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ABSTRACT 

A parameterization scheme is described for calculating upward transport of mass in 
precipitating convective cells. This scheme, which is largely based on the work of Austin and 
Houze is implemented in a global three-dimensional tropospheric chemistry model. The 
convective events are stochastically distributed in time and space. The vertical exchange of 
mass by the clouds is derived from the conservation of water given the convective amount of 
precipitation and average large-scale temperature and humidity distribution. The sensitivity of 
the scheme is tested by varying several key parameters in the model. The ensuing vertical 
transport of mass is presented and compared to other approaches. A further test was made 
with 222Rn, a short-lived radioisotope which is largely released from land surfaces. The 
simulated distribution is in good agreement with measurements. The importance of convective 
processes for the transport of short-lived tracers is clearly demonstrated. 

1. Introduction 

A global 3-dimensional model has been 
developed to simulate the transport and chemis­
try of important tracer constituents in the tropo­
sphere. The purpose of the model is to determine 
the climatology of chemical tracers rather than to 
simulate episodic events. Tracer transport in the 
model is based on monthly means of observed 
wind fields from 1963 to 1973 by Oort (1983). 
Simulation runs with Fl 1 and F12 (Zimmer­
mann, 1984; Zimmermann, 1987) and with the 
radioactive tracer 85Kr (Zimmermann et al., 
1989) were performed to test the transport 
scheme. However, in order to achieve a realistic 
spatial distribution of the trace substances it is 
necessary to consider the effects of subgrid scale 
processes. For short-lived tracers, vertical trans­
port from the boundary layer to the middle and 
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upper troposphere, by deep cumulus convection 
is of particular importance. 

In the updrafts of convective cells, tracers are 
transported rapidly from the ground to the upper 
troposphere, often within about one hour. Thus 
considerable vertical mixing occurs during iso­
lated events of great rapidity and depth. In 
comparison to the synoptic scale processes this 
vertical mixing takes place within such small 
time and space scales that the use of large scale 
vertical eddy diffusion coefficients makes it 
impossible for short-lived chemical tracers to 
reach the upper troposphere (Crutzen and Gidel, 
1983). When averaging these processes, the 
implications of the strong vertical transport in 
clouds have traditionally not been considered in 
large scale photochemical models, although they 
were considered in a few studies (Chatfield and 
Crutzen, 1984; Gidel, 1983). Several global 
3-dimensional models were developed during the 
last years but most of the general circulation 
models ( GCM) used to obtain the input winds for 
the tracer model parameterized the convective 
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