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Transport of continental air to the subantarctic 
Indian Ocean 

By YVES J. BALKANSKI and DANIEL J. JACOB, Department of Earth & Planetary Sciences 
and Division of Applied Sciences, Pierce Hall, 29 Oxford St., Harvard University, Cambridge, 

Massachusetts 02138, USA 

(Manuscript received 24 January 1989; in final form 17 August 1989) 

ABSTRACT 

The occurrence of high levels of atmospheric 222Rn (radonic storms) at 3 subantarctic islands 
in the Indian Ocean is simulated with a 3-d chemical tracer model (CTM) based on the 
meteorology of the GISS general circulation model (GCM). Radon-222 (half-life 3.8 days) is a 
sensitive tracer of continental air over the oceans. The CTM simulates well the observed 
intensities of the radonic storms at the islands, their seasonal frequency (highest in winter), 
and their periodicity (25-28 days). The storms are due to fast boundary layer advection of air 
from South Africa, made possible by the conjunction of a subtropical high SE of Madagascar 
(Mascarene High) and a mid-latitudes low off the southern tip of the African continent. 
Transit times of air from South Africa to the islands range from 1 to 5 days. The Mascarene 
high is a semi-permanent feature of the circulation from May to October, and is responsible 
for the seasonal frequency of the radonic storms. The low is transient but exhibits an 
oscillation of period 23-28 days which appears to be responsible for the observed periodicity 
of the storms. Transport to the subantarctic Indian Ocean is the principal mechanism for 
ventilation of South Africa in the CTM, but most of this transport takes place in the free 
troposphere following deep convection over the continent. The boundary layer advection 
mechanism associated with radonic storms accounts for only a small fraction of the total 
continental air exported to the subantarctic Indian Ocean. 

1. Introduction 
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This paper attempts to explain the occurrence 
of high 222 Rn episodes (radonic storms) observed 
at 3 islands in the subantarctic Indian Ocean 
(Fig. 1): Crozet (51°52'E, 46°26'S), Kerguelen 
(70°15' E, 49°21 'S), Amsterdam (77°34' E, 
37°50'S). Radon-222 is a radioisotope (half-life 
3.8 days) produced by decay of 226Ra from 
crustal material. Emission rates from oceans are 
at least 2 orders of magnitude lower than from 
land (Broecker et al., 1967; Wilkening and 
Clements, 1975). 20-year records of 222Rn con
centrations are available from the 3 islands, 
which are located 2800 km (Crozet), 4200 km 
(Kerguelen), and 5000 km (Amsterdam) off the 
African coast (Lambert et al., 1970; Polian et al., 
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Fig. I. Detail of the region under study indicating the 3 
island sites in the Indian Ocean (Crozet, Kerguelen, 
Amsterdam). The dashed line indicates the boundaries 
of the South Africa airshed defined in Section 5. 
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