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Purpose. The work is aimed at studying geometric similarity of wind wave breakings in natural
conditions, estimating the Duncan constant which connects the wave energy dissipation conditioned
by wave breakings, with distribution of the lengths of a breaking wave fronts A(c).

Methods and Results. The field measurements of the wave breaking characteristics were carried out at
the stationary oceanographic platform located in the Golubaya Bay near the Katsiveli village.
Geometric dimensions of the wave breakings’ active phase, velocities and directions of their
movement were determined from the video records of the sea surface; simultaneously,
the meteorological information was recorded and the surface waves’ characteristics were measured.
Altogether 55 video recordings (duration 40-50 mins) of the sea surface were obtained.
The measurements were carried out in a wide range of meteorological conditions and wave
parameters (wind speed varied from 9.2 to 21.4 m/s).

Conclusions. It is found that the probability densities of the ratio between the maximum length of
a breaking and the length of a breaking wave, obtained in various wind and wave conditions are
similar. The average value of this ratio is 0.1. Distributions of the wave breakings’ total length are
constructed in the movement velocity intervals on a surface unit. It is shown that the experimental
estimates of dependence of these distributions upon the wind speed and the wave breaking movement
velocity are consistent with the theoretical predictions of O.M. Phillips (1985); at that no dependence
on the waves’ age was found. Quantitative characteristics of the relation between the wave lengths’
distribution and the energy dissipation are obtained. The Duncan constant was estimated,; it turned out
to be equal to 1.8-10-% and independent upon the waves’ and atmosphere parameters.
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Introduction
The wind waves breaking play an important role in the processes associated
with the turbulence generation in the near-surface sea layer [1], gas exchange
between the ocean and the atmosphere [2] and wave energy dissipation [3].
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To determine the statistical characteristics of wind wave breakings, as a rule,
video recordings of the sea surface obtained from airplanes, ships or stationary
platforms are used. Based on the information determined from the video recordings
(sizes and speed of breaking) [4-8], it is possible to construct the distribution A(c)

introduced by O.M. Phillips [9]. According to [9], the value A(c)dc represents

the total length of breaking fronts moving with velocities in the (c, ¢ + dc) interval
on the surface unit. The proposed function A(c) allows describing both kinematic

and dynamic breaking properties. For example, theIA(C)dC integral is the total

length of breaking fronts on the unit of the sea surface area, The sea surface
fraction transferred during breaking through a given point in space per a time unit
is determined by the first moment from A(c). Higher-order moments describe

the dynamic breaking properties. Energy losses due to breaking are associated with
the A(c) expression [9, p. 527]:

S (€) =g 'c°A(C) | (1)

where g is the gravitational acceleration; b is the constant/proportionality parameter
(the so-called Duncan constant [9]). On the assumption of the breaking similarity,
O.M. Phillips considered b to be a constant [9]. In [5, 10, 11], b was also taken as
a constant. However, in laboratory studies [12-14] it was shown that b is not
aconstant, but depends on the waves characteristics, in particular, the waves
steepness. According to these measurements, the Duncan constant value varies by

more than three orders ranges from or 8-10° to 9-10. Based on the results of
[14] and using the A(c) function obtained in [6], a semi-empirical model of wave

energy dissipation was constructed in [15] and the b dependence on the wave
number of breaking waves b(k) through the waves saturation spectrum B(k) was
found.

The complexity of the breaking process does not permit to estimate
the spectral dependence b(k) under natural conditions reliably. As a rule, it is
assumed that b is a function of the atmosphere characteristics and integral waves
parameters [16—18] only and does not depend on the local scale of breaking.

The analysis of in situ measurements and the rate of turbulent energy
dissipation under conditions of young wind sea is presented in [17]. The b
coefficient was calculated by comparing the fifth moment of A(c) with

the measured wave energy dissipation rate. According to the calculation results, no
clear relation between b and the wave parameters (root-mean-square slope, wave
age and maximum steepness) was revealed. The average b value turned out
to be 3,2.10°°

At the same time, an analysis of the available field data showed a linear
dependence of b on the wave age and the maximum wave steepness [18]. As noted
in [18, p. 2055], if data on wave parameters is not available, it is necessary to use

the average b value equal to 2,1-107°.
At present, the issue of the b parameter value and its spectral dependence
remains open. Therefore, it is important to clarify the proportionality b coefficient
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and determine to determine its possible changes in various hydrometeorological
conditions.

The present paper is aimed to study the kinematic characteristics and
geometric similarity of wind wave breakings and to estimate the Duncan constant b
based on the data obtained in natural conditions.

Experiment

The field studies were carried out in the autumn of 2013, 2015, 2018 and 2019
from a stationary oceanographic platform located in the Golubaya Bay near
the Katsiveli village (South coast of Crimea). The oceanographic platform
is installed ~ 480 m from the nearest point on the coast and has coordinates
44° 23’ 38"N., 33° 59’ 09""W. The depth in the area of the platform is about 30 m.

Meteorological observations

The collection of meteorological information was carried out by
the multifunctional complex Davis Vantage Pro2 6152EU, located at an altitude
of 23 m above sea level on the oceanographic platform mast The weather station
facilities include a wind speed and direction meter, atmospheric pressure, humidity,
air and water temperature sensors (at 3 m depth). The measured wind speed was
recalculated into the effective neutral stratified wind speed U at 10 m height
according to the method described in [19]. In accordance with the standard
procedure [20], the dynamic air velocity u.was calculated.

Wave observations

The characteristics of surface waves were recorded using an array of six string
wave recorders located in the center and regular pentagon vertices with
a circumscribed circle radius of 0.25 m. The distance from the wave recorder trap
to the nearest platform element exceeded 10 m. Frequency-angle spectra of sea
surface elevations S(f,p) were calculated using 20-minute intervals using

the maximum entropy method. The S(f) frequency spectrum was determined by
S(f,¢) integration according to the ¢ angle.

Fig. 1 shows the S(f) measured during the experiments. As is known,
the spectrum shape for frequencies exceeding the value of the spectral peak
frequency has the form f™". When n = 5, the spectrum shape corresponds to

the results of [21], and when n = 4 — to the equilibrium interval theory [9]. As can
be seen from the graph, the spectra slope obtained in the present study for

frequencies exceeding the spectral peak frequency is close to the law f .

Field measurements, as a rule, are carried out in conditions of mixed waves,
when swell waves along with wind waves appear. In this case, the swell can spread
at any angle relative to the direction of the wind waves.

The approach [22] was applied to separate the frequency spectrum of waves
into swell waves and waves generated by the wind. The method is based on
the concept of an equilibrium interval of wind waves [9]. According to [22],
the spectral domain, with its spectral level lying above the equilibrium spectrum
[9], determined by the expression

F(f)=2nau.g(2nf)™ 2
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where a = 0.06, refers to the interval of wind waves. If the spectral level lies below
the curve (2), the observed waves do not belong to the class of wind waves, but are
swell.

0.1 0.2 04 06081 2

Fig. 1. Frequency spectra of the sea surface elevations (solid line shows dependence f~°, dots —
dependence f*)

The approach is illustrated in Fig. 2, showing the frequency spectra of surface
waves obtained in our experiments, as an example. The frequency spectrum in
Fig. 2, a has one spectral maximum at a frequency of f, =0,15Hz, and, according

to [22], the spectral range to the right of f, refers to wind waves. A different

situation is shown in Fig. 2, b, demonstrating the frequency spectrum with two
local maxima f, =014 Hzand f,, =0,28 Hz. The spectral range lying to the right

of the f,, value refers to wind waves. The local maximum f,, will be called

the frequency of the wind wave peak. The area in the vicinity of the spectral peak
at a frequency of f, =014Hz refers to swell waves, since the spectral level lies

below the curve (2). Note that in the case of wind waves (Fig. 2, a), the values of
the spectral peak frequency f, and the frequency of the wind waves peak
fw coincide.

As a result of the analysis, the values of the frequency of the spectral waves
peak f,, the frequency of the wind waves peak f,, , the direction of propagation
of wind waves (I)pW and swell waves ¢,, the significant waves height
Hs (Hg= 4@, where o? is the dispersion of the sea surface elevations), as well
as the age of wind waves (o =c,, /U, where C,, is the phase velocity of the waves
at the frequency of the wind waves peak).
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F ig. 2. Frequency spectra of the sea surface elevations: a — wind waves, u, = 0.55 m/s; b — mixed
waves with the swell waves present, u, = 0.71 m/s (dash line shows dependence (2))

Breakings

The geometric characteristics of wind wave breakings were determined from
video recordings of the sea surface made with a digital video camera. The camera
was located at 11.4 m height above sea level, the sighting direction was 30° — 40°
to the horizon, in the azimuthal plane — ~ 50° — 60° towards the general direction of
wind waves. A lens with a horizontal viewing angle of 54° horizontally and 32°
vertically provided video recording of the site on the sea surface in the form of
a trapezoid with base lengths of 14-16 m and 29-48 m. Recording was carried out
at a frequency of 25 frames per second and a resolution of 1920 x 1080 pixels.

The breakings against the sea surface background were identified using
algorithms described in [8]. With the known geometry of the survey, the image
frame was tied to coordinates on a horizontal plane located at the mean sea level.
Only the active phase of the breakings (breaking fronts) was distinguished, and
the spreading foam spots remaining after the breaking passage were automatically
filtered out. The processing result is a database of all the breaking fronts that have
fallen into the camera's field of view, their characteristics, including area,
coordinates, speed and propagation direction at each moment of time [8].

Fig. 3 shows an example of the temporal evolution of a single breaking area
and its geometric center position.

As you can see, the braking process goes through two stages: a rapid increase
in the breaking area, characterized by active generation of turbulence (blue circles)
and an exponential decrease in the area (red circles). Such a time evolution of
the breaking foam structure area coincides with the results of works [7, 23].

An important conclusion from the data presented in Fig. 3, b, ¢ is that wave
breaking (blue circles) is moving at a constant speed. This result differs from that
obtained in [5, 7], where the breaking moves with equal delay. According to
the results of works [5, 7], the wave breaking velocity decreases to approximately
0.7 of the initial breaking velocity.
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F i g. 3. Temporal evolution of wave breaking geometrical characteristics: a — wave breaking
squares; b, ¢ — x-components and y-components of the wave breaking geometrical center,
respectively. Blue color denotes the wave breaking parameters relating to the active phase, red color —
to the foam spread. Point of the coordinates’ origin in Fig. 3, b, ¢ corresponds to the point of
intersection of the photolens optical axis and the sea surface

The ¢ values used in this paper were defined as follows. The components of
the velocity vector c;,, c).. were calculated from the values by the minimum error
square method x,,(t), v, (t).The black lines in Fig. 3 b, c indicate linear
approximations of the coordinates of the breaking geometric center. It makes
possible to determine the components of the wvelocity vector:
Xor (1) =CL - t+ X0, Y, ()= -t+ v, where x,, yJ are constants.

As a result, the modulus C,, =+/(c)? +(c))? and the breaking velocity
phase 6 =arctg(c,, / c;,) corresponding to its movement direction were determined.
As a result, the modulus and phase of the breaking velocity corresponding to

the direction of its movement were determined.
According to [8], the breaking velocity c,, is equal to the breaking ¢ wave

phase speed. However, in accordance with experimental works [13, 24, 25],
the breaking velocity is proportional, but less than the phase velocity: c,, =3dc,

where § lies in the range of 0.7-0.95. In this work, for the analysis of the breaking
measurement data, & = 1 will be used, then c,, is related to the f wave frequency by

the dispersion relation for gravitational waves: ¢, =c = g/(an )

A total 55 video recordings of the sea surface were obtained, with duration
from 40 to 60 minutes each. The measurements were carried out in a wide range of
meteorological conditions and wave parameters (wind speed varied from 9.2 to
21.4 m/s, wave age varied from 0.2 to 1.2).

Results
Dependence of the proportion of the foam-covered sea surface on the wind speed
The literature sources contain numerous measurements of the fraction of
the sea surface Q covered with the foam of breaking waves (see, for example, [6, 8]
and the references there). Traditionally, the change in Q depending on the wind
speed is described by a power law, where the exponent takes on values of ~ 2.5-5
(see, for example, [6]).
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Fig. 4 shows the dependence of the sea surface fraction covered with breakings
in the active phase on the wind speed obtained from our measurements. Each value
in Fig. 4 is the result of Q averaging over 20 min time interval, the solid line shows
the approximation by the dependence Q =3,5-107*U %%, where the coefficients are

calculated by the least squares error method. Shown in Fig. 4, the wind dependence
Q is consistent with the results of earlier studies (see, for example, [6, 8]).

10°

5 10 15 20 25
U, m/s

Fig. 4. Wind dependence of the sea surface part covered with breakings in the active phase

Relationship between the geometric dimensions of breaking and the breaking
wave parameters

Laboratory studies [26] showed that the breakings are geometrically similar and
the dimensions of breakings (in particular, the length) is proportional to the breaking
wave length. The field data on the ratio Y=L/ under various hydrometeorological
conditions, where L is the length of the breaking fronts; ) =2ngc? is the breaking

wave length is presented below.
For each video recording, from the obtained arrays v, the histograms H(y) were
N

calculated and the distribution p(y)=2H(y)/(NAy) where N and Ay are
i=1

the number of samples and the interval of the histogram, respectively, was

constructed. Thus, p(y) satisfies the normalization conditions within the limits of

integration from the minimum to the maximum possible value of argument

J'p(y)dy =1 and can be considered as the probability density of the random

variable y.

In Fig. 5 symbols “¢” indicate p(y) for each of 55 videos made at wind
velocities from 9.2 to 21.4 m/s and o values from 0.2 to 1.2. As follows from
Fig. 5, p(y) values obtained in a wide range of wind velocities and wave
development have a relatively small scatter. The maxima of all distributions are
localized in the vicinity of the wvalue y = 0.04. The average of

v=[vp(y)dyisy=0,1£0,03,
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F i g. 5. Probability densities of the dimensionless values y (solid red line shows the result of
averaging P(Y) of all the distributions P(Y) with the standardization condition taken into account)

Taking into account the fact that p(y) distributions obtained at different U and
wave ages are similar and the main part of y values with a probability of 0.8 lies
within the range 0.04 < y < 0.2, we can talk about the geometric similarity of
breaking in the open sea.

In [5], the distributions P;(y) obtained at wind velocities from 11.8 to 13 m/s,
both at developing and developed waves, are given. The main group of y values in
[5] is less than 0.4, the maxima lie in the vicinity of y = 0.05 value, and
the distributions on the right from the maxima fall off sharply. Note that the shape
of P (y) distribution is close to that obtained in our work.

Distribution of breaking lengths

O. M. Phillips [9] proposed to use the distribution of the breaking wave fronts
lengths A(c) as a statistical measure of wave breaking. A(c)dc represents the total

length of breaking fronts per unit surface, moving in the velocity interval
(c, c + dc). In the equilibrium spectral range, one-dimensional distribution A(c)

has the form [9]
Ac)~udc®. 3)

The one-dimensional A(c) distribution according to our measurements was
estimated as follows:

A(C) — ﬁ

C'Nfr;Lk e €[c,c+dc],

where S is viewing area on the sea surface; dc is the velocity interval, in our case
equal to 0.5 m/s; N_ is a number of video frames; L is the length of the k™ crest of

the breaking wave moving with c, velocity within the interval ¢, € (c, c+dc).
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The duration of the video recordings used to calculate A(c) varied from 40 to
60 minutes.

A(c) measured in this work and presented in the literature are given in Fig. 6.
A feature of the displayed data is the presence of A(c) maximum. For optical
methods of breaking registration, A(c) maximum value is observed for 2-3 m/s
breaking velocities. When using an infrared camera, A(c) spectral maximum is
observed when the breaking velocity is 0.8 m/s or less. Such A(c) feature is

explained in detail in [28] and is associated with the fact that when using optical
equipment (registering the whitecaps), the breaking of short waves (without
capturing air that forms the whitecaps), which makes the main contribution to
the number of breakings per unit of surface, are not identified during video
processing. Thus, A(c) graphs we have constructed are not statistically sufficient

at ¢ <~ 2,5m/s, respectively, further we will consider the characteristics of those

breakings the velocity of which exceeds 2.5 m/s. As can be seen from the figure,
for the velocities of the whitecaps that exceed the velocity corresponding to A(c)
maximum, the functional dependence on c is in good agreement with law (3). Note

that the scatter of values at a fixed breaking velocity can reach two orders of
magnitude.

102

10°}

10"

c, m/s

Fig. 6. Measured A(c) (black dash lines) as compared to the data from [5] (blue crosses),
laboratory measurements from [27] (blue lines), optical measurements data from [6] (grey area) and
infrared camera measurements from [28] (green area). Red straight line denotes dependence ~ ¢™®
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A(c) distributions averaged in three ranges of dynamic velocity in the air are
shown in Fig. 7, a. At a fixed breaking velocity, A(c)value increases by more than
an order of magnitude with u, growth. In fig. 7, b, ¢, A(c) normalized to u and
averaged over the dynamic velocity intervals (Fig. 7, b) and over the wave age
intervals (Fig. 7, c) are shown. The data in Fig. 7, b after normalization to u’ are
grouped into a universal curve independent from u.. A(c)/u’ distributions
averaged over the intervals of wave ages demonstrate similar behavior (Fig. 7, c).
This fact indicates that there is no A(c)/u? dependence on the age of the waves in
our database.

a b . c
5\
T |w Ils II

o I'| E £
"% 1“(.f) vln
. o % ™

<107 2 10° 2 10°
= @ @
N = =

10° 10! 100 10" 10° 10
c, m/s c, mfs c, m/s

Fig. 7. Lambda of distribution (a); dependence A(C)/u*3 averaged in different ranges U. (b) and
a (c) (red line — the data averaged in the range of values u. from 0.34 to 0.52 m/s; green line — from

0.53 to 0.67 m/s; blue line — from 0.68 t01.00 m/s; black line — the data averaged in the range of
values ¢ from 0.6 to 1.1, pink line — from 0.2 to 0.55; vertical sections — mean square deviations in

the corresponding ranges U. and a)

Thus, the analysis of the data demonstrates that A(c) have a functional
dependence on u. and c predicted by formula (3), while A(c) dependence on
the wave age is not clearly manifested.

Relationship between the breaking length and energy dissipation
The theory of O.M. Phillips [9] connects the kinematic characteristics of A(c)

whitecaps with the average energy dissipation rate S, (c) due to breakings per unit

surface using formula (1). According to the works [12—14], the value of Duncan’s
constant b lies within wide limits from 8.10° to 9.102. At present, the question of

b value and its spectral dependence remains open. If, following the works [5, 10,
11], we assume that b is a constant value, then, according to expression (1),

b Isdiss (c)dc @
g’lJCSA(c)dc :
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The estimation of coefficient b by formula (4) was carried out within
the framework of the concept of an equilibrium spectral interval [9], which
assumes a local energy balance between the energy inflow from the wind and
dissipation caused by breakings. According to [9], for developed wind waves,

the equilibrium range of the spectrum lies within k  (2k , gu?) range, where K, is

the wave number of the spectral peak. In this work, the lower boundary of
the equilibrium interval is defined as 2k,,, where k,, is the wave number of

the peak of wind waves. The upper limit is chosen equal to k, =1.6 rad/m, which
corresponds to the minimum breaking velocityc, = 2.5 m/s, reliably recorded by

an optical video camera.
The balance of energy inflow from wind and dissipation within the equilibrium
interval is written down as

Km Km
[on Sas()dk =[S, (K)dk. 5)

The correctness of expression (5) is confirmed by the results of [29], where it
is shown that in the spectrum equilibrium range a balance of the total inflow of
energy from the wind and the total dissipation of wave energy is observed.

Energy flux from the wind is equal to

Sin(k) = gop(k,0)F k), (6)

where B(k,) =0,03(u, / c)*cos® ¢ is the coefficient of waves and wind interaction
[30] with an angular dependence in the form proposed in [31]; F(k) is a spectrum
of the sea surface elevation. Spatial-angular spectrum F(k,¢) was calculated by
the measured  frequency-angular  spectrum according to the formula

do
F(k,dp)k = S(m,cb)d—k.
Thus, expression (4) with regard to (5) will be written down as
km
Lkpw kdk s, (k)do

g o c’A(c)dc .

b (7)

In Fig. 8 the integral dissipation rate (the denominator in expression (7)) and
the integral energy inflow from the wind (the numerator in (7)) are compared.
As can be seen, there is a high correlation of two independently obtained data
arrays. From the data shown in Fig. 8, it follows the least-square estimates of
b=18-10"°+4,5-10*coefficient.
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F ig. 8 Wave energy dissipation velocity as compared to the wind energy inflow (solid line shows
data approximation by linear dependence)

Discussion of the results
Using our in situ data on wind velocity, spectra of wind waves and breaking
characteristics, we compare the values of b calculated by formula (7) with
the parameters of waves and atmosphere.
In Fig. 9 the dependence of b on the dynamic velocity in the air and wave age
is given. As can be from Fig. 9, an explicit dependence of the coefficient b on u.

and a, according to our data, is not observed.

102 1072
a b
&8 o@“’&c’ o © WP ©
®° o o o
2 10° Ko 2107 ®°
10 10
02 04 06 08 1 0 0.5 1 15
u,, m/s e}

Fig. 9. Dependence of the Duncan constant on U. and o (straight line — b :1,8-10'3)

An analysis of the field estimates of the coefficient b value available in
the literature and an explanation of the difference between them are presented in
[18]. According to [18], b linearly depends on the significant wave steepness

Hskp /2 and wave age, calculated in terms of u.: a. =¢,/u..
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The dependences of the coefficient b, calculated according to expression (7),
on the wave parameters, as well as the data borrowed from [18, p. 2056-2057] (see
Fig. 2 and 3, a), are given in Fig. 10. According to the model from [18],

the coefficient b decreases with the wave age increase, and rises with Hgk, /2
increase. In general, as follows from Fig. 10, our b values correspond in order of

magnitude to the values presented in [17, 18]. At the same time, according to our
measurements, no clear statistical dependence of Duncan’s constant on

U, 0, o, Hgkyy /2 was found.

a b
1072 1072
< 'ﬁi o " i < Sl Ao e a
10 ‘ bl 10° pmche S0
10 10
0 50 100 005 01 015 02 025
a, H k /2
sp

F i g. 10. Dependence of the coefficient b on the waves’ age (a); significant wave steepness (b)
(m —based on our data; e, A, ¢ — based on the data from (see Fig. 2 and 3, a [18, p. 2056-2057]); dash
line — model calculations from [18]; vertical and horizontal sections denote mean square deviations)

The applicability of b and y calculation results presented above will be
checked by comparing some of the breaking characteristics, obtained during field
measurements, with their model calculations.

In [32], the concept of an equilibrium interval [9] was applied to estimate
the number of breakings per unit surface obtained in natural conditions.
Taking this approach into account, the function A(k) was expressed in terms of

the wind-wave interaction coefficient B(k,¢) and the wave spectrum F(k)
asA(kK) =b'k*B(k,d)F (k). Thus, a model for the number of breakings per unit
surface n,, (k) = (2rty) "k A(k) was built:

Ny (K) = (2y) b Bk, )k *F (k). (8)

Since the values of the constants b and ywere not estimated in [32], only
the form of the model dependence (8) was compared with the results of field
measurements. It is shown that the slopes of the breaking velocity distributions
(at c > 2.5 m/s) obtained from measurements and as a result of model calculations,
coincide. The degree indicators of the wind dependence of the breakings total
number per unit area also coincide.
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Using the results of this work (the measured wave spectrum, the values b and

? constants), we will quantitatively compare the total number of wave breakings in
the equilibrium spectral range N, (2k,,,K;,) with experimental data.

In Fig. 11 a comparison of the model values N, (2k,,.K,) calculated by

formula (8) and the values n;°(2k,,.k,) obtained experimentally is given.

The dashed straight line has a slope equal to 1, i.e. it corresponds to the equality of
the two values.
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F i g. 11. Comparison of the simulated total quantity of wave breakings with the data obtained in
the field conditions (dotted line corresponds to equality of two values)

As follows from Fig. 11, a good agreement between the full-scale and model
values of the total number of wind wave breakings per unit area is observed.
Thus, the calculated values of Duncan’s constant h=1,8-10" and &: 0,1 make

it possible to satisfactorily describe the quantitative characteristics of breaking by
model functions.

Conclusion

The paper presents the results of in situ studies of geometric and dynamic
characteristics of wind wave breakings. The experiments were carried out from
a stationary oceanographic platform located in the Golubaya Bay near Katsiveli
(Crimean Southern Coast) within the range of wind velocities from 9.2 to 21.4 m/s
with wave ages from 0.2 to 1.2.

Determination of breaking geometric dimensions in the active phase,
the velocities and directions of their movement was carried out on the basis of
video surveys of the sea surface. As a result of processing of 55 video recordings,
distributions of wave breaking lengths A(c) were constructed. The data analysis

shows that A(c) have a functional dependence on u. and c predicted by
O.M. Phillips theory [9], while A(c) dependence on the age of the waves is not
clearly manifested.
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The probability densities of the maximum breaking length relation to
the breaking wavelength calculated for different wind and wave conditions are

similar and have a small scatter. The average value of L/ relations obtained for

all measurements is y=0,1.
In the present work the estimates of coefficient b, which relates the energy
dissipation, caused by breakings, with A(c) by relation (1), were carried out within

the framework of the concept of the wind wave spectrum equilibrium interval.
According to calculations based on our data, the average value of parameter b is
1,8-107%. The value of b we obtained is close to the results of field studies [17, 18].

The data analysis did not reveal a clear relationship between b and the parameters
of waves (root-mean-square slope, wave age and the maximum steepness) and
atmosphere (dynamic air velocity).

The use of the experimental estimate of parameter b and y obtained here
provided quantitative interpretation of the measurements of the number of wave
breaking per unit surface given in [32].
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