
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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Figure 2. Comparison of average concentration profiles for five flights with low-level inversions (30-150 meters) and remaining eight profiles.

midprofile (between 360 and 1,800 meters), and (2) the highest
concentrations occur generally within -the surface layer (360
meters for F-li and 30-60 meters for the other four compounds).

Separable sets of chemical-concentration profiles are ob-
tained when the average of the five profiles having a tempera-
ture inversion between 30 and 150 meters is compared with the
average profile of the eight remaining noninversion profiles
(figure 2). The inversion profiles have significantly higher con-
centrations statistically in the boundary layer (30 meters and 60
meters) relative to midprofile levels, while the noninversion
cases do not. Concentrations are also significantly lower statis-
tically through the upper part of the profiles (600-3,000 meters)
for the inversion cases than for the noninversion cases for N20,
F-il, and CH3CC13 . The table shows the results from the two-
stage statistical tests comparing these averaged profiles (inver-
sion and noninversion).

The results of the statistical comparison of two similar separa-
tions of profiles based on two other criteria are also presented in
the table. One separation criterion is between profiles having
large (14.5°C) or small (10°C) lapse rates through the upper
part of the flight profile (240-3,000 meters). Another separation
criterion is between profiles collected when the upper winds at
McMurdo were from the northwest or the southeast. These
pattern differences are the result of synoptic-scale weather in-
fluences. The hypothesis for explanation of these features will
be presented in detail elsewhere (Robinson et al. in press).
Briefly, profiles having higher concentrations aloft are believed
to reflect more recent transport of an air mass from midlati-
hides. The lower concentrations are considered to be cases of
"older" antarctic air masses, because a longer residence time
would be needed to bring about a greater dilution with strat-
ospheric air. The combined 1980 and 1981 data sets will be used

Results of the analysis of covariance for three separations of flight profiles

Surface level
	

Lapse rate	 Upper winds
Inversion vs. no inversion	 14.5°C vs.	10°C

	
NW vs. SE

Compound
	

Parallel?	Apart9
	

Parallel?	Apart?
	

Parallel?	Apart?

N20	 yes	 yes	 yes	 no	 yes	 no
F-i 2	 yes	 no	 yes	 no	 yes	 yes
F-il	 yes	 yes	 yes	 no	 yes	 yes
CH3CCI3	 yes	 yes	 yes	 yes	 yes	 no
cc'4	 yes	 no	 yes	 no	 yes	 yes
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to explore comparisons of the synoptic situations and air-mass
trajectories with the profiles for confirmation of the hypothesis
of proportional mixing of stratospheric air and midlatitude air
over Antarctica.

The fieldwork was supervised by D. Cronn (9 November to 10
December 1981), with field support by Robert Watkins (18 Octo-
ber to 10 December 1981). Winai Nutmagul performed sample
analyses at wsu, and W. Lee Bamesberger performed computer
analyses. The VXE-6 air crews on both the LC-130 and the
helicopters provided excellent support through conscientious
performance of the flight plans. Special recognition is due Na-
tional Science Foundation and Antarctic Services, Inc., person-

nel for construction of appropriate laboratory space at McMur-
do Station. This research was supported by National Science
Foundation grant DPP 79-21003.
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Geophysical monitoring for climatic
change, Amundsen-Scott South Pole

Station, 1981

CYNTHIA McFEE and BERNARD G. MENDONCA

Environmental Research Laboratories
National Oceanic and Atmospheric Administration

Boulder, Colorado 80303

The objective of the National Oceanic and Atmospheric Ad-
ministration (N0AA) Geophysical Monitoring for Climatic
Change (GMcc) program is to monitor, through continuous
measurements, the background concentrations of various at-
mospheric trace constituents. GMCC maintains four baseline
research observatories in remote areas of the world: Point Bar-
row, Alaska; Mauna Loa, Hawaii; Cape Mataula, American
Samoa; and Amundsen-Scott South Pole Station, Antarctica.
Measurements obtained at these stations will be used to deter-
mine whether the gases or particulates introduced into the
atmosphere by natural causes or human activities are significant
enough to affect climate, and if so, to determine the an-
thropogenic impact related to those changes (DeLuisi 1981; Her-
bert 1980; Mendonca 1979).

The GMCC observatory at the South Pole continued normal
operations during the 1980-81 season. The clean air facility,
approximately 90 meters upwind from the main station, houses
the GMCC program. The program involves: (1) continuous
monitoring of carbon dioxide, solar radiation, aerosols, mete-
orology, and surface ozone; (2) discrete measurements of total
ozone, halocarbons, turbidity, carbon-14, and carbon 12/13; and
(3) various cooperative programs from universities and other
government agencies. The measurements will be used to deter-
mine how the air masses over Antarctica receive, store, and
remove gases and aerosols placed into the atmosphere at other
locations on the Earth (Bortniak and Mendonca 1980). During
the period November 1980 to November 1981, the GMCC pro-
gram at the South Pole was operated by Cynthia McFee, Lt(jg)

NOAA Corps (chief observer), and Edward R. Green (electronics
engineer).

Measurements made by the GMCC program are briefly sum-
marized here.

Carbon dioxide. Continuous carbon dioxide (CO 2) measure-
ments were made with a nondispersive infrared gas analyzer
uits 21. Discrete samples using 0.5-liter flasks were alternately
taken through the analyzer system and aspirated by hand. A
portable pressurizer pack, received on the first South Pole air
drop, replaced the hand-aspirated method on 21 July 1981.

Aerosols. A General Electric condensation nuclei counter was
used to make continuous measurements of Aitken nuclei con-
centrations. A Pollak counter, used as a calibration standard,
made discrete measurements twice a day. The four-wavelength
nephelometer successfully monitored aerosol light-scattering
properties for the second nonconsecutive year.

Meteorology. Continuous measurements of wind, air and
snow temperatures, barometric pressure, and moisture were
taken.

Solar radiation. During the austral summer continuous mea-
surements were taken of direct solar irradiance and global irra-
diance. Direct solar irradiance was measured with an Epply
normal incidence pyrheliometer on an equatorial mount.
Global irradiance was measured with four Eppley global
pyranometers having quartz, GG-22, OG-1, and RG-8 filter
domes and with an ultraviolet (uv) pyranometer. The GG-22
and uv pyranometers were discontinued after February 1981. A
manually aimed pyrheliometer fitted with a filter wheel
(quartz, OG-1, RG-2, and RG-8 filters) was used to make dis-
crete measurements three times a day. A hand-held sun-
photometer was used to make discrete measurements of tur-
bidity at 380- and 500-nanometer wavelengths.

Ozone. A Dasibi ultraviolet ozone monitor was used to make
continuous measurements of surface ozone. Total ozone mea-
surements were taken three times daily during the austral sum-
mer using a Dobson spectrophotometer. During the austral
winter, focused moon observations were made when possible.

Halocarbon. Samples of outside air were collected in 300-milli-
liter steel cylinders to be analyzed in Boulder, Colorado, for
concentrations of trichiorofluoromethane (F-il), chlo-

1982 REVIEW	 221




