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Abstract

Severe sea state may not cause hazards because of well-prepared, however the rapid
change sea states may cause shipwreck or people loss due to less attention and no warning.
The Hazardous and Rapid Change Sea States (HRCS) studied in this project contains the
Oceanic Freak Waves (OFW), Coastal Dangerous Waves (CDW) and the Rapid Growth Waves
(RGW). This is the report for the forth project year. The purposes of this project are to mine
the hazardous waves in the field for better understanding on their properties; moreover, to

develop warning systems for the occurrence of OFW as well as CDW.

This project collected and conformed to both OFW and CDW events occurred at
Taiwanese Waters or coasts. It was investigated 119shipwrecks induced by OFW or extreme
waves accompanying with 712 people fallen into the sea in the past 16 years (2000-2015). The
shipwrecks were independent with sea areas. In addition, it was investigated 300 CDW events
occurred accompanying with 456 people fallen into the sea in the past 16 years (2000-2015).

The CDW events most frequent (more than 75%) occur at NE Taiwanese coasts.
Part I: Researches on the OFW

This project defined the dangerous OFW by adding the height of a freak wave should be
larger than 2m on the conventional definition of freak wave. Base on the mining in 100 million
recorded waves from 16 wave stations, 6883 freak waves were found. The mean probability
of a freak wave occurrence is 7.05X107°. It was also found the probability is higher in typhoon
generated sea than ordinary sea state. The shapes of those freak waves are mainly symmetry.
If a freak wave occurs in a wave group, there are always 5 successive waves in the group. The
probability of a freak wave occurrence was derived based on non-linear wave theory. BFI
(Benjamin-Feir Index) is the key parameter for OFW occurrence. When swell occurs, the BFI
value is 1.4 times larger than wind-sea condition, representing it has higher occurrence
probability when swell exists. The derived formula of OFW occurrence probability was
estimated by inputting the wave spectra on the grid that was provided by CWB. This is to
predict the OFW occurrence probabilities which will occur by 24, 36 and 48 hours later. This
program has been installed in CWB for operational test run since Aug 2015. It was found the
common occurrence probability of OFW at Taiwanese Waters is from 0.15 to 0.5 according to
the short-term test-run results. The continuous waves recorded at Dongjidao station were
used for performance assessment. It was verified that the weighted error is less than 15% for

the prediction of OFW which was satisfied by this project.
Part Il: Researches on CDW

CDW'’s occurrence is related to wave propagation, bathymetry, rock, breakwater and other

unknown factors therefore difficult for deterministic prediction. This study used data mining



technique to establish a warning system of CDW. The system is valued for Longdong coast at
NE Taiwan. Both of cluster analysis and decision tree methods were used to develop the
warning system. The cluster analysis was verified as better performance. This study
established two models including one used field wave data and CWB wave model forecast
results as the input of warning system but another model used only CWB wave model data.
The first model was used as the master program for CDW warning and the second one is the
backup program. Risk of CDW occurrence for NE Taiwan coast within next 6, 12 and 24 was
proposed by the warning system. The system has been installed in CWB for test run since Aug
2015. It was found the average field wave height is 1.4m for the warned period which is close
to the true event condition. In addition, we found the model Il (backup model) has limited

capability for CDW warning if swell exists.
Part lll: Researches on Rapid Growth Wave

This project mined 1547 events of RGW in the field data of 5 buoys. It was found the
average duration of a RGW is 10 hours. The wave height grows 3.8 times than its original state
in average. The average growing rate is 0.23m/hr and the max. rate is 0.66m/hr. The dominate
cause of the occurrence of RGW is due to the weather system. For the stations locate at north
of Taiwan Strait (such as Matsu, Longdong and Hsinchu buoys), the generation of RGW is
because of the approaching of cold front and cold high pressure air mass. For the stations
locate at south of Taiwan Strait (such as Xiaoliuchiou), it is due to the influence of typhoons or
tropical low pressure air mass. Because of the interaction of weather systems, frequent RGW
events are generated at the station locates at middle of the strait such as Penghu buoy. There
were average 81 RGW events in a year observed at Penghu buoy. This study found the duration,
growth rate and height are highest at Longdong buoy which locates at the same latitude of

north Taiwan Strait mouth.

Keywords: Hazardous waves, Oceanic freak wave, Coastal dangerous wave, Rapid growth wave,

Probability forecast, Warning system, Data buoy
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FHFREERALURR > AR ET R ﬁ516,¢m R S 7

Pa i & g0 FAF R ARG AL I L F UFE D R e
itk AT o

3-1 B¥AARLSKAFETHEE Y2

AT AT R A AR T R S RlA SR VL 2 A e
¥ S - ERFT AR EY P RARR LR hB ﬁ":}%ﬁx(Abnormallndex
Al) - Sandetal. (1990) 4p i > § F - BB A TR FA G F o PR TR
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STR WA RIp o ¢ HEA AL E 1* AR AIZ2 kT Ry
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PR
Al>2 where Al=H/H; (3-1)

F(3-1)r AP RREEERT Y B ¥ LT AR (Dysthe et al, 2008;
Stansell, 2004; Donelan and Magnusson, 2005; Miiller and Garrett, 2007) » 1245 4t %_
P B R NE I AP ET PR RS a0 e 2P B Y e T A
A Bk TRERE L 3 F A 50 2 A Bk ;-\;],};;g NI TRUE 3 S = c kY
R AA B PR FARTREEEF L - H PP 3 AL L
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gl AP HASH AR o R A E vz Y
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% 3-1 A3 E 4472 plEk T AL AL
kiE RAsFA & F ox2
B+ ﬁ/‘_l_g T .“,23:
Tk EE 30 1998-2014 105820 100021 98864
TR 17 1997-2014 102111 94183 92024
e e e 2006, 2008,
Sod ek iE 4R 5000 31643 22,072 19591
2009-2014
G AT 40 2000-2014 99449 81974 81845
R 21 1997-2014 127889 104657 99640
B 3000 2010-2014 35592 24498 23537
= AR 18 2006-2014 70291 50668 50658
2R R 40 2012-2014 18812 16688 16675
BB 20 1999-2014 99449 90974 86705
5 A0 54 58 2010-2014 36127 32318 29660
, 2013/5-
= ) RS 20 42050 42050 41105
2015/2
R 26 2006-2014 64887 63950 63945
L 30 2010-2014 36127 32318 32318
£ R 25 2000-2014 101178 75204 73818
EONRE S 28 2002-2014 105820 100021 76050
i nEs SES A 82 2003-2014 95784 85324 85308

* A ERTH A 9 0R]2
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3-3 B ¥ AREFEBHEL

ot B K AR R 10 4 0T A AL Mt R BRI B RS 2 #F R a
SRR RF U S R e R e 2 B R UFE Y R A
AR OF Lk Y 2 AL (skewness) ~ *§ B (kurtosis) s 14 &2 R O¥ LR )R
)2 £ 3 HHE S H(VMA) K S A (HMA) $3 e  E f

3-3-1 AV ARFRBEAF LIPS

AR AT 16 BRI T ORIFTOR 0 ERlEE s dreriE 2 e R O¥ LR
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A ERATH 0T BRI s TP 0 G B F LA TR R EP o L
R K IR Y 26,6 2 % i 9 # BLIPIH ¥ (2006-2014) £ 354 63,945 £ i 5
FLARFH B R EAGR YA TIBE P H A 5L 11.4x10°;
& PSR KIR 20 25 2 % o 15 # ELIPIEP FF(2000-2014) £ 3+ 73,818 A il i

FE AT FRE R A486 2 HF AT L 647 x10°; S K
PEHRR] YRR X 30 2 % o 5 ELIPIEP F(2010-2014)F 32,318 L i 5 2
AT BB E A R ¥ AL 234 5 5 4 5 5 8.81x107° ;5 & L § R4k i
ORGRE 39 2 € o 13 # ELRIY F(2002-2014) £ 3% 76,050 £ iE s 2k
TR RFH I AG R Y AIN338E o F A 5 L 4.83x10°; [ sk g R =
HoRIRK) 82 2 % o 12 & BLiP|H ¥ (2003-2014) £ 3+ F 85,308 XS ik
AT R E G R ¥ AL 269 B 0 hE H 4 5 5 3.16x10° -

rE kL2 16 BB F L UFEB R % dod 3-18 1T > 16 1B Rk R
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# 3-2 FEFES LAl kg

Rank Al Corr. Time
1 3.27 2009/11/17 15:00
2 3.21 2011/8/4 03:00
3 3.07 2011/8/4 10:00
4 3.06 2011/8/4 14:00
5 2.95 2011/8/5 10:00
6 2.85 2005/12/5 06:00
7 2.82 2010/10/28 22:00
8 2.76 2008/9/28 13:00
9 2.73 2007/8/18 03:00
10 2.68 2011/6/24 14:00

% 3-3 Ao FEw - LAl kg

Rank Al Corr. Time
1 2.82 2011/12/16 17:00
2 2.75 2007/10/6 05:00
3 2.57 2012/2/20 00:00
4 2.56 2008/11/14 16:00
5 2.55 2000/6/11 02:00
6 2.54 2012/12/24 04:00
7 2.52 2014/3/21 10:00
8 2.52 2005/11/15 12:00
9 2.52 2007/1/26 15:00
10 2.51 2014/2/10 01:00

% 3-4 3T FFET L LA kbR

Rank Al Corr. Time
1 2.76 2005/8/31 20:00
2 2.69 2008/2/18 10:00
3 2.67 2001/2/13 20:00
4 2.60 2013/4/22 15:00
5 2.58 2009/12/6 05:00
6 2.56 2004/12/4 11:00
7 2.55 2007/3/10 11:00
8 2.54 2013/12/15 12:00
9 2.52 2007/8/19 14:00
10 2.49 2010/10/17 00:00
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%35 & 0§ R L 2 Al k4

Rank Al Corr. Time
1 4.12 2003/9/1 22:00
2 3.13 2008/9/28 17:00
3 3.02 2007/10/6 10:00
4 2.79 2013/7/13 14:00
5 2.72 2007/8/18 07:00
6 2.71 2013/7/13 11:00
7 2.64 2010/9/1 11:00
8 2.55 2013/7/13 00:00
9 2.43 2006/3/4 17:00
10 2.42 2012/10/12 11:00

% 3-6 = MFET L LAl kR

Rank Al Corr. Time

1 3.11 2013/3/11 01:00
2 3.03 2008/11/19 17:00
3 2.89 2013/10/16 20:00
4 2.78 2008/11/28 01:00
5 2.69 2006/12/21 12:00
6 2.65 2013/2/19 20:00
7 2.64 2014/12/12 21:00
8 2.60 2009/1/8 05:00

9 2.59 2013/10/25 11:00
10 2.56 2012/1/25 07:00

% 3-7 paiakiitRa - LAl kB

Rank Al Corr. Time
1 2.59 2010/10/22 21:00
2 2.51 2009/7/26 07:00
3 2.49 2008/9/30 17:00
4 2.48 2010/10/22 23:00
5 2.46 2011/8/31 18:00
6 2.43 2006/12/3 15:00
7 2.41 2013/9/22 12:00
8 2.41 2005/8/16 02:00
9 2.39 2006/7/14 07:00
10 2.38 2010/9/20 22:00
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# 3-8 FRUBEIET L LAl kbR

Rank Al Corr. Time
1 3.63 2003/8/4 05:00
2 3.19 2003/9/2 05:00
3 3.09 2014/11/3 05:00
4 2.81 2011/10/3 13:00
5 2.76 1999/10/3 20:00
6 2.59 2011/1/26 03:00
7 2.55 2008/12/11 23:00
8 2.53 2014/12/19 11:00
9 2.52 2004/9/7 09:00
10 2.51 2000/1/16 22:00

% 3-9 Mg J FET - LAl Rk

Rank Al Corr. Time
1 2.80 2009/8/9 00:00
2 2.75 2013/9/21 22:00
3 2.73 2009/8/4 04:00
4 2.72 2004/11/10 04:00
5 2.68 2010/1/25 23:00
6 2.53 2007/10/3 10:00
7 2.53 2010/7/6 05:00
8 2.52 2009/8/11 05:00
9 2.51 2013/10/20 08:00
10 2.44 2007/11/22 13:00

7 3-10 £ iR+ & Al & ér

Rank Al Corr. Time
1 3.99 2006/3/10 20:00
2 2.89 2010/9/20 08:00
3 2.64 2012/2/18 19:00
4 2.63 2007/8/15 20:00
5 2.63 2011/4/19 06:00
6 2.61 2011/3/16 01:00
7 2.57 2008/2/17 20:00
8 2.56 2007/10/4 17:00
9 2.56 2011/11/2 11:00
10 2.56 2011/3/23 18:00
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£ 3-11 AR RS L 2 Al k4

Rank Al Corr. Time
1 2.61 2012/10/3 00:00
2 2.47 2012/9/28 15:00
3 2.45 2015/1/19 20:00
4 2.43 2013/3/25 00:00
5 2.36 2014/10/10 04:00
6 2.36 2012/12/18 16:00
7 2.30 2012/11/27 00:00
8 2.30 2014/2/23 07:00
9 2.29 2014/3/13 17:00
10 2.28 2013/11/11 06:00

% 3-12 B Ae tEw - 4 Al kb

Rank Al Corr. Time
1 2.61 2012/9/16 01:00
2 2.58 2014/12/23 06:00
3 2.46 2012/9/17 23:00
4 2.46 2013/10/13 20:00
5 2.46 2014/9/14 22:00
6 2.42 2010/12/15 05:00
7 2.42 2013/12/17 04:00
8 2.41 2013/11/21 20:00
9 2.41 2014/7/12 21:00
10 2.39 2011/1/28 18:00

% 3-13 EBPEES L LAl &k

Rank Al Corr. Time
1 4.99 2009/1/2 05:00
2 3.85 2008/9/28 01:00
3 3.72 2009/4/1 21:00
4 3.67 2011/1/9 19:00
5 3.63 2009/1/1 15:00
6 3.55 2009/11/18 06:00
7 3.45 2008/11/25 01:00
8 3.40 2009/11/3 06:00
9 3.32 2009/11/3 07:00
10 3.31 2009/11/17 21:00
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% 3-14 5 L FEw L LAl kg

Rank Al Corr. Time

1 2.68 2010/11/17 03:00
2 2.61 2013/8/28 16:00
3 2.51 2010/11/19 22:00
4 2.50 2010/12/6 13:00
5 2.50 2012/3/16 06:00
6 2.42 2010/11/7 09:00
7 2.42 2014/9/14 11:00
8 2.41 2011/2/2 07:00

9 2.39 2011/10/1 19:00
10 2.35 2013/3/5 14:00

# 3-15 5 K FR LAl k&

Rank Al Corr. Time
1 3.11 2009/11/2 10:00
2 2.77 2010/10/27 16:00
3 2.55 2012/1/20 18:00
4 2.47 2012/3/26 10:00
5 2.47 2014/7/22 18:00
6 2.43 2011/11/29 00:00
7 2.43 2011/10/8 23:00
8 2.38 2012/6/11 10:00
9 2.37 2011/10/18 04:00
10 2.36 2012/7/27 19:00

# 3-16 L5+ & Al kék

Rank Al Corr. Time

1 2.75 2011/7/14 22:00
2 2.58 2013/12/1 19:00
3 2.55 2011/10/12 11:00
4 2.48 2012/9/21 17:00
5 2.47 2013/12/13 04:00
6 2.44 2011/4/23 11:00
7 2.42 2011/11/14 10:00
8 2.40 2011/11/26 01:00
9 2.37 2014/8/4 19:00

10 2.37 2012/11/7 11:00
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#3-17 K F kR n L LA RS

Rank Al Corr. Time

1 2.98 2015/1/26 10:10
2 2.95 2015/1/27 11:10
3 2.91 2014/12/28 13:30
4 2.82 2014/12/28 08:50
5 2.77 2014/10/2 23:10
6 2.75 2014/12/28 13:50
7 2.70 2014/10/8 05:10
8 2.67 2013/11/26 00:30
9 2.66 2014/10/10 15:10
10 2.65 2014/3/6 15:30
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% 3-18 A F A 47 16 B R EBELR T 2

[ S SRR

4& 21

‘/L'F

e F7 3 & #BEH o ko L =% Ak
B 2006,2008,2009 2012-
oL P 1997-2014 | 1998-2014 | 1997-2014 | 2000-2014 2010-2014 | 2006-2014
-2014 2014
A K 92024 98864 99640 81845 19591 23537 50658 16675
i ER AR S 9918808 8652012 | 8408194 | 7235048 1615599 2050447 | 5316693 | 1537786
£
j
# R e S SN 3 572 604 581 441 218 236 477 93
i ) 5 5
PSS E TSRS T 5.76x10° | 6.98x10° | 6.90x10° | 6.09x10° 13.4%x10° 11.5%x10° | 8.97x10 | 6.04x10
N Teh 8P 103693 83499 103608 84319 20730 19857 41685 20084
He
B e B K B g 22 22 11 30 9 4 21 4
3y
& A IET ST EE ¥ 21.2x10° | 26.3x10° | 10.6x10° | 35.5x10° 43.4x10° 20.1x10° | 50.3x10° | 19.9x10°
N 2l P R Lk 9815115 8568513 | 8304586 | 7150729 1594869 2030590 | 5275008 | 1517702
2t
B Bk B E LB 550 582 570 411 209 232 456 89
B
3 IR O C e 5.61x105 | 6.79x10° | 6.86x105 | 5.74x10° 13.1x10° 11.4x10° | 8.64x10 | 5.86X10°
f
et h R EER T AR
% @ e 3.8 3.9 1.5 6.2 3.3 1.8 5.8 3.4
AP
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F 3-18(F) A3 E A 4516 Bk LPIHEEBIDZ A B ¥ AL S

25 2L
w ‘T_'

Rl 2 4L 5 G | AEfae | sk | &P | Aag | mw | lmw
2010- 2000- 2002- 2006- 2003-
AL R 2010-2014 | 1999-2014 | 2013/05-015/02
2014 2014 2014 2014 2014
S B 29660 86705 41105 32318 73818 76050 63945 85308
o sk U 2873601 | 7445685 10615170 2655736 | 7462663 | 6987262 | 6419134 | 8491147
2
j .
" BB oE B 308 460 798 234 486 338 733 269
AR A4 s | 107x10° | 6.17x10° 7.51x10° 8.81x10° | 6.51x10° | 4.83x10° | 11.4x10° | 3.16x10°
T B R B RY kB 15195 84050 24497 26519 39276 67272 63465 20914
e,
B BBk B 9 23 2 8 12 27 15 7
# . . i 5 5 5 5 5 5 5
m | AEEFLIE L | 592x100 | 27.3x10 8.15x10 30.1x10° | 30.5x10° | 40.1x10° | 23.5x10° | 33.4x10
" |
": g h )R LUk 2858406 | 7361635 10590637 2629217 | 7423387 | 6919990 | 6355669 | 8470233
i,—
£ BBk B 299 437 796 226 474 311 718 262
B
W s gatagass | 104x10° | 5.93x10° 7.51x10° 8.59%10° | 6.38x10° | 4.49x10° | 11.2x10° | 3.09x10°
o
hoerzbgeh PR AGRF R
% w ? f 5.7 4.6 1.1 35 4.8 8.9 2.1 10.8

AL I
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Hualien09111715 at 419 sec
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7 T T T

Hsinchu11121617 at 454.5 sec
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10 T T

Longdong05083120 at 232 sec
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12 Gueishandao03090122 at 108.5 sec
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Chiku13031101 at 285 sec
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Eluanbi09080900 at 198.5 sec
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Kinmen06031020 at 22 sec
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Keelung12100300 at 158 sec
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Matsu12091601 at 44 sec
4 T T T T T T T T T T

Elevation [m]
(=)

—
=
—
L —
R
—b'
—

Dt o
3+ -
® (a)
_4 | 1 1 1 1 1 1 1 1 |
0 50 100 150 200 250 300 350 400 450 500
Time [sec]
4 Matsu12091601 at 44 sec
T T T T T T T T
3 -
2 -

Lo NA

R

ok

Elevation [m]
o

ey

M)

4 1 1 I 1 1 I 1 I
10 20 30 40 50 60 70 80

Time [sec]

Bl 3-12 BA FfRd ~ Al R ¥ LK B2 R =pF A 7 ](a) B L Tk (b)imiR §]

-44-



Penghu09010205 at 325 sec
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Taitung10111703 at 249.5 sec
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Taitung Open Ocean09110210 at 279 sec
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Dongjidao20150126 at 1147.5 sec
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Occurence probability [%]
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B ¥ ARA N 45 1% § #8(Dean, 1990; White and Fornberg, 1998; Lavrenoy,

1998) > # 44 X B ¥ A2 H A5 it 7 F (Didenkulova and Anderson,
2010) » Yoshimoto and Kato(2002) 4 47 & % A2 #3F H » 7 frend 4] »
% i % 3 #r% J ; Didenkulova and Anderson(2010) 4" 17 i B cij% e R F AL > 3
B e AR R AR B A A oA E B F A AEA LA P s
FOGA AR F AT A S HEATE P (dispersive focusing)#TiE & o AE AL T B
e g e 3 SRS S NPE RNV E S A 5 SR R T TR S A

FRZBEFARF LG A AAE F- ARV AIVNIMPE G - %R Bk
Hop A8 5 ol e % > (852 A% Gorm T ‘;1—5 Draupner & 5 #7gLip| 3| e
% # 7(Sand etal., 1990; Trulsen and Dysthe, 1997) ; % = &8 & % A /3 RpF 5 FiF
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Longdong Buoy 08021722 at 163 sec

T T T T T T T T T T
Al=201. H __=3.82m. H, =1.90m|r=00158, k=3.2461. GF=0.94, VMA=1.05, HMA=0.67, FW_STP=0.0435

15 ................... ....... e

Water level (m)

-1.5

2 i i | i i i i i i |
0 50 100 150 200 250 200 350 400 450 500
Time (s)

B 3-23 B ¥ AN Jna ok e

Aa N A A 0

SAVATNVATY AVAVAVAVAVIVAV) U V V J V"V\J“VV"VV\;"V-

g —at—da—r—>
1 2 3 1
H H*HH ,  H:

(a)

(b)

] 3-24 # & T AT LB (a)= ¥ 5 (b)2h

-56-



343 R ¥ RRVELPTEE

FEIHMUA R R BRI RN R A AB L2 RN R
Ei2) 223 F O BELARBRRIBR YRR L AL RS
AR A2 R AE LS LA o 4 B E S % A (High Crest in a Group,
HCG) ~ = # & % 3| (Deep Trough in a Group, DTG) ~ = # $t 43| (Symmetric in a Group,
SG)~ 2t 2% 4 % 7| (High Crest Singular, HCS)~ 2= 2% ;¢ % 4| (Deep Trough Singular, DTS)
122 2h S 3] (Symmetric and Singular, SS) 0 4o 4 4 B #75 (B8] 3-25) 0 #73 F1%iR
B2 AFHTE S R Ard 3410 AT o SR A2 BE AL IR A B
P 2 ZEREM B F bt T h g o AHEM B YA 80%% 90% % 4 0 B ¥
%ﬂﬁﬂmﬂ%-&%ﬁ*@ﬁﬂmﬁ1w®$%§¢ﬁﬁﬁﬁW$%ﬂﬁﬂi$
{uﬁﬁ LA oA H A AR 5] 90% 0 A AL B AR e
FApig o m N FE A REE R IR F AL /ﬁ»”lér'/ﬂ#'/ﬁw\w’ﬁ >R
37% > H ke i ARELR f%% BN PG 08 A A

SRR

BRI R FERREFRU R IR
(Freak wave in a (A Singular freak
group) wave)

il
(Deep

PREFI IR

PREFEREL | W oo meoiny SRR A JEr B AR

!ngl'(l;(:rest Tt e !Symﬁmetru: (High Crest (Deep Trough (Symmetric and
in a Group, Group, in a Group, Singular, HCS) Singular, DTS) Singular, 55)
HCG) 0TG) 5G) y

Bl 3-25 & ¥ A4 K
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%319 BHARGELSITRSE

B LA il
P 2 £

B | HEA | REF A Ak A wEA A
EARERES 454 | 3(0.6%) | 3(0.6%) | 52(11.4%) | 25(5.5%) | 18(3.9%) | 353(77.7%)
Wk R 715 | 5(0.7%) | 5(0.7%) | 100(14.0%) | 24(3.3%) | 24(3.3%) | 557(77.9%)
AR 447 | 2(0.4%) | 0(0%) | 71(15.8%) | 11(2.4%) | 11(2.4%) | 352(78.7%)
=R 443 | 2(0.4%) | 3(0.6%) | 52(11.7%) | 19(4.2%) | 25(5.6%) | 342(77.2%)
TR 561 | 3(0.5%) | 3(0.5%) | 80(14.2%) | 23(4.1%) | 29(5.1%) | 423(75.4%)
FONTY A A 358 | 3(0.8%) | 3(0.8%) | 53(14.8%) | 11(3.0%) | 13(3.6%) | 275(76.8%)
5 Ae iR 322 | 2(0.6%) | 2(0.6%) | 45(13.9%) | 15(4.6%) | 7(2.1%) | 251(78.0%)
AR 64 | 0(0.0%) | 0(0.0%) | 13(20.3%) | 1(1.5%) | 2(3.1%) | 48(75.0%)
&R 481 | 1(0.2%) | 1(0.2%) | 45(9.3%) | 23(4.7%) | 25(5.2%) | 386(80.2%)
BRI 578 | 1(0.1%) | 3(0.5%) | 94(16.2%) | 18(3.1%) | 28(4.8%) | 434(75.1%)
B 603 | 5(0.8%) | 4(0.6%) | 80(13.2%) | 39(6.4%) | 35(5.8%) | 440(73.0%)
LTRSS 236 | 1(0.4%) | 1(0.4%) | 36(15.2%) | 8(3.3%) | 4(1.7%) | 186(83.0%)
Sdoehiisie | 241 | 0(0.0%) | 1(0.4%) | 26(10.7%) | 14(5.8%) | 9(3.7%) | 191(79.2%)
A 285 | 4(1.4%) | 1(0.3%) | 30(10.5%) | 5(1.7%) | 17(6.0%) | 228(80.0%)
ARETE: xS A 294 | 2(0.7%) | 2(0.7%) | 67(22.8%) | 3(1.0%) | 17(5.8%) | 203(69.0%)
L& Hakas | 798 | 3(0.3%) | 3(0.3%) | 126(15.8%) | 25(3.1%) | 299(37.4%) | 342(42.8%)
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Frg EIAVAELPBFRR ARG SE

AFFERA RN RS PR R YA L P
Rl w - RO KRR ARG FI M ERVARFAPSTER
BH > b= F RS 9P L g ok, ﬁﬁ—ﬁﬁ%}»uﬁ»pﬁ ot B IEGBEFE R
RPFEH - AEREHPEA L BTELBY L F % RE QRERFEBRLEFT
THHREPFRRIESE -

41 BE¥RAFL IR

4-1-1 RATHM AT 2 B s 2

Y kg 4 BN S ARG B § AL A e F g Rk
5 27 1T R A

e

Z(t) = Z a;cos(w;t + ¢;) (4-1)

i=1

B qa s ddcty o p £4F 0 @RI 5 AP & o FRIRRIERIDH » 5K s
BREBEALT o om BRLA B AT FEFAA T (Longuet-Higgins, 1952) o
L Rdm kg prl 4 (4-1) 4™ -
Z(t) = n(t) cos(2rft) — Y(t) sin(2nft) (4-2)
X
n(t) = z a;cos(2nfit — 2nft + ¢;) (4-3)
i=1
(t) = z a;sin(2rfit — 21ft + b;) (4-4)
i=1
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FadEF o fa THEs > 4pd 30— PR d £ (spectrum moment)£s & P4 38 6 £
L = mymg e n B L e S() S 6 R R S

= f frS(f)df (4-5)
0

b R EAFIREREAN AP
R(®) = (D) + () (4-6)
¢(t) = tan™ [{(0)/n ()] (4-7)
PN (3-3) T T ey
n(t) = Rcos¢ (4-8)
¢(t) = Rsing (4-9)
mOKEHCEITT Y REPERT
Z(t) = R(t) cos[2nft + ¢(1)] (4-10)

B ER e o Rig R AR o EFRE A e FAHES T LR
(narrow banded)F¥ » Z & v F AR B W T L L0k o

g R R FAAE o Y S HRIULE > (O (1) % R 5%

P sdZmg e d 2ENC] =0 F)' 3 FEFHARS B2 > a AT g R
S0 He[39(4-11)]F 0 * 58 (4-8)2 dnd{ = RAR dpM 5 R { o RMFgEfp iz
BEWTBA 0 4ot (4-12) o

1 n? + {2
P(U@)—Tmoexp [— 2, l (4-11)
R) = — R” 4-12
p( '¢)—2 moexp " Imy (4-12)



s et

d SN Rfr®F Ap b2 > F 5N (4-12)F ARAR S p(R) fep(P)Ap 3k 54 (4-12)7 & 4 3
& :_‘Z }i \ﬁ'lﬁ'{

S ¥k > £ Tp(P) w[02m] F B 5 ¥ B P % 5 1/2m o Flpt ¥ 4L F RS
e e S TS T .

R R?
p(R) = m_ exp (——) (4-13)

2mg
BJ'S'AG/E;‘H' B o R end X B A A b S e ] > TR @ RV AR
AL B R LR IR e kAR Wﬂmﬂwhkiid’@%hﬁﬁﬁﬁﬁ*ﬁ”

Flob M B penF A BF BT A AR B FI T R BRK LA BRI
(H=2R) » & » 3% (4-13)7 12 7 Sk 3 e 5 % A S dc o

H H?
p(H) = —-exp <— —> (4-14)

8my

Longuet-Higgins(1952)13 45 A B F B R S BB E N F F A F o> & T35
A BEERPBE

ﬁzf}mwszﬂmmWZ (4-15)
0

Hﬁwzﬁf=f}FMHMH=8m0 (4-16)
0

CENVEVIES B & EQUE TSP

p(x) = 2c%x - exp(—c?x?) (4-17)
;\Z =4
H v 5 o =
X=F’H*%%§viﬁ»r5 (4-18)



m when H, = ml/2 = Nrms
H, NG
= — = o — g
¢ (8m0)1/2 ) when H* =H
1 when H, = H,,,

\ 1.416 when H* = H1/3
MR F L B AR AR R T T A > hoT 5N o
P(x) = P[x, > x] = f p(x,)dx, = exp[—c?x?] (4-19)
b

WILH G F A FF A P 0 AR A Longuet-Higgins(1952)4& - it B ik 5%
P AR Bdn P 3¥ R o 8 Kk Cartwrightand Longuet-Higgins (1956) € & 7 — B ATe1%-
B0 fiE2 G 3 R S-¥k(spectral width parameter) » 40(4-20)7 » § 0,3 3iT3 0 FFHAE
HWEIFH TR RARBEREY A FHIT > Fo, B AR S R

0p =[1- m%/(m0m4)]1/2 0<o,<1 (4-20)

o

9 g ek SR BT BAEINA DT FS 0 F L N0 AR e R L &

5&
g
¥ xmiE o m EReZEF AT 1o

Tayfun(1983)f- Naess(1985)3% 4% 7 i B R SHA & & # hF > 2u5 d 0
R SRR HE S BRRUE H PN TR S IRIG R A B AERE A
* L G A A F F o Forristall (1984)» * F R F R F B niE 2T %R E
Tayfun(1983)&7eh it » 223k i B A TIRT § RAT AL F > TG AR A
# Jigd ¥ 94 F (Weibull distribution) £ 57 > 4r(4-21)5% > 8¢ $x = H/Npps P 2 1 =
20v=N2o WEERFHASF o

p(x) = %(g)

BPAARR TR AR EIRTEABIL FPL R A A F A B35 E T gk
BATAR T R G o F N (4-19)7 v, >S2F(x =H/H,){ ¥+ E 45 +35 &7
M B P AZAR S ) TR TEAT 2 B RN E A T s 4oV (4-19)57 7 o

n-1

exp [~ (g)"] (4-21)
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Preak wave = Plx. > 2] = exp[—1.4162 x 22] = 3.3 x 10™* (4-22)

d b apit v A AP A TEHROERT AR RETHLT O RRFHAL T 2
ARAR I T T e s DB R E 4 S 4 3.3x10% 4p§ %) 3000 B AR
ﬁgmm—%ﬂ#ﬁﬂeﬁﬁﬂiﬁﬂ#%imaé Mo 41 5 MMEILHT 2
L S R EE R SAERE A

P #50(4-18)7 22 2 A (4-17) T @A T g a
Fl it 2 A WS AE o 4o 42977 0 BP VMG T AL FIRBR lﬁ?ﬂ;i??/h‘—*
FHRZRIFRRITA AT R T G AF RO FRITEIF LIPS g 0T
Ao gL R & Forristall (1984) #F 2 A B A F € BT AL F 2R
Feoi- HFBEHFAPF o NTPRF YL L6 BTEHRF 0 FF AT
AB AR B2 EF RN FRTEIFEZ 55 20x10% HFRA T Y
A gk o R FEmRNEY LR FEPFETULFTRE 2L 857 (o
Kimura and Ohta (1994)% #% 11 B ¥ A2 #F 4 595 2.8x10% > mF 5 50 X | P&
A1 T FRIFTALEE R Y AAF A 52358 Stansell (2004) {- Didenkulova
and Anderson (2010) 4 %]t 4 & fod Rearja sE (T RPI T 3R B B 2 % 4 W 5 2.9x10°
4112 2.4x10% > @ Baschek and Imai (2011)4 47 % B & F 2 BRI T AL T (7 5| T 35
1.2x10°2. %% > P A YT A A F 2% F o Mori et al. (2002)P] 322 B ¥ iz
AWFE A NFAHLF TG L EHNREFRARNEFLE- H2FTY oA d wE

MG P FIP bR R FRRI TR o

25
o 15-

0.5}

freak wave

o - ]

- . -
~
I
I
I
I ]
]
__
|
l J
1
1 1

Abnormality index, Al

B4l APELATEFAIFAPSTEE #/ﬁ»/iiﬂﬁ(7 M %
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Longdong 1999-2012

] T T T T T T
10 O Field data
Rayleigh distribution
107
T
o
10"
[m]
10'6 1 | 1 1 | 1 |
0 0.5 1 15 2 25 3 3.5 4

H=H/mean H

B 42 FRIAFH I B TAHAF L E (TR A0k FRR F 1999-2012 #)

4-1-2 HAvZEMME AT By A uEF A Tl
Hip s - E RZERAM ARG f8 8 §AFE T FHPF RIURE T ARFE SR

¢IRMgR > WL H JRIGRE APk £ ok 7 o 4 Longuet-Higgins(1963)# 1 1 &
AP SR L B ARPEE T ML WA BR ST A7 A

o(r. g):iexp[—g(n v )}

1%2 g oo (1) (€) (4-23)

oy He (1), ()

4|n0 4 n|n| (4n)n 4-n

X

KE LT R RS N s R Fl ST Sl 4o(4-24)50 47 o B P Hp ALE n FE e
i F 4 % 3 3% (Hermite polynomial) » 4(4-25)5% » Knm Bl 5 & #% £ (cumulant) > 14 (4-26)
AT - BEBREROIHFE L B EfoE- KR SPZE AR

BREER AP o

K
I n .7 4 . —
N :nrms ,{ = Nrms ’ Knm - 77 nnn‘-:'m (4'24)
rms
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n

1 1
H,(x) = (—1)"eBp (Exz)mexp <_§x2) (4-25)
{ EM™{™] ¢ n+tm<3

En™¢™]+ (n— Dm—D(D26™™ 0 im=a

Knm =

(4-26)

d kgAML PFTEFTRAALAT  FTITELTE > R HEE my FIM
Koo=K10=Ko1=K11=0 > K20=Ko2=1 ¥ K21=K12=K13=K31=0 ° H ¥ K30 & -k =% b chip i
(skewness, u3) > @ kR 5w FFARFFE > BRI s F aE R T fik(kurtosis, pa)
B30 AT RN K 0 AP F UK Koz=K30 0 Koa=Kao !4 F K22=Kao/3 (Mori and

Janssen, 2006) -

B0 EAR G s g s F o F 41T p(A, @) = Ap(n', {')#5 (4-22) ¢
Fhde N URGE A B P AR E FS 1S AT PSR IEA = R/ o 2 0H
R UORE R FIt R odp VAR S T ApIb 0 A R F A F T

,%gr} HWip inf o B 4o 0 o
A? 1 1
p(A) =A-exp - X [1 + §K40(1 — A%+ §A4)] (4-27)

TAMWFHDER AR H TR G A B adRig o @ o 54 (4-27)7 T R
AR SRR ST

1 2

p(H") = ZH’e‘(l/s)H [1+ KqoAp(H)] (4-28)
;i ¢

Ay(H) = L(H"‘ — 32H'% +128) (4-29)

H 384

P A B EARARE S TAZAR R R A PF AT 0 R f A 8T R A S B
e REIETLx A E o

P(H') = e=WDH [1 4 1,0 By ()] (4-30)
¢
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1
By(H') =20 H’Z(H’Z 16) (4-31)
17 R e B R R FAZ LB H 380 Ny 5 A R SR TS T Sl o

%agﬁ@#%gJngﬁ’mw%$&g%¥&i*&ﬁﬁaU%&ﬁﬁ’
e A F T B S B Hyae - B P R A A P 2 A
% = & -MoriandJanssen (2006):% 5 143 & ¥ AW R A A4S B4 B
Bt B s s F L F T RS g @ Longuet-Higgins (1952)+ Fi 3 )
TERARABZIPFRRIEFAPHFTEAMINBRAG P RE R F
Hpax#m > % N 75 - Bl F 5 Hpgy o RIHRF (N-1)BA B ] > Hpgy
FI 3% S A B Hpgo T B R S0l S

p (Hmax) = N[l - P(Hmax)]N_lp(Hmax) (4‘32)
'f‘~ ¢ P(Hmax) = }\‘(4 30)6 /ﬁ"’s /”\# i{;&i{’\’bﬁ © %\ ﬁ' /ﬁ»rg = q’/\HmaxL’b&j? ;

p(Hmax)F“ 5"\‘(4 28)‘%1}\ ?}i“l'& ’ ?\’7‘]“ ’glﬁ":g :’;‘Hmaxjvjbi&:% ° A}'J,# &%ﬁj ﬁvﬁ
I [(4-33)70] 0 F N ZLE A B Bk LA 2 8% A S olicke N (4-34) 4 7 o

N _ %
P (Hpax) = ZHmaxe ( 8 )[1 + K404 (Hinax)]

(4-34)

2
_ Hinax

X exp {—Ne ( 8 ) X [1 + Kk40Br(Hmax)]

Frao dh S B TAGARS S T R HE AR OB T R A SR A A R 4o S

2
_ Hinax

Pm(Hmax) = 1—exp{—Ne < 8 >[1+K4-0BH(Hmax)]} (4_35)

B e m R Slp (Hped® 7 — 25 NB e s x 2 8§ 5 Hpay
AP A AW T LT E L B RF S %?Hmaxmt&% c B A ARG ALEA B
AU F LAk — AP kA S - LR BFRI R E - BRI
PIGZ B H U 5 B ko Bl @b A B 2 A F § mtie- KRR K

CEREE
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FIRREIZA > THA B FAAR S 4.004 B nF R AFER L mo> 110 @ mofr
s R RN e T

_ to

1
my=n2= lim — | n%dt=n2, (4-36)

t0—>oot0 0

RpEFARDERFLLARBTERAF (T3 B4R F F 7RG

8 Bk ggitias i

Hfreak =Hpgx = 21'11/3 = 8m(1)/2 = 8Nrms (4'37)

Flb - N A 5N (4-35) 0 T FlE CehH,,, =80 F U BArR ¥ Ak Aehg 4
B kIR B (N) g R TR d(,) P Sl > 4o 58 AT

Prreak =1 — exp[—N - eP (1 + 8iy)] (4-38)

He Bi-FH g »-8cd v, - HRARNBPEKE K2 %R T
7 W@amgnok 2 B¥ U AT o 1R B AR 2 e R LI T
B2 bR BARRNDFIPIN L FF e ARG S AW AR BS

42 EEEFHIRATERE

T & 2RI B % (5 4-38)F AR g 4 S foa B
FBAPM > - BEAJA AP > V- BREL KT TER o KEET L EF
Bk R c(na)A& & S LU B (N AR < B > B LU 2 S (Prea) AR < 0
R AR AT R G B E A B RE L BABRTET AR
QAU f 5 0 SRR VAU S AR o

B 4-3 5 b fdd i hlcif2™ > @87 il (e p PRend LI 2 5
KGERT ML B SEF VR P A > B LA A B4R 0 B
PR AREAS B R FE R B 30(RMAL > LB R ETAL ) 3.6 12457
ik R GBS ST FE R E R RN E A PSR FE R Rl L A4
s it s F LR BEcFE 10,000 FF 0 A AR Glch 50 0 BF LR A
AL 1 e AR AR AR RTHEFERE > QAR A L 5 T A
ZF o BRREA R 2 TR L 8 f) 0 10,000 AR 2T 22.2 ] R0 F R
AR RA R AR - AR BY 222 B BT R8I0 - IHR KR
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R N AT S P P R
BRI A LR AIZ2 SR A e ) LA e R S § e
Biag LI 5TMBER > 4@ 43 ¢ i R ¥ 3.6 P X LUEP
2000 - H 2 I EIFALT o

T RERGEES RN ARG A BFIAPEL B 44T 2 PR R GEEE
T2 B F LU AT AR T (G ALA T ) A e B (e
3-39 F)R 0 ET L A I AT B R K U 2 B TR T A

s A
#mlﬁ;:‘ o

Pfreak|nonlmear (4_39)

Rfreak

Pfreak|lmear

Ba4435r B35t Br2apPEasEs i ol ¥ ARG HEIFF R
MIEH(TA,F ) ErE > 2 pta HWwaor Bk A Gl B oo UKD S
100 (5 5 10 & 482 BLR|)FF - 9% & BE 30/ > A& FH g L w) > FpEa 30
SEAMAT 0 R R GBATE 3.55 B GRAUPBR IR TR B2 BRI 2 4k
FARMIDG N4 B o P EREFRIUED f 5D E M B LD
%5000 B(911 B ) 2tRMH A ELS SR FAAF A BFO9E R 20%
BOAUECD Ao S FA PRI EXE R GEPFORA G PR D L ST
BRT e R G B F LU 4 8 5 8L A B F - Goda(2010)4;
Mook R Thlc B MM AR R PR 0 R Tl < o ;ﬁi;xmétfﬂ'ﬁ4 o
Janssen(2003)4a & 114§ B G ficr 2L 4p 1% BFI (Benjamin-Feir Index) i&. 2. F¥ e % »
4o d-40 5% 0 NP eR RN AR v o, s AT R R -

2
\/§£> (4-40)

32
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o | 1,=3.0 (Rayleigh) |
o =31
p _— g_14=3.2

// =
. Uy, 3.3

10 L L L L h n ry F——
10 10 10

Bl 4-3 B ¥ 05 2 485 2 ke p MR

55
N=100
————— N=200
SH -—--N=500 E
——— N=1000 o
—#— N=5000 e
45n N=10000 e 8
///
///
4t - o
-7 //)
. -
-~ ,//
35+ el e 4
ﬁ // ///
£ - -
v // PR
3t S L
// //
- - N
ST
25} T 1
// -
Y
2t AT -
7
£
15- 5
4
.-"} i
1 o ;
3 34 3.2 33 34 35 3.6
né

Bl 4-4 LA RIEAH KRB FRARF A PF 2t B

BHRRSE P LR B RN L G AR § AR B RAR S e R
RIERAXE P B LA 2 IR - T > e rv o A vy
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FRPIOTHA R LR ABRREFTHRE TS AP EY R LR
AEABBERBRTAFRGE KIS 2D A AR PR B TR E v
BLRI AL R SR L TE -

BRI s 3 AT TR B L LR 150 o A B 45 ¢ & By
PR KIFEE) B 27 0 ATER T ORI R B 5 ARG 7 WH-103 A2 F IR 0 2R
BRHF2RIFL3FISS K T KRB KBRS REIE S e R RRR
RABLR R I AR A AV F e FBIAFT A RPE(TEF R )R
§F B Td Bjr BaR v Ramu gl I kP Bag ko H AR AT ahpE
TR R o TR S 2Hz o SRR 0 fed B EREEG TR 0 LR
TEEEEF > BT L E e F 20448

A2 AR IELP| TP S 1999 £ 1] 2003 £ 0 £ - Bl ok g TR
ek 310 FHREAEAHES R > TG 34X CFl4-6 L HY 5z e
B7I(59 %) led FHAT G AT FREE 2 HfE A dd STRLRITIZ KA

EER AR TS PE S PR S P L TR

elevation (m)

02-Sep-2000  12-Sep-2000  22-Sep-2000  02-Oct-2000  12-Oct-2000  22-Oct-2000

Bl 4-6 Datasetlll z_-kKi=pFAE 7
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41 MR R TR A

Data Data period Duration Data validity Maximum wave
set (days) height (m)

I 1999/07/16 — 08/27 43 100% 3.19

I 2000/07/18 - 08/30 43 99.6% 6.47

1 2000/09/01 -10/29 59 98.6% 9.35

\Y 2001/06/07 - 07/23 46 99.9% 4.53

\Y 2002/07/27 - 09/10 45 97.4% 8.56

Vi 2002/10/30-12/07 38 100% 6.72

Vi 2003/06/15-07/19 34 99.9% 3.58

all 1999-2003 303 99.7% 9.35

A2 R * 1999 £ £ 2000 £ FR) bR P ok FLURBI T AL (TRE 0 T4
4-1 ¢ thdataset! ~ 11~ 111> BBBIFEFRF 5 145 2 - A E TR F g 4 %
SR B RR G ok eE R Rl L APR o iR R B R E R TR
SRR L R RO SR o @ RRITR Y B O G AR eARE e e
WA a2 R FIR BT AN WAl g E R ik Y 2.875 2 B ¥ AR
BT Tw FE R S (a0) % X 3-1/80 FIPt A 2 HHE R ik M B3 29 i
T I PR T A2 M R A # A0 R Tlics 3 3.6 AP HR D
FIP R E R L R REP-T] 3.6 ¢

M FTHRADG 2 HBS* AR 47 Hdha L hBE Sdha BV Ry
AWF AR REA T ParE R GBI 29 T 3.6) REIF AR LB KA FF
BIF AL 2 AR o KB Y T B Ag LB i K9 < PR(B]4e N=10,000) 0 B # AR
w%i%ﬁﬁﬁﬁﬁlm%’&g%ﬁﬂ%wko&ﬂﬁaﬁﬁwkﬂ,gﬁaﬁ
Boi BB pE s FRITH SR AE2 BE (et AHEFHARL 31 d £
4-2 v B FoOK PRIV R =30 F > TiH9353 9L 5 18% 0 g R %
Bk o RREFRT RS LB RS > ERTFIRE- Htwm e
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freak

l—l4=3.4 J
u4=3.5
n,=3.6
2 | e
10 2 3
10 " J
N

®l 4-7

%42 FH%KELS

\

54 9L

Kurtosis RMSE [%]
2.9 260.19
3.0 29.09
3.1 9.30
3.2 9.86
33 13.23
34 18.47
3.5 24.77
3.6 23.67




FET R RN S S foRBIR IR 2 kR MR R
Soind BB TEIE R FAAE A M o Ra P Lk 2R 4o SWAN -
NOAA WaveWatch Ill % > ;'LJQ%‘JJ AN SRS &= RIS &= T SRR S SN R
R E Y DL L %J ko B & R AR ¥ F)#to o Janssen (2003)3 J1
PR ML F € AL DB FIR G R LV 2 R T BFI:}ﬂﬁ”z(BenJamm-
Feir Index, BFI) %45 i i 27 fE TRk i - » & 01 BFI 2ok 2% & @/ B % > @ BFI
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FARABE B S FEa AEME R
% T (F+H) (F) 7 (H) (TY/TD) i (TY7)
% 39 20 15 3 0 0 1
% 17 0 0 10 1 1
# 17 10 4 0 0
% 22 10 12 0 0 0
95 40 23 19 10 1 2
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CHEREGSERAF I O EBRLEOR AR AT A E T

@&%ﬁ&ﬁﬁ‘£$$£§‘*5%&‘%$iﬁ*£$‘%$iﬁﬁ+%$£
SRS R SR R T IER & el S R E S o S s R R
B8 b % B o] 7 4 630

ATt S BT T 5%k = £ R VR PR (duration) & 10 ) B0 Bk 19 /) B B
3 -‘l'i::’iiﬁé‘-ﬁ'}’iiﬁ»r% 2088 2% 5 E & 427 2% 5 E) 044 2R T Eas
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2219 2% 5 A A E 818 2% 5 k] 09 2 ¢ ;ifaauén%&, 3.82 % > &
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5136 2% /] o do] B 5 009 2?/4‘%;%%&‘ FEA 50665 /IR
B4 % 4362/ Bl EL 02308 /] p

Bl 6-16 1 B 6-22 Afn + it A 4555 % b B & £ i & §6-8 /) F5(H 6-16)°
ibh 24%en% b > B = E 10-12 ] BF o ik 22%e0% 6] 0 8-10 0] BF 0 1k 13%0% 6 o
12-14 - ¥ > ik 12.6%.'m§s B 5 AedsF o B B 0.5-1.0 2 % (] 6-17) BB F > F
70% > 1.0-1.5 2 ¢ BlF 17.9% ; 2> £ S d % 7 A F 2 2.0-2.5 2 ¢ (B 6-18)2
25%%. 5 > 2.5-3.0 & % ik 18% > 1.5-2.0 2 % % 3.0-35 2% £ ik 13%; A B X E R
"01-15 2 % 2 27%B K IR 6-19) 0 H & 5 2.0-2.5 2 2 2 1520 2 % 0 iEd
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R BHARF > F A VAR (B 6-20) 5 A B TS K F 2 0.1-02 2% /) R
oo Xk 50%(H8 6-21) 0 A BERAF ) EFAE ST
H=% L 17%% 0.2-0.4 2 & /-] F#(B] 6-22) °

40% % 0.4-0.6 = % /-] B >

%63 BAn iR 05 BAE S E 2 A ik

FE Aed kA AAd o ARTH Ak
L R R S b
(FF) (22) (22) (=2) 7 (m/hr) (m/hr)
TiaE 10 0.88 3.07 2.19 3.8 0.23 0.66
BB 19 4.27 12.45 8.18 9 1.36 4.36
B B 3 0.44 1.50 0.9 2 0.09 0.23
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1. 3 2L 42 3 R(FHALE)

F hpkim2 B iR

B-BAR R 49 F £ S R p 2 #.-" A R VAE RS A8
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335

+S.D.

2.5
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2 height (49 case)

| . [ -S.D.

1.5 L
1

0.5
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F 3
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6-4 SMTIABONG AL S L RFE
6-4-1 %L kPR

APFHLHEHT BB IR EOEE SRR E AT A B 5
BAE S ATH BRI AR R T B o A &R FEPIHOEE SRR
AEcE 2 £ TBESA A 640 FARRIHA T 2011-2014 & TR 0 L4 EF L F A
95 AR A EARABE > LRRLEPENELG 11 B THEEG24 BE T
B % ATHRIEEA $7 1997-2010 # T4l > B 14 & B E

3B
AR R XPERhBEHE G 0B E Ti5EF 2 13 B

Tiox & X PRk B 87 3B % B RlskA 7 2007-2012 E T4l A6 ERE R
HA0 it EE A LA BR > XIFRh FELF T0BR > T EN8LBR T
ok X3k BEF 11 B % 5P siRiplsA 47 2004-2012 £ TR > A9 £ B A
FE1N72EE L ARNBE ZTRLAPELF 3B % THEEH13 B %
Lok &L Ph B5F 7 B % KPS 71998 £ 3 2012 & T4 15 #
FLHEE7TI LA P EARABE LT Rk %ég%—ﬁja 99 B % > Tiok & %) 45 B
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%06-4 B R AE S E L UEE 2 £ T4 (Kb BT EE)

Rl LR | B B s Ui | & T35
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Eiplsk | 2007 £ 1 2012 # 490(70) 81(11)
| ERIRREE | 2004 # 3 2012 # 117(63) 13(7)
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PR BAR S RTH B L TRER AT BT Bt Menk g F R
REXF h 2 B e P d B6-30FMIA ~RTH ~EP B TWFET
Btk anZ g0 6] d > BARFHRAE A & S F 3L Ed S KU P oIkiEdE
HARNEFFLEES LRIV D RS BB R EiRRE Y R R

d B 6-31 FIMEAL ~ ATAFHREEE A LV F S 3 R ML PG G
EEF - BRABRa TR OBX LI RAB R T REEPFEREDE
FAERRALR ARSI A BAF R TEERS HX PRI A FRaT
PRI mFEEnEE S LA B X XTI PFARRBROPERS H

F 2 T 'EZ%K,%;/}?F}‘%%‘%%@A’{/&/Q.LQ ’5’—\?’ Tl e g
g

%65 B4R 95k 2011 £ 3 2014 & 95 B A X L2 AT F A

2 SR UAELE RFE R AR WAAE &k F % (TH)

3
i

FABELAFR OwdE L FRs B A MUR BoE S
T

2 T (F+H) (F) (H) (TY/TD) M (TY7)
% 39 20 15 3 0 0 1
% 17 0 5 0 10 1 1
# 17 10 4 0 0 0
% 22 10 0 12 0 0
95 40 23 19 10 1 2

% 6-6 AT FHRxE 1997 £ 3 2010 & 174 B A £ 2 LR § kAL

2 A G LN Wk PRS- kR
AR I R 1
FA L RR _ Y OB L
i EiE(F) B Re T (H)
7 * (F+H) (TY/TD) (TY?7)
% 38 27 6 1 0
% 15 0 0 7 8
F 48 13 1 11 17 6
% 73 44 1 27 1 0
174 84 8 42 26 14
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% 6-7 i F1Exk 2007 & 1 2012 # 490 B & i@

‘“117 ',Kli:kﬂ“ ,, -'u

2 @G EEE R4 N B A kR
%*Fifr_sﬁ o i i SR 1R L
 (FH) (F) (TY/TD) (TY7)
F 151 58 29 62 2 0
% 32 0 3 0 17 12
e 172 25 10 98 36
135 39 9 87 0
490 122 51 247 55 15

%\’ 6'8 J e /JJ: /;‘*ﬂ “'J:v 2004 -& N 2012 -& 117 lﬁ %i 1:,\. ﬁ 7 ,,’ Rli% ;r“ /J .»u

>3 =TI R - T B £ BAFS S mkR

FABmABR miE LERa ;%fgfﬁ@ &

3 7 (F+H) (F) T (H) (TY/TD) (TY7)
F 18 2 7 5 4 0
% 37 0 29 3
Fh 38 0 12 24 2
% 24 4 15 1 0
117 6 16 32 58 5

% 6-9 Tk FHE:E 1998 £ % 2012 £ 671 BAE S E L2 IR F ks

ESLE 2 1 A K ROPEA S kb
FAgpARR  sa®m L mmE LEp
B &% T (H)
® 7 (F+H) (F) (TY/TD) (TY7)
3 195 95 51 47 2 0
% 57 1 7 2 34 13
e 172 42 11 69 45
247 112 12 123 0
671 250 81 241 81 18
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% 6-10 BAE ~ 3759 ~BP ) R E A F AR LR AR A2 FPY AT G

2 E Adhad AT A% X E p: G- O3

L B = L SO

(FF) (=%) (&r)  (=1r) i F(m/hr)  (m/hr)

B A8 4R =k 10 0.88 3.07 2.19 3.8 0.23 0.66
AT sk 7 0.71 2.24 1.53 3.6 0.23 0.46
I e S 8 0.82 2.49 1.67 3.8 0.24 0.62
AR LA - NA3 8 0.91 2.70 1.78 2.9 0.23 0.65
ST P - A 8 0.96 2.79 1.83 3.2 0.26 0.87
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