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MEASUREMENT OF OCCURRENCE FREQUENCY, INTENSITY
AND DURATION OF WIND-WAVE BREAKING

Xu Delun
(Shandong College of Oceanology, Qingdao)

ABSTRACT

Wind-wave breaking plays an important role in all aspects of air-sea exchange proc-
esses, including moment, heat, and mass. Breakers also initiate 2 number of oceanographi-
cal phenomena such as whitecaps on the sea surface, bubbles in the near-surface ocean,
and spary in the atmospheric boundary layer. However, wind-wave breaking has little
been directly measured and quantitatively studied because of various difficulties. As a
good start toward quantifying wind-wave breaking,” Longuet-Higgins and Smith(1983)desi-
gned a surface meter 1o measure the occurrence frcquency of wind-wave breaking in the
open sea,

The present study refined and developed their method to include measurements of
intensity and duration of wind-wave breaking.

Suppose that 5(z) is a time series of sea-surface elevation measured in a fixed point

and R(x) = —ag- n(#) is its temporal derivative. If a breaking wave passes by the point,
z

there would be a jump in 5(¢), or a sudden increase in R(z), which is called the surfa-
ce jump (Longuet-Higgins and Smith, 1983). The extreme surface slope of a regular gr-
avity-progressive wave derived by Longuet-Higgins and Fox(1977), Sp.. = 0.586, is used
as a criterion of wind-wave breaking. The individual wave of wind-wave is defined by
up-zero crossings, and its phase velocity ¢ is calculated approximately from the dispersion
relation of Stokes wave (to second order):

_ 8T 2 2 o Ao

c =211+ R(H/2)*] =

L1+ g2, k=2
Thus, the critical value of temporal derivative of sea surface is Ry, == 0.586¢. For
individual wave of wind-waves, ¢ is different from each other, so is Rp,.. Each indivi-
dual wave, therefore, has its own breaking criterion Rg... If there exists R(z) = R,
along a wave surface

even for a short time, the wave is classified as breaking wave.
Let n denote the number of breaking waves in a record 5(¢) sufficiently long, and

N denote the total number of waves in the same record, then P = — is defined as the
N

occurrence frequency of wave breaking.
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The jump height of sea surface, Jj, is defined as

t
1= " Rt = 1) = aa),
r
where 1, and t; are ??éspéctivel'y -the instances when R(t)v rises ahd drops below the criter-
ion Ry, during a same wave period.

The jump duration of sea surface, J;, is defined as the period during which the sur-
face slope keeps exceeding the critical value 0.586, that is

Ja= 1t — 1,

" Obviously, J, and J; are measures of intensity and duration of wave breaking, res-
pectively.

The mean jump height J, and mean jump duration J; averaged over breaking waves
are respectively defined as

|

Ji=-1 DLl

[ —

and

Ja= L [Jal;
7 =
The total mean jumpitheight J, and total mean jump duration J, averaged over total
number of waves are respectively defined as
o 1 <« -
Jy = v S sli=PJ,

i=1

Ja= % S 1adi =P,

i=]1
where J, and J; are taken to be zero for unbreaking waves.

Measurements were conducted in a wind-wave tank. Capacitancetype probes were
used to measure the surface elevations 5(#) at fetches of 10.0,15.1 and 20.4 m under wind
speeds from 5 to 16 m/s, and the finite differencing was used to compute R(z).

The variation of occurrence frequency of wave breaking, P, is plotted in Fig. 3
against wind speed U.

The nondimensional quantities J4/H, Jo/ T, J4/H, and J4/T, are plotted against U
in Fig.4,5 and 6, respectively.

Comparing the results measured in the tank directly and indirectly with those obtain-
ed by Longuet-Higgins and Smith (1983), Weissman (1984), Duncan (1981), and Mo-
nahan (1969) shows good rationality of the definations. and method proposed above.



