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Synopsis

Low frequency waves (LFWs) with periods of 1 to several miputes often grow in the surf zone
and occasionally cause rapid beach erosion over the berm crest. The mechanism of developing
LFWs in the surf zone seems to be the resonance of LEWs with the beach from shoreline to
breakpoint of the incident waves that have the characteristics of groupiness.

To analyze the relationship between wave groupiness and incident wave characteristics in the
surf zone and offshore, a new method for determination of individual waves using the orbital
criterion, which has advantage that there is no subjective criterion to eliminate small zero-
crossing waves, is proposed. The change of wave groupiness characteristics from offshore to the
shoreline is theoretically derived by a wave transformation model based on the statistical wave
height distribution in consideration of wave shoaling and breaking.

The major conclusions are as follows:

1) The propesed method has a good performance to treat with small waves in order to easure the
conslancy of number of waves from deep to shallow water.

2) Mean height of wave groups before and after wave breaking which is estimated from the
theoretical wave transformation model has a good relation with one from field data apalysis.
3) To predict the height of low frequency wave inside surf zone, both the period of wave groups

and height of wave groups must be considered simultaneously, The physical reason of the

dependence is not clear.
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Wave Groups and Low Frequency Waves in the Coastal Zone

L.Introduction

Wave groups are considered as a forcing mechanism for various type oscillations in the coastal area. The
ransformation of the wave group structure in the process of wave breaking is closely related with increasing the energy of
ow frequency wave (LFW) in the surf zone. Low frequency waves (LFWs) arc oscillations with frequency less then
).04Hz and the denotation long period waves (LPWs) is also used for the same type of waves. The LFWs could be directly
‘orced by short wave grouping as bound LFWs outside the surf zone and could be release from wave groups as free waves
n process of breaking — Longuet-Higgins & Stewart (1962). The time variations of break position due to the group
structure of short waves is also another mechanism of LFWs generation - Symonds et al. (1982). The modei of Schaffer
1993} combines the incident bound LFW model with time varying break point model. At the same time, it takes into
icount a partial transmission of wave grouping into the surf zone. The group structure of short waves and its cross-shore
ransformation is the main factor for inducing LFWs. In addition, Bowen & Guza (1978} identified wave groups as a
source of edge waves and Haller ef al. (1999) mentioned that wave groups could perturb the nearshore velocity fields and
‘orce the shear instability waves.

In the present work, an attempt to estimate statistically the dependence of surf zone LFWs from wave groupiness
s made on the base of field data. The variation of wave group structure during the wave transformation from deep to
shallow water is examined. The relationship between wave groups and sea wave characteristics is statistically investigated
sutside and inside the surf zone. The model of transformed probability density function of wave heights — Dally (1990) is
wdopted for the theoretical investigation of transformation of sea waves due to shoaling and breaking. The relationship
setween sea waves and wave groups inside the surf zone is derived theoretically on the base of this model,

The alteration of wave groupiness and the height of LFWs during the changes of offshore sea conditions is
shecked. The height of LFWs in the surf zone is examined in dependence of offshore wave groupiness, estimated by group
sharacteristics, both mean group height and mean group period.

L. Field Data and Methods for Analysis

2.1 Field Data
The data, used in this work, was collected at the Hazaki Oceanographical Research Station (HORS) during the
seriod from 25" February to 15 March 1989. The measurements were performed by 6 wave gauges, mounted at the 427m
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Fig. 1 Location of wave gauges during the observation
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long pier, extended perpendicular to the shore, as weil as by three deepwater botlom wave gauges in extension line of the
pier, shown in Figure 1. The sea surface elevation was recorded every 6 hours. The duration of records is 2 hours with a
sampling interval A¢ = 0.5s . More detail description of these observations can be found in Katoh et al. (1991) and
Nakamura & Katoh (1992).

2.2 Orbital Criterion for Determination of Individual Oscillations

The wave records in the surf zone usually contain a larger amount of small zero-crossing (ZC) waves due to the
breaking and noulinear behavior of waves in comparison with deepwater records. In order to ensure the constancy of the
number of waves from deep to shallow water, as first linear approximation of wave process, some criteria for neglecting
these small waves are necessary. The conventional criteria for removing the small waves relied on the height of small
wave, which is less than some value — Mizuguchi (1982), or the period of small wave, which is less than some value —
Hamm & Peronnard (1997). In both ways some subjectivity is introduced in the determination of discrete waves.

The orbital criterion, intreduced by Gimenez et al. (1994) for determination of individual waves, eliminates small
waves without the checking of individual waves in time or height domain in contrast with the above-mentioned criteria for
neglecting the small waves. In orbital criterion, the complex presentation of wave process is used. In complex plane, the
analytical function

E() =n)+jn®) 1)

corresponds to the vertical displacement of sea surface 77(f) . Here the Hilbert transform #7(¢) of the stationary rapdom
function of sca surface elevation 7(¢t) is

1 X
A(t) = —Pjﬂ—(——-)dX, @
T t-X
where P indicates the Cauchy principal values.
Function of the wave envelope A(f) and phase (1) then can be obtained by

AW =n*(0)+7*() ®

o(0) = arctg 12 @
n{t)

The phase @(¢) is called the wrapped phase qo(t)&E[—:'r,Jr] or the unwrapped phase rp(t)E[— 00,00] as the
difference of its interval of definition. Usefulness of the unwrapped phase for studying the local propertics of waves was
mentioned by Huang et al. (1992) and was used by Cherneva & Velcheva (1993) also for the investigation of wave groups.

As far as the sea surface elevation process can be considered as modulated process with some carrier
frequency o, — Melville (1983), the unwrapped phase function @(f) can be decomposed by linear part w,t and the
deviation part 8(¢).

P(1) = w 1 +6(1) )

By definition, the time derivative of the phase function g(f) is a local frequency of the time series

d det
w(t) = ?(f =@, + ——dE ) . (6)
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The unwrapped phase of the sea surface elevation 7(t) , which is measured at 24m depth for an observation term,

is shown in Figure 2a while the wrapped phase is in Figure 2b. From the mean slope of unwrapped phase, mean

frequency w, =0.852 rad/s is determined easily or mean period 7.375s is defined.
The random wave process 7(f) then can be presented by a radius

-vector, rotating in the complex plane as seen in
Figure 3a.

The magnitude of the vector is equal to the wave envelope A(f) and the angle of rotation is equal to the
unwrapped phase function @(z) . The mean velocity of rotation of radius-vector is Wq -

Orbital criterion determines a discrete wave as corresponding to 27 advance of a phase angle in complex plane -

Gimenez ef al. (1994). For the case of zero-down crossing waves, an individual wave is defined by those consecutive two

crossings of the positive part of the imaginary axis, which correspond to 2z advance of the angle of this rotating vector.
Figure 3b illustrates the portion of sea surface elevation 7(t), which included also small ZC wave. Usual zero-

down crossing procedure regards a small ZC wave as an individual wave. In the corresponding polar diagram on Figure

3a, the phase angle of the small wave does not advance 27 . Using the orbital criterion, the small ZC wave is eliminated.
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Fig. 2. The phase ¢(¢) of analytical process.
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Figurc 4 shows the mumber of waves, defined by the orbital criterion and usual zero-down crossing method in a storm
stage. The orbital criterion determined nearly constant number of waves across the shore and correspondingly, the mean

wave frequency w, keeps constant cross-shore.
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Fig. 4 Variation of number of waves per record across the shore

2.3 Method for Analysis of Wave Groups

The wave groupiness is analyzed in terms of the wave envelope A(r), as oscillations around the mean value of wave
envelope, see Figure 5.

If the wave process is wide, then the envelope will contain a lot of high frequency oscillations, which are not of
interest for the wave group analysis. For this reason the wave envelope is necessary 1o be low-passed fillered. In this work,
the proposed cut-off frequency of the filter is set as w, /2 in order to ensure at least two individual waves per group as the

carrier frequency oy is determined by the linear part of unwrapped phase.
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Individual wave groups are determined again applying the orbital criterion. The main characteristics of wave groups, such

as mean group height and mean group period, are calculated as:

1 N
If Br _ mean = }LI er_
- N £ -
1 & )
gr _ medn = Tgr ]
- N = -

where N is the total number of determined discrete groups (£ o i1, ;) inthe record.
2.4 Mcthod for Analysis of Low Frequency Waves
The low frequency oscillations are separated from sea surface elevation data by low-passed filtering — the thin line on
Figure 5. The cutoff frequency for low-pass filtering operation is 0.04 Hz. Since wave spectrum has minimum in that
frequency, LFW encrgy can be separated from the energy of short wind waves — Nakamura & Katoh (1992). The
individual LFW heights H _, are determined again by the orbital criterion.

G

-2

Sea surface elevation, Envelope, LFW [m’
[

I Sea surface elevation Envelope
LF waves ‘Mean value of envelope
-4 r : ' : : - ¢
50 100 150 200 250 300 350 400 450 500
Time [s]

Fig.5 Sca surlace clevation, envelope and low frequency waves as function of time.

3. Results of Field Data Analysis

The collected data of sea surface elevation were analyzed by the described melhods. The characteristics of
offshore sea waves and their group structure as well as LFWs in the surf zone are presented in the Table 1. Sea waves are

characterized by significant wave height H_ and mean wave period T . Mean group height H

mrean

and mean group

2r _mean

period T, are characteristics of wave groupiness. H is an averaged value of the measured LFW heights inside

nean

LFW _suif
the surf zone.
The offshore sea conditions are classified julo four different sea stages — calm, wave growing, wave decay and

post-storm slage, after Katoh er ¢l (1991). Initial three terms of the measurements (up to 26.02-06:00) were comparatively
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calm sea stage, when sea waves are with period of less then 6s and significant wave height less than 2m. Under the direct
influence of the passing atmosphetic depression with strong north wind, the growing sea stage was observed in the next

Table 1 Offshore sea condition and LFW

Term of Observation point 1 - offshore zone Surf zone

Stage observation H, Tmean ng mean Tgr mean HLI"-"W surf
dd.mm-hh:mm [m] [s] [m] [s] [m]
25.02-18:00 1.53 5.2 0.54 25.6 0.18
calm £5.02.24:00 1,93 5.5 0.67 27.6 0.22
26.02-06:00 1.98 5.7 0.68 28.1 0.25
wave 26.02-12:00 3.18 7.0 1.05 36.1 0.38
growing 26.02-18:00 3.25 7.4 1,13 45.7 0.39
26.02-24:00 3.56 7.9 1,18 45.1 0.44
27.02-06:00 3.58 9.4 1.30 65.5 0.59
wave 27.02-12:00 3.18 10.0 1.18 67.7 0.51
decay 27.02-18:00 2.86 10.0 0.98 59.7 0.48
27.02-24:00 2.62 8.5 0.80 60.6 0.51
28.02-06:00 2.60 10.6 0.91 64.5 0.54
28.02-12:00 2,15 9.2 0.74 65.1 0.48
post 28.02-18:00 2.21 8.8 0.66 56.9 0.44
storm 28.02-24:00 2.15 8.5 0.68 47.2 0.38
01.03.-06:00 1.86 7.8 0.561 38.9 0.32

three terms. At that time waves became greater than 3m of H |, but their periods were still short. In the wave decay stage,
when the wind speed dropped, the periods of the waves were longer than 9s. At the end of the observation, noticed here as
the post-storm stage, the wind changed its direction and regisiered waves are small as amplitude, but with long periods.

The group structure at the offshore demonstrates different peculiarities during these four sea stages. The mean

70
2. 60 -
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E 50
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= 40
-
2
]
o 30
E3
o] -
E’! 20 ®Calm
5 ©Wave growing
g 10 - AWave decay

BPoststorm
O T El 1 T 3 T
0 0.2 0.4 0.6 0.8 1 1.2 1.4

Mean group height Hg, nean {M]

Fig. 6 The characteristics of offshore wave groups during different sea stages
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sroup period 7, ., is plotted against the mean group height H,, ... o0 Figure 6 for the offshore data, measured at 24 m
lepth, The evolution of offshore conditions during the observation period is also sketched on the figure as solid lines. The
vave group characteristics can be separated for four different sea stages. In the calm condition, mean group period is short
nd mean group height is low. The growing stage wave groups become steeper with large mean group height, (higher than
\m), while the wave group length is still short. Wave process during the decay is characterized with both, the high level of
implitude modulation and the long wave groups. The wave groups keep comparatively long T ven during the post-storm
tage, but the mean group heights decrease. It can be conciuded that well-grouped sea waves with long group period and
iigh group height is observed during the wave decay stage.

The variations of group characteristics — mean group height and the mean group period, together with the LFW
leight are plotted along the beach profile during each different sea stage on Figure 7 (a), (b), (c) and (d). Only one
sbservation term for each sea stage is chosen for presentation. An arrow shows the position of the break peint. There is a
lear tendency of increasing of height of LFWs after breaking, while the value of A v keeps nearly constant shoreward.
Fhe breaking process leads to the reduction and destroying of well-developed group structure. The values of the mean
roup period T, . and the mean group height H, . decrease after the break point. It has to be noticed that the biggest
‘hange of wave groupiness after breaking is observed at wave decay stage. This big reduction is accompanied with the
\ppearance of the highest LFW height H,,,, in the surf zone namely during the wave decay stage.

The mean group characteristics are statistically investigated in dependence of wave statistics. On Figure 8, the
nean group height is presented as a function of the local significant wave height. The all obtained data from different sea
tages are plotted together into two groups, before and after breaking.

Before breaking, the mean group height is approximately one third of the corresponding significant wave height,
“his well-organized group structure is changed significantly in the process of wave transformation due to shoaling and
weaking. After breaking, the level of wave amplitude modulation, estimated by the mean group height, reduces and
)ecomes in average one fifth of the corresponding local significant wave height. In shoreward direction, of course, the
evel of the amplitude modulation continues to decrease and tends to zero.

l. Modeling of Transformation of Wave Groups by Wave Transformation Model

LT Wave Groups Qutside Surf Zone .
The mean group height H,, . is defined as mean deviation around the mean wave height H a5 follow:

Hy o, =ﬁ[ I(l—x)lpdf(x)er ®)

vhere pdf (x) is a probability density function of the normalized wave height x = H/ H, Hand H isavalue of height
if each wave and its mean value.

Nakamura and Katoh (1992} adopted the Rayleigh distribution for wave heights outside the surf zone, where sea
vaves are unbroken. The Rayleigh distribution is expressed as

pdf () =§xexp(—§x*] ®)
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¥ig.8 The mean group height as a function of local significant wave height before and after breaking.

They derived theoretical relationship between the mean group height _mean and the significant wave height £, in the
offshore as

ng L wean - M3“ H.l ( 1 0).

This theoretical relationship is close to the proportional parameter of 0.32, observed for the waves before breaking as seen
on Figure 8.

4.2.Wave Groups Inside Surf Zone

For the explanation of the observed relationships between characteristics of sea waves and wave groups, a modei
of wave transformation from deep to shallow water is adopted, which consists of the nonlinear shoaling model of Shuto
(1974) and the wave transformation model of Dally (1990) after breaking.

The process of shoaling and breaking of sea waves leads to significant changes of the wave groupiness. In order
to investigate these variations of wave groups along the beach profile, a probability density model of Dally {(1992) for the
wave transformation is used. The wave-by-wave approach is applied to the random wave transformation, caused by
shoaling, breaking and reforming in cross-shore direction,

The wave characteristics far outside the surf zone are used as input data of this model. The transformations of
wave heights due to shoaling are estimated by the model of Shuto (1974) for the nonlinear shoaling as

HC, = const for gHT > [h? <30
HhY = const for 30 < gHT/h* <50 (I
Hp"? [(gHT ’/hl)"’2 - 2\/§]= const  for 50 < gHT ' [#?
where C, is the group velocity, g is the gravitational acceleration, # and T are the wave height and the period, and A
is the water depth.
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Individual waves shoal in the model until waves start to break. For the judgment of incipient breaking, the
incipient break index » - Weggel (1972) is used. The index y is the ratio of the characteristic wave height to the local
water depth, which takes into account the deepwater steepness of waves and the beach slope. The ¥ is expressed as

7 = b(m)—0.0827a(m)S}"* (12)
where
a(m) = 43.8{1.0~exp( —19m)] (13)
b(m) =1.56 /[1.0+ exp( —19 .5m)]

in which m is the bottom slope and 5, is the deepwater steepness, equal to H, /L, , where H, and L, are the deepwater
height and the wave length, respectively.

Inside the surf zone, the analytical expression of Dally (1990) is used for the transformed probability density
function for wave heights due to shoaling and breaking. This expression is based on the assumption that random waves
behave as a collection of individual regular waves in the surf zone.

At the location outside the surf zone, it is assumed that the Rayleigh distribution is valid and it is truncated at
some realisticaily large wave height for this location. The probability density function is

pdf(H,.)=2HH' exp[—[HH‘ ” H, <yh, (14)

i T

where fl is the wave height, H, is the root-mean-square wave height and subscript “i” denoted initial conditions of the
model for the transformation of pdf(H ) inside the surf zone.

Since in any location of the surf zone, simultaneously exist breaking and non-breaking waves, the wave height
distribution inside the surf zone is derived by the contribution of both - the probability density function of non-breaking
waves and the probability density function of broken waves.

Non-breaking waves shoal in the surf zone and the linear theory of shoaling is assumed. The transformed
Rayleigh distribution due to linear shoaling gives the portion of probability density function due to shoaling waves:

pdf (A), =24k exp{~ (Azfz"’ )} for  A<A (15)
where random variables are non-dimensional 4= H/H A, = yh/H . . h= hih, .
This distribution is truncated at the highest non-breaking wave height that can occur at the local depth #, = »4 . The
subscript “sh” denotes the probability density function of shoaling waves,
As waves start to break, the turbulent dissipation of the wave energy is the dominant dissipation mechanism and

breaking processes dominate wave transformation. However, in contrast with monochromatic waves, there is no well-

defined breakpoint for random waves. Because of the randomness of waves, the occurrence of breaking is itself a random
process.

rmsi I

The contribution of broken waves to the probability density function at a particular point inside the surf zone is
derived on the base of the analytical solution of the D’ model of Dally et al. (1985). The model was developed for regular
waves breaking on a planar beach. This is an energy flux difference model, derived on the assumption that waves are
breaking until another stable wave height is attained after breaking. Horikawa & Kuo (1966) and Thorton &Guza (1983)
found that a stable criterion can be expressed as

Hx.‘nb.’e = rh (16)
in which H_,, is the stable wave height and I" is a dimensionless coefficient, called also stable wave factor, equal to the
ratio of the wave height to the water depth at the point where the wave stops to break and reforms. The value of this
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parameter appears to be 0.35-0.4. The rate of energy dissipation per unit area is presented in D’ model of Dally ef .
(1985) as:

d(enm) -
e

S - o) (a7

where K is a decay coefficient. In this work the values of X =0.15 and ['=0.4 is used as recommended by Daily
(1990} for the case of neglecting set-up fluctuations.

The portion of the probability density function inside the surf zone due to broken waves is derived as:

54y RV [ F( g

pdf(A)br = |(5/2 _ K/m)(}/2 + a.]

expl- Z[F(A)]" ] (18)

" VA28 foe )
J , A SA<A.

H h YA + a. h
where (A )= [( (}j’ i a) );;(A'/nr f/z)

This distribution is truncated at upper limit 4, - largest wave height that can occur at the local depth, but also at the
lower limit given by the breaking wave height that corresponds to the largest wave of original pdf(#,). The lower limit

A, is determined by initial condition as

Ap = [15(”"'“"”(72+a.)—aﬁz]%{ - J (19)

H

st

* Ahr = }/hl/H

rmse "

Then the probability density function inside the surf zone is
pdf (A)m.m.’e _swrf = pdf (A)sh + pdf(A)br (20)

14 _ :
12 pdf(A)y,

1 -

%87 pdf(A)g,
0.6

pdfA)

0.4 -

. Rayleigh

0.2

0 0.5 1 A 1.5 2 25

Fig.9 Probability density function inside surf zone

One example of probability density function of wave height inside the surf zone is presented in Figure 9 for the non-
dimensional height 4 .
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The closed form of probability density function of wave heights facilitates the calculation of the characteristic
wave heighis as the significant wave height F , the mean wave height H__ and the root-mean-square wave height H .

In dimensionless form they are derived as,

H A, Apa
A, === = (Apdf (A), dA+ [Apdf (A), dA 2y
T |
v,
A === LA pdf (A), dA Alpdf (A), dA 22
g [RPY A [AT R (A), 22)
In the calculation of significant wave beight (2=1/3)
a A
A, = }f’ -= [ A+ [ Apdf (A), dA (23)

the integration limit A, which is the value of A above which z percent of the waves are found, have to be [irst determined

from

[P rdhw [pdf (A), dn =1z @4.

The expression of mean group height H inside the surf zone then can be derived on base of the closed form of

&r _meon
probability density function inside the surf zone pdf(A), .. ., 25
12

Xy

Hoy oo =H [ (L= x) pdf (x),, dx + f (1 x) pdf (x),, dx 25)

[

where some variable changes are performed. Instead of normalized by initial condition wave height A = m /#__ , non-
dimensional height by local mean wave height x = z /i is used.

4.3 Comparison between Obscervation and Caleulation Inside Surf Zone

The proposed model of wave group translormation across the shore is applied for the [Geld data. The wave
characteristics of the deepest wave gauges (24 m water depth) are used as the input. After that, waves are nonlinearly
shoaling by the Shuto’s model unti] incipient breaking is reached. Inside the surf zone, the Dally’s wave transformation
model is applied and the significant wave height and the mean group height are calculated by (23) and (25) respectively.
Them, the ratio H o

on Figure 8. The results of comparison can be seen in Figure 10.

{H _ is calculated and compared with the ratio, which is categorized in “after breaking” data group

_mean

The ratio H /H , calculated by the wave transformation mode] shows almost the same tendency of variation

8 _mean
as the observed ratio H_  /H =02 (see Figure 8 “after breaking”). The data presented on Figure 10 can be
separaled into two groups. Ope is the data in the outer surf zone, which is seaward part of the surf zone, indicated by
triangles. Another is the data of the inwer surf zone, which is shoreward part of the surf zone, indicated by squares. Alter
initial breaking in the outer surf zone the ratio decreased from 1/3 for outside the surf zone to approximately 0.25, while
for the observation in the inner surf zone this ratio became less then 0.20, approximately 0.15. This is a consequence of
further breaking of the waves in the inner surf zone and cormrespondingly, completely destroying of its group structure in

shoreward dircction.
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Fig. 10 Comparison between observed and model caleulated ratio M / H , inside surf zone.
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4.4 Low Frequency Waves Inside Surf Zone in Dependence of Offshore Wave Groupiness

The destroying of wave groupiness in process of breaking is accompanied with increasing of low frequency
encrgy in the surf zone. Since after break point the LFW height keeps comparatively constant across the surf zone (Figure
7}, the L.FW height inside the surf zone £ ww ey 15 defined here as averaged value of surf zone observations.

Figure 11 shows that the height of LFW in the surf zone H ww g depends on the function of offshore wave
groupiness. The function of wave groupiness here is determined as product of group height H,, .. and group period
Ty peun - The high value of H ., ., greater than 0.5m, are observed in the wave decay stage, when wave groups have
simultancously high H, . and long T, .- Incontrast, the weak groupiness in calm stage produced less than 0.3m
LEW height H ., . in the surf zone. It can be concluded that the group period L s and the group height i must
be both considered as important factors for the generation of low frequency oscillations in the surf zone.

Yamamura & Aoki (2000) and Kim et al. (1999} also reported the influence of space-time characteristics of sea
waves, estimaled by the product of wave height and wave period, on the observed values of the low frequency wave
height. The physical reason of this dependence is not clear at the moment.
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Fig.11 Observed LFWs inside surf zone in dependence of offshore wave groupiness
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5. Conclusions

Determination of individual waves by orbital criterion is fourd to be very powerful for the treatment of surf zone
wave data. The orbital criterion has advantage to eliminale by the definition small zero-crossing waves. In this way
additional subjective checking of individual waves in lime or height domain can be avoided. Wave groupiness is analyzed
in terms of wave envelope and the orbital criterion is used for determination of individual wave groups.

The transformation of group structure of sea waves from deep to shallow water as well as during the different
offshore sea conditions is investigated on the base of field data. Well-grouped sea waves with long group period and high
group height is observed during the wave decay conditions. The ratio of wave group height to the local wave height is
different for the waves before and after breaking.

The changes of wave group structure due to shoaling and breaking is theoretically derived on the base the wave
transformation model. The theoretical changes of wave group height agree well with the observed changes of the
groupiness. This theoretical approach for cross-shore variations of wave groupiness could be applied in the models for
generation of low frequency wave in the coastal area.

The high low frequency oscillations inside the surf zone is observed, when offshore wave groups are well formed
simultaneously in height and duration. The obtained results can be used for prediction of surf zone LFW on the base of

knowledge of offshore wave groupiness, but further investigations are necessary in this direction.
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List of Symbols

A(t) : wave envelope

A=H/[H . :pon-dimensional wave height

A, :highest pon-breaking wave height that can occur at the local depth

A, :breaking wave height, corresponds to the largest wave of initial pdf
A s Ane» A, dimensionless mean wave height, root-mean-square wave height and significant wave height
C, : group velocity

&+ gravitational acceleration

k : water depth

h, : water depth in initial condition

k, : water depth, where incipient breaking occur

hi = hfh, :non-dimensional water depth

H :wave height

H . mean wave height

H , : significant wave height

H . :root-mean-square wave height initial

H : deepwater wave height

H . :stable wave height

H ., theight of low frequency wave

stable

H iy .y - low frequency wave height inside the surf zone
H, ; :height of discrete wave group
H : mean group height

gr_mean
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K : decay coefficient

L, : deepwater wave length

me: bottom slope

N :number of groups in record

pdf () : probability deasity function

pdf{A), :probability density function of shoaling waves
pdf(A}, : probability density function of broken waves
PAf (A)yse oy ¢ probability density function of wave height inside surf zone
S, : decpwater steepuess

T :wave period

T .. :mean wave period

riean

T, , :period of discrete wave group
T, . :mcan group period

x = H/H :nomalized wave height

¥ :incipient breaking index

I : stable wave factor

At : sampling interval of measurements

7(t) : sea surface elevation

7() : Hilbert transform of sea surface elevation
@(t} : wave phase

8(t) : deviation part of wave phase

w, : mean wave frequency





