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ABSTRACT 

Experimental evidence from work in wind-water tunnels has pointed to an influence of 
capillary waves on gas exchange for liquid-phase-controlled gases. These experiments are 
often interpreted in terms of some surface renewal model. Here it is proposed that capillary 
waves are not likely to be the reason for surface renewal because of the disparity of time 
scales. Also, the balance of energy of turbulence in wind-water tunnels is different from that 
in the open sea due to side and bottom friction in the experimental facilities. It is pointed out 
that in wind-water tunnels, secondary flows must exist, that would produce forced surface 
renewal. 

1. Introduction 

The mechanism of gas exchange at the air-sea 
interface has often been discussed in this journal: 
Deacon (1977), Hasse and Liss (1980), Holmen 
and Liss (1984). Jahne et al. (1987) have reviewed 
the present hypotheses or "models" and the 
experimental evidence. An extensive list of 
references is given in Coantic (1986). Gas 
exchange, especially where the limiting layer of 
molecular diffusion is on the liquid side of the 
interface, is of increasing interest because of the 
climatic relevance of gases such as C02 • Cer­
tainly, it is important to know the mechanisms 
and the related process rates of gas exchange at 
the air-sea interface, in order to calculate, e.g., 
COruptake by the oceans. However, the existing 
experimental evidence from field and laboratory 
studies is remarkably inconsistent. In Hasse and 
Liss (1980), we tried to use physical reasoning in 
order to give some insight and guidelines for 
extrapolation or parameterization. In the present 
paper, we point to two arguments that apparently 
have not been used in the discussion of liquid­
phase-controlled gas exchange, but which might 
be useful for interpretation of experimental 
results and their extrapolation to applications. 

In the following, only liquid-phase-controlled 
gas transfer at the gas-water interface is 
considered. We will disregard the stagnant film 

model as being not very realistic. Then there are 
essentially two models available to describe gas 
exchange: the "surface renewal" model (SR) and 
the "boundary layer" model (BL). In short, the 
SR-model assumes that lumps of fluid are 
randomly removed from the interface and are 
replaced by fluid from the bulk water. Hence, 
molecular transport, driven by the concentration 
difference between air and water, repeatedly 
starts at irregular intervals and is disrupted 
before equilibrium is reached. The exchange rate 
in this model is governed by an empirical coef­
ficient with dimension time, that can be taken as 
an average life-time of fluid in the sublayer of 
molecular diffusion. Turbulence is not explicitly 
present in the model, but it is implied that the 
bulk of the water is reasonably well-mixed and so 
has a homogeneous gas concentration. The BL­
model originates from the assertion of continuity 
of the surface proper. This results from the fact 
that the energy of turbulence is not sufficient to 
disrupt the surface against surface t{:nsion (Hasse 
and Liss, 1980). As a consequence of the two- and 
three-dimensional continuity conditions at the 
surface, turbulence intensity decreases towards 
the interface. Hence, in the layer very close to the 
interface, molecular transfer takes over from 
turbulent transfer. In this model, an empirical 

·constant, relating momentum boundary layer 
thickness to the ratio viscosity v over friction 
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