
tralia (41°S 143°W), we calculated growth rates of F12 and Fil
during the 1978-1983 period of 16.5 ± 0.4 (95 percent confi-
dence level) and 9.4 ± 0.2 parts per trillion per year, respec-
tively.

In 1988, we improved our existing in situ gas chromatograph
by automating the analyses, by increasing the frequency of
analysis to sampling the atmosphere once every 3 hours, and
by adding two new compounds, methyl chloroform and car-
bon tetrachloride. These improvements may help resolve cer-
tain questions concerning the vertical transport at the South
Pole and its effect on the ozone hole.

This work is funded by NOAA but has received generous
logistical and technical support from the Division of Polar Pro-
grams of the National Science Foundation. We would like to
thank W. Komhyr who started this program at the South Pole
and the National Science Foundation for supporting this pro-
gram.
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Atmospheric methane, ice ages,
and population:

A graphical review of
methane concentrations

over the past 160,000 years

M.A.K. KHALIL and R.A. RASMUSSEN

Institute of Atmospheric Sciences
Oregon Graduate Center
Beaverton, Oregon 97006

During the past 8 years or so, there has been renewed in-
terest in the global cycle of atmospheric methane, because its
concentrations are increasing at about 1 percent per year. Such
increases may add to global warming expected from increasing
levels of carbon dioxide, affect atmospheric chemistry by add-
ing ozone and carbon monoxide to the lower atmosphere, and
reduce the oxidizing capacity of the Earth's atmosphere by
depleting hydroxyl ion radicals (see references in WMO, 1985).

Atmospheric concentrations of methane have been deduced
from analyses of polar ice cores, which extend the record back
some 160,000 years. Direct atmospheric measurements, using
gas chromatography, span the last 25 years and systematic
time series exist only for the last decade (Rasmussen and Khalil
1986; Khalil and Rasmussen 1987). Data on the ice age about
20,000 years ago come from Stauffer et al. (1988) based on
analyses of the Byrd and Dye 3 cores. Data from the ice age

some 150,000 years ago come from Raynaud et al. (1988) based
on analyses of the Vostok core. The remaining data are from
the various cores, including the Dye 3 and Byrd cores, stored
at the State University of New York's ice storage facilities (Khalil
and Rasmussen 1982, 1987; Craig and Chou 1982; Rasmussen
and Khalil 1984; Stauffer et al. 1985). Here we show a synthesis
of all the data in the figure.

There are two main features in the figure. During the ice
ages, methane concentrations dip to the lowest values ob-
served (about 300-350 parts per billion by volume), and in
recent years, there is a very rapid buildup from a natural back-
ground of about 600 parts per billion by volume to the present
concentrations of about 1,650 parts per billion by volume. Most
of the increase has taken place over the last century.

The two features are probably controlled by the change of
emissions. During the ice ages, emissions from wetlands and
other ecosystems are greatly reduced, causing a proportionate
reduction in methane concentrations. Therefore, natural var-
iations of climate, as reflected in the temperature records, affect
methane concentrations over long time scales of tens to hundreds
of thousands of years. The Earth's temperature is also likely
to be affected to some extent by the change of methane causing
a climatic feedback. In the figure, we have shown estimates
of Northern Hemisphere temperatures along with the methane
concentrations for periods up to the last 10,000 years. The
temperature data are as compiled by Watts (1982). The rapid
rise of methane in recent times is apparently unlike any period
in the past 160,000 years. The increase over the past 200 years
or so follows closely the rapid rise of population, which has
brought with it increasing demands for food and energy (Ehr-
lich et al. 1977). The increased production of rice, natural gas,
and cattle populations is likely to be a significant cause for
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present increases of methane. In the figure, we show the in-
crease of population over the past 1,000 years and 100 years.
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Methane is removed from the atmosphere primarily by re-
acting with hydroxyl radicals. Therefore, concentrations of
methane can also increase if tropospheric hydroxyl concentra-
tions decline. The cycles of hydroxyl, methane, carbon mon-
oxide, and ozone are closely coupled together so that increasing
emissions of carbon monoxide and methane can trigger a re-
duction of hydroxyl, causing a feedback that would tend to
further increase the concentrations of methane and carbon
monoxide. The extent of the changes in hydroxyl concentra -
tions over the past century are not known; however, estimates
suggest that hydroxyl may have declined by some 20 percent
or less (Khalil and Rasmussen 1985; Levine, Rinsland, and
Tenille 1985; Thompson and Cicerone 1986). If that is so, the
hydroxyl change would cause a relatively small increase of
methane compared to the large difference of about 250 percent
in concentrations 100-200 years ago and the present.

This work was supported in part by National Science Foun-
dation grants DPP 82-07470 and ATM 84-14020 and the De-
partment of Energy grant DE-FG06-85ER6031. Additional
support was provided by the Biospherics Research Corpora-
tion and the Andarz Company.
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The secular trends of atmospheric methane (CH4) over time scales
of 1 million years, 100,000 years, 10,000 years, 1,000 years, and
100 years. The decreased concentrations during ice ages may be
caused by the cold temperatures. The temperature records are
shown over the time scales of the ice ages up to the last 10,000
years. The more recent increases may be caused by increasing
production of food related to population growth. The population
records are shown over the last 1,000-year and 100-year scales. [T
(°K) denotes temperature In degrees Kelvin. ppbv denotes parts
per billion by volume.]
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