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ABSTRACT 

The experimentally-determined relationships between air-water gas transfer velocity and 
windspeed are presented for two small, rapidly wind mixed lakes in upland SW England. 
High-precision estimates of the gas transfer velocity, k, with daily resolution, were derived by 
monitoring the rate of evasion from the lakes of added sulphur hexafluoride, SF6 , an inert, 
sparingly soluble, man-made gaseous tracer. Corresponding data on in situ wind speeds and 
directions, and surface water temperatures were automatically logged as a time series of 4 min 
averages, using a battery-powered device. The results significantly extend the existing field 
database and show a strong dependence of k, normalized to C02 at 20°C, on windspeed in the 
range -2-13 m s- 1, corrected to a height of 10 m. No correlation was found between k and 
wind direction. The data are fitted with two least-squares straight lines which intersect at a 
windspeed of 9.5 ± 3 m s-1 (at z = 10 m), beyond which significant steepening of the k versus 
windspeed relationship implies a transition from the "rough surface" to "breaking wave" 
regime, in broad agreement with previous conclusions. Nevertheless, the data scatter about 
the fitted lines exceeds that which would be predicted from the associated analytical 
uncertainties. This implies the observed relationships between k and windspeed are not 
unique and therefore that additional factors must be important in determining k. 

1. Introduction 

The evaluation of gas exchange between the 
atmosphere and surface waters has important 
consequences for water quality assessment, for 
example in determining rates of river reaeration 
(Holley and Yotsukura, 1984; Devol et al., 1987) 
and lake eutrophication (Emerson, 1975). 
Recently, accurate estimates of gas fluxes have 
assumed a critical role in evaluating the 
biogeochemical cycles of important atmospheric 
trace gases. They are particularly relevant to such 
contentious issues as the partitioning of green­
house gases between the atmosphere and the 
oceans (Peng and Broecker, 1984; Broecker et al., 
1979, 1985), natural versus anthropogenic sources 
of acid-rain sulphur (Gorham et al., 1986; Bates 
et al., 1987; Holligan et al., 1987; Nriagu et al., 
1987; Turner et al., 1988) and the origin of SO,l­
aerosols, over which there is controversy regard­
ing their proposed role in climate regulation 

(Charlson et al., 1987; Shaw, 1987; Schwartz, 
1988; Wigley, 1989). 

In lakes and in the oceans, water column 
turbulence produced by wind shear is the domi­
nant control of interfacial transfer for gases of 
low solubility (i.e., high Henry's law constant), 
although in certain circumstances bubble forma­
tion may also be significant (Merlivat and 
Memery, 1983; Broecker and Siems, 1984). Accu­
rate determination of the rate of air-water gas 
exchange requires reliable measurements of the 
interfacial gas concentration gradient and an 
appropriate transfer velocity, k. 

Laboratory experiments, including those in 
wind tunnels, give reasonable agreement for k 
and its relationships to selected variables associ­
ated with turbulence (e.g., Broecker et al., 1978; 
Merlivat and Memery, 1983; Jahne et al., 1979, 
1985, 1987). However, the complexity of the real 
environment largely precludes accurate quantifi­
cation of the functionality of k by this means 
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