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ABSTRACT

The purpose of this study is to improve two existing systems “Warning System for
Oceanic Freak Waves” and “Warning System for Coastal Freak Waves” to become the
probabilistic warning systems. Oceanic freak waves are those large waves that
suddenly occur in the open sea to induce shipwrecks. Coastal freak waves are the large
splashes generated by the interaction of waves and coastal structures or rocks,
frequent sweep people into the sea at the coastal areas. Both oceanic and coastal freak
waves are not possible to be predicted determinately. This study constructs the
warning systems by using stochastic approaches. The occurrence probabilities are

provided by the systems to warn to mitigate the potential damages.

The working items of this project include five main parts: (1) Improvement of the
probabilistic warning system for coastal freak wave; (2) Development of oceanic freak
wave probabilistic sub- warning system for cruise routes in Taiwan Strait; (3) Analysis
on coastal freak wave images; (4) Field data analysis and historical events collection;

(5) Operation of the warning systems. The outcomes of the project are shown below:

Cluster analysis (CA) and artificial neutral network (ANN) were used to establish the
probabilistic forecasting model for coastal freak waves in this study. This project adds
sub- systems with leading time 9 and 18 hours. The coastal freak wave warning system
now can provide occurrence probabilities for next 9, 12, 18 and 24 hours. ANN was
employed to establish the coastal freak wave warning system since last year. In this
year, the best model is found with three candidate models that using different type
input data: they are Type I: only field data; Type Il: only wave model data; Type llI: both
field and model data are used. ANN model using only field data was identified as the
best model for forecast. Both CA and ANN models were verified their capability. Three
assessment parameters ACR (Accuracy rate), RCR (Recall rate) and RSR (Respond rate)
are all higher than 70%. The establishment of another warning system for the coastal
area of Bisha Fishing Port was developed in this project, except Longdong sub-system

that developed last year. The ACR, RCR and RSR for Bisha warning system are all higher



than 70%.

The warning system for oceanic freak wave was applied on cruise routes in Taiwan
Strait (Keelung-Matsu and Taichung-Pingtan). The sub-systems can predict the
occurrence probabilities of of freak waves by using the outputs of the wave model
from CWB. The results are suggested to integrate with the blueway forecasting system

on sea states to provide better navigation safety information.

Data for actual events that reported by media were used to develop the existing
coastal freak wave warning systems, which has higher uncertainties. CWB has
established an optical monitoring system for coastal freak wave at Longdong and Bisa
fish ports. The propose is to obtain the real coastal freak waves from video recording.
A semi-automatic image extraction process of coastal freak wave was developed last
year. This process is upgraded to automatic in this project. More than 85% of coastal
freak wave events can be correctly identified by this method. In addition to coastal
freak wave height, the duration and discharge of the coastal freak waves are derived
in this project. Finally, a new definition according to properties of the splash water of

coastal freak wave was proposed.

There have been collected 335 and 140 events of coastal and oceanic freak waves that
occurred in Taiwanese waters or coastal area since 2000, respectively. In the analysis
of in-situ oceanic freak waves, 1421 dangerous freak waves had been found in this year.

There have accumulated 9486 dangerous freak waves in the past 18 years.

The first generation warning systems provided only high or low possibilities of
occurrences of coastal freak waves. In this year, the second-generation warning
systems have been developed. The systems provide occurrence probabilities for
oceanic or coastal freak waves. A graphical and user-friendly interface was designed in

order to provide better application for CWB colleagues.
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L 1 2 5 6 7 8
median | 36.2% | 36.0% | 36.1% | 35.8% | 35.5% | 35.1% | 35.3% | 35.1%
F
max 76.2% | 65.3% | 55.9% | 55.8% | 54.2% | 57.9% | 72.0% | 55.3%
median | 35.2% | 34.8% | 34.3% | 34.2% | 33.7% | 34.4% | 33.6% | 33.8%
%
max 87.2% | 65.3% | 57.9% | 55.8% | 59.1% | 59.9% | 69.6% | 50.9%
median | 34.9% | 34.5% | 34.4% | 34.3% | 34.2% | 34.0% | 34.0% | 34.1%
F
max 75.0% | 63.1% | 53.7% | 57.4% | 61.7% | 58.9% | 52.1% | 50.1%
median | 36.5% | 36.2% | 36.0% | 35.8% | 35.6% | 35.7% | 34.9% | 34.9%
%
max 80.3% | 79.3% | 64.4% | 77.0% | 85.6% | 74.0% | 78.4% | 69.7%
%32 5P TR AR e TR ARF L BS

S 1 2 3

median 20.5% 21.7% 34.1%

F
max 38.2% 68.6% 91.4%
median 20.6% 30.4% 34.2%

%
max 35.7% 83.2% 58.8%
median 22.1% 34.3% 40.0%

%
max 25.7% 43.7% 43.0%
median 17.1% 18.4% 19.4%

%
max 31.8% 80.8% 73.6%
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4-1 7% 7 7RFLIB] 4 S

Te iR g gL A EPAF AR o PR T R G R S IR BLIR]
Poo AT A AR M RZL TE v TF A A AR A B R A
Rpdm 5o R as R Ba 2 ERIKRET H REFR A5 205 % 4%

Ao PlEEREE DL 2R A R

& AL enigip) k Bué 3k B (optics) & Aife g iE i (radar) & 3t > Lehner et al.
(2002) ~ Dankertetal. (2002) % A % & * fFh §E R ML T E RS A7 0F
Pyl & ki (extreme wave) 0 IR EE AT 7 L bR TR B 0 BIE R I
M ALE o B A L BRIS AR IR B2 - o EE BRI - e LR
70 BB IED F F R P|E f4iesr 2030 BH G F A 15 ETE B4 o

=

PLF Rk PR R U E R GRYERANATETE A

PR BE TR G - A A E R bR B R EOR 0 F R E A B
FERAFAZ N EFL R s B g3 FE TR B E
IR FRERDBAF LR RED VAT AR RS R RE f R

W VER (AR R R UTEE Ao A F IR D A& F R R IURERI L2
FEECIRIFPIED P A G RARE REREPIEGS AFFEEFLAT G
Fras(P & F %k >2015) 3743 FF wAcF— LWERL ST S8 Y B
ARMATERIEF OB TP L F RN EAEE - ERMNARET
AR f S deBl 41 AT 0 R R T EARBRRATK BRI EEL MY
FIPES 2 8% ER FRDFF 5 2005 0 SRR E 5 24fps 0 BT A 4R
TR F iR A B AL F o SRR S R T IEY Brde B X R W oy B W R
FTREREER S A F A RGBT E £ T R PR 7 (image time

-70-



sequence) A 1745 DB U R J U 4 2 PFRF LB G B R F o0t AR K AL 20 105 &
57 13 p R I PR LSt @ LR HTH O TP R RIVEE kR {
FE R NBH LT o A(106)E R L F kB RABR AL /WE A EEE S
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24fps(frame per second) » & 3 e T xS o B fy P WB 4 R PR T A 4T o
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Bl OB ks To 2 pEdge R AT RRELA AR X G EET S KR
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TOFE RS A T O ART P EEeh A 37 I U R R
AZ2 T AP LA L | HE(F 186 X P AR TEZ R u G gz P
S E R GEEF S R B Fe P BF AT AR H I 2
AEFEFRD 072 095 EFRF RBEFHEAAESFEIFIF 22T R
§AES] 5 ORTE ) ALY Sl M RS ehpEEa 4 TR T R R 5
BVAR T o3k 2 _R]RIG# 10pixel f- 15pixel » FHEF L AT S AP R B4 E S
Figr 280 wd S pFo frx 22 WP RERSS0L 41 S5 KT
BEm A RS Sdc s 092 T AR E K T 5 15pixel PFE G B F e g > 186 £ % )¢
FHFERL60 L Kb X F G 86% H P FERA PR i B F A ARk PR
THRHFELEFRE G P cW 4-7)8 % §FF2HA 5 F L JE (4Rl 4-8) 0 247 %

S BRI E2 R TTER BRI REY RS TS R 2 R
Wit ERER 3L TR F R TR 4B 49-F 4411 ¥ AT K
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|

Pl 47 i AR T s pER AR TEA M 0 VEF S FRTEEA AT -

ARE S
10 Pixel 15 Pixel
#ESER)
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0.8 67 % 73 %
0.9 74 % 76 %
0.91 79 % 83%
0.92 83 % 86 %
0.93 79 % 83%
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B 4-10 -k fEyeas i % (2016/8/1 13:32)

B 4-11 K oy 2 % (2016/7/6 9:21)
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R J R BIPR KA EF RS SRR A A RS R o B AL RLG AT



B R ERTEA SRR AT R T R TR R 3 e U R

ST Y R
4-4-1 KR B PR A 1

BV TE AR T Ak TR R A b ] B R KL A s i
MR T UASIERET BN TEA TR AARL AT F R - 2

Bk iR R enR E ik p R R AURE R TS AR R IR 2 - o i
WAE AT A T G R TR R A amad 4 B g
o hERCKITOBR AR D KRR (B R AR T 0 ok e
((s.0) 5 B ook & o @ JCk 15505 18 1 R P (te) > T 4 E i R
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ErApAE A 2 doBl P 2 S THREY P EFERE L R0 T MY
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FREEBKTALTE A DR RTEAZ PSR TR KT HRE-B

-
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iR Eot o AFEPE 4 BROIEFEFE 0 B R AoR 4-14-F 4-17 0 e B R
bl A PRERE A 1938 fi(F 4-2) 0 d AP EET o K AR HBEL- P
Lt B e EN R R ARG ML 38 R A IREF L A2
SPE Y] o AH R R T S ¢ A T L BRI s k)

ST L SR B]R 5RE ehik gy o

%42 R RMAF PR SEFT LWL

- BE (se) Te JqiVE A YRR
(m?/sec)
6/3 15:42 2.2 16.74
7/6 9:21 2.3 34.64
8/113:42 3.8 67.51
9/13 16:58 1.9 90.28

B 4-12 ;2758 e (2014/10/12)
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B 4-17 75 8 2 A 472 % (9/13 16:58)
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PP WA E O RIT LT R R 2 e kA 4 it R
Za/\ )’?41’1‘!%1‘!‘& 1&\34‘11 )7 ]‘7};}["‘-%&3@’“?4i }071\1_75 \-#;?_J_ l;’f‘l

AFT R R RPSATEARY Z BRI o BRI R E k(9 d)
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% 4-3 " AP HZH LIRS
4 e fE | KRR 4 = & | wARRAE
oy A L= | e | e R o iR =g
i (m?/sec) i (m?/sec)
(sec) (m) (sec) (m)
1 2016/10/18 09:03 0.028 3.88 5.160 51 2016/10/14 09:49 0.932 2.75 4.360
2 2016/06/26 09:00 0.163 2.70 6.000 52 2016/10/14 09:03 0.954 3.25 6.880
3 2016/06/27 12:00 0.175 2.60 6.000 53 2016/10/18 09:00 0.963 3.00 6.400
4 2016/09/09 11:21 0.207 2.75 3.280 54 2016/10/18 09:27 1.049 3.00 5.080
5 2016/06/27 12:00 0.213 2.50 5.080 55 2016/10/14 09:58 1.052 2.88 3.520
6 2016/09/09 11:21 0.230 2.50 2.840 56 2016/10/18 09:08 1.054 3.88 6.600
7 2016/09/09 11:02 0.237 2.00 1.360 57 2016/10/18 09:03 1.068 3.13 6.240
8 2016/09/09 11:02 0.261 2.38 3.600 58 2016/10/18 09:22 1.079 3.00 4.080
9 2016/09/09 11:23 0.283 2.00 3.040 59 2016/06/27 13:00 1.102 1.90 8.160
10 2016/06/27 13:00 0.286 2.10 5.080 60 2016/06/23 13:00 1.111 2.00 6.720
11 2016/09/09 11:53 0.291 2.63 3.800 61 2016/10/18 09:01 1.118 3.25 3.120
12 2016/09/09 11:23 0.302 2.63 3.840 *62 2016/10/21 13:16 1.139 6.00 9.000
13 2016/09/09 11:09 0.317 2.00 3.000 63 2016/10/18 09:02 1.147 3.00 4.720
14 2016/09/09 11:06 0.320 2.13 3.880 64 2016/10/14 09:01 1.170 2.75 5.480
*15 2016/10/18 09:05 0.337 5.88 5.720 65 2016/10/18 09:01 1.199 2.63 3.080
16 2016/09/09 11:04 0.348 1.88 3.320 66 2016/10/14 09:47 1.238 2.25 3.920
17 2016/06/27 12:00 0.355 2.40 5.520 67 2016/06/20 13:00 1.247 2.20 7.480
18 2016/09/09 11:08 0.359 2.50 4.880 *68 2016/10/18 09:53 1.280 4.88 7.040
19 2016/09/09 11:04 0.362 1.75 2.840 69 2016/10/14 09:34 1.292 2.38 3.400
20 2016/09/09 11:04 0.384 1.88 3.160 70 2016/10/18 09:07 1.302 2.88 5.720
21 2016/06/27 12:00 0.385 2.70 6.840 71 2016/10/18 09:01 1.348 2.63 3.240
22 2016/09/09 11:23 0.396 2.25 3.960 72 2016/06/29 12:00 1.426 2.60 6.320
23 2016/09/09 11:24 0.396 2.25 4.640 73 2016/09/09 11:34 1.451 1.25 3.360
24 2016/09/09 11:24 0.420 1.75 3.600 74 2016/10/14 09:53 1.458 1.63 3.080
25 2016/09/09 11:09 0.443 2.50 4.920 75 2016/10/18 09:59 1.483 3.63 5.160
26 2016/09/09 11:21 0.456 1.63 3.560 76 2016/06/29 13:00 1.491 2.30 8.280
27 2016/10/14 09:00 0.486 2.13 3.800 77 2016/06/29 12:00 1.537 2.10 3.320
28 2016/09/09 11:53 0.494 2.13 3.920 78 2016/09/09 11:43 1.579 1.25 2.680
29 2016/09/09 11:02 0.498 1.88 3.560 79 2016/06/29 13:00 1.589 2.50 7.280
30 2016/06/27 09:00 0.551 2.50 7.320 80 2016/10/21 13:11 1.667 4.63 10.200
31 2016/06/27 12:00 0.553 1.80 5.160 81 2016/10/18 09:10 1.795 3.00 6.920
*32 2016/06/30 16:00 0.557 4,70 9.200 82 2016/10/21 13:36 1.871 3.75 5.520
33 2016/09/09 11:06 0.565 2.13 3.680 83 2016/10/21 13:59 1.982 4.25 9.520
34 2016/09/09 11:28 0.567 2.38 4.520 *84 2016/10/21 13:59 2.017 6.13 9.280
35 2016/09/09 11:07 0.574 2.25 4.360 85 2016/09/09 11:27 2.229 0.88 2.360
36 2016/09/09 11:24 0.587 1.88 3.880 86 2016/10/21 13:04 2.362 2.75 7.240
37 2016/10/14 09:03 0.594 3.13 3.920 87 2016/10/21 13:16 2.655 3.00 5.160
38 2016/10/18 09:02 0.631 3.50 3.680 88 2016/09/09 11:06 3.328 0.63 2.120
39 2016/10/14 09:03 0.647 3.25 5.320 89 2016/09/09 11:21 3.377 0.63 2.360
40 2016/10/14 09:00 0.647 3.13 4.840 90 2016/09/09 11:24 3.733 0.75 2.240
41 2016/10/14 09:55 0.698 2.25 4.400 91 2016/10/21 13:59 4,104 2.25 4.240
42 2016/09/09 11:25 0.720 1.63 2.840 92 2016/10/27 12:54 4117 3.25 4.200
43 2016/10/18 09:00 0.732 3.25 4.880 93 2016/10/28 11:01 4.307 3.25 4.560
44 2016/10/14 09:01 0.738 4.63 4.600 94 2016/10/27 12:16 4324 1.75 3.280
45 2016/09/09 11:06 0.762 2.50 4.120 95 2016/10/27 12:33 5.341 2.88 5.680
46 2016/09/09 11:50 0.765 2.13 4.440 96 2016/10/27 12:02 5.795 2.63 3.280
47 2016/10/14 09:49 0.889 3.25 6.000 97 2016/10/27 12:01 6.177 2.63 5.280
48 2016/06/20 15:00 0.894 2.20 5.800 98 2016/10/27 12:53 6.705 2.25 3.520
49 2016/10/14 09:01 0.917 3.50 6.920 99 2016/09/09 11:07 6.727 0.63 2.040
50 2016/10/14 09:56 0.929 2.75 5.920
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B 4-18 /5 *% 9 2 %% % (Takahashi et al., 1992)
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frequency [%]

0.6

0.5

0.4

B 4-21 BRI EF-RIEZEFLFF A F (6/315:42)

frequency [%]

0.6

0.5

0.4

Bl 4-22 T g RHp ARz B A 2 4E 5 (7/69:21)

frequency [%]

0.6

0.5

0.4

B 4-23 7 B ORIE s B A F 8 4 45 % (8/113:34)
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AEA g RRE o B A E A FFAUERFLAREREE p 2 E 1

PRISERETI27EAARPRAEATE o FHIA 5L

$L3hj€.2000 & 1 2017 # 11 7 > S R 2 G 335 % il F EF 4 5 556
AU B A A A s B3 BT (AR AT S B )R G 227
B Gt 2MEE T A 24 (B 5-1)0 5252000 & % 2017 £ 11 F BF & 0 (>R
MRFEF L htdeBE 255 A B(B 5-2) FR 5P gt 9ERPYRE
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4 5-1 *& B G

’%&i' %"Ti‘aﬁﬁ

T A Faum T
1 2016/11/25 10:00 e ? B AEER(S P BN ) 0
2 2016/12/4 05:50 B A BRor sk #R (AR B ) 1
3 2016/12/20 13:00 R A RIR(ER T 2B & 9 MUk ET ) 2
4 2017/1/7 07:00 AT ¢ L F (A LT A ) 1
5 2017/3/21 14:00 Fratd R B(AOF S A E) 1
6 2017/4/13 12:00 T R R B AR T T) 1
7 2017/5/24 05:00 TET FER(TEE N A0 1
8 2017/6/3 00:00 e REE S KT (A% 2 F) 1
9 2017/6/7 13:00 FTAF R R(TF ) 5
10 2017/6/13 17:00 B AR (& kR A ) 1
11 2017/6/17 09:30 TGRS A(L 2B LB LR 1
12 2017/6/23 09:50 TS SRR 1
13 2017/7/6 04:00 :a % BTSN 1
14 2017/7/16 16:00 o e R(F &R 4
15 2017/8/3 15:00 ¥ R E (EES ) 7
16 2017/8/24 16:00 Bz LR (F 5 ) 2
17 2017/9/3 11:00 FEF P < R (7 BAE) 2
18 2017/9/14 19:00 AR PR (LS RE) 1
19 2017/9/14 14:00 B R RN B 3
20 2017/9/17 09:00 AR P LR (RBESEE T E) 2
21 2017/9/17 16:05 TR R AR( T AT R A 2
22 2017/9/17 11:00 KB & #F (5 A A A LFiT) 3
23 2017/9/17 10:30 B A BhIE 5 LR 2 F A 4
24 2017/10/1 03:00 Frah ERATREEFAE 3
25 2017/10/7 09:30 THEEIS Rz RE AT 1
26 2017/10/16 11:00 1 AR es(F F ¥ R) 1
27 2017/10/22 06:00 AT F R H(TFHR FOFE 3N F) 1
28 2017/10/24 16:00 B RRERAL( LB B 4R) 1
29 2017/10/26 23:30 R E R R(R 2B 92 22 A %) 1
30 2017/11/19 09:30 A FREEECFBAE - BEE) 3
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