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wave steepness( c. zo scaling with 0) and spectral width( d. z ¢ scaling with 0)
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DEPENDENCE OF SURFACE ROUGHNESS ON SPECTRAL WIDTH
AND WAVE STEEPNESS

WEN Fan, SU Ze-Yu, L. HongMin
( Laboratory ¢ Physical Oceanography, Ocean University ¢ China, Qingdao, 266003)

Abstract The study of surtace roughness is important in wave modeling and in remote sensing at sea. In the past
four decades, extensive studies have been made on the roughness. On the basis of dimensinal analisis Charnock
(1955) suggested that the roughness depends on wind speed. Observations in recent years showed that the roughness
decreases with wave age. More recently Taylor (2001) studied the dependence of the roughness on the state of the
waves and found tha the roughness increases with wave steepness. However, considerable scatter exists in some of
Taylor’ s results. This indicates that surface roughness may depend on some other factors in wind wave fields. In this
paper we study the roughness by analyzing wind and wave data in an experiment made in wind wave channel.

The experiment was made in the wind wave channel in the Laboratory of Physical Oceanography in Ocean Uni—
versity of China. The wave surface displacements and the vertical wind profiles over the wave field were measured at
ten fetches in the channel. Wind and wave data showved that the roughness decreases with wave age, Which is in
agreement with many results in current observations. However, it is found that for some waves the roughness increases
with wave age. By studying the relation between roughness and wave steepness, it is found that the roughness i
creases with wave steepness. This is in asreement with Taylor’ s result. However for some waves the roughness i
creases when wave steepness decreases. This indicates that wave steepness is not sufficient in determining the rough
ness. It is influenced by some other factors in wind wave fields.

By further analyzing the data it is found tha the roughness increases with spectral width. For waves with broad
spectrum the roughness is remarkably higher than waves with narrow spectrum. For narrow spectrum, the roughness
decreases when wave steepness decreases. For broad spectrum the roughness may be high even for low wave steepness
and high wave age. This indicates that spectral width is important in determining the roughness.

The question on which factor in wind wave field is important in influencing surface roughness has been extensive-
ly discussed in theory. It is believed that surface roughness is determined by muli+ scale waves. Singlescale waves are
not sufficient in detemining the roughness. This implies tha the shape of the spedrum (or variables that reflect the
spectral shape, such as spectral width) is important in determining the roughness.

The low roughness in some waves in ocean is caused by swells. The observed high roughness in high wave age
is ofien attributed to errors in the observatiors. From the above analysis we corsider that the high roughness in some
results may be due to the broad spectrum of the waves.

Vickers (1997) noticed the influence of spedral width on the roughness. He found that the variations of the ce-
efficients in the relationship between roughness and wave age could be explaned by the mfluence of the spectral
width. In analyzing field and laboraory data, Toba found that the roughness increases with wave age. This is contrary
to many results in current observaions. Donelan ( 193) pointed out some flaws in Toba’ s analysis. However some
results in Toba s analysis may be correct. That is, although the roughness has a tendency of decrease when wave

age increases, for waves with broad spectrum the roughness may be high even for high wave age.
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