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Statistics of Waveheights -Numerical Simulation with a Purely Stochastic
Model and Laboratory Experiments in a Wind Flume-

Natsue FURUKAWA, Akira MASUDA and Michiyoshi ISHIBASHI
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Statistics of waveheights is investigated in relation to freak waves. First, numerical simulation
was made with a purely stochastic model that takes into account only low-order (rather artificial)
nonlinearity of water waves. The model tends to yield abnormally large waveheights more frequently
than the Rayleigh distribution predicts, in qualitative agreement with recent many papers. The result
suggests the mechanism of frequent appearance of freak waves may be simple. Then, real wind-waves
in a wind-flume were measured for a long time under the same wind condition. The distribution of
waveheights thus obtained was deviated significantly from both the classical Rayleigh distribution and
that due to the simulation with the stochastic model. The result shows that wind alters the statistics
of water waves significantly, at least in the wind-flume.

Key words : freak wave, Rayleigh distribution,waveheight statistics,wind-flume experiment

1. ¥

O0000o0o0o0oooOooUooUoooooooog
00 "New Year Wave” 000000 2400000
O02.6m000000000O0OCOOCO0ODOOOOODOOO
O00000oo0ooooooOooooooooooog

il

gboobooooobooooobobooooobooobo

0000O0000000O0D00O0OO0OOoooooo?
0000000000000000000000000
0000000000000000000000000
00000000000 0000000000000
0000000000000000000000000

goooboooooooooooboooooooobooa

000000000000000000000000
00000000Y%0000000000000000
000000000000%000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
oooooooo9o

000000000000000000000000

*1 00D0D0DO0O0DO00D0O0O0O 00O
*2 00000000O00DO0OO0DO0OO0DOOOOO0OO

goooooooboboobooobooooooooboboooo
00000000000000000000000070
goooooooooooooooooooooooo
goooooooooooooooooooooooo
o0oooO0o0 (DobooUooUoUooO)UoDUoUoO
oboooooooooooooooooooooooa
gobobooooooooobooooooooooobooo
boooooooooooooooooOooooooa
boodooooooooooooooooooooao
goboboooooobooooooon

2. FERCRERBIEOERAE

t00000000 p(t) 0 () =10000000
00000000 e000000000000O00
0000000000 HOOOOOOOOO0O00000
00000000000000000000000000
000D0000000D0000D00000000000
000D000D0000D0000D00000000000
000D0000000D0000D00000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000




350 R EH — AIRIR D IERIE A A 9D Ml AR & IR S5k —

oooooo®? 0000000000 DOOoDOOoO
0000000

Fig. 1 An example of time series of the surface dis-
placement simulated with the purely stochas-
tic model: linear model (red), 2-nd order
model (blue) and 3-rd order model (black).
The abscissa is the time normalized by the pe-
riod of principal waves and the ordinate is the
surface displacement normalized by its root
mean square.
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Fig. 2 Histogram or PDFs (probablity distribution
functions) of waveheights due to the simula-
tion based on the purely stochastic model for
the Pierson-Moskowitz frequency spectrum:
linear model (red), 2-nd order model (blue), 3-
rd order model (black), and the Rayleigh dis-
tribution (green). The abscissa is the wave-

height normalized by \/7? . Fairly horizontal
curves with the same colors as above indicate
the ratio of the PDF of the models to that
of the Rayleigh distribution (the yellow hor-
izontal line means the level of unity). The
red rugged line in the lower part shows the
waveheights of individual waves (of the linear
model) as a kind of time series. In this case,
the abscissa is the ordinal number of individual
waves and the ordinate is the waveheight nor-
malized by \/7? . The straight and horizontal

black line indicates H = 8v/72 = 2H 3, the

ordinary crietrion for freak waves.
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Fig. 3 Logarithm of the distribution of waveheights
accumulated from above for the simulation
of the Pierson-Moskowitz frequency spectrum:
linear model (red), 2-nd order model (blue),
and 3-rd order model (black); the same distri-
bution corresponding to the Rayleigh distibu-
tion is drawn by a green curve. The abscissa

is the waveheight normalized by \/7? , and the
vertical straight line at H = 8 indicates the
usual criterion for freak waves. In this figure,
the waveheights of individual waves of the 2-rd
nonlinear model are drawn by a blue rugged
line in the lower part. The lower horizontal

line indicates H = 10\/? = 2H;/3 and the
upper line H = 10\/772 =2.5H, 3.

0000000000000 000000000000
00000000000000000000000YYo
0000000000000 00000000OoO

2.3 [RIRFIE

0000000 1000 0000000000000
ooo0o0oooooo0ooooooo0ooooooon
oooooooooooOooooooOooooooon
0000000000 x200000000000000
gooooooooad \/?D[IDDD[Izero-upcross
DDDDDDDDDDDDDDDDDDDDD\/?DD
oooooooooooooood HSE4.00\/17:2DD
oooooo

2.4 1EEETEEROBIE

Fig.2 O GﬁDDDDDDDDDDDDDDDDD
g \/ﬁDDDDDDDD H/H, 00OO0O0OOoooo
HOOOOOOOOOOOOoooooooo pPOOOO
ubobooobooobooobOOoobOOoOoOOoOobOOoOoonoa
oooO0ooooOooO0oooobOO0ooooO0O0o000 Fig3

oooooooo0oooooO0ooooooooooooo
gopooooooooooog

00000 (000D0OD0D0DDODODHOODODODOODOOO
O0)ooooooooOooooOooooOooooooo
gooodoooooooooooooooooooooo
000000000000 00000 Pierson-Moskowitz
ooooooooooocoUoUoooooooooogd
oooooooooocooOooouoooooooood
oooo0oOo0oUooOoDOoUOOOoooODoOoOoOoOOoon
o000 (Fig2)o (Fig.3)UoOooOoooooood
00000oooooooooooooooooo
00ooooooooooooooooooooogd
ood
() ooooOoUoOO0oUOooOOoUOOOoODOUOO
O000o0oooooooo0ooooooooooood
00000o0oooooooono 3ogooooogg
(2000000000000 DO0O0O00ODOOOOO
(300000000000 ODO0O0ODDOOOUOO
O00000o0o0oooo0o0ooooooooogg
00000000 (Fig3)00oO0o0oooooooooo
000o0o0oooo (Fig.2)O
(4)00o0000oO00O0O0OO0DOODObOODOOO
00o00odoooobobooooooooboooooon
Oo0o0ooooooboooboooboooooooooo
ooooooooooooUooooooooooogd
(Fig.3)O
(5)00000 (Fig.3)Doooooo 2500000
Oo0ooooooooooUoOoooooooooood
O00000000ONew Year Wave OO OO OO
0000oooooooooooooooooogd
O00o0ooooooooo0oOoooooooooood
ooooooooo

3. RARKETEZ LIEARDOKESSH

000000000000000000000000
0000000000000000000000000
0000000000000 2m00 1.5mO000 54m0
0000 1.2m 0000

000000000000000000000000
50000000000000000000000000
00000000000000000000000000
000D000D0000D0000D00000000000
0 (Figs.5-6)0(0000000000)0000000
000D0000000000000000000000
00000 Fig6 000000000000 (H=28)0
0000000000000000000000000



352 R EH — ARIR D IERIE A A 9D Ml AR & IR S5k —

Fig. 4 Schematic view of the experiment. Waves are
generated by steady wind in the former half of
the flume. The wind blows out of the flume
at the open ceiling around the middle of the
flume, so that there is no wind effect in the
latter half of the flume. The surface displace-
ment is measured at six fetches, including both
generation and decay areas.
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Fig. 5 Histogram of waveheights of waves generated
in the wind-flume, where the reference wind
speed U, was 12.5 m/s: generation area (up-
per panel) and decay area (lower panel). The
green curves denote the theoretical Rayleigh
distribution, the red ones the observed his-
togram, and the blue ones the ratios of the
latter and the former. The horizontal black
line indicates the level of unity for the ratio.
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are for wind waves in generation area (upper
panel) and in decay area (lower panel), where
the reference wind speed U, was 12.5 m/s. The
black curves denote the observed ones and the
green ones are exactly the same as in Fig. 3,
corresponding to the Rayleigh distribution. In
the lower part of each panel, the waveheights
of individual waves are shown by red lines as
a kind of time seies.
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