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Seasonal cycles
of hydrogen and carbon monoxide

in the polar regions:
Opposite-phase relationships

M.A.K. KHALIL and R.A. RASMUSSEN
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Oregon Graduate Center
Beaverton, Oregon 97006

The seasonal cycles of trace gases are driven directly or in-
directly by seasonal variations of temperature and solar radia-
tion. For gases that have sizable natural sources, the increased
temperatures during springs and summers tend to cause in-
creased emissions from microbial and other biological pro-
cesses. Increased solar radiation during summers causes higher
levels of hydroxyl ion (OH), which remove many biogenic
gases. Normally in each hemisphere, the cycles of production
and destruction lead to significantly lower concentrations of
biogenic gases during summer and early fall months compared
to other times of the year. The seasonal variations of methane,
carbon monoxide, and hydrocarbons are well-known examples
of such behavior. From our work in the polar regions and at
other latitudes, we find that hydrogen (H 2) does not follow
this pattern even though many of its sources are the same as
for carbon monoxide.

Measurements of H2 and carbon monoxide taken between
May 1985 and May 1987 at the South Pole and at Barrow,
Alaska, in the Arctic are shown in figure 1. There are two
noteworthy features.

First, the seasonal variation of carbon monoxide is out of
phase in the two hemispheres as expected, but the seasonal
variation of H2 is in phase. When concentrations of H 2 are high
in the Arctic, they are also high in the Antarctic—a most un-
usual pattern. The reversed-phase relationships are demon-
strated more clearly in figure 2. In this figure, the correlation
coefficients between monthly averaged concentrations in the
Antarctic and in the Arctic are plotted as a function of lag time.
The lagged correlation coefficient shown in figure 2 is defined
as the correlation between the arctic and antarctic concentra-
tions shifted by the lag time t months:
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Figure 1. Monthly average concentrations of carbon monoxide and
H 2 in the polar regions. Concentrations of carbon monoxide are
about twice as high in the Northern Hemisphere compared to the
Southern Hemisphere and highest concentrations during the year
occur in winters of both polar regions. In contrast, there is more
H2 in the antarctic atmosphere compared to the arctic, and highest
concentrations occur at the same time in both hemispheres. (ppbv
denotes parts per million by volume. CO denotes carbon monoxide.
H2 denotes hydrogen.)
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where rns is the correlation coefficient, C(t) and C(t) are con-
centrations at time t in the northern and southern polar regions
respectively, C and C% are the average concentrations during
the months involved in each calculation.
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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.
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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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