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Figure 2, taken out of a recent DOE publication summarizes the
fluxes and reserviors for the carbon cycle. Note that a deforestation
flux of 0 to 2 Gt/a and a net flux to the oceans of 4 Gt/a are assumed.
Thus, the carbon flux to the atmosphere is 6 Gt/a of fossil fuels, and 2
Gt/a deforestation, while 4 Gt/a returned to the ocean resulting in a
50% carbon retention rate in the atmosphere. One of the major objectives
of the Exxon Research and Engineering Company project to measure CO2 in
the oceans using tankers is to clarify and quantify the role of the
oceans as the ultimate sink for COp.

Projections of scientists active in the area indicate that the
contribution of deforestation which may have been substantial in the
past, will diminish in comparison to the expected rate of fossil fuel
combustion in the future. A number of scientists have postulated that a
doubling of the amount of carbon dioxide in the atmosphere could occur
as early as 2035. Calculations recently completed at Exxon Research
indicate that using the energy projections from the CONAES study and the
World Energy Conference, a doubling of atmospheric CO» can occur at
about 2060. If synthetic fuels are not developed, and fossil fuel needs
are met by petroleum, then the atmospheric CO» doubling time would be
delayed by about 5 years to 2065. It is now clear to most people work-
ing in the area that the doubling time will be much later in the future
that previously postulated because of the decreasing rate of fossil fuel
use.

Description of potential impact on weather, climate, and land availability

The most widely accepted calculations carried on thusfar on
the potential impact of a doubling of carbon dioxide on climate indicate
that an increase in the global average temperature of 3+1.50C is most
likely. Such changes in temperature are expected to occur with uneven
geographic distribution, with greater warming occuring at the higher
latitudes i.e., the polar regions. This is due to the presumed change
in the reflectivity of the Earth due to melting of the ice and snow
cover (See Figure 3). There have been other calculations on a more
limited scale by a number of climatologists which project average temper-
ature increases on the order of 0.250C for a doubling of CO2. These
calculations are not held in high regard by the scientific community.
Figure 4 summarizes the results presented in the literature on the pos-
sible temperature increase due to various changes in atmospheric CO»
concentration.

The area of climate modeling was recently studied by a com-
mittee of the National Research Council, chaired by Jules G. Charney of
MIT, and the conclusions are summarized in their booklet titled "Carbon
Dioxide and Climate: A Scientific Assessment." This National Research
Council study concluded that there are major uncertainties in these
models in terms of the timing for a doubling of CO2 and the resulting
temperature increase. These uncertainties center around the thermal
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capacity of the oceans. The oceans have been assumed to consist of a
relatively thin, well mixed surface layer averaging about 70 meters in
depth in most of the general circulation model, and that the transfer of
heat into the deep ocean is essentially infinitely slow. The Charney
panel feels, however, that the amount of heat carried by the deep ocean
has been underestimated and the oceans will slow the temperature in-
crease due to doubling of atmospheric COp2. The Charney group estimated
that the delay in heating resulting from the effect of the oceans could
delay the expected temperature increase due to a doubling of CO2 by a
few decades.

Along with temperature increase, other climatological factors
that are expected to occur will include uneven global distribution of
increased rainfall, and increased evaporation. These disturbances in
the existing global water distribution balance will have dramatic impact
on soil moisture, and in turn, on agriculture. The state-of-the-art in
climate modeling allows only gross global zoning while some of the ex-
pected results from temperature increase of the magnitude indicated are
quite dramatic. For example, areas that 4,000 to 8,000 years ago in the
Altithermal period (when the global average temperature was some 20C
higher than present) were deserts, may in due time return to deserts.
Conversely, some areas which are deserts now were formerly agricultural
regions. It is postulated that part of the Sahara Desert in Africa was
quite wet 4,000 to 8,000 years ago. The American Midwest, on the other
hand, was much drier, and it is projected that the Midwest will again
become drier should there be a temperature increase of the magnitude
postulated for a doubling of atmospheric COz (See Figure 5).

In addition to the effects of climate on the globe, there are
some particularly dramatic questions that might cause serious global
problems. For example, if the Antartic ice sheet which is anchored on
land, should melt, then this could cause a rise in the sea level on the
order of 5 meters. Such a rise would cause flooding in much of the U.S.
East Coast including the state of Florida and Washington D.C. The melt-
ing rate of polar ice is being studied by a number of glaciologists.
Estimates range for the melting of the West Antartica ice sheet from
hundreds of years to a thousand years.

In a recent AAAS-DOE sponsored workshop on the environmental
and societal consequences of a possible CO2 induced climate change,
other factors such as the environmental effects of a CO» growth rate on
the less managed biosphere were studied. For example, the impact of a
temperature increase and a higher atmospheric CO» concentration on weeds
and pests was considered. The general concensus was that these unmanaged
species would tend to thrive with increasing average global temperature.
The effects of atmospheric CO2 growth on the managed biosphere such as
in agriculture would also tend to benefit from a C0» growth. It turns

out that CO2 can fertilize agriculture, provided the other key nutrients,
phosphorous and nitrogen, are present in the right proportions. Agri-

































