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Abstract

A new record of CO and §'3CO, over the last 1000 years from air trapped in Antarctic
ice is analysed. The ice core record, from Law Dome in Antarctica, has high time resolution
and high precision, and overlaps the modern CO; record. A model of diffusion and bubble
trapping in firn is developed and used to interpret the ice core measurements in terms
of past atmospheric changes. The firn model quantifies the smoothing effects of diffusion
and bubble trapping on atmospheric signals. A method for correcting firn and ice core
§13C measurements for the fractionating effects of the firn diffusion process on different
isotopes is developed and applied. The Law Dome ice core record is compared with other
firn §'3C records.

A 1-D global carbon cycle model is used to interpret variations in COy and §'3C in
terms of natural and anthropogenic sources and sinks. A major feature in the ice core
record is the decrease in CO», and increase in §'3C, through the ‘Little Ice Age’ period
(roughly 1550-1800). Model calculations indicate that the observed decrease in COg is
consistent with either terrestrial or oceanic exchange, however the increase in §'3C favours
a terrestrial response to cooling and argues against an oceanic sink.

A new double deconvolution method using the Kalman filter is developed and applied to
the Law Dome record. The method incorporates statistics into the carbon cycle modelling,
and allows more detailed analysis of COo, §'3C and flux variability. It removes the need
to fit smoothing splines to the ice core measurements prior to interpretation. A particular
advantage of the method is that uncertainties on the deduced fluxes are estimated as part
of the calculation.

The double deconvolution calculation suggests that natural variability in COg fluxes

1

may be as large as 1 GtC y~ " on the time scale of just less than a decade. The Law Dome

CO92 measurements show a slight decrease in COs around the 1940s. The firn and carbon

! uptake (mostly oceanic) is required in the

cycle models suggest that about 3 GtC y~
1940s to match the ice core measurements. The estimates of variation in the terrestrial
biospheric flux between 1950 and 1980 from the double deconvolution calculation are in
very good agreement with estimates of the global terrestrial flux from a climate-driven

ecosystem model of Dai and Fung (1993). A detailed comparison of estimates of the

isotopic disequilibrium flux (isoflux) for 13C is given.
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Figure 1: Law Dome COs ice core record (grey dots) and selected events from the second

millennium AD
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