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Palmer Station trace gas
time-trend analyses and production

rates

KEVIN J . SCHILLING and DAGMAR R. CRONN
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Washington State University

Pullman, Washington 99164-2730

JOHN C. SHEPPARD

Department of Chemical Engineering
Washington State University

Pullman, Washington 99164-2730

Time-series analysis and interpretation is complete for meth-
ane, carbon monoxide, and carbon dioxide weekly average
mixing ratios calculated from hourly measurements conducted
at Palmer Station, Antarctica, from 1982 through 1985. Long-
term increasing mixing ratio trends were calculated at 12.6 ±
1.0 parts per billion by volume per year for methane, 5.7 ±
0.9 parts per billion by volume per year for carbon monoxide,
and 0.62 ± 0.20 parts per million by volume per year for carbon
dioxide. These rates of increase were variable from year to
year, with some years showing large increases and other years
exhibiting only slight increases. The methane-increasing trend
observed supports the hypothesis that the global rate of meth-
ane increase is decreasing, since earlier antarctic methane trends
were reported at 18.1 ± 0.6 parts per billion by volume per
year for 1978 through 1984 (Fraser et al. 1986). The trend ob-
served for carbon monoxide suggests that the rate of increase
is rising, although this trend was strongly influenced by the

presence of a very large mixing-ratio peak in 1985. Because of
the lack of a consistent year-to-year pattern in carbon monoxide
growth, a substantially longer carbon-monoxide data set is
needed to describe the long-term carbon monoxide behavior
accurately. The carbon-dioxide-increasing trend observed is
substantially lower than the 1.35 ± 0.42 parts per million by
volume per year trend observed at South Pole for 1975 through
1982 (Komhyr et al. 1985). Such a low trend was a result of
unusually high mixing-ratio values observed in 1982 and low
values in late 1985.

Seasonal mixing-ratio behavior was obtained by subtracting
the long-term trend from the data. Methane, carbon monoxide,
and carbon dioxide all show mixing ratio maxima in early spring,
usually around September, and minima during the late sum-
mer, usually around March for methane and carbon monoxide,
and January for carbon dioxide. The figure shows the seasonal
behavior of carbon-monoxide mixing ratios along with time
series model results. Seasonal amplitudes were measured at
30 parts per billion by volume for methane, 17 parts per billion
by volume for carbon monoxide, and 3.4 parts per million by
volume for carbon dioxide. Methane and carbon-monoxide
amplitudes observed at Palmer Station are comparable to other
Southern Hemisphere observations. Carbon-dioxide ampli-
tudes are significantly higher than other antarctic observations.
Reasons for the discrepancy are unknown, although it must
be noted that most other coastal antarctic carbon-dioxide stud-
ies are based on weekly grab samples, collected during periods
representative of background continental air masses, rather
than hourly measurements. Variations in the long-term trend
and seasonal fluctuations are observed (as can be seen in the
figure) for carbon monoxide and are primarily a result of changes
in global circulation patterns and source/sink characteristics.

Global trace-gas production rates were estimated from Pal-
mer Station net trace-gas production rates and are summarized
in the table. For dichiorodifluoromethane (CC1 2F2 or F-12) a
global production rate of 3.7 x 1011 grams per year was ob-
tained; for trichlorofluoromethane (CC1 3F or F-li) a production

1982	 1983	 1984	 1985

Palmer Station carbon monoxide weekly mean mixing ratio data with the long-term trend removed using mean December mixing ratios as
a base. Time series model results are indicated by -.
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Trace gas production rates at Palmer Station

G 
(in grams

Species	 pa	 per year)

F-12	 5.5 x 10	 3.7 x 1011
F-li	 3.1 x 10	 2.4 x 1011
Nitrous oxide	 2.0 x 10_8	4.8 x 1012
Carbon tetrachloride	6.4 x 10-8	5.6 x 1010
Methyl chloroform	 4.6 x 10_7c	3.4 x 10
Methane	 2.2 x 10	 2.0 x 1014
Carbon monoxide	 3.0 x 10-6C	6.4 x 1014

a Methane and carbon monoxide P are in parts per billion by volume
per second; remaining species P in parts per trillion by volume per
second.

b Global production rates.
c Obtained by using the slope of the annual mixing ratio changes when

photochemistry was negligible (see text).

rate of 2.4 x 1011 grams per year was calculated; for nitrous
oxide the production rate was 4.8 x 1012 grams per year; and
a production rate of 5.6 x 1010 grams per year was calculated
for carbon tetrachloride. For compounds with distinct seasonal
cycles, production rates were obtained using the slopes of the
annual concentration changes when photochemistry was neg-
ligible relative to production from various sources (late fall
through early winter in Antarctica). Global production rates

using this technique were 3.4 x 1011 grams per year for methyl
chloroform, 2.0 x 1014 grams per year for methane, and 6.4
X 1014 grams per year for carbon monoxide.

Net production rates of methyl chloroform, methane, and
carbon monoxide (4.6 x 10' parts per billion by volume per
second, 2.2 x 10-6 parts per billion by volume per second,
and 3.0 x 10_6 parts per billion by volume per second, re-
spectively) were also used to calculate hydroxyl-radical con-
centrations, assuming that the gases are at steady state and
the hydroxyl radical is the primary sink. Hydroxyl-radical con-
centrations were calculated at 5.3 x 101 molecules per cubic
centimeter using methyl chloroform, 4.5 x 10 molecules per
cubic centimeter using methane, and 2.1 x 105 molecules per
cubic centimeter using carbon monoxide.

We wish to thank Lee Bamesberger and Elmer Robinson,
co-principal investigators for the Palmer project, and those
who collected the data: Fred A. Menzia (1982), Annette S.
Waylett and Steve F. Waylett (1983), Tom W. Ferrara (1984),
and Harry M. Howard (1985). This research was supported by
National Science Foundation grants DPP 79-21003, DPP 80-
05797, and DPP 85-15752.
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The airborne
Data Acquisition and Display System

visits both polar regions

H.E. TERRY and L.F. RADKE
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Seattle, Washington 98195

During the 1986-1987 research season, the Data Acquisition
and Display System (DADS) was deployed aboard the ski-
equipped LC-130 airplane (XD-9131) to both Antarctica and
Greenland. The DADS, developed by the Cloud and Aerosol
Research Group at the University of Washington, is a user-
friendly, data-recording and -display system designed to re-
cord the aircraft navigation and flight-level meteorological data
as well as data from experimenters' instrumentations (table).

The DADS "talks" with the experimenter through a micro-
computer (currently a Compaq Portable II) and displays data
in a variety of formats, including custom ones, selected from
a menu. The user similarly controls the 67-megabyte cassette

Primary characteristics of the Data Acquisition and Display
System

Recording capacity:	67 megabytes (18.2 hours per tape)

Inputs:	 16 analog ±5 volts	 10 hertz
32 discrete TTL	 10 hertz

Data display:	IBM-compatible computer
(Compaq Portable II)

Hardcopy:	Thermal printer (HP2671 G)
120 characters per second text
90 dots per inch graphics

Physical:	 Two transportable enclosures, each:
0.61 height x 0.61 width x 0.74 (in meters),
54 kilograms

recorder (the DADS features dual redundant recorders for added
reliability). This rugged high-density cassette recorder is easily
capable of recording an entire flight's data on a single cassette.

The experiments supported were "A Study of the Wind Field
Near Terra Nova Bay" (Tom Parish, University of Wyoming)
in the Antarctic, and project "Ice and Climate" (Steve Hodge,
U.S. Geological Survey) in Greenland. The DADS was used
to record ice-sounding radar data, along with the standard
aircraft data.
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