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Abstract

Severe sea state may not cause hazards however the rapid change seas may
bring shipwreck or people loss because they come without any warning. The
Hazardous and Rapid Change Sea States (HRCS) presented in this study includes the
Oceanic FrealkWaves (OFW), Coastal freak Waves (CFW) and the Rapid Growth
Waves (RGW1his is the report of works isecondyear. The working targets inhis
year are to mine the hazardous waves in the field measurements and try to have
better understanding on their propertiesmoreover, to discuss methods for
occurrence probability of OFW estimation and develop a CFW warning system

For the work on analysis of caeic freak wave, 11 shipwrecks by freak waves
were collected in this year. From fiebata studies, the occurrence probabilities of
dangerous OFW, derived from 4 data bsoig about (4.68~14.2)i 10°. In addition,
the occurrence probabilitypf OFWin typhoon period is 2~7 times higher than in
non-typhoon period.This study also shows the wave form of freak waves is mostly
symmetry with tose crest and trough heightdlonlinear wave theory is applied for
formula to estimate freak wave occurrence probabiliilge result demonstrates that
occurrence probability of freak wave is related to two parameters: number of waves
(N) and kurtosis of water elevation 4. Numerical results show the maximum
occurrence probabilitpf OFW idour times larger than the probability estimatdxy
linear theory. Moreover, validaibn by the continuous measured data at Bisa Harbor
showsthe average rootmeansquareerror of occurrence probahtly estimationis
18%.

For the works on analysis of coastal freak waa&s3 cases in receni4 years
were collected where about70% of eventshappened innortheast coastand only
12.5%occurredduring typhoon periodThereaktime and 6h leading timewarming
systems haveébeen developed by etision treeand cluster analysismethods The
buoy data andneteorological forecast dataere usedfor system trainingThis study
used the cases occurred within 20km fronongdongBuoy for verification. The
accuragsof both systensare up t090%.

For the works on analysis of rapid growth wav@&g] cases in the pastSlyears
were collectedrom Longdong boy. It was found each case tak@sours in average,
the wave height grows 3times in average, and the average growth rate i$0rzhr.
In addition 490 cases in the pash years were collectedrom Pendnu buoy. It was
found each case takéthours in average, the wave height grow8 imes in average,
and the average growth ratis 0.2 m/hr. Theseresults showthat coldfront from the



high pressure coming fronthe north is the main cause of rapid growth wave
occurrence And time difference between two rapid growth wave cases is snat
Penghu. In additionan empirical polyamial regresion hadbeen establisted by
front speed, front intensity, and frontaduration. Validationshows thecorrelation
coefficientbetween forecasted and observed increasing wave heg@t79.

Keyword: Oceanic Freak wave, Coastal Freak Wave, Rapiudh Wave
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W1t 2.8Y MO 2009/11/02 10 Y M + Ny f{ A t 464eeY
A A 13eeY. 213,

@22 wun > ¥ € Al

Time Hireak Hi/z Al
2001/02/08 04:00 6.88 2.46 2.80
2006/09/16 16:00 3.46 1.31 2.63
2007/02/03 16:00 2.67 1.02 2.62
2007/11/07 13:00 4.05 1.55 2.61
2000/06/11 02:00 3.20 1.26 2.55
2005/10/3101:00 3.38 1.36 2.49

2008/07/18 13:00 4.90 2.01 2.44
2008/11/14 14:00 2.74 1.13 2.43
2000/03/13 20:00 2.75 1.15 2.40
2006/01/27 17:00 2.49 1.04 2.40

23 ¢ >, Al

Time Hireak Hi/z Al
2000/01/02 02:00 3.07 1.01 3.04
2008/02/18 10:00 6.58 2.36 2.79
2012/08/02 02:00 14 5.02 2.79
2005/08/31 20:00 14.52 5.57 2.61
2007/03/10 11:00 3.1 1.19 2.61
2005/09/26 03:00 3.2 1.23 2.59
2001/03/26 20:00 3.55 1.37 2.58
2005/04/02 23:00 4.34 1.7 2.56
1999/09/03 02:00 3.38 1.33 2.54

2009/12/06 05:00 4.94 1.94 2.53
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& 249 > * . Al
Time Hrreak Huss Al
2011/08/04 12:00 3.23 1.03 3.13
2007/11/13 15:00 3.32 1.07 3.10
2011/08/04 23:00 3.85 1.29 2.98
2009/08/07 11:00 18.31 6.17 2.96
2005/12/05 06:00 5.31 1.81 2.92
2011/08/05 03:00 3.29 1.14 2.86
2011/08/04 03:00 3.27 1.15 2.83
2010/10/28 22:00 16.35 5.88 2.78
2011/06/24 16:00 5.36 2.01 2.66
2012/06/06 22:00 3.37 1.27 2.64
& 25 > v Al
Time Hireak Huz Al
2008/07/2818:00 14.41 5.22 2.76
2012/03/25 16:00 3.04 1.13 2.68
2012/09/28 12:00 6.27 2.36 2.66
2010/07/06 05:00 2.75 1.04 2.62
2007/10/03 10:00 4.2 1.61 2.60
2012/09/28 12:00 6.27 2.36 2.58
2006/02/04 14:00 2.81 1.11 2.53
2007/05/23 05:00 2.92 1.15 2.53
2010/11/03 18:00 3.38 1.33 2.53
2005/08/12 21:00 13.65 5.43 2.51




6 26 F 1 > v, Al

Time Hireak Hisz Al
2007/12/30 11:00 7.49 2.1 3.57
2012/06/20 19:00 16.70 5.45 3.07
2010/01/12 11:00 4.98 1.76 2.83
2008/11/19 17:00 7.20 2.64 2.73
2008/11/28 01:00 4.14 1.52 2.72
2009/12/28 05:00 4.32 1.69 2.70
2006/12/21 12:00 3.98 1.49 2.68
2007/10/06 12:00 9.55 3.58 2.67
2007/11/27 04:00 7.86 3.01 2.65
2009/01/08 05:00 3.82 1.46 2.62

® 27 wE > ¥, Al

Time Hireak Hiz Al
2011/07/14 22:00 7.33 2.66 2.75
2011/10/12 11:00 3.80 1.49 2.55
2010/10/22 14:00 17.62 7.06 2.49
2011/04/23 11:00 3.30 1.35 2.44
2011/11/14 10:00 4.00 1.65 2.42
2011/11/26 01:00 8.83 3.64 2.42
2012/01/16 20:00 2.66 1.13 2.34
2010/10/26 10:00 9.04 3.91 2.31
2011/11/14 22:00 6.13 2.69 2.28
2011/08/04 20:00 2.63 1.15 2.27




W28y wye > Al
Time Hireak Hys3 Al
2009/11/02 10:00 13.00 4.64 2.80
2012/06/30 03:00 6.97 2.67 2.61
2012/03/26 10:00 6.95 2.68 2.59
2010/08/25 23:00 241 0.94 2.54
2011/10/08 23:00 5.32 2.09 2.54
2010/10/14 21:00 1.95 0.8 243
2006/12/17 00:00 12.53 5.19 241
2006/11/03 07:00 4.87 2.04 2.38
2012/07/11 07:00 1.72 0.72 2.38
2006/10/04 14:00 7.73 3.33 2.32




Hsinchu Buoy 01020804 at 346 sec
| T I

55, HMA=0.90, FW_STP=0.0489

Water level (m)

i i i I | i i i 1
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Hsinchu Buoy 01020804 at 346 sec
4
A=2.80, H,__,=6.88m, H,=2.46m, r=-0.1088. k=9.3134, GF=1.94, VMA=0.55, HMA=0.90, FW_STP=0.0483
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Longdong Buoy Modify00010202 at 506.5 sec

15+
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0 50 100 150 200 250 300 350 400 450 500
Time (s)
Longdong Buoy Modify00010202 at 506.5 sec
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2-10

Eluanbi08072818 at 191.5 sec

<1
AI!=2.76, Hmak‘=14.41m, H1L3=5.22m, r=|-0.0338, k=é. 321, GF=6.99, VMA=1‘.02, HMA=0!.80, FW_ST‘P=0.1140
6 A S SR —
AL il
2 : ; il
T . :
z - m : AN /\ -
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;| WY v
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2 ; i
S b D _
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Time (s)
Eluanbi08072818 at 191.5 sec
8
Al=2.76, Ili"eak=14.41‘m, Hm=5.2‘2m, r=-qin§asa, k=6.4521, GF=0‘.99, VMA=%.02, HMA=|0.EU, FW_‘STP=U.114‘,0
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Water level (m)

Water level (m)
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Chiku Buoy 07123011 at 27 sec

T T T T T T T T T T
AI=3‘57, Hega=7 49m, H  =2.10m, r=0.1308, k=10.3931, GF=1.11, YMA=1.06, HMA=0.88, FW_STP=0.0854
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Water level (m)

Taitung Buoy 09110210 at 254 sec
-
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629 F M M. A Q &
n s 0 y 0T e OE F T +
2006,2008 2002/10
N1 19972012 | 19982012 | 19972012 | 20002012 20102012 | 20062012
20092011 2002/12
74,046 81,375 85,775 66,556 17,897 13,362 37,723 2,760
A 8,052,745 | 7,049,240| 6,962,949 | 5,837,078| 1,430,545| 1,159,852 | 3,892,260 645705
y 377 580 602 381 204 137 360 78
5 5 5 5 5 5 o o
7 4.68 10 8.22 10 8.64 10 6.52 10 14.2 10 11.8 10 9.25 10 12.1 10
\1
'A 40,763 43,112 30,354 33,806 3,599 3,371 14,790 --
y 3 10 22 7 3 2 4 --
5 -5 -5 -5 -5 5 S
7 7.35 10 329 10 51.0 10 20.7 10 83.3 10 59.3 10 27.0 10 --
1 M
n 8,011,982 | 7,006,128 | 6,932,595| 5,803,272 | 1,426,946 | 1,156,481 | 3,877,470 --
y 374 558 592 375 201 135 356 --
5 -5 -5 5 -5 -5 <
7 4.66x10 7.96 10 8.53 10 6.46 10 14.0 10 11.6 10 9.2 10 --
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35 - ——Chiku -

O~Taitung Open Ocean
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— s Hsinchu
é, ==Erlenbi —
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E =—t—Diongsha é
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Significant Wave Height (m)
2-16 F A n. A Ju
2-3-3 A An un €
A DDA ax - (Dean, 1990; White and Fornberg, 1998;
Lavrenov, 1998 /1° a > A A YZ'An XK /1" (Didenkulova and
Anderson, 2010§ Yoshimoto and Kato(2002)¢ AT YN AW
D aYZmWe obX"HA | Didenkulova and Anderson(200f 'A A
AA NY |["0QYA A WAPE£toYomy A A WA
JELtoYnMP p'APE A K t M (dispersive focusinthi
DLA unéf A A CADYW waw A N> anl
8 |
o n A £ XZ £ Y C A p 1 XCT A R

YZArzXx AAAAY g kX Gormxy  Draupnerky "H
B A ‘A (Sand et al., 1990ydisen and Dysthe, 1997) 3 A p
1 X APPp YZAr RGCMoC VY1943T4 Queen Elisabeth
3 "H BA A (Faulkner and Buckley, 1997) 0 1 | Avn’
né M b 0. Z EA A Y 217 2-18u 1 A
£ APE£ A AzE£ W unuAvwnbp Al - AP =T
M A YAn Nt £ AY 2-19"Hy |
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CAYC £t WAYZK vt oAy 1 i AY Goda(1985) +
oA tnAZ A h CA . po'H QK +t71° YAunvin
tHA pPA @& YNIJH . PR AXdme Y 1t iAATH B
0D TCTf0 WBEMYA Y ZO ., tYl K LCHYAA

v ot v e A 3Y' BT o O&F&1 t 1qurT
B M1 YK ¢CM tin Y K¢ + CqAA Y t i ATHI
PWAAYHL ] APqAANE Y 220Hy Y MAP (H) A4
(HN Lt Annwe ¢ A £ NV |

An® AP A4 A1 (Ratio of Trough height to Crest height, RTC)
H/H. £ © AL E A HAPE A AV | Didenkulova and
Anderson(201@® AP <€0AA < 15V W (RTC>LE) AP £ A
Yn'ALE A/ TAl <€E0AP <A 15\ (RTC<0.6MtO0 Z
n + £ A YVAP - A4l <wn1H0 0673 151N
(0.67<RTC<1.5)

~

150 : ; il

\/ \/ \/\/ \f

Water level(m)

(=]

5 1 1 1 1 1
330 340 350 360 370 380 390 400 410
Time(s)

2-17 A4 £ A zE W



Water level(m)

Water level(m)

1.5

Tt W
| VWY \/\/\/\/

(=]

-0.5

5 L '
350 360 370 380 390 400 410 420 430
Time(s)

2-18 AP £ A zE W

1.5

05F

(=]

0.5+

I i i i
440 450 460 470 480 490 500 510

-45-



v
Ht
22041 A A4 AP b

N A A MY: X A MM + wxd A
p A 1PYW 20087 2b 17w 221 < BMNWE N( 2-21)Y
1 NG 382ee A A Y NK ° A N> 1 AAA
T Y ZLA MAAA P tM1YX, ¢ "A | Tsai et al
(2004)r p AN n AX Y T QAA Na Y A

nA A @ c | Magnusson(199%)  p A A 1
A N+ FY, A N+ N'A ANZH™ Y u
€A £ Aqx MNA MCST 1

Water level (m)
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T T T T T T T T T T
Al=2.01, H  =3.82m, H =1.90m, r=0.0158, k=3.2461, GF=0.94, VMA=1.05, HMA=0.67, FW_STP=0.0435
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u A gxp " PBCA MOCRAY ey A Mun Y
Avn vy E M A mtr £ Yun gd AAE (High
Crest in a Group, HGG) AP £ (Deep Trough in a Group, DYQ) £
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£ (Deep Trough Singular, DUS) 1 D £ (Symmetric and Singular, $S) u
"Hy ( 2-24) "HX Nuné . Q. ®2-10'Hy Yy E
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MXdoc w3 Slope 6Hx B 3N MXxdoc
N J w3 Std 6Hx B 30 M A J
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Hsmax(6h By A A €1)1, | Uu NA Y Y7
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HsT M2 T HsAvg, 2= M oM 2520 53 77 219 2 39
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HsT M,
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