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ABSTRACT

The theoretical expected structure of large nonlinear waves
can be described, using the Gram-Charlier approximations of
Jensen et al. (1995) and Jensen (1996, 2005), and the quasi-
deterministic model of Fedele & Arena (2005). The second-
order narrow-band approximation offers a simpler alternative to
these models, as recently suggested in Tayfun & Fedele (2006).
Herein, this latter alternative is elaborated further, deriving
theoretical expressions for predicting the expected shape of
large waves, conditional on somewhat more general constraints
than those previously considered. The theoretical results are
verified favorably with oceanic measurements gathered at deep
and transitional water depths in the North Sea. Some
comparisons of the present model with those of Jensen et al.
(1995) and Fedele & Arena (2005) are also given, showing that
all three models do in fact reasonably well in representing the
expected profile of large waves in storm seas.

INTRODUCTION

The expected configuration of the nonlinear sea surface
over the region of large waves in extreme seas has been of
increasing practical and theoretical interest in recent years (see
e.g. Fedele & Arena 2005; Fedele & Tayfun 2006; Guedes
Soares & Pascoal 2005; Jensen et al. 1995; Jensen 1996, 2005;
Petrova et al. 2006; Socquet-Juglard et al. 2005; Tayfun &
Fedele 2007). In the linear Gaussian case, the conditional
expected shapes of large waves are predicted well by the linear
models devised by Lindgren (1972), Boccotti (2000), and
Phillips et al. (1993). Although the formulations and constraints
used in deriving these models differ somewhat, particularly in
Phillips et al. (1993), it appears that they all yield essentially the
same description for the conditional expected shape of large
linear waves.

The conditional expected shape of large waves in second-
order nonlinear seas has been considered more recently by
Jensen et al. (1995) and Jensen (1996, 2005), using
approximations based on the Edgeworth form of Gram-Charlier
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series, and by Fedele & Arena (2005), who generalized and
extended the linear quasi-deterministic theories (QD 1) of
Lindgren (1972) and Boccotti (2000) to second-order seas. The
Fedele-Arena model (QD 2) satisfies the second-order Stokes
wave theory exactly. So, it would seem that it should be a more
accurate representation for the expected structure of large waves
and wave groups than those derived from the Gram-Charlier
type approximations. But, there have been no comparisons to
show if that is really the case. Jensen’s 1995 and 2005 models
are essentially the same and also more elaborate than the earlier
Jensen et al. (1995) model. However, comparisons demonstrate
that the differences between these models tend to diminish for
large waves (see e.g. Jensen 1996).

A simpler alternative to the Jensen et al. (1995), Jensen
(1996, 2005) and Fedele-Arena QD 2 models is offered by the
narrow-band (NB) model (Tayfun 1980, 1986). The NB model
appears to be quite effective in describing the probability
structure of the sea surface and its various extremal features,
particularly, over the region of large waves ( Socquet-Juglard et
al. 2005; Tayfun 2006; Tayfun & Fedele 2007). Herein, the
same model is elaborated further, following Tayfun & Fedele
(2006), to develop a third model and theoretical expressions for
describing the conditional expected shape of large waves in
storm seas under more general conditions than those considered
in the previous second-order models. These are verified with
two different sets of oceanic data collected at deep and
transitional water depths in the North Sea, and also with
comparisons to the 1995 Jensen et al. (J) model, QD 1 models of
Lindgren (1972), Boccotti (2000) and Phillips et al. (1993), and
the QD 2 model of Fedele & Arena (2005).

MODEL, DEFINITIONS & PROBABILITY STRUCTURE
The zero-mean free surface elevation measured at a fixed

point in timetand scaled with by its rms value, say, ois
approximated as

n=1,+1m, =rCOSz+§r2 0082z=m+§(nf -nt), ()
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where 7, =rcos y and 7, =rsin y describe, respectively, the

first-order Gaussian profile and its Hilbert transform exactly;
7, is the second-order correction to 7 for long-crested seas

correct to O(°), with v=[m,m,/m?-1]"? = spectral
bandwidth , and m; = j-th ordinary moment of the spectral
density S,(w) of 7, as a function of circular frequency w;
r(t) =[n’ +n;

7, , scaled with o =m}'?; y=tan*(, /7n,) = random wave-
phase, independent of rand uniformly distributed in (0, 27);

1¥'? = Rayleigh-distributed random amplitude of

and, u=cok, =cw?/g= steepness parameter = rms surface
slope of 7, , with g =9.8 m/s’and @, =m, /m,. Further,

),3:(773):3(7712772):3;1 2

yields the skewness coefficient of 7, correct to O(u), as an

upper bound to the observational values of A, =(7n%) in

directional seas under deep-water conditions (Tayfun 2006).
Using ¢ as an ordering parameter, 7,is O(l) whereas 7, is

O(u). Thus, (n2y={(n2y=1land (n,7,>)=0. All this
suggests that the rms values, spectral densities, associated
moments m; , and the normalized auto- and cross-correlation

kernels of 7 are the same as those of 7, , correct to O(u).
The first-order variables 7, and 7, are independent

Gaussian, and the total wave-phase function can also be
rewritten as y =w,t+¢, where ¢(t)=wave-phase function,

uniformly distributed in (0, 27). Both derivatives f =or /ot
and g=0o¢/ot are O(v) (Tayfun 1986). Assuming that the
higher-order derivatives ¥ and ¢are O(v?), then at wave
crests or maxima of 7,, cos y =1+0(v?), sin y =0+0(v),
7, =0+0(v),
Thus, max{n,}=r+0(v?).

representation correct to O(1), max{n,}=xr?/2+0(v). Asa
result, the maxima or crests of 5 are given by

7, =0+0(v), and 7, =-re’+0(?)<0.

However, because 7, is an NB

max{n}zy:r+%,u 2 +00). @A)

An immediate implication of all these is that at the crests of 7, ,
the marginal probability densities (p.d.) of n,and 7,
conditional on 7, =r, are both given by 5(0) to O(1), whereas
the p.d. of 7, under the same condition is (7, +rm?).
Similarly, at the crests y of 7, the p.d. of 7, conditional on
m=ror n=y,isalso 6(0) to O(1), and the p.d. of 7 takes

the form 5(7j+r w2[l+2ur]). Thus, given 7, =r or n=y,
n,, n, and 7 are zero, and 7, and 7 are always negative with

probability 1 for the NB model. These are consistent with the
conditions for the occurrence of maxima or wave crests, as they
should be.

The p.d. and exceedance distribution (e.d.) of r are

pr=rexp(-r’/2) , E, =exp(-r®/2), 4

wherer >0. Thus, the p.d. and e.d. of y can be expressed,
respectively, as

P, , E,=E

1 .
= =r+—ur-. 5
Py I+ur y 2,u ©®)

The preceding expressions can be used to develop the mean
of y, conditional on the threshold value y, = E;l(lln) for

n>1 corresponding to the largest (100 / n) % of wave crests, as
in Tayfun (2006), viz.

Yin =CYIY > Yo ) =Ty, +u[l+In(n)] (62)
yn :rn +§rn2' (6b)
rl,nz(r|r>rn>:rn+\/§n erfc(&%], (6¢)
- 2In(n)=Erl(%) (6d)

where erfc stands for the complementary error function. Clearly,
Eq. (6a) reduces to r,,, appropriate to linear narrow-band wave
crests if £ =0. Further, let (R, )and (Y, ) represent the mean

largest wave crests in N linear and nonlinear waves,
respectively. These have the forms (see. e.g. Tayfun 2004)

0577216
Ry)=42In(N) + ==, 7
(Ry) n(N) + 2N (7a)

(Yy)=(Ry)+x [0577216 +In(N)] . (7b)

For simplicity, let & =n,(t), &, =n,(t+7), 921 =7, (t) and
&, =, (t+7) . On this basis,
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p()=(&8,)=(46,) =] S(a) cosw do, (8a)
p(r)=(&EE)=(EE) =] S(w)sinw dw. (8b)

The conditional p.d. of &,, given &, is

o|_x=pé) } ©)

1
Piz;l("'il)‘mex{ 20— p?)

The conditional p.d. of cfAz , given cfAl is exactly the same as Eqg.

(9), but the p.d. of 52 , conditional on &, has the form

_(x—ﬁglz)ﬂ )
2(1-p7)

p: . (X|&)= exp
214 27(1- p?) {

EXPECTED SHAPE OF NB NONLINEAR WAVES

Consider Eq. (1), let &, =n(t), ¢, =n(t+7), and define
the events a={¢, =y}and a, ={<&, =y, }. On this basis,

<§2|a>:<5z|a1>+§(<5§|a1>—<$§|a1>), (11)

where, (9) and (10), (& |& =r)=rp;
(&2 la)=1+p*(yf-D); and, (& |a)=1+p°(r7-1).
Since ¢, =n(t+7) and a={n(t) =y}, these simplify Eq. (11)
to

from Egs.

<n(t+r)|n(t)=y>:np+§(yf—1><p2—/32). (12)

For 7 >>1, the preceding expression reduces to

<n(t+r)|n(t)=y>~np+§yf (P> -p?). (13)

Atz=0, (n(t) [n®)=7)=7r, p(0)=1, p(0)=0. Thus,

yEn +% i (14a)
(=114 2uy ) (14b)

These results also follow from Eq. (1) directly by taking the
conditional expected values, given 7(t)=y and 7, (t) =y,. So,

Eq. (13) is theoretically more consistent than Eq. (12) with the
NB approximations assumed in Eqg. (1), and thus with the
conditional p.d. 5(0) of 7,(t+7)as z — 0, given 7,(t) =,, as
discussed before. Evidently, setting =0 in Eq. (13) reduces it
identically to the QD 1 model in Lindgren (1972) and Boccotti
(1989, 2000).

The relative simplicity of the NB model allows derivations
of the expected shapes of large waves, conditional on different
type of constraints. For example, consider (¢, | <, >7).
Defining the events A={¢, >y}and A ={& >y}, itis
immediate from Eq. (1) that

1 -
(G, 1AY=(¢, |A1>+E,U (<§22|A1>_<§22|A1>) (15)

Using Egs. (9) and (10),

_expx/2) joo exp(-u®) du, (162)

Doy (XA L) =
! Q) 72

_exp(-x*/2)

s (XA ="—="—= [ exp(-u®)du, 16b
P, (XIA) 20 w2 J p(-u?) (16b)
where

Q(7) =Pr{A }=erfc(y, /42) /2, (17a)

U=(7-xp) 2 A-p?), (17h)
Go=(7,-xp) 12 1-5?) . (17¢)

Thus, (&, |[A))=Cp, <§22 |A1>:1+C71,02 , and
<4222|A1)21+C7/1/A)2,With

2 exp(-7212)

c=C = .
() b4 erfc(;/l/\/E)

(18)

As aresult, Eq. (15) can be expressed in the form

<n(t+r>|n(t)>y>:cm)[p+§mp2—/32>]. (19)

As 7 — 0, this expression leads to

(@ In()>y)=p()=(1+ %71) C(n)- (20)
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Given u and g, y, follows via successive substitutions from

-1
Zi U
Zi,q = 1+= z; , 21
i+1 ﬁC(Zi)( 2 |j ( )
where i=0,1,2,... and z5=/.

As 1 — 0, Eq. (19) reduces to the QD 1 model in Phillips
et al. (1993a). In either case, it is tempting to use the expansion
C(ry) !y, =1-y;? +---, and thus set C(y,) =y, for 2> >>1.

But, this approximation really requires unrealistically large
values of y, for it to differ negligibly, say, e.g. by less than 1-2

%, from the exact form of C(y,), as shown in the upper part of
Fig. 1 below.

1.10

12 12

exp(—x2/2)/erfc[x/2

C(‘X):(Zl‘zz)

1]

1.08
1.06 -

1.04r

C(x) /x

1.02+
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Fig. 1. (a) Asymptotic behavior of C(x)/x versus x. (b) C(r,)
in comparison with r,,, and % errorin C(r,) =r,,,.

4 CNC

In practice, yand g need to be estimated via wave-by-
wave analysis from observational data, for example, for the
largest (100/n') % wave crests. Clearly, this would correspond
to an empirical or data-dependent application of the NB model,
hereafter referred to as NB-data. If the surface spectral density is
given, then a simpler alternative and one that should be
preferable to the NB-data model of Egs. (19)-(21) is to
implement it in a data-independent predictive mode, by
replacing B, 7, 7, and Cin Eq. (19) with their theoretical

values, Viz. =Y., 7=V, 7 =fand C(r,)=(r,, —r,) ™.
Further, setting C(r,)=r,,, causes errors less than 2 % when

n>10, as shown in the lower part of Fig. 1. All these simplify
Eq. (19) to

<n<t+r)|n(t>>yn>=run[p+§rn(p2—z>2)], (22)

hereafter referred to as NB-theory.

A further application of NB-theory via Eq. (13) would be to
predict the expected profile of the largest wave in N waves. This
would simply require setting y, =(R) and y =Y, )from
Egs. (7b) and (7b), respectively.

Finally, it is worthwhile to mention that the NB model and
its fairly simple probability structure would easily allow for the
formulation of the theoretically expected shape of large waves
conditional on other types of constraints. These include, for
example, (n(t+7) |y, <n(t)<y,) and possible others, but

they will not pursued here due to limited space.

JENSEN et al. (J) & FEDELE-ARENA (QD 2) MODELS

Jensen et al. (1995) consider second-order nonlinear sea
surfaces, approximating the p.d. of (t+7), given n(t)=y ata

maximum or wave crest, in terms of Gram-Charlier series. The
resulting model (J) is of the form

(n(t+7) |77(t)=7>=7p+%(72—1)(421—13 P . (@3)

where A,, =(n°(t+7)n(t)).

The QD 2 model of Fedele & Arena (2005) generalizes the
linear quasi-deterministic models of Lindgren (1972) and
Boccotti (1989) to derive the second-order conditional expected
shape of n(t+7), given n(t)=y and y >>1. This result can

be expressed as

1,
<f7(t+r)|f7(t):7>:y1p+g A (24)

where (Tayfun 2006; Tayfun & Fedele 2007)

Ar)=3(ni ) n(t+7))

B i e 4 K - cos - : , (25)
= E”[K cos@* +K cos@ (k) (k') dkdk’,

with k =wave-number vector, ¥ = wave-number spectral
density, @* = (w+w')r, and K* = second-order interaction
kernels (Sharma & Dean 1979). Now, first note that
Ar)<A0)=3(nSny=(n®y=1, and 0<A,<3u in the
most general case (Tayfun 2006). More significantly, QD 2 is
consistent with the second-order theory under general conditions

for directional seas at deep and transitional water depths. Setting
r=0and g, =A(0)/3in Eq. (24) will lead to

yo= (1o T2, 1) (26)
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This result has the same form as Eq. (14b), but x, < since
Ay = A(0) =3, <3u inthe most general case. Nonetheless, as
v—0,then 4, ->3u and so x, — « as an upper bound. In

the latter case, NB and QD 2 models both lead to the same
representation for second-order wave crests and troughs.

The formulations of J and QD 2 models do not include the
conditional expected shape of large waves under different
constraints. In particular, formulating (7n(t+z) |n(t)>y) via

Jensen’s approach can require rather cumbersome algebra. In
contrast, the same formulation via the QD theory is surprisingly
easy. To elaborate this, compare the Phillips et al. (1993) type
QD 1 model for y, >>1, viz.,

(7, (t+7) [, (t) > 1) = C(yy) [ ¥ (K) cos wr dk (27)
with the random spectral representation
n,(t) =[cos[wt+e(k)]dZ(K), (28)

where (k) = independent random phases distributed uniformly
in (0,2x), and dZ(k)=random amplitudes with orthogonal

increments such that (| dZ (k) |*) = % (k) dk. Evidently, QD 1 is

fully consistent with the first-order equations of wave motion
since it has the same functional representation as 7, except that
the random phases are all set to 0, and the random amplitudes
dZ (k) are replaced with C(y,)¥ (k) dk . Proceeding further,

the second-order correction 7, to 7, is of the form
7, = (11 4) ”[K+ c0sQ* + K~ cosQ]dZ(K)dZ(k), (29)

where 2 *= (ot w')t+&(k)ze(k') . The latter expression with
all phases set to 0 and dZ(k) replaced by C(y,)¥(k)dk

likewise satisfies the second-order equations of wave motion,
thus leading to the QD 2 form given simply by

(nt+7) | n)>y)= C(n)[m% C(r) A(=)] . (30)

As in the case of the NB model, the QD 2 models of Eqgs.
(24) and (30) can be applied either as data-dependent models or
in a data-independent predictive mode, given the surface
spectral density. The predictive mode of QD 2 will henceforth
be referred to as QD 2-theory. In using Eq. (30) in the latter
case, the empirical parameters are replaced by their theoretical
values from Egs. (6a)-(6d) corresponding to u=pu,, Viz.

yl/n E( 77(t+f)|77(t) >}/> V= yn ’ and C(yl) = rl/n to prediCt
the expected profile of the largest (100/n) % wave crests.
Similarly, for the expected profile of the largest in N waves, it

suffices to use QD 2 form of Eq. (24), setting in this case
u=u,, y,=(Ry) and y =(Y,) from Egs. (7a) and (7b),
respectively.

In theory, the NB model describes long-crested waves. Its
potential usefulness in describing short-crested waves has not so
far been tested fully. Clearly, the first-order NB component is
valid for such waves under general conditions. And, the long-
crestedness constraint is inherent in approximating the second-
order nonlinear effects due to bound modes arising from the
frequency-sum terms of the first-order field, correct to

O(v°) only. In practice, however, oceanic data seem to suggest

that relatively large waves often display features associated with
long-crested waves locally, behaving as slowly varying Stokian
waves with essentially no secondary crests or troughs, unlike
short-crested wider-band waves. So, this may at least partially
explain the relative success of the second-order NB model in
predicting large surface elevations, wave crests and wave-crest
groups under oceanic conditions (Socquet-Juglard et al. 2005;
Tayfun 2006; Tayfun & Fedele 2007). If this is indeed the case,
then the NB model may also be used in approximating the
expected 3D spatial configuration of large storm waves,
replacing the temporal auto- and cross-correlation kernels with
their most general forms p={(n(t, +7, x+ X)n(t,, X)) and
p=(nt, +7,x+X)7(t,, X)), withx=(x, y)and X =(X,Y).
An additional modification required for the NB-theory to predict
the expected shape of the largest of N waves in 3D wave fields

is that instead of Eq. (7b), the latter statistic assumes the form
( Socquet-Juglard et al. 2005)

u.o, 05772160+ pyy)

=y : (31a)
2 § Yn _(1/yN)

Yy =yy+

where

Yy =y 2INN+In(2InN+In(2IN N +--)) . (31b)

Theoretically, QD 2 has wider range of applicability for
long- and short-crested waves in deep and transitional water
depths. In particular, given the directional spectral density, the
expected structure of large waves, and the evolution of their
groups in 3D spatial fields are described by Eq. (24), including
the spatial variables x and X in the definitions pand A , and

defining (Y, ) via Egs. (31a) and (31b) as for the NB model.

COMPARISONS

Of the two data sets to be analyzed here, the first comprises
9-h continuous measurements gathered at 5.12 Hz during a
severe storm in January, 1993 with a Marex radar from the Tern
platform in the northern North Sea in 167 m water depth. This
data will hereafter be referred to as TERN 93. The second set
represents 4.5-h measurements gathered at 4 Hz as part of the
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Wave Crest Sensor Intercomparison Study (WACSIS) in
January, 1998 with a Baylor wave staff from Meetpost
Noordwijk in 18 m average water depth in the southern North
Sea. TERN 93 is an extremely severe, but fairly stationary deep-
water sea state. The WACSIS data set is also fairly stationary,
but more typical of a transitional water depth situation.

The analyses of both data for zero-up crossing waves were
based on ¥2-h segments scaled by the corresponding rms values.
This process gives 3157 zero-up-crossing waves for TERN 93
and 2389 for WACSIS. In the comparisons below, the observed
profiles of the maximum waves measured in both cases, the
average profiles of 1% highest waves in TERN 93 and 10%
highest waves in WACSIS are compared with the QD 1, QD 2, J
and NB model predictions. Obviously, the maximum profiles
are random in contrast with the theoretical predictions.

The results for the largest wave of TERN 93 are shown in
Fig. 2. The comparisons between the average profile of 1%
highest waves in TERN 93 and model predictions are in Fig. 3,
where the model predictions use the observed statistics,
including the NB model (NB-data). The same profile is repeated
in Fig. 4 again, comparing it in this case with NB-data and NB-
theory based on the theoretical statistics for x =0.096 and

n =100 corresponding to 1% highest waves. In all three figures,
the second-order models do compare reasonably well with the
observed data and evidently better than the linear QD 1
predictions. Further, all model predictions appear fairly close for
the most part, with J doing possibly somewhat better than QD 2
and NB in representing the sharper slopes along the central
wave crest. The NB-theory and NB-data predictions, and the
observed and predicted parameters in Fig. 4 also compare quite
favorably.

sl ©4=0105 ©=3176m.
#,=0.107 ,=4850

<p(t+r) |n(t)=y>

-4
20 -5 -10 5 0 5 10 15 20

v [s]

Fig. 2. TERN 93: largest wave (.) vs. model predictions
derived from a 30-min series symmetrical about
7/ = 77max = 485 "

sl =3.408

#=10.096 ]
7,=3.040  1,=0.059 ~ b2
3l C(r)=3320 ‘ — \l]\lB—dataﬁ

<n(t+o)|n(t)y>y>

Fig. 3. TERN 93: average profile (.) of 1% highest waves
observed vs. model predictions based on observed

statistics.
NB-da‘ta paraméters NB-‘theory pa‘rameters
M =3.48 1
y =341 V=3
<n|n>y>=380 Yy = 3.87
A 3p 7 =304 r,=3.04 1
EN C(n) =3.32
A -
—~ 2r VaN
—
N—r
=
1t
gy
[
+
+— 0r
N—r
=
VvV -1t
=0.096 § - QD1
2 ﬂ_ ' ! __ NB-data ]
o =3.024m 7 it NB.- th
24=0.174 L v — NB-theory
L L L L L L L
20 -15 10 5 0 5 10 15 20
v [s]

Fig. 4. TERN 93: average profile (.) of 1% highest waves

observed vs. model predictions based on theoretical
statistics.

The profile of the maximum wave and the expected profile
of the 10% largest waves observed in WACSIS versus model
predictions are shown in Figs. 5 and 6, respectively, and with
the latter case repeated in Fig. 7 to show the comparison
between the predictions from NB-data and NB-theory. The
overall nature of the WACSIS results is similar to that of TERN
93, except for the somewhat irregular and asymmetric profile of
the maximum wave in Fig. 5.

Finally, the profile of the largest wave in TERN 93 is
repeated in Fig. 8 in a comparison with the theoretically
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expected profile of the maximum of 3,157 waves implied by the
QD 1, NB and QD 2 models. As an additional and somewhat
extreme example, the theoretically expected profiles for the
largest in N=10° hypothetical waves representative of TERN 93
are shown in Fig. 9, as predicted with the NB, QD 1 and QD 2
models. There are obviously no such waves actually observed
during the TERN measurements, and the predicted profiles
suggest the possibility that such waves could have been
observed, e.g. had the measurements continued much longer
and/or if many simultaneous gauges had been used for
measuring about 10° waves altogether.

6 £=0.093 o =1.050m

— QD1
sl = 0.09 7 = 6.067 ’/ \\ — QD2
Ag= 0272 ¥ NB-data
A
o |
1
=
N—
<
N
+
-
<
\%

7 [s]

Fig. 5. WACSIS: largest wave (.) vs. model predictions
derived from a 30-min series symmetrical about
V=N =6.07.

<n(t+z) |n(t)y>r>

Fig. 6. WACSIS: average profile (.) of 10% highest waves

observed vs. model predictions based on observed
statistics.

NB - data parameters NB - theory parameters )

y = 240 Yp =2.36
<nln>y>=287 Yijp =2.85

2r 7, =226 ] r =215 .
C(r)=260 | M = 2.55

<np(t+z) [n(t)>y>

— QD1

| 4 — NB- data
Ag=0.239 . oy — NB - theory
-2 1 L L R L
-15 -10 5 5 10 15

0
v [s]
Fig. 7. WACSIS: average profile (.) of 10% highest waves

observed vs. model predictions based on theoretical

statistics.
6 T T
NB - theory QD 2 - theory
5r 4= 0.096 #, =0.059 B
4l 7 =<V >=4.087 y=<Y, >=4670 |
A 7= 4.159 ;/l:<RN>: 4.159
~ 3 1
1
<
-
+
IS ) N
V' | TERN93(+)data W |
avg. obs. x=0.058 - QD1
_47;/:<YN>:4.850 — QD2 i
7, =4.312 — NB - theory
-5 L L L L L
-30 -20 -10 0 10 20 30
v [s]
Fig. 8. TERN 93: expected profile of the largest in N = 3,157

waves from model predictions vs. the largest wave
actually observed.

CONCLUSIONS

The second-order NB model appears as a simple model well
suited for describing and/or predicting the expected shape of
large waves, conditional on a variety of possible constraints.
The present comparisons of this model and those due to Jensen
et al. (1995) and Fedele & Arena (2005) indicate that all three
models do reasonably well and certainly far better than any

Copyright © 2007 by ASME



| NB -theory QD 2 - theory |
1 =0.096 #, =0.059
5l 7 =<Yy >=6077 y=<Y, >=5633 |
A % =<Ry>= 4919 % =<Ry>= 4919
N
I
—~ 3r
= 2
—~ 1r
[
Lo
= 1t
\V2 \
2t A
- QD 1 - theory
-3r f — QD 2 - theory 1
v L — NB- theory
-4 I I I I I
-30 -20 -10 10 20 30

0

v [s]

Fig. 9. TERN 93: theoretically expected profile of the largest in
N = 10° waves predicted from NB and QD 2 models.

linear model in representing the profiles of large oceanic waves.
Most notably, the quasi-deterministic model of Fedele & Arena
(2005) is exact to second-order. Thus, it can be used for
describing and/or predicting the expected configuration of large
waves in 2D and 3D spatial wave fields in deep or transitional
water depths, given the directional spectrum of the sea surface.
The same model also lends strong support to the relative validity
of the NB model, particularly, in representing the surface
elevations, crests and troughs of large waves.
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