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Estimation of Extremes of Typhoon-Generated Waves and
Their Statistical Variability at Coastal Area of the
Western Seto Inland Sea
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Abstract

Wave hindcastings with high topographical resolution were conducted at the
selected points which are situated near the coast of the Western Seto Inland Sea.
The hindcasted results at a wave observation point for many recent typhoons
show good agreement with the observed results. Based on wave hindcastings for
more than 100 typhoons which occurred over the period of 1945 to 1992, wave
heights for return periods of 50 to 1,000 years and their statistical variability were
estimated at each point. Return wave heights and their statistical variability were
also evaluated from a data set of maximum wave heights hindcasted for more than
1,700 strong typhoons which were simulated over 1,000 years by use of a stochastic
typhoon model and 100data sets of maximum wave heights for more than 80 strong
typhoons which were simulated over 50 years by use of the typhoon model. The
conclusion drawn is that at most points there is only a slight difference between
return wave height characteristics estimated with the two methods.
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Fig. 1 Grid system with a grid distance of 500 m used in wave hindcasting.
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Table 1 Data used for wave hindcasting.

coordinates |direction range(" ) frequency (Hz)
location | "i(x) | j(y) Ne=19 N¢=24
Deshima 102 282 80~280 0.08 0.09 0.10 0.12 0.14
Buzen 259 42 -90~ 90 0.16 0.18 0.20 0.21 0.22
Kanda 223 34 0~360 0.23 0.24 0.25 0.26 0.27
Chita 339 164 -90~ 90 0.28 0.30 0.33 0.36 0.40
Matsuyama | 212 327 60~180 0.45 0.50 0.70 1.00
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Fig. 2 Comparison between hindcast and observation for time variation of significant waves during

Typhoon 9119.
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Fig. 3 Scatter diagram of hindcast and observation for typhoon-generated
maximum wave height and its associated period.
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Table 2 Five largest typhoon-generated maximum waves hindcasted over 48 years at selected points.

Buzen Kanda
order|typhoon| Hi, s | Ti s 8 |typhoon| Hi, s | Ti, s 7}
number (m) (m) | (¢ )|number (m) (m) | )
1 6309 | 2.88 | 6.90 | 300 7119 | 3.35 | 6.51 | 236
2 7209 | 2.53 | 6.81 | 296 9119 | 3.30 | 6.15 | 215
3 8213 | 2.43 | 6.54 | 297 5522 | 3.00 | 6.55 | 261
4 6118 | 2.20 | 5.71 | 323 6309 | 2.73 | 6.44 | 284
5 5405 | 2.20 | 5.76 | 320 8513 | 2.64 | 5.57 | 210
Ohita Matsuyama
order|typhoon| Hi,s | Ti,s | 8 |typhoon| Hi,s | Tis | 8
number (m) (m) | ¢ )|number (m) m | )
1 6118 | 3.46 | 6.81 | 342 9119 | 4.67 | 8.18 | 123
2 7505 | 3.29 | 7.15 | 318 4516 | 4.23 | 7.73 | 117
3 6309 | 3.15 | 7.31 | 298 6515 | 3.43 | 7.29 | 131
4 7209 | 2.81 | 7.12 | 295 9210 | 3.34 | 7.15 | 120
5 9014 | 2.61 | 6.61 | 303 7009 | 3.19 | 7.11 | 128

Fig. 4

over 48 years at selected points.
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~ Fig. 5 Fitting of the Weibull distribution to the data of typhoon-generated maximum wave height hindcasted
over 48 years.

Table 3 Mean and standard deviation of return wave height and parameter of the Weibull distribution estimated
from hindcasted data of typhoon-generated maximum wave height at selected points.

(50) (100) (200> (500) (1000)

Hi s Hi s Hi s Hi s Hi s k -b Xo
location (m) (m) (m) (m) (m) (m) (m)
Buzen |2.68 2.91 3.12 3.38 3.58 1.45 0. 83 1.55
2. 71€0.21)]2. 93€0. 24) | 3. 15(0. 28) | 3. 42€0. 34)|3.61(0. 39) | 1. 37¢0. 28) | 0. 85(0. 09) | 1. 55€0. 09)
2.74 2.98 3.21 3.50 3.72
Kanda [3.25 3.43 3.60 3.80 3.94 2.28 0.82 2.16
3.27(0.19)|3. 45(0. 22) | 3. 62(0. 25) | 3. 82(0. 30) | 3. 96(0. 33> | 2. 11€0. 51D 0. 88(0. 19) | 2. 15€0. 10)
3. 32 3.51 3.69 3.91 4.07
Ohita |[3.28 3.55 3.81 4.15 4. 40 1.28 1.27 1. 97
3.31€0.25)|3.59(0. 30) | 3. 86(0. 34) | 4. 20€0. 40) | 4. 46(0. 45) | 1. 23(0. 17)| 1. 29€0. 08) | 1. 96€0. 09)
3.32 3.61 3.89 4.25 4.52
Matsuyama|4. 22 4.58 4.92 5.34 5.64 1.70 0.65 2.25
4.27(0. 42) 4. 64(0.51) [4.99€0.60) | 5. 42¢0. 72) | 5. 730. 82) | 1. 50€0. 45) | 0. 75(0. 24) | 2. 24(0. 15)
4.43 4. 86 5.26 5. 76 6.12
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Fig. 6 Tracks of 320 typhoons used in modeling
of stochastic typhoon.
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Table 4 Five largest typhoon-generated maximum waves estimated from simulation
over 1,000 years at selected points.
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Fig. 7 Tracks of simulated typhoons which generated three largest maximum wave
heights over 1,000 years at selected points.
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Fig. 8 Fitting of the Weibull distribution to the data of typhoon-generated maximum wave height simulated over
1,000 years at selected points.
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Fig. 9 Effect of number of simulation run on mean and standard deviation of return wave height.
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Table 5 Mean and standard deviation of return wave height and parameter of the Weibull distribution estimated

from simulated data of typhoon-generated maximum wave height at selected points.

Hios Hivs' Hiso” Hevs A k -b Xo
location (m) (m) (m) (m) (m) (m) (m)
Buzen |2.82 3.07 3.31 3.61 3.82 1. 48 0.67 1.52
9.83(0. 06)13. 08€0. 07){3. 30€0. 09) | 3. 62(0. 10)|3. 83(0. 12) | 1. 47€0. 08) | 0. 67(0. 03) 1.52¢0.02)
2.81 3.06 3.30 3.60 3.82
2.8000. 24) 3. 060. 29) 3. 30€0. 34) | 3. 61(0. 42) | 3. 84(0. 49) | 1. 53(0. 30| 0. 65C0. 15) 1.51€0.12)
Kanda {3.36 3.65 3.92 4.28 4.54 1.35 1.11 1.93
3.38(0. 08)13.66(0. 10) |3.94(0. 12) | 4. 27¢0. 15) | 4. 54€0. 17D | 1. 34(0. 09)]1.11¢0.04>1.93¢0.02)
3.37 3.66 3.95 4.31 4.57
3.97¢0.30) 3. 53¢0. 36) [ 3. 79€0. 42) | 4. 11(0.51) | 4. 34(0. 59) 1.56¢0.31)10.97¢0.20)1.91(0. 14)
Ohita |3.41 3.69 3.96 4.31 4.56 1. 47 0.97 1.94
3. 41¢0. 06) 3. 70€0. 08)|3.97¢0. 09) | 4. 32€0. 112 4. 57C0. 13)1.47€0.07)|0.98€0.03) 1. 93(0. 02>
3.40 3.68 3.95 4.29 4.54
3. 40¢0. 28) | 3. 68(0. 33) 3. 95(0. 39) | 4. 29(0. 46) | 4. 54(0. 52) 1.55C0.27)10.93¢0. 17){ 1. 94€0. 14)
Matsuyama|4. 28 4.61 4.91 5.28 5.55 1. 89 0.67 2. 42
4. 97C0. 07 | 4. 60€0. 09) | 4. 92(0. 10) |5. 29€0. 12) |5. 53C0. 13)| 1. 88(0. 09) | 0. 67C0. 05) 2. 42(0. 03
4.29 4.61 4.92 5.29 5.56
4. 34(0. 36) | 4. 69€0. 43)|5. 02€0. 50) |5. 42€0. 59) | 5. T10. 66 | 2. 02€0. 49) | 0. 38€0. 48) 2.36¢0.21)

1,000 AEXNRE LY I ab—Y g VA= g !
X 0185750 ~1, 0004 R B & & 50FERM %=
WEELzvIal—varERLBONLE
noOFEEEBEHBLUORSTEE—HL, i
HBXURLIIBOTH1,000EEEESTZH
Zh0.20mBLV0.16mDEERTITT EL WV,
S% 0, BEHOBE X 0E SRS IIMH
W m W O 2K E O ER X 015 kR
HEOFHEE L ZEIRET 5. 7, S0EMEX
HBLlLtzviab—va YBEICESI00ES
& O1,0004ERER B 3 O % 8 £ 48 F- ] 0 BE
FEEENRE LcBEREFICESCHERE (R
BAEMELEZES) LH~NZE, AHERVT,
Zh50EFZNEN0.05~0.13m B X 170.02~
023mTHBH 5, 2oDHiklicED L HRES
BRE-BTEEVZI LD, —H, JHTE, W
HDERZFNFN0.08mBLV0.38mTH D, H
BHEMAEWEE, Yiab—va vErhicHE-o
CHERPEOANBRKEL L - TV 5,

MR m OEERZ T, BEPM?504E~1,000
Kt U TEEE08% » H14% i m L, 1,000
RSO WTANE, Ak > TEEE
D12~14% DEFME R, T/, BAIBLUTKR
DTIE, VIab—va yEEHCED < 1,0004F
MR S o R, BESERM OB E %

WM& LB REENCE D (R LT,
S D1.4~2. 0% FBEARE L, MLiTiE, Hic
2.T%REE/NSV, ThODERHTHEETH
WZ EhS, MERHCES S RBEOEEIE b
P & R IC B K KIS T B & VR B,
LoL, HHTE, Yiav—vary&riciE-s
< 1,0004ERERB S OEHERZE R BRERICES
CEEREHANT, PHEOSKLL LREVE WS
EEREZE2HEL 5,

Fig. 103 n EHERWE S HVs B & 07 O EHE
% HW L BEARI TOBIREKR L7 b DTH 5o
LiAAER SIS T, Yialb—va vEESB
S UBHEERICE D BRSO M L O
EEEEREREOMAE L 5, —4, XHETIA,
v lal—va rERNCED HERESOFHEN
R PE S BNRSBEHERICE S DL D KE
Ve DD, ¥ Ialb—va yERICED S50
MR e B EERNICE S b & BIEF—-BL T
WT b, 1,0004EMERKEZ0.38m K& Wiz &
D, EREXETRSNBREOXTE LA T8
253, INODEERIT, [UBEEEOERMEEZRE
T 2h X0, BESVERE O OB RICK 3
BB EERIcE oS WT, 1,0004F 1 RSl
O BB % b SR & T AT % LK
IUWEBETHETEIINE D, ARBEEEZL

NI | -El ectronic Library Service



Japan Society for Natural Disaster Science

B ERE J. ISNDS 14-2 (1995) 183

6 6
5 S

= Buzen = Kanda

i} +

33 N8 |

2 >

%2 S22 o— past typhoon

= +—— past typhoon = ° -

+—— sinulation +—— simulation
1 1
1 ] lllllll L 1 lllllll 0 [l 1 Illllll 1 i lllllll

10 100 T years 1000 10 100 T years 1000
6 8
5 . 7

8 Ohita 2 Matsuyama

H H

32 3 ES 5 f—

= =

g2 +o— past typhoon Ex4r

= . . ==}

+—— simulation —— past typhoon

1 3 —— simulation
0 1 1 lllllll (] i l]lllll 2 1 1 Illllll 1 1 lllllll’
10 100 T yearg 1000 10 100 T years 1000

Fig. 10 Relation between mean and standard deviation of return wave height estimated by two

methods, and return period in years.
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