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Abstract : In order to improve navigational safety of ships, an ocean wave prediction model of high precision within a short time, dealing
with multi-directional random waves from the information of the sea surface winds encountered at the planned ship’s course, was
introduced for construction of ocean wave forecasting system on the ship. In this paper, we investigated a sea disaster occurred by a
stormy weather in the past. We analyzed the sea surface winds first and then carried out ocean wave hindercasting simulations according
to the outes of the sunken vessel

From the result of this study, we concluded that the sea disaster was caused by rapidly developed low pressure system in Okhotsk
Sea and the predicted values by the third generation wave prediction model(WAM) was agreed well with the observed significant wave
height, wave period, and directional wave spectrum. It gives a good applicability for construction of a practical on-board calculation
system.

Key words : Stormy weather, Sea disaster, The third generation wave prediction model(WAM), Sea surface wind, Significant wave
height, Wave period, Directional wave spectrum.
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Table 1 Statistical report about sea disasters (1997 ~2001).

pRRES-1 . AN . RE 1.,
mﬂﬂ}*” %% 43 22| 34| A8 2%‘1 ZH| A o)E (Z;‘;) 11(99)
/e E
s o 84| 20| 132| 17 | 43 f 8 | 2 | 39| 32| 177 | 505
T 2F/En
oz -
A eyga | 6] - 17| 1|0 1| 2] 6|32 125 |54
et fos| 3] 2] 4w 9| - | 10] 18] 359 | 154
7 114 23] 174) 2 J138] 18| 4 | 5] 82| 1661 | 713
g=| H3a
s “?f’;;’ 50 1| 41| 12).a] - | 4| 8| 316 |161
B AT
ol
= | H3 . A
4% ,31],_;; s| -{s|s|w]w|s| 1|7 » |34
Al 0| 1] 7|5 || 5| 5] 15 45 195
AN = = . o ’
aamaa| B 212 4 [40] 1 2| 26| 102 | 44
7] N 5
g} .g;%‘; 191 3| 5] -] 13| - 1| 8| 49 | 21
71&k 2 1] 3] 10f12] 1 1 6| 6| 62 2.7
Al 56| 6] 20146 2| 1] 9] 0] 23 |92
3 A 121] 30f 201] 219 | 258 194 10 | 69] 137] 2320 | 100

ol T AL B NO2EACHI el A2lo] i Aoliz BE UL FRAD

durgom Aut 3 QoA FAAERE B4
Ael HHQ g2t LTAG oA7M i, ol ¢Jv)E
AN urel 23 2o utet AW, B4 Ty G4
B & HTIE A9t Bk S, Adel GAARL o
o Tobd, olebs FWE AAZ @ Aolv usus
9ol g2, o AL AAE Aol Fas R g9
A, el Aol glolMe] AR Rl Yo7t B
Asta, olel@ ARE EU2 4% dALFo| aF sHsa
o g&old Wi e gmazoldan s wgAd 24
(i) Tt =ekele A4Y 4 ol

- sgow
N, dluRe B4 gravy odE g goiAqe
DAL HRHRE BAA @A) 628 5 gl Ax
o ML AL FEZEL S, oY AIVARA B
Aol thisr BAstel tig fedZAade] S8 9
) A4 Fzua Je A3AY FFEIRAL ARsE A
oz g

Y el FY AP wE 3

3 HEADE Aol

g dides 9gemd A diel G5l o=/t
A 299 BEe Brhskgon, olsh tie] mule o A
5 % BAIMe 48 54e AEsd

L EREED | REAQ 3 ZY

2.1 FRHEDHO| REALL FERF oUX| EE
ol A o] shedel ol A3 Aot Agsh= A2k A A

2 w2 yEade dnos P ATHARE 2o

B AlzhE Aok B s A MEshe ’3H°kfl]rg] Al V=
& a3l el Age =4t F5, AR FAS5A,
T 53 #AE TAHSE A 1&93‘4 ol Al 2714
Zlo o]%&  Bretscheider(1952, 1958), Wilson(1961,
1965)ell elsf M=o Bt Fdste SMBH, Wilson V¥ ©]
231 3= 9y o ZAlo] tE A o|2H T A FE Zhdhd o
Al del ol &= T 9t

]/\/\—4

W, BFAT e AR BHFRY Folh e
Aol ohlel Bt A S A4 Teld st 2L £

2 3438 FAsh= 4ol PNJ® o] Pierson, Neumann and
James(1955)ell ]3] At o] g 2HEYH] Hejr} H
Aot Hales vk AREE I IR FohOES, 1995).
a8, o) E e 24 AL w
Hhgho] A &u = Ol%‘ﬂ} zé%“JEH
oF F5, ALY =
o uhziA, O‘ZJ

PNJ ‘?3% Alzte g & ii—“.EE“ﬁ% Hasselmann(1960)°]
2 Bk of| ] %] i & v}
sl whake] A9

b ) —t__
W ore A& golsi] =

A7IM, E= F3 f, W 02 Uy A9EY,
Byle) &%, v=09/dx+d/dy, S& T ~"dEHS
Aot AR AT WA FEY FAE FAHSRE B
F RomA A st F EAZF "k
Sz EEHE Phillips(1957)8] &% 7]+
Miles(1957)2] &g 7]7- AEo] uigo g e B2 A
g A (S ,,)S 2% &, 2P 4g94S uy
o= ot A wtFE Fol g o
3} Hasselmann(1962)e) o] &% 5t
g AdEAge og oA wEg vehlle H2E5(S,)
o S+ St Sy)e=, He
2 3l
A sourced ]
Fig.13 Zo] 3 #HEAgoNA e fx=el s ~=)
=

JONSWAP z#Ego] 24 23|

source <,

_l_4
;:
W
&
o
xl
)
o

o o AFTY HoR AU FE5 peak FA5E
Az o olFAYE Yoz AgsE, Fre we

- 112 -



st} HAFAY L Fasm F452000

He=7t anA AX 242 PM &9
FHEIE peak FHTH 222 NHA 7 4 EH] peak
7b vs w2dle JHR Z83cKSell and Hasselmann,
1972). ©l¢} o] ¥l g oA ALegFE ~=eH Yy
o wel 28 FEirt tae sy Amledo) 2y
dhee] wheke] wWE peak Fu4o Wl 9lolA FL3 o
i 1o}, 9 S, (Feshs Q) A2 F&e
e wgo] Fasdhy] Wi ~8E WA ) ALt
2 23 717k 719 o] FolA A EIH 1960\ o] ~ 1970 o
Zo]

» 1o

1% H )
%0,
s

H g9E

g AAY Edo s FA], 19701 o~ 10800 o
7HE}% A2AdY 2 s 7hgg oz mestn o)

JONSWAP spectrum

idirection of effect
of nonlinear transfer

<=

spectrum

......................

: S about PM speotrum
[ 1 2
Normalized frequency, f

Fig. 1 Wind waves spectral shapes and nonlinear energy transfer.
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Fig. 2 Ocean route of a sunken container carrier "H".

- 113 -



finfinel MiTREIIRS AT BRKEEA BT W

A 248-E FAFE A DA AF y,2 3L

(wave action den51ty)°l‘11 Qe 2"gE89 A3z8A

0= deltaZ<FEA ¥

k1+ k2: ka: k3+ k4 9)

10)

WISz 4] Jeae FPoRVE oux $5ol o

% =
ojdt}. oed Tzl wWe AMTH 9 46)~©®)2] 4

4

3. BEEEAO| CHEt RIEHAIZH OIM

o] old tdolAe) v ATARE GREY A &
R4 Aglo] AFHo], AA ARE BF Avbo] Z9F Hi%
& gA9) AT 5o ARE BEUR BEASE 2R 4
shol ik B FolAE 1987d 29 2619 % Kamchatkadh=
o g AW algeld LA BRA4 Adely WEA H
zo] AE AAL FAOR el ] spRFaaEe ol

(ocean wave hindercasting simulation)& #8to], Abare] &
" 29o)gt 4= He 9 filk b EE8kEs 43 243
o8 B mdo g R set 1o 4848
AE3 B2 g

3.1 KRRt
(1) FEAtnd s

et B AAA(1987, 1988)¢] ¢JstH HE= HAl%s
2 18346 2] 1,150TEUS HH oW A&M(GT 176768)0.2
] 5ug2E Hgste 44 deloly A&Moly 19793 7
Zold 5T NFAFY 2F AFE FRH 249
Aukdalz grolsirl Fig.2ol Jekd nbel o) Hi = 1987
1 2949 0BA(o18F GMT) Seattlecl] Y3tste] afigd Hdute)
FEA kA9 o] AHelWE A Astal 29 5YU 09:05
o SeattleS E3sle] FAMg o2 3l on], EAl mid 1
3 oA, €8, 48345 F VA As 5o 23dAH A
BE mystgnl 248 29 99 23:00 Unimak passE £
stder 24 11¢ 190074 = Attu Isl. £ Aue 5 2
4 1297H4)= HdAdE 169kts=E v = st
o 249 179 1700 74 =3 oA YLL Bl FHREAT.

-—1 T_'___I_i

Latitude (degrees)
w
v

W
S

100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200
Longitude (degrees)

Fig. 3 Calculated region and grids(Ax=2Ay=0.5°).

rlr

Aol gelel 24¢ 139 01:00, N 50°17 7, E 159°46 °
16.6kts, BF& SW 8(beaufort scale)®] H&& H Y]
g 13:0090 N 49°30 ", E 158°46 " oljA ¥&Z 230
\ 8kts, 3 7m, ¥bF SW 50ktse] 3 LojlA AA
g S A Gold, 717 IS 909 Ulgo] &3 vpAE AR
Hulz, o]F dgte] FHEF YT
T AdA AT HEo] JEAZHE 2€13Y 1941l A 204]
Alol 2 FAstg o, ue YU A Y9 ANYG 9
Yol Al i Eqrade] o] AES Aow MAPE

2
x

Hojo
>
i)Y m\l r_u
1~ r[o Jpx

Rl =
Autel SxA4E), FHATE HY E 0191l gole AE
9] ARle) yjoatAl ¥okvhx ®asti Q.

(2) Z5-vge] Qa7 M4

gl gelol el ol I AA7|Ee Aol
AL Hiv) B2 TR 23 108749 29 59 o]™e) 2

4 3¢ OANGMTIH-H A& =Y 2¢9 139 S 283 2¢
234 OA7EAI 2 st e, B3 AP FIHA HAE N O~
70°, E 100~200(160W)°& AAstil 054 d4=2 A4t
31 HFig.3).

70 —-FZEEEY WY PR

H 00:00 GMT, Feb. 13, 1987 {
Wind speed and Direction P _
T s \ 8 SO
ZVWin speed(mis) N

Latitude (degrees)

W

o; W

FLIETEY

(A 00:00 GHT, Feb. 13, 1987

130 140 150 160 170 180 190 200
Longitude (degrees)

Fig. 4 Example of input Wind data(U10) - 0:00GMT, Feb.13 1987.

- 114 -



>
of¥

3.2 SHEE4

(1) wigel 944

A AA G ol BEpEe dEA R vige B
9 2A 9 Fr ooz mFge] FA ARE FHSEC AT
A deiH, AA, BFe FAZIgelY 9A T2 et
A A7 E2RE AEF F4EY ZL AAF BdS o) &5t
of vl s FAEgi shRlg, 2 2de nEAEE XET
4% nydx JAARE FAl AR Sl 5 UA
Hk olgld JdAEE AFse uEmHY JFd F3
71915 7)Ao B A B (ECMWF, European Centre for

Medium-Range Weather Forecasts)7} vl ¥ AlAikel] glo]
A= ECMWES shgdlol B (37 sid= 1125°)8 deEas
2 o] g3t

A1E3IUL0 : A 10mEoldAe F4)S 1987d 2¥¢ 3
 0:000. 25 2¢9 239 0:007+A wf 6A1ZF ZHA SR ]E S}
dom nige] I &L A ol JHEFL H

= |
FAR e A AR} F3E Al 3o it
Fig4= 9289 vz o(1987d 249 13Y 0:0008 ek
Hwg Zate] A 2 A
ot SR HollA o] vhgh

2
Ao e FAd F gk

3 = i §

#HxA 2 A 99 | FAFFEAN 0~70°, E 100~200°)
FA Ax=Ay=05°, 201x14170

Ax=Ay=1.125° 6A17F ZHA, Ulo(ny/s)
At=900s, Ats(SourceShAlAFFA)=000s

0.042~0.453Hz(W] &1.19] th-7HABEE)
0~360°(28=225°, 16%-8h)

i > ok
o % ot

14 4
12 4
=104 ¥ T o s
=) N . Cae ate ~ w ) Zz

TS (Observation)

= 81

o 6]
4 -
2 ] Ay N see = r
0 RS A AL ) RL) LAL) ) L Lt AL R A L) A UL R B SR L) G L L L LY B A R 2
20425 26 24T 28 29 210 24Y 212 213 214 2115 216 217 218 2119 2120

Date (1987)

Fig. 5 Comparison of significant wave height and period

~ecorded at N 35°53 " 46 7, E 140°45 " 32 ” (shown in
Jgure3, A).

1987'd 2939 ~2923 ] 20937 2 AE7NNF

som Yeigon & 44 L AF 59 55 P &
esha etk A4 A o) 1A zkele ARS8
slo, wstel vbegel el AL AN %P

g
AdEde o) 67 HHoR, EG 24 BX

Srel 9 a1(Hs), BaF71(Tm), B gt
skt

3.3 2Hlo| HHE fHE 185t
(1) A #3dolH

98 FEWEAS Kashima 4B al4e] F3usssd

Kashima & AW 344 +4
€ N 3553467, E 140°45 " 32"
(Fig.39] A®)d Ixsta glom, SuAgseE 2892 o
T AUSW, Ultra Sonic Wave gauge) & AHE-8Fa Qlth

B8 AL 2N A rEEE) AlF AA 10
B ARE 108 3717 208700 2A 439& A3 o)E
EgZ AAE fodu({s)e 23 Fr1(Ts)elct

30

@ B8 o5t AL g 2L FPPE A=
Fight ¥ 71e] 374 A58 AES Aste] AFFu
7120 BT A1) QoA A L(F2) AL v

k1

Lo

RANSE L L

70 I T

H i N N Wz
00:00 GMT, Feb. 12, 1987 (525 »S\X\\é\\n;;z =
Wind speed and Direction i 7

60 Frrro
oS
D\”}h\ N

{/" Win speed(m/s)
0

™~
=3

T

'n' A
SRl

wiay }

o
X

Latitude (degrees)

L e

& ﬁﬁ?i'ﬂ/:q ¢ \ﬂjwﬂ”/ 9000 GHT Feb, 12, 1987 3

110 120 130 140 156 160 170 180 190 200
Longitude {degrees)

s
v

MRS 7 %
MR ity

N M,, 77

V7

/.

0

101

70

00:00 GMT, Feb. 12, 1987
Significant Wave Height (m)

wn
<
L

Latitude (degrees)
'
<

30+

20 . . : ; : ;

130 140 150 160 170 180 190 200
Longitude (degrees)

Fig. 6 Wind data and significant wave height - 0:00GMT

Feb.12, 1987.



fifigel MiTREIRS AT BRKEEA BT R

44, 29 12,
3] 29 499 7
4~-5me] 1ujgtel
Z 1690

29 1890 28 H2E e}
Sr AR R AW sl
o5 Y oA

/\]%_Q_‘:—_ 5;].‘: 3%

Jlm

J]N'
L e
L
o)
Ay
:ﬁ
\1
oL
=2
é
::
o
o
ol
ol
X
e
E‘?‘a’
o
do
rO
el
-
30,
i

HiolEl & 243 wH, 3]
SH*OOM 12¢d 0:00 %1 o] &
129 12:009) 3dFoNA = 0:00
%1 AT wEbA, F 249 124
= 22 Aol et & ARt 3
7R ARE A 6AI 7+ Abolo) Fao] AHubthel zhe
el g 741*“] LH*L = %}W

4. FRHERER0 M2 BRI A0 B

4.1 2R 1287HX9 #UE3t BR

HZ v 3804 A3 vle} #o] 1987d 2€ 5 09:05 1
= 55 Seattles %3 ¥, Unimak pass, Beringdll, Attu

Isl& 233l ¥ Tsugarudl @2 &Fstd 29 129744 =
Hasd 169ktsEA Bl F228 FE s en (@3 Y
StHAdAD AAA, 1987), HE Y FsidHol we slzgps=it
o] Al E Fouta 15~20m, HTF7] 7~8secd B
A e 240 Hu IRNSE VY F AdTh

24 119 1947 24L& Attu Isl. B9S2 A 352
250°2 W3 ste] Kamchatkadts €% sd% ?ié}L 80}3

MABH% =, o)m, Sakhalin ¥ <+e] Okh
g A 7]9H1000mb)e] A7 Alzheth

70

00:00 GMT, Feb. 13, 1987
Significant Wave Height (m)

Y wr [=a}
< (= (=3
L ) Y

Latitude (degrees)

1]
=1
3

20—, : : : — .
130 140 150 160 170 130 190 200
Longitude (degrees)

Fig. 7 Significant wave height - 0:00GMT, Feb.13, 1987.

i
ol
:Jd
riz
i)
)
4

2 *&Xé% o) st a v‘i‘—E—E— zawsm oitt. Okhotsksl
(Sakhalin £ 9 Aol A HAE A7)
=

oL odo a2 o

=3
Nl
>
N
k=l
39,
mo o R oo uf H o

%_} I UL M (Figh 4, o= 8] T A3ioid 39
A HZ(Fig6e i+ AMEME EQRE & HE9

‘32 Z‘E)t & 7-8m/s, Are] WY wieEE Fst

Aog oA el A AAEZRE Fedn 15~
25m, F71 7~8sec?] dFoIULS & + UhFig6 81H).

&, Okhotsksll AlHel A YA A74e 3] &
@alHA F208 olFdla 29 129 12:009= Okhotsksl
F4o) A3 Okhotsks ZHE] Efsgokoz &sl= 743
€ AANHoH, o7 2 129 18:00°1= Okhotsksh
Well f-2l3 1 3~4m, FFF7] 6~Tsecd] g LAAZ
=3

4.2 28 1389 piED) B
29 1195¥ 294 139 0:007+A] Okhotskalol| 4] =+

4=
71942 Okhotsk3| 255 Blgyoz e 23 55
Zx oz AN o v(Fig.39 29 139 0:00 shadE 2
T Fx), B8l Okhotsk3] 2HE Kamchatka®h=
gael & 15008zl 2R ASATIT Sage) me
Okhotskal 2 Kamchatka®ts F¥ siFol= g sfgo]
22 BoE AT
Fig7e 1392 0009 #ostn A A sFA et
Okhotsk3| 2 7E 4335t BB YZoR QPstE ndF9
FAe Fogn FEERREYH & 5 gow, 29 139 100,
N 50°17 7, E 150°46 * €] ¢ =] (Fig.7< §V“:‘i)°ﬂ/‘1 Atoll €}
A3 ‘&8 166kts, 71 B3 AS 1139, $4F 8 g 5oz
2E gelss s & gty siFFigd) 2 fod

I BEFigDE ZF dssn Uk

22

T %
vy o
)

L=y 1 e
"L‘fo‘_J_E

BHozRE o mxw AEL2 249 139 13:00°] N 49°30
", E 158°46 " oA 93 & 230%, A% 8kts, il Tm, HHE
SW 50kts(FHAIF 10, 25~ 28m/sM F3l Sl AT 3

A3 weld, 717 FHdg 909 WLl 22 2 13¢
12:009] SNE 2 A= 0773¢9 1 Hxi: Fig.8ell A1A]
som, 2& A1Z H o ¢ 11038 91X N 47°40 ", E
158°40 " ol A FdEgsE sl OZ(GT 29307ton, DWT
46,745ton, 19839 Ax)e| YAE A T7N(0E FHT
FE)SA T

HZ o] oA 13d 12:0073 &
S 02 iRER
zokol Adlg ZH

Aol TS A3 33
o] 5}H 2% 139 13:00~17:007+A1 7}
8, 3w 9ol g3l 15m, TAF & 200m,
& HdE 40m/s-4 S B

Fig.8e] “dehell A A3 13 12 OO«] HdF
2 E o A Susln g EFoz v
& Kamchatkat=of “&5-3}
ekl 1200802 SR

Ax =2 A
g A7l T

,ol® <l
e I

19
cu:l°

o

ol 71

!
12 iﬁm
M o w2 [0

to do o
ot u
ox M2 g
A
4
}_.

I
ofy
_OrLL
K

- 116 -



3 Kamchatka#t= G @diAdeol #2933 8moldel s g
o] A s o & stk

70 ~FREAITLE 111#233)
12:C0 GMT, Feb. 13, 1987 75555
Wind speed and Direction 7
4
Y
&
& =
3 &
3
2
£ ,AT\\?\\
- N-r
8 b5
ESYN
NHE
140 150 160 170 180 190 200

Longitude (degrees)

12:00 GMT, Feb. 13, 1987 (Last report; 13:00)
S gnificant Wave Height (m)

w
(=1
X

S
(=1
I

Latitude (degrees)

W
(=]
‘
Q,ﬁ
s .
o
j
Iy
[A
W
“
<
'y
l

701+—
12:00 GMT, Feb. 13, 1987 (Last report:1300)
‘\fean wave period(s) and Wave direction
[F R =73) a0
w
8501
el
o
=
o
=
?:‘ 40+
<
[
30+
20 e - — — == T T
130 140 150 160 170 180 190 200

Longitude (degrees)

Fig. § Wind, significant wave height, mean wave period
end wave direction - 12:00 GMT, Feb.13, 1937.

AHEATA ERE TS gstEHAe™ {9
10mel-¢ 37 ¢ 225m(BdF7] 12secEZFH A 32
HZ = Bio] ofeld g diAdenst 449
(7 AZF 139 19:00~20:00). Fig. 9% 13¥ 18:009] AlzF
A
_7_
|

o

AlZE

AE Aol Foisti 105m, EWFE B
4l

astee] EARLES FAF 5 glv

18:00 GMT, Feb. 13, 1987 (Last report; 13:00}
Estimated sinking time : 17:00-20:00
Significant Wave Height (m)

wn
(=1
1

S
(=1
L

Latitude (degrees)

L2
>
L

70
18:00 GMT, Feb. 13, 1987 (Last report:1300)
Estimated sinking time : 17:00-20:00

Mean wave period(s) and Wave directio@n

,)*

f=a)
<
L

w
<
|

B
L=
1

Latitude (degrees)

304500

20
130

140

Longitude (degrees)

Fig. 9 Significant wave height, mean wave period and
direction —-18:00 GMT, Feb.13, 1987(estimated sinking
time:17:00-20:00).

1.6 =
2 4] 2
£10 b A\ 12 &
S5 AV N /A 2
- (W2 0.8 32
g 6] ‘A ) o2
—~ 44/ '_i-()_4 @
2 2 2
0 A I T T |P| Bkl B i 4 0.0 §

Y4 2SS %6 YT 28 28 10 Y1 Y12 V13 V14 Y15 V16 217 Y18 219 220

Date (1987)

. 10 Time series of Winds, Significant wave height and
period at disaster point (N 49°00 ", E 159°19 " ).

Table 3 Maximum wave height according to exceedance

probability L.
(%) 60 10 5 25 1
(Hmax)u(m) 19.68 22.46 23.32 24.13 25.15
4.3 HiY wEe BT EBLR

Fig.102 H3 9 AEAXNZE F45E= N 49°00 7, E 159°19
"o sl A 29 49 0:00~29 20Y 0:0098] AAIE B
AHAI(R2 F3(Hs), BEF 7 (Tmean), 34T wha&x
(UNE YeERd Aoy, o] <H>E= AAA(1988) A A

- 117 -



firiAe] BiTREXIRE A WRHEES B3 P

o QlE A HEe) #4 FEADNZ B3 Aot
S, AbT X FeAM 9 ddEL 129 1
)

KR
=
05m/selael AFo Agata 9ot

o
=
=

& 139 0008 7Hoz folma
S 4 F 3, 14Y 0008 AdELS V|Hem F
5 ] 14.0073011 Al 05m/s olEt® ZAast
& ok fodgdnrt AdAE 7153 ATdE 139
A1 106mE YERAA

¥, Fo5 7t 10mE B Ade 138 18:00~14%
00022 712, olhe] HFF7]E oF 12.6sec(A 33
o4 oF 248m)olth. Goda(1985)+= wubr} wigbel mtn £ 3
£0] Rayleigh®¥ & w2ttxn 7[4s 3 fogals)ol o
gt 23gk5o] pol AnFAD(Hmaoy, 5 FEDZFH o

o oshanc @ WeE 38 gol nel Bug 0D
2ol ANl
RUPBREg [ w70— ] an
H, In1/(1—p)

7|4, NoE oEE9 o] +& yehdth Table 3& 4
(ID% ol g3t} Aka Ao glojd it {3t 10.44m
olAE 139 18:00~14% 0:009] AlZtolA FZ3pEHEC] uE
He AnsiHmaops 78 ZogA e A0, g
Aol EAetA He e a3l Rge 4R e
2 AteE

0.5
87/2/11/18:00 87/2/12/18:00
0.4{Hs = 1.6m, Tmean = 7.1s 4 Hs=2.7m, Tmean = 6.1s
g0.3
2 .
£02 o
= W = N
l 2 - s :-’_._., - e
0.1{ ~~- § Fred
L —_
0.5
87/2/13/18:00 87/2/14/18:00
0.4{ Hs = 10.3m, Tmean = 12.5s | { Hs = 3.2m, Tmean =9.4s
2
50.3
5
0.2
o
= o
0N mm - =
0 —
0 60 120 180 240 300 3600 60 120 180 240 300 360

Wave direction(degrees) Wave direction(degrees)

Fig. 11 Time series of directional wave spectra at the
disaster point (N 49°00 ", E 159°19 7).

Figlle mhgditon us Abn Ao gelde) 24
18007449 4@ ~AER] Aske

119 1800~14¢ 1 244]
2 4Aez el Rolth
Okhotsksf A #oll kgt A7jte] @Ag=lo] Abx 3l

Sswirgrel ob@ whgre] 24 29 119 1800& ¥-Tsjele]
%Al B HdFol EANA F3 4
fed ool e whgrel g 2g A

o

=
99 2N=qe ey

>
N
L
22
o
Ol
i

i o

Bz Faked] Fo] g i 9iA
gh 12903 @A) W) Add A% BEe| o
Fo g #g Aol st ~HEYPL Fapo o] F
ofAm sl slejr = [F she el vEhd 91, 13
9 18:009) = ZE}TFH 2 shgpo] A5 P BLHe ¢
ol & B S ASe & & Uk

5. # @

Agel e AN shte FrrozA, Bato
Ao dgeuAlag TH57] g AlGARA heE &
ATl g dEEieds HEsc

Aeupgozis A4 olA AT FH o F Hut I
2AlnE oo Aol g8 ol wE RPN A%
© 3 W5s ARratded, olg o

o M B oy
8 rlo
¥
4
D)

u
i = ¢
- ﬁ
SV
o 2
W
,
e =l

%

_(?L

et

oo ok
e N
N
D
o [o 3o

(1] sfgetd ‘%%(1987) "7 HE JEeA7, F84 A
A 1987-022
[2] shgtdAda 4(1988) "714
A4 1988-001%.
(31 /M, Ei5Ek, MM F=(1993), "RBH B O IER
BrAnx—EE-HL (BFL cREHLHERIC oW
=" JUNKEIER JEATEHTER 75, pp.121-146.

HE AEAHdY, T Al

- 118 -



Al

[4] A &EMES(1998), "ARANEE LB BT 5 B RN
HWW, WRAEEEMERY RRWES, p35o.

(6] A, NIns, BEEMET, AIFRCE(1999a), "EE3tit
REIRHEEE(WAM) o HEBRSEEIC BRI 2 4", Rl
WaeETEReS 38-4, pp.3-47.

[6] #& 48008, BHABIT, A0 2(2000), "BRHEREC &
2 B HEOIBIRH RHF IR O, #EEFER No.970,
p.33.

[7] ¥EAHLBE, By —, T2 (1999b), "HIRKEEE I BT
L HFEN OIERAH BRI+ 5 BEFTE", HA LK
e Wk TG CE 43, pp.191-195.

[8] #BAHLER, NIO#E =, $ARIEF(1999), " D IFRIAR
HERIC B 5 R E FRE LR, BARLAREE
Wik TR SR 43, pp.231-235.

(9] #&A4AH, 1.]. Haagsma, L.H. Holthuijsen(2002), “A&R K
BRI BT IR AN X — om0 BRE T EEREOSW
AN~OEA",  HAEAREE WREIZRE 49,
pE.196-200.

[10] X5 15(1995), "IEE YR, HEEEE, p.210.

[11] Bretschneider, C.1.(1952), "The generation and decay
of wind waves in deep water”, Trans. A. G. U,, 33(3),
pp.381-389.

[12] Bretschneider, C.L.(1958),
forecasting; deep and shallow water”, proc. 6th conf.
Coastal Eng., pp.30-67.

[13] Goda, Y.(1985), "Random Seas and Design of Maritime
Structures”, Univ. of Tokyo press p323.

[14] Hasselmann, K.(1960), "Grundgleichungen der Seegangsvorau
-ssage”, Schiffstechnik, 7, pp.191-195.

K.(1962),
transfer in a gravity-wave spectrum”, Part 1. General
theory, J. Fluid Mech., 12, pp.481-500.

[16] Hasselmann, S., K. Hasselmann, J.H. Allender and T.P.
Barnett(1985), “Computations and parameterizations of

"Revision in  wave

(15] Hasselmann, "On the non-linear energy

the nonlinear energy transfer for application in wave
model”, J. Phys. Oceanogr. 15, pp.1378-1391.

[17] Holthuijsen, L.H., N. Booij, R.C. Ris, 1J.G. Haagsma,
ATMM. Kieftenburg and E.E. Kriezi(2000), "SWAN
Cyclelll version 40. 11, USER MANUAL", Delft
University of Technology, p.124.

ARRCRCAR PN

[18] Janssen, P.AEM.(1991), "Quasi-linear theory of wind
wave generation applied to wave forecasting”, J. Phys.
Oceanogr. 21, pp.1631-1642.

[19] Komen, G.J., Hasselmann,
K.(1984), "On the existence of a fully developed wind
sea spectrum”, J. Phiys. Oceanogr. 3, 14, pp.1271-1285.

[20] Komen, G.J., L. Cavaleri, M. Donelan, K. Hasselmann,
S. Hasselmann, PAEM. Janssen(1994), "Dynamics
and Modelling of Ocean Waves”, Cambridge University

S. and Hasselmann,

press, p.b32.

[21] Miles, JW.(1957), "On the generation of surface waves
by shear flows”, ]J. Fluid Mech., 3, pp.185-204.

[22] Phillips, O.M.(1957), "On the generation of surface
waves by turbulent wind”, J. Fluid Mech, 2,
pp.417-445.

[23] Pierson, W.].,, G. Neumann and RW. James(1955),
"Practical methods for observing and forecasting ocean
waves by means of wave spectra and statistics”, H. O.
Pub. 603, U. S. Navy Hydrographic Office, p.284.

[24] Sell, W. and Hasselmann, K(1972), "Computation of
nonlinear energy transfer for JONSWAP and empirical
wind wave spectra’, Rep. Inst. Geophys., Univ.
Hamburg, pp.1-6.

[25] Sverdrup, HU. and Munk, W.H.(1947), "Wind sea and
swell, Theory of relation for forecasting”, U.S. Navy
Hydrographic Office, Washington, No.601, p.40.

[26] WAMDI group(1988), “The WAM model -~ a third
generation ocean wave prediction model”, J. Phys.
Oceanogr. 18, pp.1775-1810.

[27] Wilson, B.W.(1961), "Deep water wave generation by
moving  wind ASCE, 87(WW2),
pp.113-141.

[28] Wilson, B.W.(1965), “Numerical prediction of ocean
waves in the North Atlantic for December 1959”7, Deut.

Hydrogr. Zeit., 18, pp.114-130.

system”, proc.

APy 20039 32 319
A ;20039 52 6%

- 119 -



