
















The puzzling aspect of this observation is how a 
current could have affected wave propagation, par
ticularly the short waves, yet not have been resolved 
by the current meter. There are at least two possibili
ties: the wind-drift current and the orbital current of 
the dominant wave. 

The stress of wind blowing over a water surface 
creates a vertically sheared current very near the sur
face. Under light-to-moderate winds, like those dur
ing W A VDYN, the wind-drift current is negligible at 
4-meter depths. Thus, short waves are advected more 
by that current than long waves because more of their 
particle motion is confined to the shallow depths of 
the current. Furthermore, at the surface, the wind
drift current is only 3 to 5OJo of the wind speed which 
is not enough to account for all of the observed 
discrepancy. 

The second possibility, advection by the orbital 
flow of the long waves, is a large enough effect pro
vided the short waves are steepened near the crests 
and flattened near the troughs of the long waves. At 
the crest, orbital flow is maximum in the direction of 
wave propagation. Thus, the steeper short waves 
near the long-wave crests would dominate the spec
trum at high wave numbers. Their frequencies would 
appear higher when they are traveling with the long 
waves and lower when they are traveling against the 
long waves. Four-minute averaging was used to pro
cess the current data in order to exclude the oscilla
tory flow of the waves from the measured current. 
Thus, this second possibility is not taken into account 
in the dispersion curves that are shown in Figs. 5, 7, 
8,9, and 10. 

In spectra from six of the eight wave-image se-
quences that were processed, the magnitudes and di
rections of the additional current are resolved. Val
ues for these parameters were calculated by a tech
nique that finds the current vector that best superim
poses linear wave theory on the frequency centroids 
of the conditional wave-number/ frequency spectra 
taken at 30° increments, such as those in Fig. 9. 
Figure 10 exemplifies this fitting procedure. At the 
left is a set of points representing the deviation of the 
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phase speed along a single azimuth. A point for each 
analysis wave number was determined by using the 
frequency centroid of the spectral density and linear 
wave theory, which includes advection by the mea
sured current. At the right are average phase-speed 
deviations determined at 30° intervals of analysis azi
muth. The average was computed over a wave-num
ber range that varied with analysis azimuth so that re
gions where the spectral density is corrupted by noise 
were rejected. The average phase-speed deviations of 
six of the eight intervals of video data analyzed are 
well characterized by a cosine dependence on azi
muth, such as the curve drawn through the data in 
Fig. lOb. Table 1 lists the results of this analysis 
along with estimated wind-drift currents and currents 
at the crests of the long waves. These crest currents 
were computed by assuming that the measured rms 
elevation arises solely from a sinusoidal wave having 
the dominant-wave frequency. This is a gross simpli
fication but useful for estimating the upper bound of 
this effect. Table 1 demonstrates that wind-drift cur
rent cannot alone account for the deviation between 
linear theory and the video spectra, whereas differen
tial steepening and advection of short waves caused 

Table 1 

COMPARISON OF ADDITIONAL CURRENT 
DEDUCED FROM VIDEO SPECTRA 
WITH WIND-DRIFT CURRENT AND 

WITH DOMINANT-WAVE CREST CURRENT 

Additional Wind-Drift 

Session 
Current 
(cm/s) 

Current 
(cm/s) 

Current at Crest 
of Dominant Wave 

(cm/s) 

22P 33 8 38 
23A 10 10 16 
24A 40 18 34 
25A 28 16 39 
25P 20 5 15 
26P-II 17 11 35 
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Averaging interval 
for this azimuth ---+11 20.0 cos (a - 344°) + 7.5 cm/s 

Figure 10- Deviation of the 
video-derived phase speed from 
linear theory adjusted for mea
sured current, Session 25P. (a) 
Deviation as a function of wave 
number along the azimuth of the 
dominant wave. The dotted line 
denotes the wave-number range 
over which the deviation was aver
aged to determine the datum at 
330 0 in (b). (b) Average deviation 
as a function of azimuth. The rms 
error bars and the best-fit cosine 
curve are shown. 
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by the dominant wave can explain much of the devia
tion. Apparently, short-wave straining is an impor
tant effect and should be taken into account when 
making high-frequency wave measurements. 

SUMMARY AND CONCLUSIONS 
W A VDYN has substantially improved the empiri

cal basis for developing explanations of how com
ponents of ocean wind-wave spectra propagate and 
interact. Requisite for this endeavor was the imple
mentation of modern techniques for resolving wave 
statistics with greater detail than was previously 
achieved and for displaying them in a number of 
forms. These techniques included two key systems: a 
wave-gauge array system and a wave-imaging system. 
The array system, with digital data recording and 
processing, measured surface elevation variations 
and computed directional wave-number/ frequency 
elevation spectra by the maximum likelihood meth
od. It also provided measurements of the average 
currents that advected the waves. The imaging system 
used a CCD video camera with a video recorder to 
acquire sequences of wave images from which direc
tional wave-number/ frequency spectra of surface 
slope were estimated by using specialized processing 
software, including a three-dimensional FFT. These 
two systems are developed to a functional level. 

Results from WA VDYN represent wave character
istics during light-to-moderate winds (~l 0 meters 
per second) and for both building and decaying seas. 
Ten intervals of array data and eight intervals of 
video data, acquired over a period of six days , were 
processed. In contrast to some laboratory measure
ments, none of the results shows that nonlinearity 
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prevails over the free waves generated from turbulent 
processes. The video data especially bore out this 
conclusion because they have better spatial resolution 
than array results and greater sensitivity at high wave 
numbers and frequencies where bound and free 
waves have greater spectral separation. At high wave 
numbers, the video spectra show an effect similar to 
advection but not attributable to the measured aver
age current. Rough estimates indicate that this effect 
can be explained as differential roughening of the 
short waves near the crests of the dominant wave, 
where its orbital current is greatest and aligned with 
its propagation direction. 
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