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Modeling the long-range transport of 222Rn to subantarctic 
and antarctic areas 

By MARTIN HEIMANNt, PATRICK MONFRAYtt and GEORGES POLIANt, 
t Max-P/anck-Institut fur Meteoro/ogie, Bundesstrasse 55, D-2000 Hamburg 13, FRG; 

tCentre des Faib/es Radioactivites, CNRS, F-91198 Gif-sur-Yvette Cedex, France 

(Manuscript received 30 March 1989; in final form 8 August 1989) 

ABSTRACT 

The long-range advection of 222 Rn over the Indian Ocean has been studied using a three­
dimensional coarse-grid (8° x 10°) transport model of the global troposphere based on the 
meteorological fields of the GWE period (December 1978-November 1979). A uniform 
continental source of 222Rn and a weak, wind-speed dependent oceanic source of 222Rn has 
been prescribed in the simulations. Model predictions are compared to observations of the 
222Rn concentration at three Indian Ocean islands and one station located at the Antarctic 
coast. The advection of continental 222 Rn to these observing sites, each being several 
thousand kilometers away from major landmasses, requires several days and provides a unique 
opportunity for the validation of the transport model on time scales ranging from a few days to 
the seasonal cycle induced by seasonally changing transport patterns. The model is able to 
simulate several features of the time series observed in the Indian Ocean; however, it fails to 
correctly predict the seasonal cycle and the short-term concentration variations at the 
Antarctic coast. 

1. Introduction 

The radioactive noble gas Radon-222 (2 22Rn) 
constitutes a unique tracer of atmospheric trans­
port processes. It is chemically inert and is 
removed only by radioactive decay (r112 = 3.8 d). 
Its primary source is rather uniformly distributed 
over the continents where it emanates out of the 
soil as a member of the natural radioactive decay 
chain of Uranium-238 (Lambert et al., 1982). The 
ocean represents a secondary source of atmos­
pheric 222Rn, which is, however, two to three 
orders of magnitude smaller than the continental 
222Rn source. Because of its relatively short life­
time large vertical concentration gradients exist 
over the continents which may be analyzed in 
terms of vertical mixing, and in particular with 
respect to air mass exchanges between the plan­
etary boundary layer and the free troposphere 
(Liu et al., 1984; Dorr and Miinnich, 1987). 
Furthermore, the strong contrast in source 
strength between continents and the ocean make 
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222Rn an ideal marker of continental air masses 
(Dorr et al., 1983; Polian et al., 1986). 

Because of its simple properties, the temporal 
and spatial distribution of 222Rn in the tropo­
sphere is straightforward to simulate by means of 
atmospheric transport models. Such simulations 
serve at least three purposes: 

(1) The comparison between simulation and 
observation provides a powerful test of the 
performance of such transport models. 

(2) Because of the simple source-sink con­
figuration of this gas, the simulation provides an 
intuitive visualization of the complex transport 
characteristics as far as represented in the model. 

(3) The overall transport characteristics of 
different models may be readily compared by 
examination of their predicted 222Rn concen­
tration fields. 

Only recently several model simulation studies 
of 222Rn have been published. Most extensively, 
Brost and Chatfield (1989) investigate the long 
range transport of 222Rn by means of a high 


































