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Our research is focused on a better quantification of the variations in COy
exchanges between the atmosphere and biospehre and the factors responsible
for these exchanges. The principal approach is to infer the variations in the
exchanges from variations in the atmospheric COq distribution.

The principal tool involves using a global three-dimensional tracer trans-
port model to advect and convect COs in the atmosphere. The tracer model
we use was developed at the Goddard Institute for Space Studies (GISS) and
is derived from the GISS atmospheric general circulation model. A special
run of the GCM is made to save high-frequency winds and mixing statistics
for the tracer model. We note the GISS tracer model is widely distributed,
and forms the basis for the tracer models at Scripps Institution of Oceanogra-
phy (Keeling et al., 1989), Max-Planck Institute, Hamburg (Heimann, 1995)
and CSIRO, Australia (Enting, et al., 1993).

Source/sink distributions need to specified for the tracer model. For some
sources and sinks, e.g. fossil fuel combustion, the pattern and magnitudes
can be specified with some confidence. For others, e.g. biospheric uptake, the
patterns and magnitudes are the major unknowns in the carbon cycle. Where
possible, we have compiled information about the ”better-known” sources
and sinks, and gridded the information on carbon exchanges into a format
compatible with the atmospheric models. These source/sink patterns are
distributéd via CDIAC as DB1006. They form the basis for an international
tracer model intercomparison (Law and Rayner, 1995).

To deduce the sought-after magnitudes and patterns of the net uptake
by the biosphere and by the ocean, and to test hypotheses about ”known”
sources and sinks, we developed a new approach for the inverse problem.
We first divide the biosphere and ocean into units (e.g. a vegetation type
or the North Atlantic between 15N and 50N). For each unit, we assign a
hypothetical source strength of 1 GtC/y. The tracer model is run for each
unit. The resultant atmospheric CO, responses are then combined, with the

source strength of each unit as those required to provide a best fit between




the simulated and observed atmospheric CO, variations.

Each tracer model experiment is integrated for a minimum of 3 years, so
that the north-south gradient stabilizes for the specified source/sink. Typi-
cally, we divide the biosphere into 11 vegetation types, and the oceans into
15 regions. Together with the fossil fuel and landuse sources, an investigation
of a single carbon budget scenario involves ~ 90 model years.

The tracer model experiments are carried out on the successive gener-
ations of computers at GISS. With the tremendous leaps in computational
capability, the cpu requirement has dropped from 24 cpu hours/model year
on the 1983 Amdahl computers to 5 ¢pu minutes/model year on the 1996
IBM 6000 RISC station.
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