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Figure 2. Lagged correlation coefficients between monthly average
concentrations in the Antarctic and the Arctic. The figure demon-
strates the differences in the global cycles of H 2 and carbon mon-
oxide and the relationship of the concentrations in the two polar
regions. (CO denotes carbon monoxide. H 2 denotes hydrogen.)

For example, the lag correlation coefficient with 0 lag is just
the correlation between the concentrations in the Arctic and
the Antarctic between 4/1985 and 6/1987; the coefficient with
lag time = 1 is the correlation between concentrations during
4/1985.....6/1987 in the Antarctic and the concentrations in
the Arctic during 5/1985.....6/1987, 4/1985; for lag time 2
it is the correlation coefficient between antarctic concentrations
during 4/1985.....6/1987 and arctic concentrations during 6/
1985.....6/1987, 4/1985, 5/1985, and so on for the other val-
ues of the lag time. The differences between the global cycles
of carbon monoxide and H 2 are apparent in figure 2.

Second, the concentration of carbon monoxide is more than
twice as high in the Arctic compared to the Antarctic, but this
"interhemispheric gradient" is reversed for H2: there is more
H2 in the Antarctic than in the Arctic. More detailed latitudinal
data also show that H2 is more concentrated in the Southern

Hemisphere compared to the Northern Hemisphere, which is
also extremely unusual for trace gases, particularly those af-
fected by human activities as hydrogen is thought to be.

The identified sources of H 2 are various anthropogenic sources,
biomass burning, oceans, oxidation of methane and other hy-
drocarbons, biological nitrogen (N 2) fixation, and a very small
volcanic source. Hydrogen is removed from the atmosphere
by soils and by reaction with OH radicals (see Warneck 1988;
Schmidt 1974, 1978; Conrad and Seiler 1980; Khalil and Ras-
mussen 1989) and also by escaping the atmosphere into outer
space. The unusual behavior of hydrogen may be explained
by the fact that most of the land surface area is in the northern
hemisphere and not much is removed from the Southern
Hemisphere. But there is also the possibility that the oceanic
source has been greatly underestimated. It is still not known
which of the several possibilities is the real explanation for the
cycles and global distribution of H 2 we have discussed. Data
from the polar regions will be the key in delineating the natural
and anthropogenic contributions to the global cycle of H2.

This research was supported in part by the National Science
Foundation grants DPP 88-21320 and DPP 87-17023. Additional
support was provided by the Biospherics Research Corpora-
tion and the Andarz Company.
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Atmospheric methane in Antarctica
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The rising concentration of methane in the Earth's atmos-
phere is of concern both because it is an important greenhouse
gas and because its oxidation to water in the stratosphere has
probably led to an increase in the level of middle-atmosphere
water over the past century (Blake and Rowland 1988; Thomas
et al. 1989). It has been proposed that heterogeneous reactions
occurring on the surfaces of polar stratospheric clouds (which
are believed to consist mainly of water ice and nitric acid) play
a crucial role in the formation of the antarctic ozone hole (Sol-

omon et al. 1986). Experimental measurements have lent sup-
port to this view (Molina et al. 1987). Thus, increasing levels
of atmospheric methane are implicated as a factor in the de-
velopment of this phenomenon.

Since 1983 flask samples of air have been collected at sites
in Antarctica and analyzed for methane. The locations of these
sites are given in table 1. Except for the one at South Pole
Station, these sites are at coastal locations. They constitute an
important component in the geographical coverage of the global
cooperative flask sampling network which is operated by the
Geophysical Monitoring for Climatic Change (GMCC) division
of the U.S. National Oceanic and Atmospheric Administration
(NOAA). A recent description of this network and its appli-
cation to the measurement of the global distribution of at-
mospheric carbon dioxide can be found in Conway et al. (1988).

The measurements of methane are made by the technique
of gas chromatography with flame ionization detection. Full
details of the sampling and analytical procedures are provided
in Steele et al. (1987). The full record for background methane
concentrations at antarctic sites is shown in figure 1. Methane
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Table 1. Flask sampling sites for atmospheric methane.

Cooperating
Site	 country

Halley Bay	 U. K.
McMurdo	 U.S.A.
Palmer Station	 U.S.A.
South Pole	 U.S.A.
Syowa	 Japan

a Above mean sea level.

concentrations are reported in units of parts per billion by
volume in dry air. The uniformity of the concentrations over
the geographical range of the five sites is quite remarkable,
and both the long-term growth and the regular seasonal var-
iation are obvious.

For the two sites (South Pole and Palmer stations) which
have complete records for methane, we have calculated the
growth rates. As in previous reports of our methane data (Steele
et al. 1987; Robinson et al. 1988), we first form monthly average
methane values from individual flask values, then 12-month
running mean methane values are calculated and plotted at
the mid-point of each 12-month interval. Finally, linear least-
squares techniques are used to perform both linear and quad-
ratic fits to the 12-month running mean values. The results are
shown in table 2. While in both cases the linear fit provides a
good fit to the data, the quadratic fit provides a slightly better
description of the data. The negative sign of the quadratic
coefficient, and its statistical significance, indicate a slowing
of the methane growth rate over this period. Such a slowing
has also been indicated in methane measurements made at the

Altitudea
Latitude	 Longitude	 (meters)

75'40'S	 2530W
	

3
7T50'S
	

166036'E
	

10
6455'S
	

64°00'W	 10
89°59'S
	

24°48'W
	

2,810
69°00'S
	

39°35E
	

11

Cape Grim Baseline Air Pollution Station in Tasmania, Aus-
tralia (see Steele et al. 1987).

By taking the quadratic fit to the 12-month running mean
concentrations and subtracting it from the monthly data, we
obtain a detrended data set. The six residual values corre-
sponding to each January in the 6-year record are then aver-
aged. This is also done for the other months of the year. The
result for the South Pole is shown in figure 2. The uncertainty
shown for each monthly value represents the standard error
of the mean value. That is, the sample standard deviation has
been divided by the square root of six. The peak-to-peak am-
plitude of the seasonal cycle at the South Pole is 29.2 ± 1.6
parts per billion by volume (September through February). The
corresponding value at Palmer Station is 32.1 ± 4.0 parts per
billion by volume, also for September through February. These
values can be compared to an earlier estimate of 28 parts per
billion by volume for the peak-to-peak amplitude measured at
Cape Grim Station (Fraser et al. 1984).

The remoteness of Antarctica from known sources of meth -
ane makes it an ideal location for making background mea-
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Figure 1. Background atmospheric methane (CH 4) concentrations measured in flask air samples collected at sites in Antarctica. South Pole
(nfl, Palmer Station (0), Halley Bay (A), McMurdo (+), and Syowa (X). Results from individual flask samples are shown. (ppb denotes parts
parts per billion.)
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R2Location

South Pole 0.9971
0.9988

0.9961
0.9969

Palmer Station

Type of
fita

Linear
Quadratic

Linear
Quadratic

c 

-0.37 (0.04)

-0.27 (0.07)

1561.8 (0.3)
1560.0 (0.3)

1561.7 (0.3)
1560.5 (0.4)

b'

11.86 (0.08)
13.83 (0.23)

12.02 (0.10)
13.41 (0.36)

Table 2. Trends in atmospheric methane concentrations.

a lhe fit is to the 12-month running mean methane concentrations, which are located at the mid-point of the appropriate 12-month interval. For the
linear case, the function a + bt is fitted, while for the quadratic case the function a + bt + Ct 2 is fitted, where t is in years and t = 0 at 1 July 1983.
The coefficients a, b, c are estimated by least squares methods. Values in brackets are the estimated standard errors. R 2 is the square of the multiple
correlation coefficient.
b in parts per billion by volume.

In parts per billion by volume per year.
din parts per billion by volume per year.

JAN FEB MAR APR MAY JUN JULAUG SEP OCT NOV DEC
Month

Figure 2. Average seasonal cycle of atmospheric methane (CH 4) at
the South Pole determined from 6 years of data. The uncertainties
shown for each month represent the standard errors of the mean
deviations from the detrended data set (see text). The peak-to-peak
amplitude (September through February) is 29.2 ± 1.6 parts per
billion by volume (ppb).

surements of atmospheric methane. Data such as that presented
here not only document the long-term changes in the concen-
tration but also provide valuable information for testing both
our understanding of atmospheric chemistry and hypotheses
about the sources of atmospheric methane.

We thank Lee Waterman of NOAA/GMCC for his capable
handling of the logistics of the flask sampling network. We
are also indebted to the efforts of the many individuals who
collected the flask samples.
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