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The time series of atmospheric carbon dioxide measure-
ments at the South Pole, begun in 1957 by collecting samples
in glass flasks (Keeling et al. 1976) constitutes one of the longest
and most dramatic records of human impact on the environ-
ment. Since 1975, the National Oceanic and Atmospheric Ad-
ministration's Geophysical Monitoring for Climatic Change
Division (GMCC) has been measuring atmospheric carbon
dioxide concentration at the South Pole using an in situ non-
dispersive infrared analysis apparatus (Gillette et al. 1987; Ro-
binson et al. 1988). The results of this program through 1988
are presented as monthly mean concentrations in figure 1. The
major features of this record are the increase due primarily to
fossil fuel combustion and the annual variation due to a com-
bination of seasonal biospheric fluxes, sea-air exchange, and
atmospheric transport.

Because the South Pole is so remote from major sources and
sinks of carbon dioxide, the measured carbon dioxide concen-
trations generally show very little variation over time periods
ranging from hours to days. An analysis of the data from 1975
through 1982 concluded that carbon dioxide variations occur-
ring over periods shorter than 5 days were not significant
(Gillette et al. 1987). Recent improvements in the measurement
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Figure 1. Monthly mean concentrations Of atmospheric carbon
dioxide measured at the South Pole from 1975 through 1988. (CO2
denotes carbon dioxide, ppm denotes parts per million.)

precision have prompted an analysis of the short-term varia-
tions in the carbon dioxide concentrations measured during
1986.

The daily mean carbon dioxide concentrations for 1986 are
plotted on an expanded scale in figure 2. The smooth curve is
the result of applying a low-pass digital filter, having a 50
percent cutoff at a 30-day period, to the daily mean values. To
study the high frequency carbon dioxide variability, we have
compared the hourly mean carbon dioxide values to this curve.
The hourly means are calculated from 50 1-minute mean values
and for 1986; the average standard deviation of the 1-minute
means about the hourly mean is 0.04 parts per million. Ninety-
five percent of the standard deviations are less than 0.1 parts
per million. The distribution of hourly means about the smooth
curve shows that 1 percent of the residuals are larger than 0.2
parts per million. Inspection of the record reveals that these
large residuals are not randomly distributed but are concen-
trated in 7 periods of "anomalous" carbon dioxide concentra-
tion lasting from 2 to 7 days. An example from February 1986
having a maximum negative departure from the curve of 0.35
parts per million is shown in figure 3a. Negative carbon dioxide
anomalies occurred in summer and positive anomalies oc-
curred in winter.

In an attempt to interpret these results, we compared the
carbon dioxide variations to the aerosol scattering coefficient

and ozone concentration measured at the South Pole ob-
servatory and the time-height cross sections of potential tem-
perature determined from twice-daily rawinsonde data (figures
3a and 3b). We found that the carbon dioxide concentration
anomalies were often associated with variations in aerosols
and ozone, and with the occurrence of warmer air at 650-600
millibars. During winter the carbon dioxide anomalies were
also associated with a weakening or complete breakdown of
the surface temperature inversion (figure 3b). These results,
combined with a previously established connection between
aerosol light scattering and transport of marine aerosols to the
South Pole (Bodhaine et al. 1986, 1987), suggest that anomalies
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Figure 2. Daily mean carbon dioxide concentrations measured at
the South Pole during 1986 (+). The smooth curve is the result of
applying a low pass digital filter to the daily means (see text). (CO2
denotes carbon dioxide, ppm denotes parts per million.)
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Figure 3 A. Hourly mean values of carbon dioxide, ozone, and
aerosol scattering coefficient measured at the South Pole during
1610 28 February 1986. (CO2 denotes carbon dioxide. ppm denotes
parts per million. Sigma-sp is the aerosol scattering coefficient.
M- 1 denotes per meter. 03 denotes ozone.) B. Time-height cross
section of potential temperature for the same time period as in
figure 3a. (mb denotes millibar.)
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in carbon dioxide concentration at the South Pole are associated
with transport, from lower latitudes, of air that has had a recent
marine influence. In the summer, this marine air is depleted
in carbon dioxide and in the winter the carbon dioxide con-
centration anomaly is positive.

These results provide the first evidence linking small but
significant variations in atmospheric carbon dioxide concen-
tration at the South Pole to synoptic scale air-mass changes.

1989 REVIEW

Further, the occurrence of negative carbon dioxide anomalies
in austral summer and positive anomalies in winter, associated
with the transport of marine air, is consistent with recent re-
suits from a 2-D model (Tans et al. 1989) showing the southern
oceans to be a carbon dioxide sink during summer and a carbon
dioxide source during winter. Thus the short-term variability
of carbon dioxide at the South Pole may contain information
useful to studies of the global carbon cycle.

237



References

Bodhaine, B.A., J
. J . DeLuisj, J.M. Harris, P. Houmere, and S. Bauman.

1986. Aerosol measurements at the South Pole. Tellus, 38B, 233-235.
Bodhaine, B.A., J

. J . DeLuisi, J.M. Harris, P. Houmere, and S. Bauman.
1987. PIXE analysis of South Pole aerosol. Nuclear instruments and
Methods in Physics Research, B22 241-247.

Gillette, D.A., W.D. Komhyr, L.S. Waterman, L.P. Steele, and R.H.
Gammon. 1987. The NOAAIGMCC continuous CO 2 record at the
South Pole, 1975-1982. Journal of Geophysical Research, 92, 4,231-
4,240.

Keeling, C.D., J.A. Adams, C.A. Ekdahl, and P.R. Guenther. 1976.
Atmospheric carbon dioxide variations at the South Pole. Tellus, 28,
552-564.

Robinson, E., B.A. Bodhaine, W.D. Komhyr, S.J. Oltmans, L.P. Steele,
P. Tans, and T.M. Thompson. 1988. Long-term air quality moni-
toring at the South Pole by the NOAA program Geophysical Mon-
itoring for Climatic Change. Reviews of Geophysics, 26, 63-80.

Tans, PP., T.J. Conway, and T. Nakazawa. 1989. Latitudinal distri-
bution of the sources and sinks of atmospheric carbon dioxide de-
rived from surface observations and an atmospheric transport model.
Journal of Geophysical Research, 94, 5,151-5,172.

Seasonal cycles
of hydrogen and carbon monoxide

in the polar regions:
Opposite-phase relationships
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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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