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Abstract — In this paper time series wave data are simulated by the Monte Calo method using random numbers
to generate random phases of the wave signal. The simulated wave signasl are used to study the characteristics
of freak waves. Various sea states are represented by combinations of the significant wave height H, defined
in the spectrum method and the significant wave steepness S,. For a fixed value of S, the probability of the
occurrence of the freak wave is decreased as H, increases. For a fixed value of H, the probability of the occur-
rence of the freak wave increases as S increases. The average value of the maximum wave height increase as
S, increases, but the average height of freak wave remains the same and the value approaches two times of H..
For the fixed value of S, average kurtosis of wave elevation increases as H, increases, but for a fixed H,, the
average kurtosis decreases as S, increases. The average of abnormality index(4/) is around 2.11 irregardless of
H, and S,. The maximum value of A/ lies between 2.5 - 3.0. Therefore it is conjectured that 4/ maximum due
to linear focusing is 3.0.

Keywords: Freak wave, Rogue wave, Occurrence probability of freak wave(freak wave U2J&E-), Monte
Carlo method(ZHZZ MAT), Abnormality index(Al, ©1/d4]5)
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ZdldAo] Hé e A7 S48 IStk (Lawton[2001). 1982
dof) 2% o 9= Newfoundland®] Grand Bankol|A €3
ol MobllA} N30l 2228 ZER T, o]ojA] A|3=XA0)

e 841 o] AbgsrSiT
(Lawton[2001).

HA7IA freak wavel] A T2 3o ofUX|7} FFo]
&= g2 FA time-space focusing, current focusing 18] 31
nonlinear focusing®] Al 7FA|2 & = Qlth(Kalif 5[2009]). ~1&
U A7 freak wavel] WY 3ol gk st olsfie} el
%3 A] 92 Aot} Freak waves ©’d4]4= Al(abnormality
index)& ©]-&3l thaa} Zo] <] Frk(Kalif 5[2009]).
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_l i n
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21 6y AWz o7 tro] ARRE| 1 9low | 7317} Rayleigh
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Fig. 1. A sample of simulated wave profile (7=1800s, H=5 m,
T=T75s).

Table 1. Statistical properties of simulated wave profile data (H,=5.2m, 7.=8.2 s, 7= 30 min)

At Hz o Jm, H, T. 1% S,
1.00 1.00 1.302 1.300 5.2 8.30 0.394 0.053
0.75 1.33 1.302 1.300 5.2 8.25 0.406 0.053
0.50 2.00 1.302 1.300 5.2 8.25 0.406 0.054
0.25 4.00 1.302 1.300 5.2 8.19 0.422 0.054
0.20 5.00 1.302 1.300 5.2 8.19 0.423 0.054
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Table 2. Various statistical properties of simulated wave profile (7=1800s, H,=5m, 7.=7s)
o /4 K H1/3 Hmean ]-[lm\ [{max H\‘ Tz v Ss mol/z Al A[s Hl/3/H\‘

1.252  -0.013 3.834 4.72 2.94 336 11.09  5.00 6.99 0421 0.071 1.250 2352 2218 0.943
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Fig. 2. Percent occurrence of freak waves vs. H, (S,=0.05).
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A g5} B4 Sl thek 0 AIE Table 37} 40 FAE 3t
St 7 Caseol Al W8 Aol = 30 Hole] de&
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Percent Occurence of freak wave
w
o

A% GEIE T g 7R o0 T T T T ]
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freak wave HASHES HAFaL Sk WA 5 T-HAM H Fig. 3. Percent occurrence of freak waves vs. H, (S,=0.02).

Table 3. Various statistical properties of Case-I simulations (&, = 50,000 per Run)

Run " T FWi* FWw2** FWI/FW2 Highest H,, F WI.* average F W2f"* average
s : * occurrence (%)occurrence (%)  occurrence H,, (m) average (m) height (m) height (m)

ROl  6.00 878 0.054 3.30 1.37 2.41 15.16 9.48 12.03 12.57

R0O2 500 7.99 0.054 3.62 1.40 2.59 12.94 7.96 10.02 10.51

RO3 4.00 7.19 0.053 4.07 1.61 2.53 10.48 6.42 8.01 8.38

R04 3.00 620 0.054 4.65 1.89 2.46 8.03 4.87 6.02 6.29

RO5 2.00 5.10 0.053 5.64 221 2.55 5.76 3.29 4.01 4.20

*FWI: Freak wave based on A/ > 2. **FW2: Freak wave based on 4/. > 2.

Table 4. Various statistical properties of Case-II simulations (V, = 50,000 per Run)

Run o2 T , FWi* FW2** FWI/FW2 Highest H,, average F W]. *average F WZT"* average
: : *  occurrence (%)occurrence (%) occurrence  H,,, (m) (m) height (m) height (m)

R0O6  6.00 13.84 0.022 1.98 0.79 2.51 15.68 9.12 12.00 12.56

RO7 500 12.65 0.022 2.16 0.80 2.70 13.13 7.66 9.99 10.49

RO8  4.00 11.27 0.022 2.39 0.96 2.49 10.32 6.19 8.02 8.39

R09 3.00 9.78 0.022 2.96 1.28 2.31 7.74 4.70 6.02 6.28

RIO  2.00 799 0.022 3.73 1.48 2.52 5.12 3.19 4.01 4.18

*FWI: Freak wave based on A/ > 2. **FW2: Freak wave based on 4/. > 2.
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Table 5. Various statistical properties of Case-I1I simulations (N, = 50,000 per Run)

Run u T Fwi* FWw2** FWI/FW2  Highest H,.. F W].* average F WZ?“* average
s : *  occurrence (%) occurrence (%) occurrence H,, (m) average (m) height (m) height (m)
RO7 5.00 12.65 0.022 2.16 0.80 2.70 13.13 7.66 9.99 10.49
R11 5.00 10.27 0.033 2.69 1.11 2.42 13.40 7.80 10.01 10.47
R12 5.00 8.98  0.043 3.18 1.26 2.52 13.18 7.89 10.03 10.51
RO2 5.00 7.99  0.054 3.62 1.40 2.59 12.94 7.96 10.02 10.51
R13 5.00 7.29  0.065 3.89 1.54 2.53 13.02 8.01 10.02 10.47
R14 5.00 6.80  0.075 4.20 1.75 2.40 12.96 8.06 10.04 10.50
R15 5.00 6.30  0.087 4.64 1.94 2.39 13.23 8.10 10.03 10.48
*FWI: Freak wave based on Al > 2. **FW2: Freak wave based on AI. > 2.
Table 6. Various statistical properties of Case-1V simulations (N, = 50,000 per Run)
Run " T , FWi* FW2** FWI1/FW2  Highest H,,. F WI_* average F' W2f"* average
s : s occurrence (%) occurrence (%) occurrence  H,, (m) average (m) height (m) height (m)
R10 2.00 7.99 0.022 3.73 1.48 2.52 5.12 3.19 4.01 4.18
R16 2.00 6.50 0.033 4.56 1.89 2.41 5.32 3.24 4.02 4.20
R17 2.00 5.70  0.043 5.15 2.09 2.46 5.27 3.27 4.01 4.19
RO5 2.00 5.10  0.053 5.64 2.21 2.55 5.76 3.29 4.01 4.20
R18 2.00 4.61  0.065 6.31 2.57 2.46 5.16 3.31 4.01 4.19
*FW1I: Freak wave based on A/ >2. **FIW2: Freak wave based on A7 >2.
ARESE A1 2ol O3t freak wave(FWI) B &5 HE AN 7.0 = H, =2.0m
slo] Ao)ek 417 A% freak wave(FW2) KBt wAskEo] & o 60
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Fig. 4. Percent occurrence of freak wave vs. significant wave steep-
ness S, (H=5.0 m).
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Fig. 7. Various wave height of Case-1I. S,=0.02.
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