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Abstract

Based on the wave hindcastings for historical storms over a period of 51 years and
simulated typhoons over a period of 1000 years and their extreme value analysis,
extremes of wave height at 9 points with a 50 m water depth properly selected along
the coasts of Korea are estimated. Wind data for historical storms are made either by
use of a parametric typhoon wind model for 450 typhoons from 1948 to 1998 or from
the 31-year and 20-year analysis surface wind data archives respectively provided by
NCEP/NCAR and ECMWF meteorological centers. Also, wind data for around 7800
typhoons simulated by using Monte-Carlo technique are generated by the same
typhoon model. A shallow water wave prediction model based on backward ray
tracing is applied on a nested grid with highly fine space resolution. Comparison
between hindcast and measurement for wave height during the recent storms partly
supports an applicability of the wave model. Extreme value analyses are conducted
using the direction-free and direction-separated data of annual maximum wave height.
The evaluated 100-year return wave heights are 7 m at the West and East coasts and
11 m at the South coast. The estimates at the typhoon-dominated West and South
coasts using the simulation data are in reasonable agreement with those for historical
storms.
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Fig. 1 Computation area on the Northwestern Pacific Ocean and the East China Sea, nested small sea areas

and location of wave hindcast points.



SR« (L« Bprp o KAR « 2 EEIR R IC B 0 5 iE O R E O HEE

41 100 200 /(Y) 300 400 41 25 50 iy) 75
. N
¢ h=400m
25
g
50
grid
93x99
75 >
=0.25km
333x487 .
Ax=0.5km Ullungdo 0 Blom
. 1 100 J(¥) 200 0
100 _J{y) 200 300 1 — : 300
7 T T 800
Bri—1i \ N Suwondan
No.8 4F 1001
N
=400m i Sokch'o
200} 50
-
= grid x No.§
= h=800m
Pohang 471x311 300} Kangnung
300 Ax=0.5km
) Tonghae
490x305 400————| grid 400
% Ax=0.5km 200 200 488x336
25 km| 400 Ax=0.5km 100
50/{ 50 km 658 kom Uljin o (
1 100 200 J(¥) 300 400 400 J(y) 600 800
pr— AT ; "
ong’o s Lo ; ‘%: 0 700 ki
& e
T 200
R .
2 o\/hm ',
s ) T3 v
[\ 50 ° 40 508 Hamada
200F | o B
grid No.4 ' 4
337x481 100 100 grid
Ax=0.5km U < Shimono— 681x973
300k N 50 P seki  Ax=0.5km
0 50 km J Jeju Do Fukuoka
41 200 400 /(f') 600 800 /1 100 200 J¥) 300 400
N ' Pusan Pusan ¢
I imo 4
200} 50 100
X - 665x973 &
Ax=0.5km
400 Jeju Do 200y /
Tsushima
Marado L
331x484 ~
800 5 100 km 3007 Ax=0.5km 5073

Fig.2 Small sea areas embedded onto large sea area.
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Fig. 3 Distribution of directional fetch at 3 selected wave hindcast points.
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Table 1 Wave measurement stations deployed around coasts of Korea and conditions of wave records
used for validation of wave model.
buoy location depth | meas. period | meas. rate
Hongdo [N34° 437 30”7 , E125° 117 10~ 40 m| Jan.-May 0.664
Sept.-Dec. 0.922
Marado N33° 07° 157, E126° 15 30" |110m | Apr.-Dec. 0.736
Sorido N34° 16" 30" , E127° 51" 007 60 m | Jul.-Dec. 0.414
Pusan N35° 04° 18" , E129° 06~ 15”7 70 m | Aug.-Dec. 0.921
Pohang N36° 05" 317, E129° 327 427 30 m { Jan.-Mar. 0.819
Jul.-Dec. 0.770
Kangnung* [N37 ° 47" 38" , Ei128° 55~ 537 15 m | Jan.-Dec. 0.925
Ullungdo (N37° 27" 417 , E130° 53° 17”7 50 m | Jan.-Mar. 0.889

measurement year : 1998

* | pressure gauge
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B OURIEBKIE) OE H, B T, #m0, & &
A H B VIFEAH, 51 AEES & E 2 Mmoo
% (WH) 0—&FK%ER L, Fig. 5 3RO
NN 2R, 61 MEE I, BAREBICET
EEHED No.8, No. 9 s 2k 7 &L T,
HE 7207 5, 4806 5, 8613 %, 87055, 5914
SOoVWFNroBREMECER L TE D, HEHA
TVEAEAH 2L A MEDZ 0, 2O EDD,
HEN RIS B T 2% 51 RO R KRS RHEFE
g LIb 2 R T ERE 5 RO VW IFnMIc LD
R L SHEH S 0B,

RN R A ORI % Fig. b Icit > TA 5 &,
551 ALdEE i, MR 3 MO S B O N
FA2Z % No. 4 HigS ARV T 10~11m & K&
<, PHREREFET 7 m AR EAIHNTERN O &%,
A & R DI AR T &b 5, BN
FPERED SMFES X UHERTT T SE~SW & S
Fo &, HEPRELILT NNE 2 & b, Kl

Table2 The largest waves during the past 51
years based on wave hindcastings
around coasts of Korea and name of

generating typhoons or date.

H: AH| T | 6,
7.48 11.06 |11.7 |199 |T7207
6.84 10.63 |10.7 (133 [T4806
6.72 |0.46 |10.7 |128 | T4806
7.83 10.48 |11.7 |129 [T8613
10.07 [0.29 1129 {163 |T8613
10.92 {0.82 |13.8 {186 |T8705
6.72 10.27 [10.8 |223|T5914
6.73 10.37 12.8 {331 |870203*
7.06 |0.27 |11.9 |337 {870203*

Z
e

storm

Ol N|o|lu|bhiwlo]+

* : date (870203 : Feb., 3, 1987)
H, 4H:m, Ti:s, 0,: degree

DOHIFREMH TG U CTET 5 T &b IR B,
T OE A, BEINETAR L @il o iR
L CTROF AR CTZX %, 975b b, FHE3H
R S HRHD A 54 W Hlah o oEicst LT
WRDFET BB E L, La bR 3 Hikl
IEEE S 75T HEORBEE AL L 2 <
g TD W, i BALE < oE BB
54, TNLIT o LNE&EPEEINDOKR
BRI ERT 2 2 D, &< 1T No.
3T, ToMPASHRG, F7z, MR 3HIAT
B0 E S 10 ik TORENEEMR Iz AR L
TWV3, #Y 51T, METRMORERKIC LT
P OB S E T B RO EB L, b
KEWV,

HiEE 3 iAo 5 B No. 7 Mifiig, Wit o AL
B9 % SSW HlicEWEE# = &> 5T,
B R Moo 2 M E Risy, 22T
DO 1 ALEEREE 5914 SHIcARL TV 3,
—77, BRI LI 4 % No. 8, No.9
HISIC B 25 1A, LI b 1987 4F 2
H#1 ORGHERICAER L T b, T HAKE
JEPEER RIS 45 1 B /IMIKSUE O BE & B 8A 75 Kb
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Fig. b The largest waves during the past 51 years
based on wave hindcastings around
coasts of Korea.
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Fig.6 Tracks of historical typhoons which
generated the largest waves during the
past 51 years around coasts of Korea.
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Fig. 7 Schematic tracks of hypothetical typhoons
which may generate the expected largest
waves around coasts of Korea.
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Fig.8 Tracks of hypothetical typhoons based on
Monte-Carlo simulation which may
generate the largest waves around coasts
of Korea.
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Fig. 9 Q-Q plot for data of annual maximum wave
height generated by historical storms
during the past 51 years at a selected
point of Korea coast.
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Fig. 10  Correlation diagram between annual

maximum wave height and associated
wave period, and linear regression
equation at a selected point of Korea
coast.
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Table 3 1 No.5 Hifiic>W\WT, &2 HEBLYV
16 75 (B BE T S R B ELIRF AR iR R s B RH T e 3
2 WG AT AT 2> © 15 7o AHBI R R o, I ) f
(Wgh b Weibull 215) OIREE £, 100 4
TR & Hygy & T DEEUER 0, 35 & OFE4FE I
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2 B AT 3 5 T B R e K & 25 3 m LU
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HENCd %o THIFERF IR E S ERFE MRV
DT, FRIBIEERKR & RN 0 2 Rl 43 45 b3
R CEETI IR E 8 2 HR 2 KT 5,
100 FESRRz = & BEHERZ2 5B K ORI O HEER 13
A ERTIE 10701060 m, 13.7s, 16 {7
BIER Tl T ORAMIZIER S AT 1055+
0.83m, 13.7s Th 3, T1bH, MH DR
ERBIEFSTIINE S, BETIRIEEFAEN
KREL M- THERRESOEFEAPPETLTY
%

o X, HWEIBREAEICE T 3 RS O
ZWEtd %, Table4 13 No. 1 ~No. 9 Hi&ic k1
2 2R S ELNH R R R S B RN 3 5
BAEH TSRO —ETh 5, HED No. 8,
No. 9 S T3, 207 nBEE S B ERLIN A i K
EERNCB VT 1971 FOFER KNI EE % 5.2 T
WP 1971 4E 1 A 3 ~ 4 H O(RSUE T H
ICEEMA S STk, MEKEHETT 28 <
ot TORERICE B &, BN DR H
TP 78 B DI, 100 fERERI S & R R
ZITREEAEEDBH NI - 12D T, #EE
ERAELEZFTICE#HLTVWBE, LiL, No.8,
No. 9 HiIfIT B 1) 2 RN kS, Fmm
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WNGEM S TV B ATREME A B 5 & LT E TN
XTHAD,

B G ELR Bk 054y, HBARE 0 3P
® No.1 ik L D No. 9 HiH % &
0993 LI ETh b, N mOMEENPIE 0 5
Vo Bl 1A S B PHE D No.

Table 3 Results of extreme value analyses for
direction-free and direction-separated
data of annual maximum wave height at
a selected point of Korea coast.

dir. 0 k Hioo 0100 | T

all 109961 |19 [10.70 0.60 {13.7
WSW 109952 2.6 | 3.18 |0.13 | 85
SW 109945 {13 | 792 {0.70 |11.8
SSW 10.9869 1.3 [10.19 [0.89 |13.2
S 099541 |1.4 {10.55 |0.83 |13.7
SSE  10.9933 |1.7 {10.23 {0.70 |13.9
SE 0.9946 124 | 897 10.50 |13.1
ESE 09857 |2.0 | 6.58 {036 [12.1
E 09954 13.0 | 333 |0.12 | 89

k: Weibull, Hloo, 0 woe . m, Two @ s

Table4 Results of extreme value analysis for
data of annual maximum wave height in
cases of historical storms around coasts

of Korea.
No.| © k | Hw | 0w | Tio
1 [0.9891| F6.0 | 7.27 |0.80 |11.4
2 (09980 G | 6.89 [0.39 |11.4
3 [0.9928] w1.8| 6.83 |0.27 |11.3
4 109956/ W1.2| 7.90 |0.62 |11.8
5 [0.9961] W1.9/10.70 |0.60 |13.7
6 10.9959| W1.4{11.22 |0.89 |14.2
7 10.9941| w2.2| 7.01 |0.28 |11.2
8 |0.9978| W2.2| 6.88 {0.24 |11.3
9 lo9766] G | 7.15 |0.46 |11.3

Hio, OTi0:m, Two: s
G : Gumbel, W : Weibull, F: FT-1I

LSl EcECHTEE5 < RIRRE £=6.0
OFT-TEINHTHEEND, £, HED No.7
HiIsS> No. 8 Mg T3, Sl fhiid k- Ik %
L BIBIRRI k=2.2 ® Weibull 3 TE SN B,
Z oMo D > B, i EALT < O RSO
S WIS T 1 Weibull 5315 O JEAR REEL o il 23K
X<, EPREFVHLE TRIEIRR O/ E W
AT d %,

Fig.11 1%, Table 4 @&/ Al BEA S GB ELEAE
K E RN CFER (hist) % H W TR
L 72 100 fFEHERM S H,yy & 7 OHEHEfRE0,,, B &
U T, DIRFE T % %95 Kid No. 1 ~No. 7
HISEORHR Y ¥ 2 L— v s vEEEERAGRS
B (simu) WSRO GATE D, MO
ekt 20, SN ofERELG~D LSS L
T7oy b LTV, TNREKRICKETEED
ENRT ZMIAICRELT, YIab—vs
vHEBRERHIRD < RER & A SR ERLR RHC
B CHEROM AR AEMRGTT 2720 TH 5.

ST, BHESKRBEILFERNC RS < 100 A hER

- -\
(o) N
T T T T
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Fig. 11 100-year return wave height associated
with standard deviation and
corresponding wave period in cases of
historical = storms  and simulated

typhoons around coasts of Korea.
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Fig. 12 Direction-separated 100-year return wave
height in cases of historical storms and
simulated typhoons around coasts of
Korea.
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Fig. 13  Direction-separated 1000-year return

wave height in case of simulated
typhoons around coasts of Korea.
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