











ters increased between 1910 and 1988 by about 0.6°C. A sim-
ilar increase was observed in the surface air temperature in this
period. Increasing the average temperature of the surface of
the oceanic waters (15°C) by 0.6°C, would decrease the solu-
bility of CO, in these waters (0.1970 g CO, per 100 g) by
about 2 percent. The CO, flux from the ocean to the atmo-
sphere should be increased by the same factor; that is, by
about 1.9 GtC/year. This is similar to the observed average in-
crease of atmospheric CO, in the years 1958 to 1968, of 0.73
ppmv/year,” which corresponds to 1.6 GtC/year. The mea-
sured annual atmospheric CO, increases were higher in the
next two decades (2.5 GtC/year and 3.4 GtC/year),” which in-
dicates that changes in CO, solubility in oceanic water were
responsible only for a part of observed CO, increases. Inor-
ganic processes on land and changes in marine and terrestrial
biota could also contribute to these increases.

The atmospheric air and sea surface temperatures did not
increase smoothly during this period, but were rather irregu-
lar, zig-zagging from year to year (Figure 9). The annual
changes in atmospheric CO, mass closely followed the tem-
perature changes. This was probably the result of rapid equili-
bration between CO, concentration in the atmosphere, and
the dissolved inorganic carbon in the sea in about three quar-
ters of a year.%

The greatest cooling and largest decreases in the rate of at-
mospheric CO, increase occurred after volcanic eruptions
which reached the stratosphere, characterized by high dust
veil index: Gunung Agung in 1963, Fuego in 1974, El Chichon
in 1982, Nevado del Ruiz in 1985, and Pinatubo in 1991.

On the other hand, the smoothly and steadily growing an-
nual increases in anthropogenic emissions of CO, from fossil-
fuel burning and cement production, do not match the
atmospheric CO,, fluctuations. Since 1988, these sharply grow-
ing anthropogenic emissions have not been associated with de-
creasing values of 1 13C of atmospheric CO,;*3 for 7 years
between 1988 and 1994, this latter value remained remarkably
stable. If the observed changes in CO, concentration were
man-made, a decrease in ! 13C should be observed.

During the famous “energy crisis” in 1974-1975, there was
practically no decrease in anthropogenic CO, emissions, but
there was a dramatic drop in annual mass increase of atmo-
spheric CO, associated with atmospheric cooling; in 1983,
the decreasing anthropogenic CO, emission rate was associ-
ated with a peak in the rate of atmospheric CO, mass in-
crease, preceded by a cooler air temperature in 1982; in
1992, the highest rate of anthropogenic CO, emission was
associated with one of the deepest drops in atmospheric CO,
mass increase, and air cooling.

The data in Figure 9 suggest that CO, atmospheric mass in-
creases were not related to man-made emissions of this gas,
but rather that these increases depended on volcanic eruptions
and other causes of natural climatic fluctuations.
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