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On the Measurement of the Friction Velocity over the Sea Surface
by the Inertial Dissipation Method
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There have been three principal ways for measuring the wind stress over the sea: profile method,
eddy correlation method, and inertial dissipation method (IDM for brevity). Among them the IDM
is the most indirect and ambiguous, so that it is examined with respect to its validity in particular.
First a method (direct regression method) is proposed and tested by which to estimate the spectral
level in the inertial subrange of wind velocity, which is the key process of the IDM. Since the direct
regression method uses no ensemble average, it is available even when a sufficient number of samples
are difficult to obtain, as is the case for the real wind over the sea. The direct regression method
proved to yield the true spectral level, when a definite factor is used. Then the property of the IDM
is argued by applying it to the wind turbulence over the sea observed at the Tsuyazaki Ocean Station,
2 km offshore of Fukuoka, Japan. There certainly was a distinct frequency region characterized by the
slope of —5/3 for all the three components of wind velocity: longitudinal (i.e. leeward), transverse, and
vertical ones. However, the spectral form of the vertical component slightly differed from the other two
at high frequencies. The most serious was an evident difference of the spectral level among the three
components in contradiction to the assumption of the isotropic turbulence in the inertial subrange; the
longitudinal component was the highest, the transverse one was slightly less, and the vertical one was
the lowest. Therefore the IDM estimate of wind stress based on the vertical component was only 70 %
of that based on the leeward component. The IDM based on the longitudinal component agreed best
with the other two standard methods of the profile and eddy-correlation methods. It is necessary to use
a correction coefficient if one applies the IDM based on the vertical component of wind velocity. The
results suggest that the assumptions of the IDM are not satisfied well by the real wind turbulence over
the sea and that one must be careful in applying the IDM. Finally the drag coefficient and roughness
of the sea surface thus analyzed were found moderate as a whole; they were a little larger than those in
wind flume experiments.

Key words : Inertial Dissipation Method, Friction Velocity, Drag Coefficient, Sea Surface Roughness,
Wind Turbulence, Ultrasonic Anemometer, Direct Regression Method
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Fig. 1 Side view of the Tsuyazaki Observation Tower.
HWL and LWL denote the high water and low
water levels, respectively, due to the tide.

Fig. 2 Ultrasonic and cup-type anemometers arrayed ver-
tically in a frame that is set away from the obser-
vation tower to avoid the possible interference of
the tower.
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Fig. 3 Simulated spectra of velocity fluctuation: true
one (smooth curve) and filtered one (fluctuating
curve). The abscissa is the angular frequency and
the ordinate the spectral density. The straight line
with the fixed slope of —5/3 denotes the regression
to the filtered spectrum in the frequency region
bounded by two vertical lines.
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Fig. 4 The same as Fig. 3 except that spectra are true one
(smooth curve, almost invisible) and that averaged
over 20 samples (rugged curve).
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Fig. 5 The same as Fig. 3 except that spectra are true
one (smooth curve, almost invisible) and a sam-
ple (wild curve). The straights line with the fixed
slope of —5/3 are (1) the direct regression (dashed
line) and (b) the direct regression with a recovery
factor of 1.78 (solid line). The latter regression is
close to the true spectrum, showing that the di-
rect regression method works well only when the
recovery factor is used.
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Fig. 6 Example of observed frequency spectra in the iner-
tial subrange and their regression lines of the fixed
slope of —5/3 : (a) longitudinal component u (top,
thick line), (b) transverse component v (middle,
thin line), and (c) vertical component w (bottom,
dotted line). They were measured by the ultra-
sonic anemometer at the lowest altitude. Note that
the spectral level is the highest for u and the low-
est for w. Two vertical lines bound the frequency
range of regression.
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Fig. 7 Scatter diagram of wind stress: the IDM based
on the lintitudinal component » [u2, u4, u6] and
the vertical component w [w2, w4,w6] against the
profile method, where ”2” of ”u2”, say, refers to the
number of the anemometer from the sea surface.
Regression lines are for u (dahsed) and w (solid).
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Fig. 8 The same as Fig. 7 except that the IDM based on
the vertical component w is replaced by the IDM
based on the transverse component v. Regression
lines are for u (dahsed) and v (solid). See also the
legend of Fig. 7 for other notations.
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Fig. 9 Scatter diagram of wind stress: the IDM based on
u [idm2,idm4,idm6], the eddy-correlation method
[Alux2, flux4, flux6] and the profile method [prof]
against the eddy-correlation method [flux2].
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Fig. 10 Drag coefficient against Uig, the data being the
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experimental formula by Wu.15)
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Fig. 11 Nondimensional roughness gzo/u? against wave-
wind parameter or inverse wave age wplx/g,
where wp denotes the peak frequency of the wind-
wave spectrum and g the acceleration due to
gravity. The data are the same as in Fig. 9.
Straight lines expresse several experimental for-
mulas for the non-dimensional roughness as a
function of the wave-wind parameter (see text).
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