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ABSTRACT 

A series of field experiments has been made to determine the occurrence of small-scale surface 
motions that might enhance gas exchange by surface renewal. Out of 93 runs under natural 
conditions on open bodies of water, only 19 gave no indication of surface streaming within a few 
seconds. The data cover the wind speed range up to about 6ms- 1

. Above 2 or 3ms- 1
, 

predominately line structures were observed. This points to an important role of surface renewal 
in gas exchange. 

1. Introduction 

Nearly 50 years ago, Woodcock (1941) reported 
on an experiment to study surface motions at the 
water surface. The title of his paper "Surface 
cooling and streaming in shallow salt and fresh 
waters" indicates what he observed. There were 
surface water movements that formed lines and 
streaks fast enough that the eye was not really able 
to determine details of the motions. His experi
ment, being conducted during clear nights in a 
shallow fresh water pond, was designed to reveal 
convectively driven motions. However, in the very 
lively description of the different characteristics of 
movements that he observed, Woodcock included: 
"when winds are blowing, there is invariably found 
a small scale streamin.g ..... .in lines roughly parallel 
to the wind direction. The streams are usually 
about a centimeter across". Such secondary 
motions of a scale of a few cm may be taken as 
indication of surface renewal. Here, we see a con
nection to present research interests: gas exchange 
at the sea surface is of great interest in the debate 
on manmade climate change. The uptake of C02 

by the ocean may significantly reduce the impact 
on the greenhouse effect of man's production of 
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carbon dioxide from burning of fossil fuel. The sea 
surface proper at open sea is nearly inaccessible 
to experimental determination of gas exchange. 
Considerable effort is necessary even to achieve 
laboratory measurements (e.g., Asher and Pankow, 
1991 ). However, for a global application parame
trisations are necessary that should be based on 
a sound physical model. Unfortunately, the two 
major models yield gas fluxes different by a 
factor of two (see, e.g., Deacon 1977, Holmen and 
Liss, 1984, Hasse 1990). While the boundary layer 
model explains fluxes through the interface by the 
additive action of molecular and turbulent trans
ports (e.g., Kitaigorodskii, 1984; Coantic, 1986) 
the surface renewal model postulates a mechanism 
to renew the fluid at the interface in order to 
accelerate the rather ineffective exchange of gas by 
molecular action. Hence, in order to accept the 
model of surface renewal one would need to iden
tify such secondary motions at the open ocean, and 
under what conditions these prevail. 

It is regrettable that after the early observations 
of surface streaming by Woodcock, the interest in 
small-scale ocean surface motions had declined 
again. Some attention has been given to Langmuir 
circulations that are ordered secondary flows but 
of considerably larger scale (e.g., Langmuir, 1938; 
Krauss, 1965). Because of their scale of order 10 to 
50 m or more these are not suitable to enhance 
gas exchange. Apparently, the experiments of 
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