samples from the Christchurch-to-McMurdo transit
flights, make a total of 27 samples that are applicable to a jet
stream-circulation analysis in the latitude zone of 34° to 60°S.
Figure 2 shows the results of comparing ozone and the halo-
carbon F-li concentrations in these samples in the vicinity of
jet streams. There is a strong inverse correlation (r = —0.91)
for these data. Although this ozone—F-11 correlation is strong,
there is not a good correlation between altitude alone and
either ozone or F-li, as shown by the altitude data indicated
beside each sample point. These more detailed data show a
pattern that seems to be similar to what has been seen in
previous years across the polar jet stream south of New Zea-
land. Here, stratospheric air, as indicated by high ozone con-
tent, subsides on the poleward side of the jet stream and is
injected into the troposphere. This stratospheric air is also
relatively low in halocarbons. Thus, these jet streams are areas
of mixing between the lower stratosphere and the upper tro-
posphere. Northern Hemisphere jet stream mixing has been
examined in detail by Danielsen (1968), and Singh, Ludwig,
and Johnson (1978) have proposed that this injection of strato-
spheric air is the major source of ozone in the troposphere.
There has been much less study of jet stream circulations in
the Southern Hemisphere, although Hogan and Robinson
(1981) have reported on some of the earlier results obtained in
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Figure 2. Anticorrelation of ozone and F-li for samples taken
October 1980 in the vicinity of the jet stream, New Zealand area
(34°S to 60°S). PPT = parts per trillion (10_12); PPB = parts per billion
(10-9).

the antarctic C-130 studies. Figure 3 shows the results of a jet
stream transit in November 1977. Note the inverse relationship
between ozone and F-12. As shown by the wind record, this
intrusion of stratospheric air occurred on the pole side of the
jet stream. Over Antarctica the changes in the tropopause
through the winter also may play a role in the chemistry of the
troposphere. These topics are being actively investigated.

This research was supported by National Science Founda-
tion grant DPP 79-21003. In addition to the authors, the field
team included Fred A. Menzia, who helped operate the trace
gas laboratory at McMurdo and acted as science crew on some
flights.

The VXE-6 air crews on both the C-130 A/C 131 and the
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Figure 3. Comparison of F-12 mixing ratios with ozone and wind
speed near the jet stream. Study conducted 12 November 1977
during McMurdo-to-Christchurch flight. PPT = parts per trillion
(10 12); KTS = knots.

helicopters made important contributions to the program
through their conscientious performance of the planned sci-
ence flight plans.
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Automatic weather stations,
1980-1981
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Automatic weather stations (Aws) are deployed in Antarctica
in support of research on barrier and foehn winds (Antarctica
Peninsula), mesoscale wind flow (McMurdo), and katabatic
winds (Dumont d'Urville, 66 040'S 140°01'E, and Dome Q. The
data also will provide an increased database for antarctic fore-
casters and southern hemispheric numerical models.

The AWS units measure air temperature, air pressure, wind
speed, and wind direction at a height of 3 meters above the

surface. The data are transmitted to polar orbiting satellites for
storage and retransmission to ground stations in McMurdo
and in the United States (Renard and Salinas 1977; Savage and
Stearns 1981).

Prior to austral summer 1980-81, six AWS units had been
deployed. During that season, four additional stations were
installed (see table).

The AWS units in the Antarctic Peninsula region are being,
installed by the British Antarctic Survey from Rothera. Four
AWS units were shipped to Rothera in the fall of 1980 and the
first unit, 8917, became operational at Rothera on 31 March
1981. The second unit, 8919, became operational on 25 May
1981. All units will be operated at Rothera for 1 month for
comparison to local meteorological observations before final
deployment around the peninsula (figure 1).

In the McMurdo area, AWS units at Marble Point and Asgard
have been operating since austral summer 1978-79. During
austral summer 1980-81, Michael Savage supervised the
deployment of three additional AWS units in an arc of approx-
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