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Variation of the Drag Coefficient Investigated by Using Tower-based Long Period
Measurements—Condition of High Wind Speed with Following and Cross Swell
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The drag coefficient CD is generally expressed as a function only of the wind speed U10. However, there exists considerable
disagreement among the observed values of CD. In this study, we investigate the variation of CD by using data sets, including
directional wave spectral data in long period measurements. Wind and wave data obtained at a coastal tower operated by
the Shirahama Oceanographic Observatory of the Disaster Prevention Research Institute (DPRI) at Kyoto University in
Japan, together with data sets obtained by Suzuki et al. (2002), were used. The directional wave spectra were separated into
four different groups: the following and cross swell cases, mixed swell case, and pure wind-wave case. The data sets also
showed variation in wind speed regions higher than 20 m/s in the CD −U10 diagram. It was shown that this variation is the
effect of the natural fluctuation of wind. We also observed CD values by using the windsea Reynolds number RB proposed
by Toba et al. (2006). In the following swell cases, CD values are slightly smaller. In the cross swell cases, when the difference
in direction between the wind and waves is greater than 70 degrees, CD has larger values. However, CD has similar values
in the following swell cases when the difference in direction between the wind and waves is less than 70 degrees.

INTRODUCTION

Parameterization of the air-sea fluxes of momentum, heat, CO2

gas, water vapor, and other substances is one of the most impor-
tant issues for modeling of the air-sea interactions. The sea surface
wind stress has generally been expressed by using the drag coeffi-
cient CD, together with the 10 m wind speed U10. However, there
still exists considerable disagreement among investigators regard-
ing the parameterization. The purpose of the present paper is to
demonstrate the importance of the inclusion of directional wave
and wind unsteadiness data in addition to U10 and to propose fur-
ther accumulation of these basic observation data. This problem
is also important for satellite remote sensing of wind fields and
in forecasting models for the decay or development of tropical
cyclones in high wind speed regions.

The drag coefficient CD is generally expressed as a function
only of the wind speed U10 as follows:

CD = 4u∗/U105
2 (1)
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where U10 is the wind speed at 10 m above the sea surface, and
u∗ is the friction velocity of air, which is related to the sea surface
wind stress � and the density of air � as follows:

u∗ = 4�/�51/2 (2)

When the neutral stratification is assumed, the wind velocity pro-
file over the sea is expressed by the logarithmic law as:

U4z5/u∗ = ln4z/z05/� (3)

where U (z) is the wind speed at the height of z, � is the von
Kármán constant 0.40, and z0 is the sea surface roughness length.
Through the combination of Eq. 1 and Eq. 3 with z= 10 m, CD

has one-to-one correspondence to z0 under the neutral conditions.
In order to estimate the wind stress and roughness length,

Charnock (1955) proposed a well-known formula:

gz0/u
2
∗ = � (4)

This equation has been widely utilized, where g is the acceler-
ation of gravity and � is a constant. For the value of �, there
seems to be considerable disagreement among authors. For exam-
ple, Charnock (1955) proposed 0.0068, Smith and Banke (1975)
gave 0.0130, Garrat (1977) suggested 0.0144, and Wu (1980) pro-
posed 0.0185. A possible reason for the disagreement might be the




