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ABSTRACT 

The relationship between gas transfer velocity and rain rate was investigated at NASA's Rain­
Sea Interaction Facility (RSIF) using several SF 6 evasion experiments. During each experiment, 
a water tank below the rain simulator was supersaturated with SF 6 , a synthetic gas, and the 
gas transfer velocities were calculated from the measured decrease in SF 6 concentration with 
time. The results from experiments with 18 different rain rll:tes (7 to 110 mm h- 1

) and 1 of 2 
dropsizes (2.8 or 4.2 mm diameter) confirm a significant and systematic enhancement of air­
water gas exchange by rainfall. The gas transfer velocities derived from our experiment were 
related to the kinetic energy flux calculated from the rain rate and dropsize. The relationship 
obtained for mono-dropsize rain at the RSIF was extrapolated to natural rain using the kinetic 
energy flux of natural rain calculated from the Marshall-Palmer raindrop size distribution. 
Results of laboratory experiments at RSIF were compared to field observations made during 
a tropical rainstorm in Miami, Florida and show good agreement between laboratory and 
field data. 

1. Introduction 

Exchange of gases across the air-water interface 
influences many properties of natural waters. 
Knowledge of this parameter is critical for evaluat­
ing indicators of water quality (e.g., dissolved 
oxygen= DO) (Odum, 1956; O'Connor, 1962; 
Clark et al., 1995b), understanding cycling of 
biogeochemically important trace gases (e.g., C02 , 

CH4 , DMS, N20, CH3Bt) (Broecker et al., 1985; 
Bates et al., 1993; Yvon and Butler, 1996), and 
predicting evasion rates of volatile pollutants (e.g., 
toxic halogenated compounds) (Bopp, 1983; 
Dyrssen et al., 1990; Thomann et al., 1991; 
McConnell et al., 1993 ). 

Over large water bodies such as oceans or large 
lakes, gas exchange is governed primarily by wind 
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driven turbulence on the water surface and, to a 
lesser extent, by air bubble entrainment (Merlivat 
and Memery, 1983; Jahne et al., 1987). However, 
on the local scale of rivers, small lakes, estuaries, 
and wetlands, other factors contribute significantly 
to the turbulence regime, especially at low wind 
speeds (Livingstone and Imboden, 1993; Clark 
et al., 1995a). One of these factors is rain falling 
onto the water surface. 

Relatively little experimental work has been 
directed at quantifying the influence of rainfall on 
air-water gas exchange. Bopp et al. (1981) specu­
lated that rain might have been responsible for 
rapid gas exchange observed during a gas­
exchange experiment in a model estuarine eco­
system. For light rains ( < 25 mm h- 1 

), some 
exploratory laboratory (Banks et al., 1984) and 
field experiments (Belanger and Korzun, 1991) 
suggest a power law and linear relationship, 




















