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ABSTRACT 

We discuss the development of a global three-dimensional tracer model and use it to examine 
the atmospheric dispersal of passive tracer gases, particularly carbon dioxide, and their transport 
to Antarctica and the Southern Ocean. The tracer model is based on the University of 
Melbourne General Circulation Model and includes the effect of convective transport. Our 
results indicate the importance of a realistic treatment of the effect of convection. The model is 
applied to the dispersion of idealized distributions of tracer to determine atmospheric transport 
times. We examine particularly the time taken for the "tracer front" to reach the Antarctic coast 
and the South Pole in the case of clouds initialized at three latitudinal domains. The transport 
in all cases is seen to be very rapid south of about 45 ° S; this is due to the mixing associated with 
the strong and numerous transient disturbances at these latitudes in the Southern Hemisphere. 
The model is also used with an inverse technique and an annual mean carbon dioxide type 
distribution to deduce apparent sources and sinks of this gas. Net sources are found in the 
Northern Hemisphere and equatorial regions and net sinks in the Southern Hemisphere. This 
latter result is of considerable interest in view of the uncertainty of the C02 uptake by the 
Southern Hemisphere oceans. 

1. Introduction 

The study of the carbon budget of the atmo­
sphere has been a relatively active scientific pursuit 
for many years. In the last few decades this budget 
has attracted increasing attention, associated with 
concerns that man's activities are disturbing the 
balance which has existed in recent centuries. 
There is no doubt that the atmospheric carbon 
dioxide loading is increasing (at present at the rate 
of about 1.5 ppmv per year) and that changes in 
this and other trace gases have significant impacts 
on the radiation balance of the earth (Hansen 
et al., 1985; Schlesinger, 1986). The potential 
severity of the many consequences of possible 
greenhouse warming dictates that it is a problem of 
considerable scientific importance. 

Central to an understanding of the atmospheric 
carbon budget is the role of the atmosphere and 
ocean in transporting this constituent from source 
to sink regions. There is still considerable uncer­
tainty in the contributions of, for example, defore-

station and polar ocean uptake (Tans et al., 1989, 
1990) and in addition the role of atmospheric 
transports is also rather poorly known in quanti­
tative terms. The large-scale "turbulent" transfer 
of passive tracers in the atmosphere is a very 
complicated process and one that is ideally suited 
for study with numerical models. A number of 
numerical studies have been devoted to the 
atmospheric transport of trace gases. Some of the 
models used in these have been two-dimensional 
(solved in the height-latitude plane) (Tans et al., 
1989; Enting and Mansbridge, 1991) and, as such, 
some of the conclusions derived from them may 
need to be treated with caution. Such models, 
by their nature, are not able to account for the 
potentially important longitudinal variations in 
both the source/sink distributions and the atmo­
spheric circulation. Further, they are not able to 
adequately allow for the effect of transient dis­
turbances, an omission which may be particularly 
severe in the mid and high latitudes of the 
Southern Hemisphere. Three-dimensional models, 
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