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ABSTRACT 

The purpose of this note is to incorporate the effect of wave breaking in the parametrization of 
the sea surface roughness as seen from below. It is shown that aerodynamically smooth condi­
tions in the classical sense never exist below the sea surface, since effective turbulent viscosity due 
to shear free turbulence generated by wave breaking is much larger than molecular. 

1. Introduction 

When we consider the wind-induced drift 
current just below the sea surface, it is usually 
assumed that the mean velocity profile can be 
described by a logarithmic law. That is how the 
concept of the sea-surface roughness as seen from 
below is introduced. Until recently, it was also the 
only method for parametrization of the fluxes of 
gases across air-sea interface, whose resistance is 
in a water phase. The only parameter in such 
models, which can be still depend on the structure 
of the surface wave field was again aerodynamic 
roughness of the sea surface as seen from below. 
To determine this parameter, Zilitinkevich et al. 
( 1991 ) adopted the analogy with the models for 
surface roughness as seen from above. In the 
framework of such an approach, the influence of 
waves was taken into account by the proper choice 
of the roughness parameter. This was still done by 
using the classical concept of aerodynamical 
roughness exceeding the viscous sublayer thick­
ness (Zilitinkevich et al., 1991 ). 

The purpose of this note is to incorporate the 
effect of wave breaking in the parametrization of 
the sea-surface roughness as seen from below. This 
will permit us to eliminate the contradictions 
created by using the analogy with rigid surfaces in 
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interpretation of the experimental data on wind­
induced drift currents. 

We repeat here a sentence from our 1984 paper 
(Kitaigorodskii, 1984 ): "In real wind-wave genera­
tion conditions, even with only small-scale wave 
breaking, the transformation of wave energy into 
turbulence (due to wave breaking) can dramati­
cally change the character of turbulence just below 
the wavy surface. Because of this, the whole 
concept of classical momentum viscous sublayer, 
based solely on the analogy with flow above a 
rigid surface, can be quite inappropriate for a 
description of the damping effect of the wavy free 
surface on the dynamics of turbulence generated 
by breaking waves." 

2. Velocity profiles below the wavy sea surface 
and a parametrization of sea surface rough­
ness as seen from below 

When considering the drift current below the sea 
surface, it is usually assumed that the velocity 
profile can be described as 
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