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Generation Theory of Orthogonal Complex Number Sequence Sets
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Kenji OHUE ~

The four basic problems in generation of orthogonal complex number sequence sets having zero cross-
correlation, lowest peak cross-correlation and polyphase elements have been unsolved. In this paper these
problems are solved by using Ohue-Okahisa,Ohue-Uto and Alltop theorems for the inverse discrete Fourier
transform of Chirp sequences. An application of the orthogonal complex number sequence sets to the

smear transform which is an orthogonal transform spreading signals optimally is shown.

Key words : Orthogonal complex number sequence sets, Ohue-Okahisa,Ohue-Uto and Alltop theorems,

Zero cross-correlation, Lowest peak cross-correlation, Polyphase elements, Chirp sequences
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Estimating Extremes of Wave Heights in Tokyo Bay and Ise Bay
Using Wave Hindcast Data for Intense Storms in the 1961-2005 Year Period

RTERE® - IS - K % - By

Masataka YAMAGUCHI*, Yoshio HATADA * *,
Manabu OHFUKU ™ ** and Hirokazu NONAKA ***

Shallow water wave hindcasting for each of around 100 intense storms in the past 45 years from 1961 to
2005 is conducted independently in Tokyo Bay and Ise Bay. Input wind distributions are made by applying a
method developed by Yamaguchi et al.(2009) to the SDP wind data acquired at on-land meteorological stations
around Tokyo Bay and Ise Bay respectively. Comparison between hindcasts and measurements for many cases
of the time-varying wave height and its peak wave height during a storm at several stations shows that the wave
model yields a reasonable estimation in the outer area of each bay and a slight over-estimation in the inner area
of each bay. An analysis of the error indices confirms the above-mentioned tendency. An extreme value analysis
is performed to obtain 50-year return wave height Hs, in both bays. In Tokyo Bay, the Hs, value ranges from 8
m in the open sea-connecting area to 5 m in the entrance area and a 3 m contour line of the wave height covers a
wide area in the inner bay area. In Ise Bay, the Hsy value decreases from 13 m to 6 ~ 7 m in the outer area facing

open sea and a 5 m contour line of the wave height spreads over a wide area in the inner bay area.

Key Words ; Tokyo Bay, Ise Bay, wave height, intense storms, year period of 1961-2005, the largest value and

50-year return value
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Fig. 4 Comparison between hindcast and measurement for time variations of winds and waves at measurement

stations in Tokyo Bay.
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Fig. 9 Histograms of 7 error indices for wind speeds and wind directions at sea stations in Tokyo Bay.
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Fig. 10 Histograms of 7 error indices for wind speeds and wind directions at coastal stations in Tokyo Bay.
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Fig. 11 Histograms of 4 error indices for wave heights at measurement stations in Tokyo Bay.
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Fig. 12 Histograms of 7 error indices for wind speeds and wind directions at sea stations in Ise Bay.

HERL W & B L AT B LA SN S,

DT, FHEMBNA DR O HE LB (BAOT A A LB OEBAMIOT A B, T4 C, =¥
NOTA 1, 742, 743, FEENDOT A D, FEEMT R, FBEL—/—2X) (21T HHEE R

DREZERRIED AR LI A% Fig 12 105 2 5, fRZEEIED 5 HHBLR L SFHhfEE 25 L, BuE
B LT p, >0.85 DHIHLER v =0.46, FHIE m=0.81, a,,=0.9~1.1 OHHLF 0.83, FHIHE 0.99, o,<0.25
DHBLER 0.70, A8 023, U,,=0.85~1.15 OHBE 0.73, FHHE 1.03 2525, ZhbOIEIE
HEE O & BLEGE O XHEN XV L 2R T 51 E, HEBICBIT AR D L, LI
FHBAGREL o, D HBLROEIIEN D AT, WHF ORISR, BAIZE LT, p,>0.95 O HBLE
0.94, F¥IE 0.98, a,,=0.9~1.1 OHBLE 0.87, FHIHE 0.99, &,<0.25 OHBLFE 0.80, FH)fE 0.21 %
& HOT, HEERMITBLER & 07320 KSFET LI ERRBIND, Z6OBEIZFEEICE
T AHEE B EEIC BT AHEER A L mVEEE O L Ea KT,

Fig 131 X3S o2 5 s8R (B, Bk, &, &H, WeE) 2802 7 EORERE
DAL Sy ﬁ(&—xﬁw)%m#o@LK%LT%@ﬁﬁﬁﬁm#%<$@Lon,%Eﬁ%am
LDz, X ay,, 6, DEMERAENKE HBLEN NI W 006, i EERHH RIS T

ﬁ%&wxf%mﬂﬁ&ﬁMﬂﬁ®ﬂmi%%ﬁ%#é L L, e REGEIZOW TIRRIRRE OF
FERREE D, BB LT, i BB IC I 1T D5 R & I THBIRE p, 00N E N H O
D, ayy & &, XFAERRMEA & D, BIEE LT, AwﬁMﬂE@ﬂL TRET 2 HEE R O RS FE (X i LR
HAIZHT D6 DX VIERNEIZE DR, BRI T D REICAZTIZE A SRy, £, Vi LR
HS DBE L RIS HEE IS I 1T 5 70 LI S O HE E JER O RS ST R RIS B 1T 5 b 0 L 0 KU ME

20



MICHDHZ EBREBIND,

7285, Table 1 1A AUE & GHEAE O BRI R X OVA RBLIIH S 1) 2 HEE R O & 3R = e
DVEE m, FHERZEc, HBEy D—HEL 525,

Fig 14 (Z0MB NSO 9 JIRBLHIMA (14 A, 74 B, 74 C, IEH, BB ——2, ff
BB R, WA, ) 2B T DEICEE T DR OB AN (U —2H0100) 252D,
FHBALREL p,, TR E W — AN L, 2 RPEEVEHIRBRZES, b 04 LT DT — AR D722
P, BB a,, DM 1 LV 013 KEL, H, b1 %008 Lkbsn, HEREEOHRTEM
B DR RINT Ry & <HBIET 25725, {4~ OHER B &SI E LY 10 %Ll ERELS, &R
b 8 %l KR % 52 2MMICH D Z EWIRIBEILD, Table 2 [THER L & ORRZFRAEIC B3 D #iat
BO—EE2FABLEPFBBEOr—RCONWTHEZ S, ok, #EEREEHIBE L T p,>0.8 7> aq,,=0.8

§ LAy ; ; a\c [Ise Bayi ; aw | § i ; ; Ise Bay &\e [ Unrex ; ilse Bay
r m=0.76 ' r 11 'm=0.98 5 1 m=0.99 |

601 =012 1 | 1] 69 Hio=0.11] SOp % o] Olo=013!|!

L =0.32 ' L vy =0, i L ' - | v

40_ V4 : : 40_ : :7 0587 40_ : =008 | 40 7 073. :

20l Ise Bay ; 3 1 20} hh 20t H y=042 { 20} -|L'_L
0r————++4 L | ol i 0 ———=tll,
0 02040608 1 0 04081216 2 0 04081216 2 0 0.40.§7.21.6 2

Py aou U Unax
&\0 [ Py ij § [ Qoo ;E Ise Bay &\0 ; E Ise Bay
- m=0.96 bk rm=0.99 | A
60 =003 | %[c=0.051 | ook oo,
40: 7=0.80 i: 40r 7 =0.89 ii 40:55 =006
20f  Ise Bay _,-r 20: . 20y 1 7=0.71
O———T—————+ 0 - —T— HPr——————

0 02040608 1 0 04081216 2 0 04081216 2
Py Qos Oy

Fig. 13 Histograms of 7 error indices for wind speeds and wind directions at coastal stations in Ise Bay.

Table 1 Mean, standard deviation and range-limited occurrence rate for each of winds-related error indices at

sea and coastal stations(stns.) in Tokyo Bay and Ise Bay.

py %10 g, x10? G, x10° U, .. x10

m o y m o y |m o y m o /4
Tokyo | sea | 150 | 88| 5| 75| 98| 8| 81| 21| 5| 78| 99| 12| 77
Bay coast | 187 82 9 45 100 9 76 25 5 47 105 12 75
Ilse |sea |154| 81| 10| 46| 99| 8| 8| 23| 5| 70| 103| 13| 73
Bay coast 79 76 12 32 98 11 58 28 8 42 99 13 73

Area stns. N

condition 7(>85) 7(90~110) 7(<25) 7 (85~115)
Area | stns. | N Lo ” 10° Zop X 10° %o 10°
m o y m o /4 m o y

Tokyo | sea 150 | 95 41 76 96 51 91| 21 6| 76
Bay coast | 187 95 4 63 98 5 93 21 5 79
Ise sea 154 98 2 94 99 6 87 21 7 80
Bay coast | 79 | 96 31 80 99 5] 8| 22 6| 71

condition 7 (>95) 7(90~110) y(<25)
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Fig. 14 Histograms of 4 error indices for wave heights at measurement stations in Ise Bay.

Table 2 Mean, standard deviation and range-limited occurrence rate for each of wave heights-related 4 error

indices at measurement stations in Tokyo Bay and Ise Bay.

Py X107 ay, x10° &, x10? H,, x10

ma.

Area | N
m|oc |y |m |o|ly|m|oc|ly|m |oly

TokyoBay | 89 | 84 | 10 | 74 | 115 | 15 | 61 | 40 | 11 | 49 | 103 | 14 | 81
Ise Bay 100 | 84 | 12 |76 | 113 | 13 | 66 | 35| 10 | 68 | 108 | 17 | 65
condition 7 (>80) 7(80~120) 7(<40) 7 (80~120)
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Fig. 15 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Tokyo Bay induced by Typhoon 6626.
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KENB D STz, WA, RARBIRIKETRED 5072 0 BRI TE 976.1 hPa, B{lR T
977.0 hPa & 2272 VARV, RS CTIEBLAIE L5 6 frlcH 7 2 milliw 2 116 cm A FLdk I L7z, AR
K DFE - ATHARE T 115 4, AGE T 543 4, FEIELEIL 1,400 B, ZKHEEIL 56,000 B TH 2,

2) KRR - BMOZEF S

BRI SOV Z NE FIANCHEIT L2 Z &5, HAETIE S F 0 ORENKRE LT, &K

JEGE T 25~30m/s TH Y, BT 27.5 m/s, BN TIEERALTE S & 59T 30 m/s, ALHUEIT 25 m/s 55
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e D, JRMITERT RIS H SSW Th D,

N JKIKSE - KADZEFEAH

WEIXEAEER O R T8 m 2, W AGE CIXALE O EHIRAHL T 4~5 mIZ/hs< 25, B
W CIERRI O 2 YR AT 2 DB RIS /T T 3 m AN AFISIEA Y, BRI O WA S AT C/RAT
B 4mICiET D, TEFEH THLIEEIX2~25m TH D, WHILIBEIT S~SSW, 7N TIX A e
TS B SW FMIS, PERIMEK TS 225 SE FANC < . BEM BRSO VM Z NE S5 AIc#lT Lz
LD S~SW HAIOREOREIZ LY, BEEEASHE L,

1 200 J 400 600

T

7 10/19,21:00

400x673
Ax=5km
S —

200 0 400 km

date | lat. | Pc | Iy
mdt | (°) |hPa|km

/ 10/19,9:00 ° ’
T7920 10/19. 9|33.5 | 965 |156 I

10/19. 3|30.4 | 960 |125

10/19,3:00
/ 10/19.15 | 37.3 | 968 |170

400 10/19.21 | 41.5 | 965 |170

Fig. 16 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Tokyo Bay induced by Typhoon 7920.

(3) 78506 & (Fig.17)

1)ﬁa¢#llit*ﬁﬁiﬁlﬂ[2] [39]1, [41]1, [42]1, [43]

BEIE 198546 H 25 B Ain U ViEEom Al ECTHEBIZZ2 Y N FHICHETLC6 H 20 H 9K
B 15 O P M C NE FaNc#ER A2 %, 7 H 1 B 3 RpEERMIREET AT (B1f) (2 BREL
7oo EEERFOHLREIL 968 hPa Th 5, LREf%, Ki# 80 km & V9 BV T NE J7 A IC B s 7
EiES, WERER TSR T -, BRUE Bl b W 234D, b TRWEBENE
JEZ Ao Tz, BARMUT TIRsRIEIC K 28 E 25 i L 7z, RIS, Sl <UL I Z R AT 970.0 hPa,
FEIE T 969.9 hPa & 2372 VARV, B T, S FHY OEIC X - TS L5 5002 H 7= 5 &iwliE 2=
127 em 284 U7z, BEGEBZICITROVEIREI N BAE L, ZNUBNRKFREEZ L6 LIZOBNRKMNTH
Do REBUHEDFEE - THAREIL 164, AGEIL494, FEEEFIL 00 M TH D,

2) KRR - BMOZEF S

B 7920 5 & FIERIC, BB OPERIZ NE SV EE CBE) Lz 2 &b, A0S Tl S~SW
T DFRESIE LT, e RJEGHRIE 25~35 m/s OFEFHIZH 0, Sl ALvE ~ VRIS = T 25 m/s, W~
RN R T35 mis &, LB SEHRANC AT TREL 2D, RAAIZEINTSW, BN TIEREAT
SSE, HemB bl T SSW 2 &0, 3 HiEReD,

mKES - KADZEMAH

WEIXENER O P RT 8 m, JHEKEALI O & EIFAUE T 4~5m I LT\ 25, IBNORHEIN S
ABRNZ 23T T 3 m O EIBADNAFIIENR Y, NI ~EEOMHE T35 m, JATIC4 mE &5, BN
B O FHER )5 38 L OV P ORI ~ AU T 2~2.5m & 53 5, IBAA OB SSE~SE, &
N OFENE S J5 1) Z 0 BURIMERL CIlE W 5 aNS, PEERES C E Fmic <, B 7920 50 &
THE 8506 5D A L P MR T/ & S BRI CREWZ &0, WEAMAIC b ORHENRBLD
N, BRI 2R KBNS 3.69 m (7 A1 0 5K, AKEREEFEEOME ), KK
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HER W ST 318 m TH D2, BN ENALRLKRE N, 7o, ABEEFFORITEIZH T 5 L O
EN R 2 MR & BLUE O LR - BEAEE S Lo TiThh T D,

1 200 J 400 600 10 J 20 1
1 T ar T 1 1
V4
400x673
= 7/1,9:00 Ax=5km
I
200 0 400 km

date lat. | Pc | 1o
=" 6/30,21:00 md.t (°) |hPa|km
6/30.15|31.0 | 965 |103

o O
78506 o, 630.15:00 6/30.21| 32.5 | 965 | 104
/ 7/ 1. 3350 | 968 |158
400 71.9]383 972|211

Fig. 17 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Tokyo Bay induced by Typhoon 8506.

(4)L9504 (1995 F 4 A 21 BH~24 HOIESIE, Fig. 18)

N IESERFHE

1995 4 H 21 B 5 22 HICT CHARMEZ @IS L, ) &R - BEiE &<t & b Rick->
WERIEDBFIZ Lo THECTEABERKREBEICfES S FHY ORI AT, 23 BITIEH A28 L7z
RREIZ LY SW HmOsEEN B AREHTIRE Lz, Z OMOERKEDFLAEX 985 hPa FRE & 2>
72D ARV,

2) RKRER - BMOZEM DA

IRAUE D B AT S AN AL ES % 88 TILE AR TELE~DOEITICEEYY,  HATE Tid SW 510 O 50 A 25 IR 1%
LCW5, BUHIE 22.5~27.5 m/s DHEIPHICH D, BIRNOBRLEIMNIAT ThEL 2D, BIEITH
R Z 0,

I JKIESE - RADZEMAM

W EIZB A CIEESRMHEDOFM T 45~5m, EEHIPFET25~3m THY, HEY REI R0, I
1% S~SW THh 5, EATIEMEMD 1.5~2m 2> S ALHM D 2.5 m L EIZHET T, NE FHIZKE < 7
%o BHROLFEETHESITIR DRI WA, 3 mITFELARY, FEEEmEa s, EEM<TsSw 25 %
%,

1 200 J 400 600

1 T T
4/23,9:00
400x673
= Ax=5km
I —
200" 4/22,21:00 0 400 km

date | lat. | Pc
md.t | (°) |hPa

\?'15

1.
1

| 4/22. 9132.5 1000 M52 ax=1km
4/22.21|34.5 | 992 29747 .,
4/23. 9]43.0 | 988 { ”/9; 0 10km

400 4/23.21146.0 | 988

Fig. 18 Low depression track diagram supplemented with a list of low parameters and spatial distributions of

maximum wind speed and maximum wave height in Tokyo Bay induced by the low depression L9504.
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(5)T0115 (Fig. 19)
1) & RS & HUORR 1)
BEIE 2001 A CPEk 13 4) 9 H 4 HRSE ORI ETRAE, NNW JiH, N FrlciEg % &
S>7Db, 8 H Ry NEFGEHALRMHEIZELZ, 0 & ZOHFLKIEIL 950 hPa & 2272 0 Ky, 5]
fex, #EEEZ NW G E Y, 10 BRFHEL S N J7m, NE SR T 11 A 9H%E#tﬁff¢' SR

SR TAHTIC B L7, FERFOFLKEIL 970 hPa THh 5, LFE#ZIT NE HFNCEIT 26T, Kk
A C =REicik i 72, BRBRKICEWVWARE B3 HIEBHSE iEr“unf 972.2 hPa, KB

C 973.4 hpa, £ C 971.3 hpa, B T 973.6 hPa, 7J<F"C 9782hPa % L 572 LB LR L ST,
R DRV ZHERF L TN D, BIEHIT & T TR B R & RIRIC K D E S 2, ﬁﬁmi
1911 FLARE OB 56 5212 H 7225 127 em O EilfRZE (T8506 REDE LR L) MG bitic, &
BB B CEBIC L DR EEZ LTS L2 T4910 5 (7 4 BE) ERSEETH 720, Bk
DOFMFIZEZ D EENC LA WEITRNT-E D ETH D, FEHE - ITHAPEIX 84, EEHEIT 130 4,
BARBEIT 750 BTH 5,

2) RKRER - BMOZEMDH

JEGH 1 22.5~30 m/s DFFHIZH VD, BRATCE RIS TR E <, B O R EMI & BN o b HH|
TS, BANTESL TS 205 SW, I THEMAIO W/ HIERILEM TS, BREH TN EFY 2 L& 5,
B R O FURE B L, R REGER O R ME03E L < EbT 5,

NJAKS - KADZEMS

WEITEA IR PRI TomZ LV, 4 mEEER ) O B BIPAT E TIN5, IS /i
5 SW Th D, BN TILE N2 DEROMZAITICHNT T 2.5 mEEEBED, £ O FHloTHERR
FTL5~2m, WEANRETH 1.5~2max &5, WL SaHie LT, £AZEILSW S & SE Jm
2 <,

1 200 J 400 600

T date’ | lat. | Pc | I,
mdt | (%) |hPa|km
9/11. 3134.2 1965 | 95
9/11. 9]135.2 |970 | 88
9/11.15|36.3 | 976 | 87
9/11.2137.8 | 985 |117
9/11,15:00

200 " 9/11,9:00
400)(()?73_.: 3 \9/11300 o115 )
Ax=5km ¥ P i _/; Ax=1km
Y0 400 km \“‘*””’“’w\u %Qr [k 0 10km

400

Fig. 19 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Tokyo Bay induced by Typhoon 0115.

(6)T0221 & (Fig. 20)
1) & R & Ui U
BRI 2002 4F CERR 14 42) 9 A 27 B A S0 BERGHEHE T4, WNW 51, NW HFiciE A
T29 H 9WEp /&5 H 5 ECHULAUE 940 hPa, 30 H 9B/ B ALvEfE - C 930 hPa &/~ L 7=,
Z D%, BHEUI N HH, NNE HFEICHEIT 2K, 10 A 1 B 20 BRE =5 2 @i, 20 R I5
HifFUTic B Uiz, ERERF o HLRJEIE 960 hPa TH 5, %@”&F‘%ﬁﬂﬁﬁ B % #& TP AT
ZoidiE, ALMEEICH B L CHAMRICH -, BEEREKIL < ORRE BRI 5 REAASINKEILIRE T
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956.7 hPa, f{% C 961.1 hPa, T-% T 963.4 hPa, # 51 T 965.2 hPa, /K7 T 967.1 hPa, /N4 & T 971.2 hPa,
fili5C 972.8 hPa, /\JFC975.5 hPa TH LMD, EEEZ LRV EVHLREZHERFL T D, B8
I RV EE CREN L2 o h, MEEE, Kl EME - TRE2HE RIEERICER
5 9 EDOEERBE OEELET) AL L, FARICHET 2 @RI 72 om (BLRE 155 17 47)
Thv, BEROBIODLYITRE LR, FBE - ATHARAEITS 4, (EEHEFIL 1,070 81, 2KHE
1% 2,000 B TH %,

2) RKRER - BMOZEMDH

JEGEIE 22.5~32.5 m/s L 0, PEEL Y BEFETRE N, BAIXES T SE S, BNTW HRToh
%, BEUTHEAEZ NNE HINCHEIT L2 2 &g, JRIMOZERZEEAE LU,
NJmARIKE - KEDEMSH

BRI CIEBER P RO 6 m M5 EEIPFTT2.5~3m il b, WHIESHD SWE L5, BN
T, EAT2mBTHS, BHELASIMNCT THHEED 2 m S HAED D WITIEHEFD 2.5 m
ANERRRELRHITTE R, LB ST SSW ], B LN O FEMIC ESE~SE Jrm,  Hl
TSW Hmz L v, 90° < £ 25, ZHITEROHFEIZI T 5k O R E KB 5,

1 200 J 400 ‘ 600

400x673
Ax=5km

10/1

I —
200 & 2100 0 400 km

date | lat. | Pc | I | .
10/1 mdt | (°) |hPa|km

" 15:00 10/ 1. 9]29.6 |945 | 48

T0221 ! 10/ 1.1532.9 | 950 | 80

10/7’9'0‘:/ 10/ 1.2135.9 | 965 | 82

10/ 2. 3|40.5 |975 |120

400

Fig. 20 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Tokyo Bay induced by Typhoon 0221.

4.3 FRBIZEITHREZE - KBS

(1)76524 5 (Fig. 21)

).Lxﬂq;:_l-f,rit*&«qkiﬂng], [38], [39], [40], [47], [48]

ABEIL 1965 459 H 8 HZ 7 A BN £ T4, NW HFEICHEIT Lz b, 15 BlAROR
JiitE B HHEFT )51 2 NNE S EICEs U 17 B 21 BRiE = IR K EEAHT GEEER) 12 kkE, 2>\ T
BEPLEICH EMELE, EREFEOHFLREIT 955 hPa &7 ViRV, [RAI, mIEBHKTEIZEE T
963.3 hPa, {Jt EL{{C 959.2 hPa, {542 T 961.9 hPa, {4 C 968.8 hPa, 4 17/ T 970.2 hPa TH 5, & D,
BIEUIHEAA, JEAARZHEET Lz, = OBBEICITIROE IS HEWGRIEN AW TR%ET 5 & &b
2, PUE - T - PRI KRS, FHCTKENREE Lz, ST, BRI\ TEN S
FESAICHTZ D 84 cm D FEIRAZ A U7 hy, SRR OEMIC Y =54 FEICB W TIX 75 em &
BHEDRELI D o7z, FHE -ATHARAFIL 107 4, AEEIT 3304, FEHEE 1,100 B, RAKHEE
252,000 B CH 0, & ATBAKITHE D RAKIFEENZ U,

2) R KRR - BMDZEFE S

JEGEIZIE STl SE HiZ it THER L, FIREG T30 m/s iz 5, SN TIRE 0B R
IONF T30 m/s SEAMEAY Y, 2 Z & IS JE BRI 1A T =3V T 25 mis, GHEAE O AEE T 17.5 m/s 1S
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F RS, BENIES T SE TH L DK LT, ENTIHIZIENW TH Y, JHAE DN T 180°
< B D,

KK - KADZEMEAH

B EZEAACIEBERMO 12 m BB 0O 6 m I TNW FHI/NE L 725, AL S~SSE Th
Be BHIZBW T EORRNA LI, BN TIEE ONMITHER N FD O 3.5 m RIS I8 5,
ZiE, BROLEMEMIZA S ZHENE CIEEEEEEZIC NW HHOMENSEB L, TofEREE LT
P N~NW O NF AR OB IMNED DA S~SSE TIRiET 2 WIROFEEE FF b 5 R % X
B3 2, F£722.5 mEEBOIENORMMES A B, EEIEB RIS Tl mIZEP T 5, Eiids
WO TSE RV, HARESTNAFD 2 E->T90° LLERARD, ZhidsEEEIRTO SE ik
DOFRE & JE i O NW 7 [0 O 58 E O RS 2 K3 %, =35 T, EEiE 1~2m, EiEiEEcw,
KMTETHY, FEBENLREKICERREORENTDONL TS, WThICE X, B CTEEmR?
ARLIZICH 22D LT, ARREOREDOT-OBANTIES 0 KREWIEEE A U TR IRIL R
M ThHs,

1 200 J 400 T 600

400x673
Ax=5km

[
0 400 km

date lat. | Pc | Iy
Y o7 1500 || () [hPalkm

18 9/17. 9]29.8 | 950 |111] .
76524 o ,/9/179,00 9/17.15|32.0 | 955 | 130
/ > 9/17.21|34.4 | 955 | 93
400 9/18. 3|38.4 968 | 93

200

Fig. 21 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Ise Bay induced by Typhoon 6524.

2)187119 & (Fig.22)

1) & R & HuRiR 0

BRI 19874 10 A 11 H7 4 VU OB b ETRA, ¥ELARN AL EL, 16 HIZIENNE 4
MZHE UC 17 B 2R 4 B 30 3 IS iUE <2 B L7z, ERERFO LS ITEH) 980 hPa Th 5,
F 7, KRBT T4 5 R T 991.6 hpa, #:C 989.1 hpa, JEH T 988.9 hPa, JtEIHIT 994.1 hPa, &
AT 996.5 hpa &, BEEENLOREEN TWA 720, HE VKL 2, ARG B, TUEETHE
NE JAIZHEA T HAWIZHR T, BOERRICHE B L CRIFEFEICE L, BRI AR 3412 5 (5
FEE) LR 6118 5 (FH2=TEm) ObO &N ENT 5, AEREHIZITEEIINZ TERE
PEOVHACR BN THA LTz, BROLHMN:FNA - 728 T, S~SE I OEENKRE L,
£ T 81 em(BIMISE 5 26 1), BPIT 53 em (55 26 i) O EiRzANGER SN, FEHIT 94,
BEFIL 1T 4, RAKPEEIL 25,000 B TH 5,

2) RKRER - BMOEMDH

JEGE VTS PN C U ARSO SR T 20~25 m/s 2> B EFPEHIC 35 m/s %, =8 TIL 20~25 m/s # 52 %,
FEEA T HALHM D 20 m/s 2> HEFTERID 27.5 m/s (ST THERT %, EAIZEICSE THY, F5
BOVEREEMEFETE FRzErd,

) mKESE - KADZEHE A
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W XPREATEHEO Tm LB OO SmIT/INEL 25, HEEECS THD, BNTIHED
WAEDD 4 m P EIRA NW H NS AHISEA D 3t ET 5, WAL SE Th 5, R CITE&EIZ 2 m
LLFIZR %, s S iz & v EEHrmic 45° <, B TCEE&EIE 2m AR THY, #Hm
HZEMNC KR E BT 5, KA, WHMTICEIT 2R KRR S 3.94m, FRBHESIL3.75m
ThHHND, HREREPBI G XL OPRE N,

1 200 J 400 600

400x673
Ax=5km

Ll
0 400 km

200

date | lat. | pc | I,
10/17,3:00 mdt | (%) |hPa|km
./10/16'2100 10/16.15]30.8 | 960 | 94| .

78719 o I/10/16,15.'00 10/16.21 | 32.5 | 965 | 114
.-_/ 10/17. 3|34.3 | 975|168
400 , 10/17. 9|36.9 | 986 |222

Fig. 22 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Ise Bay induced by Typhoon 8719.

(3)T9019 & (Fig. 23)

1) & B & IR 1

1990 4 (CER 24E) 9 H 13 A~ U 7 i CEMHERED b RIS IEE L 2R B EIL, NW Fhic
HEAT LT 17 HAFAT 9 RRICIHEA B ORI CHUL AT 890hPa ICFE LT-, Z Dk 17 Hn b 18 HIZHT
THEAT 7M1 %Z NNE, NE |Z#H2UC 19 H 20 Rl 23 Fnak LR BT IC FUL5E 945hPa C R L 72,
Z D%, NE FHIZH#EIT 2 el T ZER2 b Akl - sk 5 2 8% C = FEric ik 72, B ERREIT <12
N 5 LA O AR BLHNRUE 1 X R B T 962.1 hPa, |8 T 963.7 hPa, T 965.4 hpa, 4 & 2 T 972.5 hPa,
FAZARC 983.2 hPa TH Y, FEEZFHTeH LTI VKV, 2 OFRERHTIZEEIZIN 2 TRKRIZ XL
D FERZEEN T, SR AEIAER T 167 em (B B 407, BRI T6lem (55 18 47), ZEK
TO9lem (B 1040), BETTI0Ocm (BF500) ZidkLTRY, AR TIENR OKRE IITET D,
REOIEHE AT ARAFIL 44 4, (ETHF 1,000 B, RKHEFIL 66,000 B TH 5.

2) RKER - BEmOZEFS A

BEIL ERAMAITE NE FEICEITLTWD Z s, FEEIZH VT S~SE A O A A il L
7o BRI D AT D 32.5 m/s & HULIZ SR PR g Tl U, 540 BU3S L ONE B C 25 m/s 12
725, W TIEHENE O PR LIFE & =3 o PR LAE CEUE 30 mvs BLEE 52 5, BUREYE F AR &
SHNE, A TIX S Jim, AT B R PEIC ESE, JEHMITTC SSE & & 5,

) mKIKSE - KADZEE A

W BT HSFE BOR T 1l m, & 2206 NW HFAISE 0O 7~8 m IZ[ANT T/hE < 72 b, AL SSW 2
5SZ&EEDH, BRNTITEANS 4 m W &SR NW 7 (%1E SE) (2T TENICHEN Y, FEFIC
T D, 3mEERABANOIRIEREAZE S, A O ERITE S, BRTS FaicE, =
S TIHBEANO3ImOLHEFEERD 1.5m E~E/NEL< D, b SHE SW, WICELT 5,
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400x673
Ax=5km
S —

200

400

0

400 km

date
nd.t
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Pc
hPa

9/19.15
9/19.21
9/20. 3
9/20. 9
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33.8
35.9
38.5

940
950
980
984

Fig. 23 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Ise Bay induced by Typhoon 9019.

(4)79426 5 (Fig. 24)
1) &R & HEsRRY
BEIE 1994 45 (R 6 45) 9 H 19 BIZ Y 7 A O PENE ETHAE%, NNE, NNW, WSW, NNW

CHHBICHEAT HIM AR 22085, 24 H 21 FRZHLAE 925 hPa iICE THREL, a2z o% b H
DUE 925 hPa A HERF L7- F £ NNW H ST 261, AR O R L b2 NW Fm)ic
2z CHEATL, 29 H 19 I 30 sy EFnak LRI A Clrd - bl s 48 - C A AU kT 72, &
JEURR B L2 3T\ b S 0D S AR I AU L I G 960.9 hPa, 43 EC 971.8 hPa, EE4R C 973.2 hPa, B T 978.0
hPa TH 5, EiifFAEII4 R T I152em (@RS EE5407), &SP TT70em (B 1147), B T 104 cm

(5 247), HEPKT 100 cm (640 THY, 2720 K&V, HEILITE TR 7 2 i
EH T BB RO IRNFEPHIZ KN & BRI L 28 EE 726 L, REOREE 1T HAHE X34,
EEREFEIL 200 B, RAKHEE STOMTH 5,

2) KRR - BROZERMD A

GRS O O A Hl & L7z 35 m/s I BB O 25 my/s (2 AT T35, 30 mys ki Ak
AR BRNOILNEHEEZS >, SIS TIXBA DO 30 m/s 2 SHIEHEO 25 m/s 3312101 T E FANC
INEL T2 D, JRIMIEIE AR T SE~SSE & & %,

KRS - RADZEMHD A

WEIIBAEREM TS m IV KEL, BOT6~7T mIZW LD, WHILSHD SSEx LD, BN

11 200 J 400 _ 600
T
9/30,9:00 400x673
= Ax=5km
S E—
200 ; 0 400 km
9292100 | date | lat. | Pc | Fo
] 9291500 | Mt | (°) |hPa|km
» 9/29.15|32.4 | 950 | 85
79426 9/29.2134.2 | 960 |108
9/30. 3|36.8 | 980 |121 L sox77
400 i 930. 9|39.3 | 985 |144 Ax=1km

Fig. 24 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Ise Bay induced by Typhoon 9426.
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TIHB 26 4 m P ERS NW FRIZIEORTHEREICET S, BETAI2IE 4.5 m EEERSHEBLT 5,
WX SE TH Y, mMIEMITE Sm, JEHMITS FIE <, BNASETIE 3 m Sk I el s
Heo, PR EERT2mEmEAALND, ZHETIIEANO 3 m N OER T Im IR, KA
XS/ SWE LS,

(5)T9807 &5 (Fig.25)

1) & R & SRR 1Y

BEUE 1998 4F (AR 10 4F) 9 A 17 VY U EOVE 5 ECRA%, FEEE % NE FRICHEL,
22 H 13 el AR LIRS AT BRE Lo, 2 ootk, ek - dbpRMF A2 E o T 22 H 18 Rl &
WCE B0, BRI HE B, SFREZE> TRVEECHR T, EERROPLR
JE1X 960 hPa, & JEARFE T < O HARBLIHI UL X Fnak LT 975.5 hPa, %R T 976.8 hpa, Z 4R T 980.0hpa,
FEC 985.1 hPa, 4 /E T 991.1 hPa ZFidk L7z, MR #2134 &2 T 110 ecm (BLHIEE B35 13 /1) &
RYRENVAREEE & HITRE L 72 TIS08 5 Dl A EUZfE D KN & FBUZ KV 2720 OEI T,
RIEBOWELZADED &, FBH - THAHET 18 4, EEWET EHEE (49,000 #) 25
T 50,000 1, {2AKBLEIL 10,600 HIZDIX 5.

2) KRR - BMOZEME S

JEGEITBE N BT 30 m/s & EE DY, BAL ZJBOEBRO 22,5 m/s IZAT TS 725,
BNAER TR 25 m/s iz 2, BAIEEAEE O, =B TS, BRNOREE L HETSE, LT
SW il = L ic B D,

N JKEKSE - KEDZEMA A
BEIIBADOENEHPETT mBBETHY, BOTS5~6 mIZ2D, EANTIE3 mmkssA#ic ik
B0, WEEES THhTNZ4 mERA LD, HAEEICSE 277, =B TIHRE&IE2 mULFT
HD, WEITBAOD S HHIBEO SW LT 5,

600
1 T T 20 J 40 4 20 40 J 60
/“ 1 N T T T
: ‘AF 30 79807 I
- 00073 - Uromax ~20m/s | 20F
7 [ r
200 ot 0 400 km 5ol X 40k

o/22,15:00 | 98t | &t | Pc | 1o

7 9/22.9:00 mdt | (°) |hPa|km

/ 9/22. 3|29.6 960 | 44| —|
o

. ! 9/22. 9|32.4 |960 | 38
79807 / 223:00 9/22.15(35.1 | 975 | 69 by \ - 80x77 }{6 i
x=2km =
400 92221385990 |118] , golAx=1km

Fig. 25 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Ise Bay induced by Typhoon 9807.

(6)T9810 5 (Fig. 26)
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4y GE R VR I WA IR T AT i R L7z, FRJEIL 975 hPa TH D, D%, mmREEHfT, Wil
VLRI AT Bk U, RGBS 2 8 C B AYEIC 7o, B RIS UTV  Hl o Se AL
RUEIELE FN R8T 979.1 hPa, [ (LR (LT 976.6 hPa, J5HUT 978.0hPa TH D5, Fe EEICk T
ZEBRKE S LTER VIR, L L, BEEREE D BB 7244 12 Tld 989.1 hPa, H#:TiX 989.3 hPa
& FREOMIE LY 10 hPa FBREEE VY, Mm@z 1340 2 T 89 em (BUHIEL B85 22 ) AGisk L=,
B, BB, RETII/AI VY, BEIFCIEEE &V D X0 E RIS K0 Y S AL R OTE BN OTE R LIS
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Fig. 26 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Ise Bay induced by Typhoon 9810.

(1T0310 5 (Fig.27)

1) & RS & SRR B

BEUE 2003 4 CERE 15 4F) 8 H3 H 7 4 U B ORI L THRAE, NW JSm, NNW JFhiZitk
Bk Lo TT7 BICHBARZEE L, 2O OH.LRENL 945 hPa LRV &2 4 o 72, T D,
BEUIHEIT A N, NE FAICA X T8 A 21 KeftEEa R E P Lk (F.O%HE 950 hPa), 9 H
6 R X L R s AT B L, £ s - Aoke - # by - bRE s &2 T4 R —
VW LT, BREERISEWRRE BB T D RERBIRKUE XZE IR C 950.5 hPa, {5 T 963.4
hPa, AT 967.0 hPa, ##7 T 972.6 hPa, H#S T 976.9 hPa, EBFT 979.2 hpa, &} T 981.5 hPa, 4
T 983.2 hPa, HHT985.1 hPa TH Y, ERERGEVVEZIR- TS, £z, RANEHREIZER
WH-C 81 cm, MEIT69 cm, /MAE T80 cm, M T8I cm, M7 T8 cm, KK T84 cm, &4 HET
65 cm, ZEPKT 67 cm &, IR EVVEEZ L LT-, 2EOEE - T HARHFIL 194, FEHE 610
FR, IRAKHEE 2,400 BLTH 5,
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2) RKER - BMOZERE S

BRGNS O IR A NE J7 I L7z 2 EISfEVy, 395 TIL SE &0 ORDSRGE LTz, HoRJE
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SSE~SE %/~
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BABEEITO m 282 2 &EITE D T5~6 m 2425, BNTIZELO2D 3 m &S NW
FINIER T EE < ICET D, 2 m EEEAEOIZIEEA S5, B TIE&SIE2m XD
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Fig. 27 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Ise Bay induced by Typhoon 0310.

5. KEDBEDZERS M

5.1 HEEIZH T 5 KRS DIBE

() BERKES

1961~2005 4F (45 4E[#]) 94 77— AD A h— LBIlE KL = O
& - m BB 2 B T A 7 BT e U o H O & el D 22 [ 43 A
% Fig.28 12525, HI®IZHT 5 EAIORTIIHIFE (1961
~2005 1F) %, FRIORTFITRKRMEL LT, W& KRR I35
SRR TIE 8 m 2 2723, THEAKEAES O & RS T Tl 4
~5m AT 5, AL S A6 BRITT SW A AT, AT SSE
FHINMEL . BN TIEE O SEBRIZHE T T 3 m &S gL
0, LG RAEEMT T AT 4 m 22T 5, RIS /AT
A 4 m SR B D, WAL S 225 SSW Th 5, 7ufil 3
m P EARO B AN TR & IEEE T 2micE T/hE<
v, FAN 3 m S R OO BRI TR S R > T 2.5 m
ZhHz2 %, WIAEEARES C SE Fic, HMAREE T SW J7H
W<, WIRE R @2 AR L2 A b — 23BN EBNO
3m P EIT T7920 5, & OVERIVEE & HUAEE T T8506 5 T

Fig. 28 Largest wave height HS *
and its wave direction in Tokyo Bay

during the period of 1961 - 2005.
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EMD, 50 SR B OHEEMI KIE TR IR R O 8 13/ é

S,

Fig.30 % 50 4R @ Hyys & € O LR O %IH
(S, JHEG )X 10> DZER 5y 4 % 7y HELS, 1 50 4FRESR
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Fig. 29 Effect of data censoring ratio

v on the estimate of 50-year return

61-05

wave height H, > in Tokyo Bay.

NBPNC 52T, S0 el 11——20 4 40 41 20 J 40
ELBABRIT S m 2L Y, | Heoy M | (Hess/He

WSO IE ST 6 m A% B,
Wk C o EEwEe 20 &
4~5 m I CHIRT . N -
IFEMA Sk, JERCET T 3 4ob
m W ESER Y, mRosE | 20
13 & BER O T 4 misk b HE |
T5, £72, 3 mEERO T 50%
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w%

FERICHAT CE®IE 2mi, % ‘

DR THHFITHT T 2.5 miZ

7%, TSEUEEITEASN T 4~9 %, Fig. 30 50-year return wave height Hgy5 and percentage

61-05

BHNTA~6%ThH 1V, sk L expression of its variation coefficient (standard deviation H ;s
BRNOWTITE SW-NE Hajo»  divided by 50-year return wave height) (Hf;‘s})‘()fm /HS"(}(‘;/)SS))XIOZ in
Bl 27 o 7 80 /s Tokyo Bay estimated using the annual maximum data during the
<, WMEETRE U, period of 1961 - 2005.

Fig. 31 13 R R HOL" &
50 FHERBR Hoyyn OTHRIIR & S DEE (H,‘;;OS/H;}(;‘;; - 1.0)0)%1115 ELTRLEbOTHD, EE
Wi (45 4F) &AM (50 4F) BMAEISEWVEEZ b2 &b, MADLEIZARETH S 5, ki
DFEVIIENELTH T 3 %LANIZHIE 2 2%, WA VERIRCVE B oD AL s & B AR C I e R s H ™
D3 50 ERESRIE & Hsg & T 6 %Ll ERE W, ZAUTHIMR RS H, ", 3720 BRI & &
B 5 B3 LA 2 ALE & 0 2372 0 28 LT iz & SR EmR T 5,

Table 3 (FHERIE KIS X OBLIIE RIS P2 000 1372 AR fic I8 v W B 5k 9 2 MBS B AT 1 RS
AHBBEREp, 50 ERERILS Hso & € DIRMERZE Hoso D — R 2 EAT S (ROBHUIM, BRHESC K, il
BN, BEERIREY) & & bICHRUTEE, TIHEBLES, 5 218E, 7205, EeEro 5l
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DWCRT, HERER A F O 7 SR R e
(BRI R v=1) F LU 1961~2005 40D 45 4E[H]
(v=1/3%1) ®2iEY OEEHZOWTITI,
HOATEE (1969~2004 fFDOERID 5 5, 1982 4F

DIRTOE RN L OV 1985 D& EHIAKE R &tz
EDEED IZB W TR RHI FED < 50 FreRIE &

Hsy & FEWE(R 75 H 50 13 3.63+0.29 m, [7] U AR O HER

BRHZ RS < 50 FEfE R A & AR MEIR #2213 3.56 20.25

m Th Y, MEFIXIIHFET D, 45 FROHER G R
T 50 EfE =R m L ARYER 22 1T v =1 126 LT 3.81
+020m, v=1/31Z% L T3.79£020m TH DN 5,

MR IO NI RL, EEFEEST %5,
TEBHIETYH S0 FERFEm & EYERFZITIBIHIE  Fig. 31 Percentage expression of one-subtracted

BHZXF LT 3.05+£0.39 m, #HEHE %*Jr \Z%f LT 3.06  ratio of largest wave height during the period of

0.19m THDIMND, S0 FEMHREEIXITIT 2L, £ 1961-2005 to 50-year return wave height

ﬁﬁ#iﬁﬂ%ﬂ@ﬁA’ﬁ%wiﬁﬁﬁﬂ%%%

FEIZH L THRBEBEOCENELNTVDA, v=1/3
DA OIERERAEN v=1 DEE LY KZ N, 56 2

L& CIXBIAIE BB L OR U O HER G B CIE 50 AR m T N2 223 m & 2.84 m, 45 FERH O

%”%ﬂf3nnMvﬂ)32nnw:m)f%é BORHERIZ 1T 2 B AMEZ1X 1 km TH DH DT,

B 2WRME O N LT L HMUNCEI SN2 LD, HEREEHIBINEE X 0 K& Wi
EOHEEME 52 %,

11 20 J 40
| (HE e/ g;;f, 1)x102%

(F659° JH Y% ~1)x10°  in Tokyo Bay.

max

Table 3 Comparison of 50-year return wave height Hs, and its standard deviation H s, estimated from data

samples of annual maximum wave height based on hindcasts and measurements in Tokyo Bay.

location | data | period | Kyrs. | N 14 P Hsom | Hyom
cal. [61-05 | 45 [15]|1/3]0984 | 3.79 | 0.20
Tokyo | cal. | 61-05 | 45 |45| 1 |0995| 3.81 | 0.20
to-hyo |[cal. | 69-04 | 36 |[36| 1 |0.991 | 356 | 0.25
obs. | 69-04 | 36 |36] 1 |0.99 | 3.63 | 0.29
cal. | 61-05 | 45 [15|1/3]0.995| 3.13 | 0.16
Chiba | cal. | 61-05 | 45 |45| 1 [0.993| 3.05 | 0.10
obs. tower | cal. | 94-03 10 [10| 1 |0.988 | 3.06 | 0.19
obs. | 94-03 10 |10 1 |0.995]| 3.05 | 0.39
cal. 6105 | 45 [15]1/3]0986 | 321 | 0.13
Daini- | cal. | 61-05 | 45 [45| 1 0991 | 322 | 0.17
kaiho | cal. | 88-05 18 [ 18] 1 [0.992| 2.84 | 0.18
obs. | 88-05 18 | 18| 1 |0.985| 223 | 0.13
cal. | 61-05 | 45 [45]|1/3]0.991| 650 | 037
Ashika- | cal. | 61-05 | 45 | 15| 1 [0992 | 6.48 | 0.43
jima cal. | 88-05 18 [ 18| 1 [0.992] 628 | 0.69
obs. | 88-05 18 | 18| 1 0958 | 696 | 0.86
cal. [ 61-05 | 45 [15|1/3]0.991 | 7.28 | 0.40
Hama- | cal. | 61-05 | 45 45| 1 | 0994 | 7.24 | 038
kanaya |cal. | 7490 | 17 |17 | 1 |0.978 | 8.01 | 0.80
obs. | 7490 | 17 |17 1 0989 | 729 | 2.01

ex. 61-05 : 1961-2005
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BANOT 2 71 5 TIRBHAE B L OR U O HER & BHI S < 50 eI 1% 6.96 m & 6.28 m,
A5 FEMOREEE RN RS <EIX 648 m (v=1), 6.50m (v=1/3) THV, HEEEHIES HEEEN
RN EV, L L, HEHERZEIIEBRIE R T 0.86 m, #EFEE (BLHEEHAM) T0.69m &2/ K
XN END, TNEBETDHE, WHEOISITES v, &R TIEBIHIE RS X OF UHIF o He
HERNTEES < SO FEMEREEIL 729 m & 8.01 m, 45 A OHEREEHI LS < fEIX 724 m (v=1), 7.28
m (v=1/3) THD, EHEFETE B CIE 201l m EIEFITREL, HERERTH 0.80m &
DI RENWZ LD, BHLUEE LAEIC X > THERESEOGEENMELS 7o TWnD, Fiz, H#H
ERFCITE R O BN X - THERERZ /NS < 20, R m e EoEEES M L1 5, ek,
MR R OREEMIZ I ETHRIREORBIIAE TRV, £, EEFEESCLKITREILT LY &
L X WA AN

DLl HEREES X OBUIE BHI LS < 50 MR & 1T LB Ml 2 & 22038, AN BN O
FUTNLE S 2 5 2 VR CILRRHER IS B 1 2 ARG E O R E D=8, #HEREEHIES CHEERADR
KEWEEZH 2 HHEICH D,

5.2 RBEICH T 5 EEDIBIE 1
(M) HE&EXES
1961~2005 £ 45 4E[H] 104 77— A DA b —LRIRKE 5
R K 0 AT IR R R B & D 22 [ oy AR A
Fig. 32 1273, HAME AR & IXEA CIEBEEM O 12 m H»
HEOD 6~7 m AT T/hEL< 725, FEmix SSW~S 2
5 SSE FMNZHE TEDL D, BN TIE 5 m O EMHENE N
MEAR~, £ 0 OMENSIEERIC LR > THY, 6 60
m B E IS LT R A IS < RATRICEELT 5, MM
AEHM TR E L4 m, BROLATREEMETImE L2 5, 80
WIE S m @Ko SE 4 P C T E Siflc,  Fig 32 Largest wave height H,,.” and
JEHMT S HcEH <, ZREN T EIXBE AN 4 m its wave direction in Ise Bay during the
OB 2.5 m L FIZmT ThE< 785, ik S2n  period of 1961 - 2005.
W 2D D, WIRRKEEIZEMNIIB W T T7220 5 &

401K

T7920 %, BARNICBWTEANLERS 5 m J#EEK T ,1 20 40 J 60
T7220 5, ALHMA S m S m AR O AL EM & =8 o k< N Sy
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20r A
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Fig. 33 Effect of data censoring ratio v on
the estimate of 50-year return wave height

H$™ inIse Bay.
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Fig 30 X W RHRINE & v 13 & L TR 50 ERERER HLY & % 0 BBHEK D %IE
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50 AFfE R E TS
SAEHRED 13 m >
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WNTIE, 5 miEmEk
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20F

401,
P O OIS L O = 8
BROOMEND NW ;
B 5 TH Y, oor \q\“m%
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b b D,
BHOREERAER Fig 34 50-year return wave height Hg %) and percentage expression of its
fUCEEIL 4 m, % yarjation coefficient (standard deviation H s divided by 50-year return wave
WEEMIITImE  pejghy (H a5o3) / H ?g@?f))x 10* in Ise Bay estimated using the annual maximum data
L %o “ITA T Guring the period of 1961 - 2005.
AAD 3~4 m "5
RO 2 m T TS < 7850 BBREIT 2~12 %OFHICH Y, 8 NANDIEE & HIIMI AT
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Fig. 3b Percentage expression of one-subtracted  Fig. 36 Percentage expression of one-subtracted
ratio of largest wave height during the period of  ratio of largest wave height to second largest wave
1961-2005 to 50-year return wave height  height (H“’OS/H“’OS—l)xlO2 in Ise Bay during

max max2

(HEE JHG ~1)x 107 in Tse Bay, the period of 1961 - 2005.
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% < ORI TR R R B 50 ERERE M L 0 9 %Ll ERE W, ERLodEs CIIim Rk (O 1 470)
W MERIR R B RN BT 28 2 (L m I T L2 fEE & D72, fom /A X E s 2
FIK A CREINDMACH 0, WIRRKEEICHT S0 EMBREN LV /NESL 2D, —J, B4
U R e K v L B T S50 AERESRIE A L Y 3~6 %/ SV, TS oM TR R (8 1 47)
Werm & 2 MmO EDN/NS WD, Bl IXR > Te A TR INDMHEMITH Y, 50 FReRE R
IR R @ISV Dy, /&%, LER-T, Fig.35 & Fig. 36 OZE/ /4 OdRIIE & < %F
IET BN, BAOIM, BHDHTIEOF RO X IR G 10D HEEAE 2 EEm L0 7y
REW (BEHERREV) L&ETYH, HIHRKR G 1A K& & S0 FHEREEDEDN 6 %LANIZE &
B0, BEVENLRWGENRD S,

Table 4 |ZBIHEEIs L OHEF RN LD < 50 R R = Hso & DREHER 72 H, 50 DHEEE % U H
A DWTRT, #ERE RN LS <EIFBLAIE BHI & 45 EMOmFIZ W TE 2 %, FEWEDIL
SEICALE S 20U B T, BUATE RS K OMER RN S < S0 MR IT T E43.70m & 3.94m
45 FEROHEFE RN HE S < 50 FEfERIEFE T 424 m (v=1/3), 430m (v=1) THDHIDL, HFEE
IZES ERNBOOKE VY, BRI ORFREIFMEIL 1977~1996 FEFOEEAM D 5 5. 1986 4F 6 A LA
ATCIX 2, THLBET1IRETH Y, RFEEERFICKHZEIHAELH D L, FHIRHER ORFH
R 1 5y, HUIARBEIX 1 km THDZ LA EZBET D &, HREENIIES < MR & OHEEE 8
HEEHZ LA LD LV REVWOIEIHLBE TSNS, BT HIZ, I OREFITE L HI OB G
BENOBHEIER E HREROEGEE L2 Z ERRS TRV L 2RET 5, BRI A2 EES
UL, ZOHEITITRKBRO B E DT ICFERRKEEERHCE N5 DT, 50 FMEE G OHEE
fEIxREL 2D,

Table 4 Comparison of 50-year return wave height Hsy and its standard deviation H s, estimated from data

samples of annual maximum wave height based on hindcasts and measurements in Ise Bay.

location | data period | Kyrs. | N | v Yol Hsom | Hyso m
cal. 61-05 45 15 1/3 | 0989 | 4.24 0.24
cal. 61-05 45 45 | 1 0.993 | 4.30 0.27
cal. 77-96 20 20 | 1 0.981 | 3.94 0.28
obs. 77-96 20 20 |1 0.975 | 3.70 0.64

ex. 61-05 : 1961-2005

Yokkaichi

6. &

p=1111]
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AR THIZMAITOED LD TH D,

DJEGH « A O R RIS R R IZB LT, #EEE & BRI EIC A TELSFET 5,

) m R R Nk U CHERE & B I 2R MIC L < — T 5, A F—ARRKRESICH LTS, 4
PER IR DO RN K & W FUE SO S O BN S CHESE & B X L < e 20, B
PN OBLIRAIH A CHEFE DS BLANE L 0 oo R EWEAIC S 5,

)EBLHIM ST 1T 248 A b — LARFOHEE B - Jal 7 36 L ONE = & B ORRZEFRIE 2 U 3 L OV
BORBIIH SR DOZE T — AT HOWTENENER U CTRTEBEE SIS IniE, Bk - B @B LT
HEEME & B O LW E A FEHHNC R S5, WEIcB L TiE, #ERMEIIE 2 OFRERIZ OV T
PIRNZBIIME L D 10 % ERE WM ZR"d, —F, A P —LRHERKESIZOWTITHRFEE T3 %
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BB T8 %D KX DDOFMICE EF 5,

4)1961~2005 0D 45 FR-ITIBWT, FIUBICRAROMEEZ 726 L £ A b —A01F T7920 5 &
T8506 =, PHEAEIZI W TIZB ST T7220 & T7920 =5, BN T T7220 5 & T6118 5 TH 5,

5)50 4Efle SR i OHEEEIZ K AE T ERHRINR OB/ X0,

6)H B IZ T D 50 AR EITEBA LB DIZHIT TRRK 8m 225 Sm AT 5, BN TIEAW
HPFET3I mAEMZ, RTWIC4 mIZET S, FEEICEN T, EAPLEBRIZHTTI3 mb6
~Tm 2P U 5, BN TIRE 02 5408 & LRI OIS a1 TIRWHEIPH T 5Sm 2 EE b 5,
NHRFIL I L OGHEEIZ 1T 5 45 4R O W B KU i1 50 FFRE=RIE & & Bt ks 3 5728, HifH
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HIF B KU i 23 50 FFERERIE K 0 3 %L F/hE
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WE D, GHEBERNOBLRIM A CITHREERHIESERRE DO E 5 2 HHAICH 5,
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1911~2005 FEDE KA b —AIZFE 5 HEED

JAGE & I B OB D HEE

Estimating Extremes of Wind Speeds and Wave Heights Generated by
Intense Storms during the 1911-2005 Year Period in Tokyo Bay

RTERE® - IS - K % - By

Masataka YAMAGUCHI*, Yoshio HATADA * *,
Manabu OHFUKU ™ ** and Hirokazu NONAKA ***

Shallow water wave hindcasting under the SDP measurement data-based wind condition is conducted for
each of the 20-selected strong typhoons during the year period of 1911-1959 in Tokyo Bay, and spatial
distributions of the maximum values of wind speed and wave height during a typhoon in the bay are discussed
typhoon by typhoon. A gross finding is that the intensities of winds and waves depend strongly on the typhoon’s
characteristics such as its course and strength. Extreme value analyses are made using the annual maximum
data samples of wind speed and wave height combined with those during the year period of 1961-2005.
Maximum of the estimated 100-year return wind speed may be around 45 m/s in the bay. Also, maximum of the
100-year return wave height may be at most 4.5 m in the inner areas of the bay, while a much greater value is

obtained in the outer areas of the bays exposed to open sea.

Key Words ; Tokyo Bay, wind speed, wave height, intense storms, year period of 1911-2005, the largest values

and 100-year return values
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BEIC/RD, HRBICBT2BEOEMICEL TX, ZANNBESOBE S RICERERGRET D Z &0
5, MRV EMZRMEINMTORTETWAR, I 2 THRENS &5 1960 4ELLRTO A AR O3 iR R
T HREEEIE, 1958~1998 FED 20 BED 5 6, HJE 5811, 5821, 5915 5 Z x4 & Lo iRHER I
KA BLNOMEIIFIER LN D,

T, NI - NHEICBT DRCEBOHEERE 2 @ 5720120, £ ORIK & 72 5 R % 5 1
R T 2 R H 5, RIL T, MMS O X972 A VREET LVOFMIZ L > THE - NiIZEBT
L ERSAT OHEEREENGE SN2 H D, L, 1960 FELIRTO L 5 12 H W R oA RIS LT
1, B ARKEOFBEICE T 1 LESA EHE L KESPOMEZRVC, ZoMOET IV
DHEH SN TERLEZZEITIFEAERY, ZHTETA~DANZHORRSLERARFHERRICL D &
el s ns, —J7, 1n P B3N - NEORDICAE T 5 /BTREEEICBVWTEEICDEY
BfF S CE 2B R (SDP BUVERE) & NS - NEOME E8 & 15 750 O E U CHUS S 7z il
BLAEELE OB ZFIH LC, L& NI 28RS R Z RO, S Iiaxd 2 22/
2 Ko Tl R 2 FE T 2 B2 S Lo, BURF Y B OSBRI KT T 2 FEBEIZ 20 muvn 2
EMER I N TV D,

Z ZCAETIE, HaBEETEERREERICB O TLA BP Mo iEic L fER Lz 1911~
1959 4ED 20 HEBFOWE ERSACZ AT 500 & T D RHEA OFERICESNT, ANFKMEELTE
Z 1o B BB K EGEOZE M 5548 & & HIT, B RBIE R & O 22 M 5340 ORI % B B O A A RIEICE
245, DT, 1961~2005 4ED 45 AEFOF R OFT — 2 & » KB B s i Lz 100 27— A
AT O A b — LREE EEGIAR D> S 153 7 Bl K EGEE LS X OV oM EE A &2 A1 5:0F &3 5 %IR
HERL > S 13 T AR e R i RO & ARBFZEIC 1T D 1959 4ELIRT DS R 2 2 2 it CRRE L FHiR
Hradryvy, FRBIZI T 2 RO - 82 & o B i K Fs & O\ BRI O 2 MM OR M2 B854 2,

2. BRBOBRHESR &IBEMRETDOTE

2.1 BLERSHEN
W CREUE) ISR 2 IRHERE, AMEICEEET 250 B RISANED D AT 2 H A~
MV ERARRSEMEE LTHEZX D E EHIC, NBHE EROANEEO S LI ROFE - MEHAEE
1792800, W ERSAERZ 2HEEHET S, 77005, 1 Db REEICER T 728 1 [#FE 80
km O I 1T L K JEFAENTE (NCEP JBV& k) 41 25 50 J 75 100 125
WZAE BSR4 DR EICHE S < B EE T VEZ H D
A AT ERAATERO L BIBIREO 7 — 2y b ol
(1948 4ELAKE), NCEP JEEEIAIEIE L 72V 1947 4F
DIRTCIEM R AE S (Myers ) OIREIZE S A 501
JEE T VRS K A EESAE RO 1 R REIRRE O 7 -
— Sty FThH, BREFAVRICEOCTEERED  750d sunga

5 IR~ OLHICKR LTI, B KPR S I Bay A 100x91 | Kanto
BT RLED, EHET 06 CWIRT DRHMETLT ol 09 | SeaArea
BRFLFTEOREOHEE IS, 9 120 ix1ss o o —
Fig 1 IR d & 912, HUH - ABELE - BETIS L 20 1

o coastal st. ® seast. x SDP pt.

AR B 72 2 B AR B O J8 1012 2 U E AL E o analys.+typ. winds pt. 4 interpolation pt.
THRGEE CRG SN SDP JAEEHZ I 5P ¥ Fig. 1 Location of points where wind data are
OFFEEEH LT[R 2 km O 1-#8 (100X91 @ given in the Kanto Sea Area for estimating sea
T 1T 10 23 T LSRR L7245 B AR O B S3 AT wind distribution.
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DT —HEy N ThD, Tid SDP JEE R & YL & 3 29 b - R BLRIHLS 2 381 2 8L
ZELE OFBAFIH LT SDP JAE KA BYE L - n R BLIN A IZ BT 2B Y A A E L0, =
o E BRI Ll RS EHEET A HETH Y, R - D REBIHELC LT BAF7RFE
MERT, ZOFEOFEMITL N B0 Mo FARGMCTxEE 5 1911~1959 4ED 10 &R %3
DA RIFL N S 2 5, 2o, KT OE SO SEREITE B IS BT D LR AR Ol
#iPH (37X26 OFEIK) KT,

2.2 BURE DAL
BARHER TIEFig 214 £ 918, EFHFEE OB THEICHER T 25ER Lotk R (KfoO

I, 4Hi5) (ICBT 2RO F M ALY b 1 R&kiEe T VB Lo T 1 RERECEHET 5, A

WD RIS T TEIRRE 5 km D 4B PR

RIS T-EIME 1 km ORI =R, = ,1 200 J 400 600

ST IR 0.1 km O HA0E (KO @F])

grid
IR R 4) ERLAGA AT 3 B 673x673
FHTEH D, ANNGME T ¥ s & Ax=5km
LT, 2.1 TR X IcHERET LVEY 200 800 km
200 J 400

HLHIA ATZ NCEP B\ (1948 FELLKE) 8 2\
ITEEET VR (1947 42247 &, SDP Jal =
BN IS < B ER O 1 IR R REAE O

2 AT 5, BkET—2 o 7
0.047~1 Hz Z A5E4558I L7 20 fE, 57
— & OEBITAYE 2 20° THESHEI L
198 TH %, FHEMEITERBIERTD 3 ~ eook [z’ N
AHEEDTA~EHET S, BN GIUR i gy ek, o tamiorar
) \CHU DI T, R X |

NX— T BT )V CRMIEE L7241k Fig. 2 A nested grid used in wave hindcasting at points
7P D245, B - S5 —  along open boundary of Tokyo Bay by use of backward ray
ZFEE R HLSIZ I T D RAEF IV 2 b tracing model.
DEFILTH S,

Fig. 3 (347 1 km Tl L7z BA0E (69X 54 1257
E) Aond, KX, SMEICER T DR EICERIT A
FEstis (OH), 4 i) BIXOWhE#iA4 (@H) %5
2%, WIRHER ORFRIMIFREIL 1 4y, SDP B L Y HEE L7
RSy O AN SRR 10 > TH Y, KM 2 km O
Wi F A A2 4 RO A L C 1 km B8 L oOfE % R =
B, TN 10 SEAEE T D, SMEICEERET D85 Lo 40
THRTH, BERAMRICENT L REEET VIS L VR
L72 AR bV 1 53 ERE CTRIGAIRT 5 & & Big, 1
km & OERET A LICRIEHL TS5, £, 4 6ol
PEICEERET D BERUE 1 SIS B W TRt T s 7 A7 b
NVOFERFTH G EZR L, REHSER S TIE T mA~<7 K
IVDEE 0 & T D, Fig. 3 Grid set on Tokyo Bay used in

wave hindcasting and location name.
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2. 3 WBIERRETEET DA &

S RHAENT (21X, EAli2r 4 2 Gumbel 2047, Weibull 2345 (IR REER £=0.5~10 @ 27 FfH), FT-
O A5 A (IR k=2.5~40 @ 20 i) Ot 48 fifH L L, EFHFHEO T u vy T 4 v /KR YV 3
EABAMONAK, MBS REREOHEE % o 2 Felk, B o Ah 03 IR A i KR B FR R JE E,
FHMEER G RO DH CEARITIERER ) OHEE % jackknife {512 £ % Yamaguchi + Hatada!' 70> € 5
NERWD, ZZTIE, ZOET/VE TR censoring % 52\ 7= 4B i KAEE B O AT ICHEH 3 5,

2.4 BRHERRER

) EEE, 1911 4 (IR 44 45) 7 A BE (T11-Jul BR), @1917 4 (KIE 6 4£) 10 A 5 (T17-Oct
B, @19324 (R 74) 11 ARE (T32-Nov M), @DT3412 5 (BFHM), ©1938 4F (HHFn
134F) 9 ARJE (T38-Sep BJA), ©T4021 =, DT4108 5, @T4327 5, @T4511 =, AOT4709 = (H
2 Y —rRmE), DT4821 & (T A A Hm), @T4910 5 (X7 1 HE), GBT5202 5, WTS313 = (7
ZBE), BT5615 %, OT5811 %, AT5821 5, @®T5822 % (FFEFJIIGE), A9T5907 %=, @T5915 5

(FBERIE) D207 —AThDH, ZHABITHRFICKIT 5 &R, KBTI X 5 RBELSEHRE
E, BAARKEHSIC X 5B R 30 £, SR - mEECET 2By 2SR LT,
FHTWD, AP T TCIcEERERIFOF S (O~0, ®~B, @D 10 7y —A%FKR<) 1B
\F B BJRS A ORME A R LW DAY, A EIOBFIE TIRE & A O R & B - ITEt 3 23250 6
T AR L CH UK ZEEE L TV 5,

Table 11X 20 r—2AOREE S (FEHFOLNPMBICE T4 E A5 L7z T11-Jul, T17-Oct, T32-Nov,
T38-Sep DA G MA Gir) LIHRHEOHE (m: A, d: H, t: KL O—EERT, HWINITRE
DRBUICK L TEBITICE VI E SN D WITEERTLOLE 2525, Fig. 41320 7 —2 D
BIROREKEE A O HEILTEHEZ 5,

Table 1 List of name of wave-hindcasted typhoon and its day-period.

typhoon cal. period typhoon cal. period
name (m/d.t) | name (m/d.t)
T11-Jul | 7/25.10-7/26.06 T4821% | 9/15.09-9/17.09
T17-Oct | 9/30.08-10/01.12 T4910Y | 8/31.06-9/01.06
T32-Nov | 11/14.10-11/15.10 T5202 | 6/23.00-6/24.15
T3412" | 9/20.18-9/21.18 T5313Y | 9/24.12-9/26.12
T38-Sep | 8/31.00-9/01.08 T5615 | 9/26.00-9/27.21
T4021 | 8/26.00-8/27.18 T5811 | 7/22.10-7/23.21
T4108 | 7/22.00-7/23.23 T5821 | 9/17.14-9/18.14
T4327 | 10/02.00-10/04.00 T58229 | 9/26.00-9/27.09
T4511 8/22.00-8/23.22 T5907 | 8/12.15-8/14.15
T4709” | 9/14.09-9/16.09 T59157 | 9/26.03-9/27.16

1)Muroto, 2)Kathleen, 3)Ione, 4)Kitty, 5)Tess, 6)Kanogawa, DIsewan

z
o
Z
o
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Fig. 4 Tracks of 20 typhoons used in wave hindcasting.

3. BRMRMEERE - KEDERSTMH

3.1 R DIERAE
20 7 —=ADBEED D B & DRET—ZZHOWT, BERRE, (10 m &E) KREGE Uigne & BT,

BLORK () BE Hyo &M OZER 540 % B RO AERFRIAIC Fig. 5~Fig. 24 1252 %, &8
PRI BEAE S LT HEE (HARSORET - @il o 6 B 2L OF ), BESULOMKE, ik
JE pey BRRR ryO—EREGTe, 72721, 1932 FLIRTOREUZ DWW TOREMIX 1 B 2 ~ 3 [EIDOEE}
WCHESSBEMEIE TH S, TNHIXR L ARNZ—r D THLH DT, KXOT THOFEEOFA L
BNTIIAT DR, BEEIZ IS T 2 LR AR TR R SR IC & D8 T, BIBA R CHEE L7 #E
ENOESHICHH LTS,

32REBRANEMERKER - Ba

M1911 F (A 44 %) 7AER (T11-Jul &R) (Fig.b)

1) & B & gaokm e Dl sl e, 0

ZORBUX 1911 (G 449) 7H 19 B~ U 7 e HOE G ETHRA, NW HaIZE#ET L0
H 24 H R HE KRB ST DR 2 NE 52z UC,26 H AT 1 REEE R R @ AT s B L7z,
BEAC BT 5 EARBUAIZEIL 967.9 hPa THh 5, Z DOFF O H RO LKL 960 hPa, 5 EH-ELIE 60
km CHEE SN D, D%, HBEIZBIHHT 2 NNE J7 4T L AT 6 BRER B IR b RIS H
7o AT, B TIIRESIE 9699 hPa Z5tik LT 5, ZOEBICHED M EMA DD, BIE
M —H T OWENAE T, <, REBEROEZRE CRREMFZE 190ecm (B 1 v—7)
L 130em (B2 —72) Zidgkl, WII—# CEIRE, FEIMM, ANSEEGREDELWIEEL A&
Uz, 3B - ATHARIE, AGE O NBRFBEHEERRAKZER L & O BRI 8E I3 4 ERHC S
STV,

2) RRER - BMDOZERDH

ZOBEBUTEFE O A2 NNE FRNCHEIT L2 2 & D, BT Gl m SE D S 28T SW i
AR IR ZEAE T 2 BRIBANRIE U7z, Fe KRB ITIE S0 1 D 30 m/s 22 HIB O 37.5 m/s I\ TR E
<7pv, A SW b SIZENT 5,

N JIKESE - RADZEMADM

P B S CIEER AT T 7 m, KA O & EIEAT YT 5 m, L SSW Th 5, IBNTIE,
BH2E 3 m OERSRBIENS > TR, JIEHELCEBREOMZ S T35 mIlET D, WAL sS h
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) 400x673

- 726 ix=5km
200 0 400 km
date | lat. | Pc | 1o

3 /" md.t | (°) |hPa|km
: 7/25.15|33.1 | 980 |100
T 1—gul  * 7/25.21(34.4 | 975 | 85
j’ 7/26. 3|35.9 | 965 | 65

400 : 7/26. 9|38.1|977 | 94

Fig. b Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Tokyo Bay induced by Typhoon T11-Jul.

M) Z FRUOMZ BRIYESE C SW 5 IZ, 8 AU < O PE/IEE T SSE HANZHE <, ERNO B}y THNIE,
FEIITERDED 2.5m )6 HIRHEECHZ HFmE® 3.5 m IZATTNW FrickE< 725,

Q1917 4F (KRE6%F) 10 AR (T17-0ct 5&) (Fig.6)

1).&\@*#T$t*&ﬁé;{k;ﬂ[ls] [14]1, [16], [161, [17]

1917 % (KIE64) 9H 25 H7 4 VBV #BORGHE ETRA, 97 27 BICHERKEZ NNW 25
NNE~NE 2§z U T 29 H g RHE BT 2 i, 30 0 ACEEEA TS Bl U7, HE TR IRAE 952.3
hPa ZFidk L7=, B EUTZ D% MR 80~90 km &\ 9 iV Vil CHEA, 10 A 1 H 3 RREHFn 248 CTH
e G MW LU, b L7z, 10 A 1 H 1 K~ 3 RO 5 EE 1L AE 945 hPa, B ECEEAY 110 km
EHEHI SN D, B TILRIRSJE 952.7 hPa Z8LHI L7z, ZOBREOD, FHEHLG 6 FALHLT I
DT CRBBE R JRAARENHA LTz, & ITHARE T, MBI CAEUZBHE EF 1ML dh=2
R ERZE 230 cm &V O KA O EEIA, R OMPIHE, )12 HILF I BRI 2T TR 5%
EHlob Lo, 5EH - T H AP 1,324 A, ABEH 2,022 A, FEHE 60,000 #, 2KHEE 303,000
B, fAOuE 8,182 D RHE L /e > T 5,

2) RKER - BROZEMD A

i 10 J 20 41 20 J 40

400x673
Ax=5km
S E—

200 0 400 km

lat.
()

Pc
hPa

ro
km

9/30.15
9/30.21
10/ 1. 3
10/ 1. 9

400 £

32.0
33.6
35.8
39.5

960
960
945
975

149
120
150
250

Fig. 6 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Tokyo Bay induced by Typhoon T17-Oct.
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ZOREGEAEOFEMEZ NNE FAIZHEIT L2 £ s, BREOETE & HICEMEILSEND S %
BT SWIZZ L L, FED KR LTz, RREEITESD 30 m/s 7> HIEBR O 45 m/s ~& G LT 5,
JRENEESN T SE, & 2 BIERNICHIT T SSW~S, SSE & b4 2%, HAHECHiZE 5 1H CTlX 40 m/s
T2 DARFIR RN RIE LTV D,

I JKESE - RADZEMADM

W TBA IR T8 m, HEKEIE TS m, AL S~SSW THDH, BANTIHEONS 3 m
DEWR IR, BRIEOMEDD 4 m OFEREHEIENTENEBRICE TEL, HEMWIC 4.5 miE
IS BT 5, B S 2 HL0IZ SSE FICRM <, FEERMIO R R TIX 2.5 m 2, #Eil~HEH
BTH 2~25m T ThEL 25,

(1932 4F (BFM74F) 11 BHRA (T32-Nov &&) (Fig. 7)

1) & RS & gaskR i3 be 0

BEUE 1932 4 (BRI 74E) 11 H7HYy 7 BOM b ETHA, 12 ALY v B < 7»5 NE
FENCHEIT L, 14 HEUE O 5 LA AT, 18 BRI Eih 4 @il (AR 0%E L 945 hPa
FREE), 15 A 3FICHEMBEREZ T O T, 9RHIMIEMHA S NE FMIZE->7, B5HT 952.9 hPa, #k
+C 952.3 hPa DEARKIE A FLER LT, B THIEO LKL 945~950 hPa, =AM
80 km LHEHI S LD, ZOBEEUIHE D RIE & RKWNICE - C, BN - b7 ICE R REAKENFEE L
Too BEH - ATHARBE 235 40, A 357 4, FEHE 32,000 B, 1=RAKHKE 65,000 £, Mok 2,228
E IS

2) RKRER - BMOZEMDH

BIEIFE LB NS EREEMNZ NE FHIC#ET L2 s, BRAMPEFICA - - tE T
B ROEITIZ DIV TE N 205 NW I LT 258 E 23K LTs, RKRBEEIZESNO 45 m/s 1 HiE
1D 40 m/s, BHRILHD 30 m/s ~E BN TRMIT/NEL< 25, BAAIZNNW 25 N THDH, ZORE
BN T e B E S T2l b bT, NHEVORMAE -T2 &b, HEENTIEIRE 2
BNEAE T T,

N JKES - RADZEMAM

BAHTH A S mARE O SSW HHKIRODIBZANRHZ LD D, N T OFEE L 7= 5 BREE & Sk
LT, EEIEBRTO2m MOENF RO 3m 2% TENE RO 4 m 2@ TR L, B0 osMil
TSmIZET D, WAITEICN TH D, BN HRED 4 m Sk 2 ORI BT 2 M5 &

1115 7 400x673
900" Ax=5km
[
1150 400 km
date lat. | Pc | Iy
mdt | (°) |hPa|km

200

7 11/14
15:00 [11/14.15]32.7 | 950 | 80

] o
T32-Nov ° / 11/14.21|34.4 | 948 | 77
n 11/15. 3|35.7 |952 | 75

400 o 11/15. 9| 37.5 | 956 |108

Fig. 7 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Tokyo Bay induced by Typhoon T32-Nov.
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WX T 5,

MT13412 5 (ZEF&ER) (Fig.8)

1) & B & gaokm e bl be, o, 2]

193445 (IEF194) 9 A 13 AL v U L3kl O BE E T34, 19 Ao g sE - CHER
% NNE S [AICHE U, 20 BB 2B I8 O /e 238 L C 21 B 5 BRI @A A R 0T B L7z,
S MERT Tl HAKEIE 911.9 hPa Z Fidk L7z, Dk, HEITHEEE B 2 & T maiic i e, 9 Ry
B AT L, dukE « BALHF 2 8 CREFRICHEA 7S, BRI OARBEITEZ 28 & SEHIC X -
TEEMIZERREKEEZ L L, &I CIEEmBlc L > TREFORWELE LT, K
FETHPMETH 20 cm O FE RN AE Uz 2 EBRBRRSE TV DA, #EORBLUIH S TR,
WEITRRK TR RE <, T8 - WEHG 20, 5EH - ITHREE 3,036 4, AlEHE 14,994 4,
FEAEE 93,000 B, JRAKHLE 401,000 4, AMOHE 27,594 & LR RBUTET D,

2) ZRKERE - BROZEMD A

BEBNBCEMTIIALET S 9 H 21 H 9 RFCTHULAUE 952 hPa, & EERR 117 km, FAHRISAIE T 5
15 RECHULRUE 967 hPa, B EVCEER 165 km & 2372 0 RWEA ) k> TW e Z L h, RIEOA M
WAL T HREIZIB W TS S 205 SW T O EAREE L7, HRREGH X 25~35 m/s OEPHICH U,
BENTIEFRRE VAT 30~35m/s 2 & 0, BERO R IT T 35 m/s & & DD TR, JEAIL SSW
~S Th b,

N JKIES - RADZEMADM

W mIXB AR T 6 m, AL SSW, THEKEDAEH T45m L00/hE< 725, BATIE3Im D
P ARSI 0> BB PR L ORI E TR, BRI 45 mICET D BN O FE TIE2.5m,
FEFECIE2mBEICHE 5, HmlE S & HOIC BV C SSW~SW, 5 13T < O Pl C© SSE %
LD, HEENEERBREND 200 km DL EEENCTWA L3z, MBI L - T2 0 OFE»R4E T T
W5,

400x673
AX=5km
S E—
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date lat. | Pc | o
mdt | (°) |hPa|km
L g / 9/20.21|30.6 | 957 |110

73412 /j 9/20,21:00 9/21. 3|32.6 |920 | 82

200

9/21. 9|35.4 |952 (117
9/21.15]39.0 | 967 |165

400

Fig. 8 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Tokyo Bay induced by T3412.

(5)1938 4 (BBF1 134F) 9 AAR (T38-Sep &) (Fig.9)

1)@@4%-[&&*&;}2;{*/R[13] [14], [151, [16], [17]

1938 4E (EFN 134E) 8 A 26 HE BB DOV 51 T34, WNW~NW FicEx, 8 A 31 HEN
LB LERE N HFEICEE -, 98 1 B 1 BEENC SEE I Fle, B - 35T o PRl 4 i@ L
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TRARH 2 N Fac#T L7=0b, #E%E NNE JF 2 2 CTHAbH s & B ARHER U OISHERT L7z,
=R A B R OB JEO LR 965 hPa, BRI 105 km EHEE S5, B ClIARKE
970.9 hPa Z Gtk L7z, HBIEDREBIRIT/NE0vo 7228, LI CHRIEAIRET D & & HIC KK -
Tefzh, BEH - FUEEE - BT O HUZFE R 729 E 23 Tz, BRI T 194 em O 5 K i 75 % 7
FRLTCD, TR HIz o727, @il X o8 F T en o7z, LaL, 8RS X - TR E 2
feH Uiz, BRUBICERZENZ b 72 O3 6 B 0 R HE 130U [E b fl 2 5 1 & #8 TR B o vH il 2
NNE~NE FHAIZHETT 3 2 #8588 &, BRSO m B A2 NW 7 RIS HEAT L7 B N~NNW Al R
ZHA U CHRAUE OV 2 @i T 2R IS KB S D, 2O — R 3HRT 5 T4910 5 & [IERIC, #%E
W END, SEE - ITHAE 245 4, ABHE 1374, FREIEE 13,000 £, =RAKEE 159,000 £,
fifinglE 378 £ElZDIT 5,

2) XKER - BROZEMD

BEOREFEL Rk LT, 5REZEV 228 G AL NE 725 E, SE, SIZ&L7c, B2 =
el a N FRNCET L2 2 &, ERBEEITENIOFEET 40 m/s 8z, HFETDH 35~40 m/s
5z %, BEIAIXIEN»SERMT SE~E~NE, EHRNLBER TS 2L 5,

N JmKIKSE - KEDZEEAH

W ETEACIEEERAED 6 m 25 EEMAHI T 45 m 2725, HRIES~SSW % & 5, BNTIX
BALE TR RM O 2 m 2> SACTER OB HZEHEAT O 3.5 m I NW FRICKREL 25, HEiESmE T
BHDHAEHIL YR TIEFRO 25 m D SW HHIZHAT T45mIcKEL 25, AIENE Th 5,
20X O, REORBEFEOT-D, RO gL FEl e AL ok TR & O AR A 2 < B
%

1 200 J 400 600
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400 =

Fig. 9 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Tokyo Bay induced by T38-Sep.

(6)T4021 5 (Fig.10)
1) &R & BuRkiR
BEUE 1940 4F (BEF0 15 4) 8 H 18 AITH A /N BOVE 7 L THA, NNW S HICEREZ &1,

22 H DO RS Z#RT 23 HfMARIZ BREL7-, 20%, R CER%E NE HIMIcZx T25 H
FEWR B (HULDAUE 973 hPa), 26 AALAHESEM (HULAUE 973 hPa) Zi@EilE L7cDb, FERET
T NNE FAI2Hs U T 26 HECEHETE 26k L, 27 BAIAME (LA E 973 hPa) 7> 5 KEEEICH
T, AbHEE DR E 2l U 7o, SAREI R I ERR R IZIT VRS T 965.2 hPa, BT 977.6 hPa, L
BlEAU 7= 5T C 986.9 hPa, #k1-T989.1 hPa THH D, EFERERFORE L L CIXEERAIR Y & HEH
ENb, ZORBREOBEIILEGIL TR, KEEMHEY, TERSOKRMIE CHY OER L
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DZLThd, MBPEROEE - TTHAAFEILI9 A, ZEEFEITZI100HTH D,
2) XKER - BROZERD A
BRI H S 2B 7 (NNE J718) (CH#EITLCWD Z D, B EGEFTICRE - CRUa T R

FHINZBET 5, R EGEIZE ST 32.5 my/s, 75 10 0T 30 m/s, HURLSORRIE 72 876 7 C 25~27.5 m/s
ThHV, EFANICKREL A%, BENIEESLEE L-ZFERTS, BRICASL EBRO EFY 15
BOONIZKEEEFED VBT 5,

NEmKER - KRADZEMS

WEITBATIIBERIL Sm AL EERIFMAIT T35 mIZB U5, XSS SWEED, BAT
EBODO3SmPAHEFRT25m, BHROJLFEMT2m, LT 15m LIEIC/NSL D, HIZE A
X, BRALEMO 2 m BB OO 3.5 mIZAT TREL 25, FAbBAMER TIEALM O 1.5 m 5
KW®zm %k#éo&miﬁW®zm SEAERRATIT T WO, PE O 2m FAEAR DS 3.5 m
SEAERRAT T T E 235 NE ICZ81k 95,
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I N
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o 820 OV [g2612(336 973 | 47
74021 12:00 8/26.18 |34.4 | 973 | 51
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Fig. 10 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Tokyo Bay induced by T4021.

(&R 41085 (Fig. 11)
1) & RS & kR 03 Do nel
BIEIE 1941 4 (BBF1 16 45) 7 A 17 B~ U 7 5 B B TR AL, NNW~NW J5 (a1 T

LC7H 228 6MRCIEAbRE31° , B 1397 fFUTicE Lz, HOREIL 967 hPa TH D, BEIZZ =
D HIER A N 70 & 2 WX NNE F A2 & - THERE, Bk (22 B 21 B, H.05UE 971 hPa),
Bt (22 H 23 B, FULRJE 979 hPa) ZiE Y, Alf - BRI 7 ICHES, KRS T, AR
JEIZE IR (FERee B 05 BIEIUT) T 977.4 hPa, FEIET 980.6 hPa THh 5, Z DHEUTLE H JRJE
CER, TE, RNz E) OKRWN @, Kzl) [2Xv, BROBHENLHEEINLL Lo
ERAE U, BE - AT HARIEIL 98 4, FREMLEIL 1,000 B, 12AKBEE T 214,000 HTH Y, iyl
=4, 202,000 ha & K& 5,

2) XKER - BROZEMD A

BIEWIHE S OBEN T, ©% Y NNE HHICHET L2 L b, JAOSORZERZ LA E Ly,
B RJEGH VL VE 7 D 20 m/s 2> 6 HFD 25 m/s 5 OFPHIZH U, T BIZANIT TORRE 25, A
IZE~ESE Th 5, ABEKORFIBIZIIT HEULEIUZ ETRL 220,

NJmKER - KRADZEM S

BE BT 3 m BN IR DERET/HEW, BB T T 25 mE2 &5, AL S =L ET5,
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BNTIEIHRET 1LSm, EEPEAT2m, EAIEEBBLAE 27T, WThIZ LA, REEER O &
R & [RIERICH £ D R&E <220,

/1 200 J 400 600
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. /7/22,18:00
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200
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v Ax=5km OQTOO m 7/23. 0/36.1 |981 | 60

400 \u 7/23. 6/38.3 |987 | 96

Fig. 11 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Tokyo Bay induced by T4108.

B) B 432715 (Fig.12)
1) & B & IRt
BEUE 1943 4F (IEF0 18 4F) 9 H 28 HIZ~ VU 7 ik e O Wi L CRAE, NW HIIZ#IT L, 30
HIZIE NNW SEICEE CC 10 A 2 B 6 BRicdbfg 25° , B 138° 12 L7, FLAJEIT 953 hPa TH
%, Z I B %A N A, DV CNNE FANCHEE U C 3 H 6 REZ X\ LB #fE T 947hPa % & 1),
FEREOFMME EA2RET, 3 B 12 REERY SO BIRATIC B, TREORFEITH > THEA
Thlf, BERNZE LTz, SARBIARE X B RISV =25 T 964.3 hPa, &EIH T 965.3 hPa, H Al
T 973.0 hPa & 272 VKV, AREBBFIITRE L Y Te LA KHIC L AU ERHRE Lz, £EOE
FH - ATHARAEIL 49 4, FEILEIT 180 B, 1RAKILEIL 36,000 BLTH 5,
2) KRR - BROZERD A
B8 BRIV CIXATH O T4108 75 L FRLT 223, oA W ORI A L > T\ b, L,
B REGH 3 H T OVERIT 20 m/s, HEIT22.5 m/s TH Y, EFANZANT TRORKRE L b, —5,
AL SW A E/2 e L, MRTW ALy, T4108 SHiE& 90° LI R 5,

400x673
Ax=5km

10/3
196, 0 400 km

date lat. | Pc | Iy

200

10/3,6:00 mdt | (°) |hPa|km

10/ 3. 0301953 | 50 -
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Y 105000 §
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Fig. 12 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Tokyo Bay induced by T4327.
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A JEAKES - KREADZEM A

BATITER D 4 m EEEAIEDD A, FHEAHE IS 25 mBETH D5, HEnL SSW 7
HSEAx L%, BNTIEMARETCHESIL1Sm, BHET2m & NEFIIZHITTREL DM, BR
OILFFETH 2.5 mIZIFTFE L2V, FIANXFEEHO S 22 BALHER D SWIE{LT 5,

(914511 & (Fig. 13)

1) & B & IRt

BEIE 1945 4F (BEF0 20 4F) 8 A 20 HEE~ U 7 58 B ALvayEE CH4E, N HH, DUV T NNE
MICHETT LC, 22 A 6 IRpdbii 32° , SRR 143° fhilTlic#E L7z, 20 L EOH.OXEIL 985hPa Th 5,
W THBUTET A N, T CICNW IZER L, R =S4T 23 H 6 Rty
JEVEEICE L, ZORFOHLREX 1000 hPa & AR D X TS, FIRBLHISE IR T
978.4 hPa, FEIET 986.9 hPa TH 5, B EUTHMEDIZNER —HICHEZE- 7228, WEORILITHA M
TR,

2) RKRER - BMOZEMDH

e KRB IZHFUE OB T 35 m/s, BHRAHMOENET30m/s, EHAT30ms &8> TNDHD
T, ESIIZENT T D OFREL B AEEN TRZE LTV 5, EAIELNNE 725 NNW & 25 W) E NW
ENFYDORY &> TN 5D,

A mKES - RADZEMHDH

WEIXESN T 25~3 m, AL SW 2 &5, BNTIRERILEEDO 1.5 m 2 OEHFRO 3 mIZKE
K785, WRIENFD 212, £/, BHRUEME T 3 m kA RFICHEA 225, MEMTIE2.5m
WA B, RN, BT HIE, EHFRICEEmBPCCHE KT S, HIAIEN THHA, PIHZEUEST
T S JFf &R,

, 1 200 J 400 _ 600
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Fig. 13 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Tokyo Bay induced by T4511.

(10)T4709 5 (A RY—2ER) (Fig 14)
1) & B & gaokm e Dol el e, 0]

BT 1947 45 (BRI 22 45) 9 A 8 HiC~ VU 7m0 a i ETRAE, W, WNW Jaic T
LT 12 HAEf&E 207 , AR 1367 LD G, #HKA N, NNE FAIC & Y 15 H 3Rt /5 0 5
W EICE L7, FLRIEIZ 970 hPa Th 5, ABREIXZE D% NE HICH#ERZ L 0, 15 H 22 FEEER
Felg & T D T = RIS o 7o, FLREIEEE - IRIC B 572 16 H 3T 990 hPa & 7272 W B2 T 5,
FARBLA U 135 BV 1TV K S T 986.6 hPa, E I T 989.0 hPa Th 5, ABEUTRE LY bieL
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A il 2 A U C BT 2 O AL G IS CTRAE 2B L, TORER, REHOKRKEFENBE R
157 & AL THA Lo, REOEE - 175 ARAE 1,910 44, FEHKE 9,300 B, =KHEE 385,000
HIZDIED,

2) XRKER - BROZEMD A

HBIIARB RO LM A 5 72O T, JBUAE R 7 022 b U 72, FeoRJBGER I B C 20 ms,
BOTI15m/s, BIEINTY THY, BULHR< e,

A mKESE - RADZEMAH
WEIIEASERO—EHT4m TH Y, HEAKEMIT2mIZ/NEL s, EaxS x5, AT
IR CIm, BHENSHEFEEEETISm EBOT2mIZR5, HANIE TR I EE{#HI<TNE T
HHMN, BRTITE~N~NW L AWHEHAZ LD, WTUC LA, lEidhEn,
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Fig. 14 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Tokyo Bay induced by T4709.

ADT821 B (FA4A2ER) (Fig. 15)

1)@@*#1&&*&'%4*/R“3] [16], [18]1, [22]

1948 42 (WA 23 4F) 9 H 7 H~—3 ¥ VRl H ORGSR CHR A, T Mm% W 7, DWW TNW
HENZE v, 15 3 3RFEICE KRB OB il EICE Lz, 20 L Z0FLKET 940hPa TH D, A
FUXZDZAbE %2 N HAICZEZ 16 H 3 KB4 T NE H1ICHs UC 16 HRERFETHERO
B (BRI EAREEOMIC EREEL, FeE 20, shrrhios b RIS TR - JbiE
DG Z i U7, FARBIHIKEIZRE S CAERIR) T 948.3 hPa, K& T 943.0 hPa, EIli 959.8 hPa
(THERAE LT 958.1 hPa), BAIET 966.7 hPa, H U T 971.9hPa, #k1 T 963.5 hPa Th 5, HEDILE
ATz o o TR Z PO HERZRRAKEDR, AFREPOLICTERR & &SR TEWNIC K SRR
D+ - POKSEERA T, 1949 48 (HEFN 24 4F) oAb )1 EFESUEFH R O KiE 22 0E & 1950 4 (F
125 4E) OETREBIEORIE « AMIZORN -T2, KERREOIEH - 175 RHHE L 838 4, A%
F1X 1,956 44, FEBLTEIL 18,000 B, =AKPETEIL 120,000 HIZDIX D,

2) XKER - BROZEMDH

BIRITHEE O 17 S AR EAHTZ NE FRICHEITLTWD Z &b, KEEEY oEm %z o
FEG R 72D SN TWD, e REMEIE NW-SE FZ K& <720, HAEEOPE T 30~35 m/s,
BT 40 m/s B DIEE & 5 BAEIEN S W EZZRICZE L, & < ITEATIE W 273, T4821
FIEZNIC L o THALH G 2 FICERTOWAKKEFEL b LR E L TE<HLATWD 2, K|
RBORECHT-2 TERIBETIEIN R OmEZ BB SETW5,
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N JKESE - RADZEMDM

WEITEAEE RO —ET 9 m, FEME T35 m EEDICESICOoNTART 5, WAL s »
5SW THh D, BT EIZALEEHED 25 m B HED 3m, EHEAED 35m Z@iTTREL A
Do WHIEZNW &I W & &5, ZHUTZ olEkics T 2 MERESICHYT 5, £z
VT < DN ZEPRAFUTPREE D I A T H %A S~SE O 2.5 m I Eik RN A 55, A ORI mE I
3mAEEDHN, NFD ESHDOWRMNMEAETDHZ L5, ZERICIEI0° LD mOENB LA
N
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Fig. 15 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Tokyo Bay induced by T4821.

(12)T4910 5 (T« &ER) (Fig. 16)

1) & B & g aokm i, Dl Dl o, 23]

1949 4= (WFFn 24 4F) 8 H 28 H S H OB T THEUIHE, NW FHIZH#EIT L TR R DO E T 200
kmIZFEL-OL, FFE#EBOWE %2 NNW FRIZHEIT LT, 31 B 17 RFEREEOREND 19 B
FZS )RR O H G IZ ERE L, REAY, MR Z @i L C HARUEIZ ST 72, M8 TR IEAUE 966.2 hPa

Zalgk L7, BREREACHLLRJE 960 hPa, HECERE 70 km SHERIS LD, 2 OHEIL T38-Sep /R &
E%K,ﬁﬁ@@ﬁM%Nmevﬁﬁmﬁﬁbf,ﬁﬁ@mﬁﬁ%ﬁ%%t%#%%%&otoﬁ
2 JERE X B M 5 2 HOIS KRR K 2 Bkt & ofalds K OVENC X 29 E RN AEICAE Ue, T
bbb, HAECIXEREE CTRAMBIRZ 140 cm #5086k L, Lﬂ%DHLL#W&ﬁ@ﬁﬁéﬁott
DIZ, HEE WIS EIC L D KRB KKELZ AT, MRS CIIERRIIREL 726 L,
FEFE - ATHRAE 160 4, AGE 479 4, FEHFE 17,000 B, =RAKEE 144,000 B, Ao 2,755
ELhoTWWA,

2) XKERE - BROZE/MD

HEUE T38-Sep Bl & [RIARIC, HAUBEOVEM ((FEE) % N~NNW FRICHEIT L2 &0,
RefE] O & & B IZ AL SE 25 S~SSW IZZ1k L7z, S KB XIS C 35 my/s, BN TRMI D 32.5
~35 m/s 7S AR 27.5~30 m/s (A TR T L, k<uéifiﬁﬁﬁﬁ HExEZ LD, HE
D 32.5m/s B HEFED 27.5 m/s L FIZ/NE < 225, JBAIEESN TS, BN TrEMIO S~SSE 7 G5B O
SE Jital~& et s 213 %,

NEmKEE - KRADZEM S

WEITIBA T 5~Tm, WAL S 25 SW, BN TIE 3 m S iR A RS ITHEA Y, BRI A
SN AT T 4mikAER D, HEdssieas ThoH, FEMESTIE3ImMS 2m AT T

55



INEL T2 D, WL S 2B SW F MK, EF-MIEFmOEEETIEI3Im2625maE & 5, N
1% SE SN T D, T4910 BHFIC I3 i i KB oD 5 B L 0 PERIIC 8 L T\ 5, [F Ui
18T NE % & % T38-Sep & I D i DAk & &< B b,

200 J

400

600

T

date
md.t

lat.
()

Pc
hPa

ro
km

8/31. 9
8/31.15
8/31.21
9 1.3

32.7
34.4
35.8
38.8

950
950
975

978

64
62
75
93

200
8/31,15:00
. §/31,9:00

400x673 *
* Ax=5km

400

Fig. 16 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Tokyo Bay induced by T4910.

(13)T5202 & (Fig. 17)
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I ERELT-, 229N T, BEUKEREEREEE 223 23 B 20 RREEA WAL (LA E 976 hPa)
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WRENZL OGP CHRE Lz, REOEE « ITHRAEIL 1354, FEEFIL 400 B, =AKHEEZ
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Fig. 17 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Tokyo Bay induced by T5202.
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(14)T5313 8 (7RERA) (Fig. 18)
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A mKES - RADZEMHD
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Fig. 18 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Tokyo Bay induced by T5313.

(15)T5615 & (Fig. 19)
1) & BRI EHSRR T 10
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Fig. 19 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Tokyo Bay induced by T5615.

(16)T5811 5 (Fig. 20)
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Fig. 20 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Tokyo Bay induced by T5811.
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(17)75821 & (Fig.21)
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BEIFBANER O —HT10m & & 523, HEKEATOEHEIPAET 3.5 m 22T 5, Rk s
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Fig. 21 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Tokyo Bay induced by T5821.

(18)T5822 5 (FEFIIER) (Fig. 22)
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KT B Z DN BB T WG 2 NE FIIZET Lo, fREGE O B A35 135 RO H0 A3 )
FBOVE R & @i L7 T5821 B35 L ONT5822 5 & Va0 /b LB 7= 35T % @it L 7= TS811 5 Th»
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Fig. 22 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Tokyo Bay induced by T5822.

(19) 15907 5 (Fig. 23)
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Fig. 23 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Tokyo Bay induced by T5907.

61
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(20) T5915 & (F2EER) (Fig. 24)
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OMTHAIT SW J71al, FEPEMIC SE FIMH < . W TORE &I EEREZ K U CRIRED b AL+
(2T C NW~NNW iz k&< 725,

1 J ‘ 690
400x673
= Ax=5km
I R

200 0 400 km
- date lat. | Pc | Iy

. mdt | (°) |hPa|km

" 19/26’15'00 9/26. 9|29.7 1920 | 54

’ 9/26.15|32.0 1920 | 59

75915 19/26’9'00 9/26.2135.0 1940 | 63

400 E 9/27. 3138.9 1965 | 98

Fig. 24 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Tokyo Bay induced by T5915.
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. ) return wind speed U}y, ~ in Tokyo Bay.
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Fig. 25 Largest wind speed U, * and
its wind direction during the year period

of 1911 - 2005 in Tokyo Bay.
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Fig. 27 100-year return wind speed Ujgi%) and percentage expression of

its variation coefficient (standard deviation U ;2168(51/3) divided by 100-year
return wind speed) (U ;0351/3 / Usool (1)/53 )><102 estimated using the annual

maximum data of the year period of 1932 - 2005 in Tokyo Bay.
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1921~2005 FEDE KA b — AITEE 5 FBE D
JAGE & I B OB D HEE

Estimating Extremes of Wind Speeds and Wave Heights Generated by
Intense Storms during the 1921-2005 Year Period in Ise Bay

RTERE® - IS - K % - By

Masataka YAMAGUCHI*, Yoshio HATADA * *,
Manabu OHFUKU ™ ** and Hirokazu NONAKA ***

Shallow water wave hindcasting under the SDP measurement data-based wind condition is conducted for

each of the 14-selected typhoons during the year period of 1921-1972 in Ise Bay, and spatial distributions of the

maximum values of wind speed and wave height during a typhoon in the bay are discussed typhoon by typhoon.

A gross finding is that the intensities of winds and waves depend strongly on the typhoon’s characteristics such

as its course and strength. Extreme value analyses are made using the annual maximum data samples of wind

speed and wave height combined with those during the year period of 1961-2005. Maximum of the estimated

100-year return wind speed may be around 45 m/s in the bay. Also, maximum of the 100-year return wave

height may be at most 6.5 m in the inner bay areas of the bay, while a much greater value of 15 m is obtained in

the outer areas of the bay exposed to open sea.

Key Words ; Ise Bay, wind speed, wave height, intense storms, year period of 1921-2005, the largest values and

100-year return values
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RA) BRAFGANTE 2 BB T CTh D, ANFEET DM ERGAE LT, 2.1 THRRIZLIHICH
JEE /LA A HLD5A A 72 NCEP Jal (1948 4ELIKE) & %\
BEGETVE (1947 LART) &, SDP EVEBHI IS < NI
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g EE o 1 EFEERED 2 EA2#FE AT 5, BikET —# 1 T T
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Yokkaichi Nagoya 80x 77

OE%IE 0.047~1 Hz Z ARS8 Lz 20, T —% D Ax=1km
b 1 AT o e /N . N . 20+ Chita Penin.
T YmA 200 TESE L 19 ETH D, FHEYIM Mikawa Bay

HHEREERMO3~4BEEDTA~5H LT D, - TsUf10
O P BIE TSI I T IR CTIE, PR 40 ‘l

JU X — % Bl 7OV TR U 7oA TRk ok ~r

WA 2, JEEE - HiT — 2 I3RS D IR 60}

B b O LA L TH 5, Fig 3 134K | km T I 5

WL 7= (AL (80X 77 (4% AR, BICIE, SME g ohcé""’ S

W DB BRI TR AR R s (OF), 5 Hits)

BLOWESES (@) 2525, WIRHEFOFEMMM  Fig. 3 Grid set on Ise Bay used in wave

1L 1%, SDP A X Y #HEE L7t LRy A O A J)ReHI#REIE hindcasting and location name.
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103 CTd v, #&FIE 2 km O LRSS 2 4 5O 1 KA LT 1 km & /8 Loz kD, Zan
10 3 OMARZE & 5, SMEICHRT 2R Lo+ R T, BER S HAICENT 1 /T T VIC
FOFRLIEHMARY MvE 1 R CRIBHFT 2 & &I, 1km Z & OB 8 _EICHIEAH
MILTHERD, £, INRICHER T 28/ T RIS W T G RIS T AT b O FEafi &
ZERL, BEMBIAMS TIIH AR FAOfEZ 0 &5,

2. 3 WBIEMRET R DA A

S RHAENT (21X, A2y 46 2 Gumbel 7047, Weibull 2345 (IR REER £=0.5~10 @ 27 FfH), FT-
O A5 A (IR REER k=2.5~40 @ 20 fiid) Ot 48 flifH L L, EFHFHEO T u vy T 4 v /KR Y v 3
YERAMWBION, (@R e REREOHEE % f/h 2 Feik, B oA OFIR % I KA B LR AR AL v,
FHMEERG RO DH CEARITIERER ) OHEE % jackknife {512 £ % Yamaguchi + Hatada!'®'o> & 5
NERWD, ZZTIE, ZOET/VE TR censoring % 52 1 7= AR i KAEE B O AT ICHEH 3 5,

2.4 BRHERRER

®EEEE, O1921 4F (KIE 104) 9 AHRE (T21-Sep BJE), @T3412 %5 (EjHE), @T5028
B (YVo—rHR), @T5202 5, @T5313 5 (FAHM), ©T5415 5 (RAsRALEE), @T5526 &,
@T5615 7, @T5817 &, 05821 %, AT5915 5 (FEERE), @T6016 %, BT6118 75 (H2=F
BE), WT7220 5, ® 147 —AThb, ZNDHIEFATEICEKT S ERATLE, K[ETICL DR
KGRt E, BARRHEIC X 56K 30 44EY, B - mikEIciy 2 Ep e rzs
BLTROEZLOTH S, LN b TicEE LA (O, @, @, ®, @, ®, WD 77—2A)
DOPEEIZ BT D1 LA ORMEZ #im L TV 508, A RIOWFZE Tk @ /A O Rk & B - (et
THNMEN LY T BRI LCHR UK AZREE L TW5D, 72 T6118 53 LU T7220 BHFDfE
S5AE L, 1HABED s —Z X0 EE LW SDP JAE R Z AW THEEZLOEEMA LTV 5D,

Table 11% 14 r—2AOERE T4 (FEHEOLPMAICE S %5 L1z T21-Sep BEAE FTe) &R
HEOWIME (m: A, d: B, t: BZ) o—EE2rd, MIMNIIFFEDBEICK L TRETITE DA
HENT4FHH D WVITEERTLOLRIE 525, Fig. 41314 77— 2D B ROREKEEHE L TORT,

Table 1 List of name of wave-hindcasted typhoon and its day-period.

typhoon cal. period typhoon cal. period
No. No.
name (m/d.t) name (m/d.t)

@D | T21-Sep | 9/25.06-9/26.06 T5615 | 9/26.00-9/27.21
®@ | 13412" | 9/20.16-9/21.12 | @ | T5817 | 8/24.09-8/26.09
® | T5028” | 9/03.00-9/03.21 T5821 | 9/17.00-9/18.21
@ | T5202 | 6/23.00-6/24.15 | @ | T5915” | 9/26.01-9/27.12
® | T5313” | 9/25.03-9/26.03 | @ | T6016 | 8/29.04-8/30.04
® | T5415Y | 9/25.00-9/26.22 | @ | T6118% | 9/15.00-9/16.20
@ | T5526 | 10/19.09-10/21.02 T7220 | 9/16.00-9/17.23

1)Muroto, 2)Jane, 3')Tess, 4)Toh—ya-maru, 5)Isewan, 9Daini-muroto
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Fig. 4 Tracks of 14 typhoons used in wave hindcasting.

3. BRMRMEERE - KEDERSTMH
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BELORK () BE Hyo &M OZER 540 % B RO AERFNRIAIC Fig. 5~Fig. 18 1252 %, A
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JE pe, B roO—EERKEEGTe, 72720, 192149 HOHBE (T21-Sep BJE) 12OV TOREIT 1
H2~3EIOERNIESSEMBEHETH L, TNOERALAAZ—DORTHLDT, KILITBITD
B DR EDOFHHNTERNATAT D220,

32 E~ZDERFEERKER - BES

(1921 & (KE1045) 9 ARRE (T21-Sep &&) (Fig.5)

1) &R & gaskip e, 2o @2 2]
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7oo ZOBEBRHZITTHE - PEMF CRRAARE T, ZERBLOEBEHE > T, ZRBEENK
Bog R CA Uls, REONOIEIRSEE - 4T AW 852 4, AlGH 187 4, FRERILE 12,500
B, IRAKBRE 25,900 B, MAAELE 200 PN OIE B, BRIV T4 R O N s K OB A
ITTIRARNBEIZL L, FE - ATHARIE 204, AEH 174, (ETHFE 1,000 B, ZAKEE 2,800 4,
AR 55 UL L& WO IR TH V0, BhER - 3 - SR OMEES KIEN A b, ZHIR
T HIR/RPEE 3,000 B, fnAApEE 100 L0 Z & TH D,

2) XKER - BROZEMD A

g Al B L7 2 o R RRHCIE, GHEIEERAHREMICA>7-0 T, Am SE 225 S DM
Rk L7z, FeRIEGEITIEAND 325 m/s 2> HIERO 40 m/s ([T THEINL, BEXLVPETREY, =
5T b AT 30~35 m/s OFHICH D, BIEIL S~SSE Th D, BT 5, fHEKR TR O
JAAIRE L TV D,

A JEKEKS - RADZEM DA

WENZEIL T 9~10 m, AL SSW~S, EHNTIHE D 5 m BSOS ME 5O ET S
& HIZAm OFWESHPER E TOILNFIFEZ B, ARSI S miEEIRR A b D, BT
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Fig. b Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Ise Bay induced by T21-Sep.

2)13412 5 (ZEF&R) (Fig.6)

1)@@##T$&*&ﬁé;{k;ﬂ[ﬂ] [191, [201, [23], [25]

1934 4 (BBF194F) 9 A 21 HEMRAERINTIC Bl L, RIS 2R T IC i EREtk, bk - 1
b5 % @i L2 Z OBE KRB REIZ L - T, KBKE OIS FEEEC @l fE 5 ZERiie st O K SEENAE
Uiz, S CHMBENKE L, WINO EFRH O, @i o R A3 %5 5 R 2% C
W22, HE LTI L 1R BT A RETIZE LA LR Lot D2 L TH D, Fam
W ZHERIZT HHEITEE 10 4, AGE 994, FEMKE 2,400 B, MngkE 127 £L 72> T
6[20]0

2) RKER - BROZEMD A

BRI PRI LB RO AREHIZA> 72D T, JAAA SE D S, SW A (LA LTz, H A
BB BN E BT K O8I T 35~37.5 m/s (40 m/s LLF) &5 %, DT NITERNOVERE X
O =B ORMT 35 m/is LN OfEE & %, Anidissierias Th b,

N JKEKSE - RADZEMAM

WEITBNOERMI T3 mUE, BOT6~TmAE &V, HHIESSW D S THDH, BHNTIT,

1 200 J 400 600

N 73412
- 2008 1t 4{ Uromex = 20m/s

200 0 400 km 20k
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Fig. 6 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Ise Bay induced by T3412.
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BO2D 4 m OFEHEEHRS N FANIERZFEBITEL TV D, EES & H012 SSW~SSE % &
Do Fiz, 4 mERERAE PR DLBRICIEN Y, BALHEN T 4.5 m O ER Y 2 < B H
BT 5, WX SED D S TH D, IBHNOMEHITHEIX2~3m, WAL SSE % & 5, =I5 T3
AOT4m, HAREECT3m, MMAIT2m 2525, FEEIELSW FANCME <, T3412 5 (B HE) K
I EIFBIMC BN TR D REW—T, BN TIERE W EITWZRKEOMEE R L TR,

(3)T5028 & (> z—v&RA) (Fig. 7)
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Fig. 7 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Ise Bay induced by T5028.

(4)T5202 & (Fig.8)
1) 4 RS & sk p . no. 128
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2) XKER - BROZEFD A
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Fig. 8 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Ise Bay induced by T5202.

(B)T8313 8 (FRAER) (Fig.9)
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Fig. 9 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Ise Bay induced by T5313.

(6)T5415 5 (RfFAERE) (Fig. 10)
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Fig. 10 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Ise Bay induced by T5415.

(7)75526 & (Fig. 11)

1) & B & IR

1955 4 (BAFN 30 4F) 10 A 17 H 15 Redbii 22° , B 125° L CTHEE U CTHERR S 717 51
N OARBEIT 18 H QBFE NW FHaliZm & 2 E 2 T F £iEA, 20 A 12 BrEFHK LR ma AT
EREL7Z, FORIET 985 hPa TH D, D%, HEUL 14 FFEA dTEMAIEZ, 18 ReE B A7 I6H
R TR IR D ORI 7o, S IR AUE 13 C 986.3 hPa, J24 T 986.6 hPa, #H#:C 987.3 hPa,
£ R T 989.7hPa & &b E VKL Zavy, DUE « UT s 7 o mP ER LU O 4 M 5 1 X 2RI IC 2 £ 72723,
HIRELL T OB BBRECHERR O 720, #EIRREcH - 72,

2) XKERE - BROZE/MD

BRI, BEFLAA TEOILERAZ NE JFEIZ#@iE L Tnd &) BERT, T5915 5 (f
BIEER) ORREEEPT 5, RREGEIZFEE OB SENICH T TOIEWEPHR L O =E o
AR T 325 m/s 82 5, BUH 30 m/s BT FFENE D18 70 —F & =15 O b va s 2 B < HEE &
SEOIRIERIEAE S, AAIIES L SWE TS, B BENTSE Th b,

A JKEKR - KRADOEMHH

WEIXEATom A D Sm, WHANESSW 225 S TH5H, ENTIT 4m ik (S Ntk
T D L L BT, MEBEEHEL LI IICBIITIZE TIERS, HEhix SE Th D, mrEll

/1 200 J 400 T 600
®  400x673
Ax=5km
- I
10/20
1920 0400 km

200

date lat. | Pc | Iy
mdt | (°) |hPa|km
10/20. 3|30.6 | 995 |107

/ 10/20,9:00

T5526 ot

n// 10/20,3:00 10/20. 9|32.8 | 985 |106
10/20.15 | 35.7 | 990 |146
400 / 10/20.21 | 38.4 | 995 | 186

Fig. 11 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Ise Bay induced by T5526.
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Fig. 12 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Ise Bay induced by T5615.
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Fig. 13 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Ise Bay induced by T5817.

(10075821 5 (Fig.14)
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Fig. 14 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Ise Bay induced by T5821.

(1115916 5 (EEER) (Fig. 15)
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Fig. 15 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Ise Bay induced by T5915.
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Fig. 16 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Ise Bay induced by T6016.
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Fig. 17 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Ise Bay induced by T6118.
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Fig. 18 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in Ise Bay induced by T7220.
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Estimating Storm-Generated Winds and Waves and their Extremes in the
Seto Inland Sea during the 1961-2005 Year Period

RTERE® - IS - K % - By

Masataka YAMAGUCHI*, Yoshio HATADA * *,
Manabu OHFUKU ™ ** and Hirokazu NONAKA ™ **

The first part of this paper discusses accuracy of hindcasts of storm-generated sea surface winds and wave
heights in the Seto Inland Sea by comparison with their measurement data. Time-space variations of sea surface
winds were derived from the land-based measurement winds called SDP winds at the official meteorological
observatories. Then using them as an input condition, shallow water wave hindcastings in 3 sub-areas of the
Inland Sea were conducted for each of around 200 storms such as typhoons and depressions selected in from the
1961-2005 year period. The comparison is made using not only the time records of winds and wave heights and
their maximum values during a storm but also the frequency distributions of the error indices defined for
individual time record of winds or waves. Results reveal that the hindcastings yield reasonable estimates for
both winds and wave heights. The second part discusses spatial distributions of the maximum wind speed and
the maximum wave height during typhoons hindcasted in 15 representative cases. Each distribution reflects the
typhoon characteristics such as its course and strength. The third part investigates spatial distributions of the
largest wind speed and wave height in the past 45 years and the 50-year return wind speed and wave height. A

rough summary of the results is that their magnitudes are strongly local area-dependent.

Key Words ; The Seto Inland Sea, typhoons and depressions, 1961-2005 year period, sea wind estimation, wave

hindcasting, wind speed and wave height, extreme statistics
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Fig. 3 Comparison between hindcast and measurement for time variations of winds and waves at measurement

stations in the Seto Inland Sea (2).
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Fig. 7 Histograms of 7 error indices for wind speeds and wind directions at sea stations in Western area of the
Seto Inland Sea.
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Fig. 8 Histograms of 7 error indices for wind speeds and wind directions at sea stations in Eastern area of the
Seto Inland Sea.

Table 1 Mean, standard deviation and range-limited occurrence rate for each of winds-related 7 error indices

at sea and coastal stations(stns.) in Western, Middle, Eastern areas of the Seto Inland Sea (1.S.) .

Seto oy x 107 a,, x10 G, x10° U,,. x10°
stns. N

LS. m | o |y |m o |y |m| o |y |m o |y
West. sea 67 |76 | 13| 57| 101 | 12 | 49| 28 6 63| 112 | 14| 51
coast | 358 | 70 | 13 | 38 | 97 | 11 | 62 | 31 7143] 102 | 14 | 68
Middle | coast | 278 | 74 | 12 | 51| 97 | 10 | 65|26 | 6 | 74| 103 | 15| 66
East. sea 253 |83 | 11 | 80| 96| 11 | 61 | 26 7174101 | 13 | 75

coast | 215 | 76 | 12 | 56 | 97 | 12 | 56 | 29 654|106 | 15| 60

condition 7 (>75) 7(90~110) 7(<30) 7(85~115)
Seto p, x107 a,, x 10 G, x10°
LS. R m | o |y |m o |y |m|o |y
West. sea 67 | 90 8138|102 | 13|70 |27 8| 49
coast | 358 | 95 41561 99 7187 |28 7 | 40
Middle | coast | 278 | 95 5171 98 7|84 | 24 6 | 61
East. |sea |253|94| 7|67|101| 78 |25| 8|56
coast [ 215 |96 | 4| 71| 99| 5[93|21| 676
condition 7 (>95) 7(90~110) 7(<25)
DVWT, Fig 9 [XWEEMEHEO 14 B AU 2R (7 — 2450 358), Fig. 10 (X o
12 I B AU S T DGR (7 —2%278), Fig. 114 iﬁﬁmﬁfg/m 10 IR B A 1T DR (O
— A 215) ART, HRMAEITNT O T H 270 2y, WA, PEEER O IR a0 LR

R (Z2), kbR A, JUETEE, B, s (), S (%ié‘), KB (), Koy (%2),
FES (Z2), TR (), Bt &), SgEm, NE 1), FEPEE () O 4R TH L,

(2 FET IFEERT, K 3ATR, W @R RIS, (22 I3EEE R 5, TENER O R R
A3oN R O, Wi &), FEE (b—x—), Kl (), @il (F5n, #Ek @), &

-
—
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Fig. 9 Histograms of 7 error indices for wind speeds and wind directions at coastal stations in Western area of

the Seto Inland Sea.
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Fig. 10 Histograms of 7 error indices for wind speeds and wind directions at coastal stations in Middle area of

the Seto Inland Sea.
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Fig. 11 Histograms of 7 error indices for wind speeds and wind directions at coastal stations in Eastern area of

the Seto Inland Sea.
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HERVEE O IR FE LS. (Middle coast) 36 KX OVHEBMEE O VR FE R (East. coast) (Z351) 2 B3 EHEIE O
Wﬁ,%ﬁﬁ%,m&$@~%%5zfxw,:m%#%%iﬁ@%@#azéo
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Fig. 12 Histograms of 4 error indices for wave heights at measurement stations in Western area of the Seto

Inland Sea.
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Fig. 13 Histograms of 4 error indices for wave heights at measurement stations in Eastern area of the Seto
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woRY . ABLE ay, OFIME 1.09 23RS KO ITHER B & BB S K0 SN 9 % REVH DD,
BRI p, 1373720 11T, 2 RPHFEHRIRAEG, © 04U FTEHRE LHD D, FHBIEy $ 0.7
AR D, £, RREEICE L CHEENBIMELY 4 % KREVWRETH L, i OFBEEOR
WD, HEEEIZ 30 T b TR & AR ICHERL I = B S 2 L D2 BmIChH D o0, i
B ORINIFTHIHEOFMER LY BIFTH Y, RREEITRT 2 FHR R FEME B 20 EHEH S
%, Table 2 1341 @A HEIE OB A O — B % Pk & Sk Ic DWW CTE & 0 ThH 2 %,

728, py>0.7, a,,=0.8~12 1> &5,<0.35 DD H & T p,>0.7, a,,=0.8~1.2, &,<0.35, U, =0.75
~1.25 DA GA % FIR NG 729 — A O FNG T NI 01 1T 70 %36 L OVA R T 44 %,
AINHESSR] OD YR FE RS DU TP T 34 %, BB T 53 %, HEVEEIT 51 % TH L0, ks
U T3 LR OHEERE R R ROREE L)o@ 2 &0, IR RIS DV TR & HifEsic
BT DN IR B 2 EELZ EEbd 2 RN meansd, £72, EREICELT
Py >0.75, a,,; =0.7~13, &,<0.5, H,, =0.6~1.4 OFFME %2R 7-9 4 — 2B OB (L7055
BT 47 %, REBHEET 80 % TH D Z &#E HERHEIAT 36 1T 2 I i D HETE R FE 28 TR A TR
MICB T2 b0 AERREICLEDDEEX LD,

Table 2 Mean, standard deviation and range-limited occurrence rate for each of wave heights-related 4 error

indices at sea and coastal stations in Western, Middle, Eastern areas of the Seto Inland Sea (I.S.) .

Seto | 0, x10° ay, <10 Gy x10° H, x10

1.S. m | o |y |m o |y |m | o |y |m o |y
West. 112 78 | 12| 51| 107 | 16 | 70 | 37 | 10 | 63 | 109 | 17 | 70
East. 258 85 | 10 | 78 | 109 | 13 | 74 | 34 9174|104 | 17 | 72

condition 7 (>80) 7(80~120) 7 (<40) 7(80~120)

4 KREEBRORKEZEEZKXESDZERSH

41 REREROHE

T 2 CIE 3 CURGE - R & D RESR AN 6f
Lfﬁ@ﬁk@%ﬁ%ﬁokﬁ@&8%$bm
BIRDRREELET) & BRI AN TR R
R L7, Table 3 1Ixt4E H@KQWBIJ*%%T
T, LT TIEE BRI OV TRRE, (10 m &)
B RKEGE U, &R DOZER 540, K (B#%)
W15 Hpx & BRI D ZER 0 A 2 5 2 % RRBEIXIT
i, REEREE LCHEE, PLOORKE, FOR
JE pe 36 LB B g 2 e, & BKILIE UHLE
DN HRER SN D DT, KAXIZBITHHOH
HEAMET 5, BITRAIZ 3z >WThl %
DOEBRFFOFER, SV T 3R U EE O
Retgili+ 2,

Table 3 Name of representative typhoons with day

period where wave hindcastings were conducted.

typ. period | typ. period
name m/d-m/d | name m/d-m/d
T6515% | 8/5-8/6 T9313" | 9/3-9/4
T7009" | 8/14-8/15 | T9810° | 10/16-10/18
T7010" | 8/20-8/22 | T9918* | 9/23-9/24
T7119" | 8/4-8/5 T0310° | 8/8-8/9
T7416° | 8/31-9/1 | T0416 | 8/29-8/30
T8013 | 9/10-9/11 | T0418" | 9/6-9/7
T8219° | 9/24-9/25 | T0514" | 9/4-9/6
TI119™ | 9/26-9/27
a : Western area, b : Middle area, ¢ : Eastern area
* : Whole area (a, b, ¢)
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4.2 BEAERARRARREZRKKEDERD M

(1)T6515 5 (Fig. 14)

1) & BB & HERin -0

BEIE 1965 4= (IR 40 4F) 7 A 24 AL 7° AR CTIAE, WNW FEICHETE, 25 0 9 KRFbg
bk 22° ©7 ¢ VG ECHER A NNW FICE X, 8 A4 H 9 KRR SR RO < w1l
W L7 (BLARUJE 965 hPa), =D, NNE FMICH#EA, 5 H 4 FFEEEX KSR HER (P Oo5E
950 hPa) % #%C 6 H 4 BEAEAIRAEMITIC B, 6 0 9K Eh#E (F.O%)E 960 hPa) Z & T HA
WplZ i Lo, RARBIINAUE T RSy T 976.5 hPa, TEAT 976.7 hPa, BHJFT 973.9 hPa, JA/S T 984.3hPa
&, W N LR OB HLRIZ BV T 23 e DRV, BEUSHE S KR & RIS L o TIUNHE
5 CRERPEEN Tz, JEH 28 44, FEHLE 8,400 B, =AM E 5,700 i TH D,

2) XKER - BROZEMY#H (FERESE)

BIADRI S LT, BT E%KE TS 25 SE, JrT#kE 5o SE 7> 5 A BG#ET E FIaic 2k
L, PP OS5 - INEE TS &2 L D, BT 20~30 m/s & 5%, Y2HIRELOWSE, FE
BEPEIR O XML - IREE T 25 mis & LED D,

NJKES - KADZE/MA (FEREE)

B AGEEE R T 5 m OF N B PUEIZ 6 C 6 m IZEEINT 5, BEIANE S /05 SSE 1200, N
WECIXIE & T B TSI O 6 m B3O IO R FRMTIE T4 m 235, 4 m & RIZER #
PRI BIER D, BIFE TR EIL 2 mIZWC 5, FPE#CITEEIIRTE T2 m~E/hE <250,
RO TIE3 mICET D, FHETIXI~2 mE LD, BEOKRKEKBEL T, BEidE ik
B JE B TR R Z 0,
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L
400 km| -

Iat. | Pe | I
(°) |hPa|km
306|945 | 53
. 3 (31.9|940 | 78
8/6. 9 33.7 | 960 | 104
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200
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T6515

150F 0 2
400

Fig. 14 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in western area of the Seto Inland Sea generated by T6515.

(2) 180135 (Fig.15)

1) & B4 & KR

1980 4 (HEFn 55 4F) 9 H 7 A 9le~ U 7 F sk &8 il L CHEEUZIHE, WNW S, DWW T NW
FENZERKE LY, 8~ 9 BICHEABMITICAT THEITL, 10 H 9B MAR R EME LIcE L0
B, NHMIZHEA T 11 A 8 BpBURM R IZ Bfg (HULAUE 962 hPa), 15 Bl & (L H RVEE & A A
WP 72, I IRBLIAUE (X AE N C 973.4 hPa, K47 C 971.0 hPa, FBIC 974.3 hPa, #2117 979.5 hPa,
JRETT 978.8 hPa ThH 5006, 272 VARV, WEHGCIUN I CRWNIC L D 8EN A LT, EH
84, FEME 13, RAHKE 4,000 L 2> TWD,

2) RRER - BEMOEMSH (FEEiEE)
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Fig. 15 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in western area of the Seto Inland Sea generated by T8013.

ZACT B, (FPHER D O350 - IR TIES K Th S, JRE I HIRSEE D 30 m/s 114 10
25 m/s AT EVE D & BRUKEICIEN D, O TIX 20 m/s &2 & 5, B TR IS 1T D R AN
KIFIIZ K Z W,

NJKES - KMDZEMAH (FEREE)

WEIEMHE T 1llm &7 REL, BPHIRAMAETEH 8 m I EIkALE TV 5, #hiX SE T
HDH, L LWETIHE, 4m SIS EFRCESOILANCH NS 720 Tl o R EICEE T, 3 m K
PR T E CIREICIE N B, (PP MO M - B TSIV 2 m Th D,
THI, BRAEOEREICHANT, A TIIEESIZH E D KX <220,

(3)T9918 5 (Fig.16)
1) B RAFMS & HECKiR

1999 4= (CERE 11 42) 9 H 19 B 9 REICyh#E O F il B CIRUE £ 0 BRI #ER, NW H I ElT
LT 20~21 HIZHEEE A NNE FacA z, 22 H 9 BRCHAR O EYE - (F LT 935hPa) 205
23 H 9 Wpicdb A £ (LAUE 930hPa) TIEFITHWE TR 572, Z Dkt NNE Fli~DHET%
felr C 24 H 6 FEEAEARRILERIC ERE (HULAUE 950 hPa), 9 BFEE L IR AHTic B L CRA
WS T 7=, W PN B O B AR RUE 13K 57 C 974.7 hPa, H HH T 958.6 hPa, T EJT 962.6 hPa,
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B2 GO RERPEENA U, JEFIL3 4, FEHEE 4,000 8, 2ZAEE 14,700 B CTH 2,

2) XKER - BRROZEMS M (FEREE)

JEUENE B R K TEBE R D B PRl © S 23D SSE, Pl va il O JEBEEERES & FEERIC AT T SE T
AT %25, ARG O LR TIX WNW 225 ENE &13IE 180° 725, (Pl sl & 235k - I
BB TS Aoy, JAE I IR SEE 2 5 BB IZ 23T T o 35 m/s 3 & HL0 I B% KB OB R T 20 m/s
(2P T, NI TG T2 O JE B, 36 X OV T #ERGH s D 2=l - IR BIE T 25~30m/s & & D,
T P SC AT B 1 20~25 m/s RIZ A D,

NEKES - KRDZEMA (FEREE)

P 7 m O HS B KB EE D D BT 2 0% C I B B B OWEIRIC £ THECY, B4 /KaE ke
TR D EPUFBEZNT T 8m 22 5, 6 m & HEIX LR FRMEICE S AEEET, £21E5m
WEiglc e EE 5, JERBEECTIEEHE C3m s, FPECHRTICANT T 2miZ, BIFRE CREICHT
TImIZ L%, AL SE ZH0ICEFICEDL Y, FEBGEETE CE, GtT#EEC SW, 7l cl
M SW (@ 2m) 2525, T9918 Ff D i KK « 1A O ZE [ A0 13 %R 95 TI119 ZRED & D &
HL9 2528, WEOMEIXEEE LTImEE/NI,

107



690

400x673

Ax=5km 50

I
0 400 km -

date | lat. | Pc | Io
nmd.t (°) |hPa|km
9/23.21|30.2 |940 | 52

9/24. 3|31.9 |945 | 61
7 79918 9/24. 9|34.3 |960 | 70
400 b 9/24.15|37.1 | 965 | 74

200,

9/24,9:00

I 100}
9/24,3:00 g

161 x 186
Ax=1km

150r 0 20km

Fig. 16 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in western area of the Seto Inland Sea generated by T9918.

DTI1416 2 (Fig.17)
1) BRSEME & Wk
1974 47 (3Fn 49 4£) 8 H 26 H 21 ReH A /S BT THAE, NW~NNW HIcHA T 30 H 9
WA B ALVEYE I B (FULAUJE 955 hPa), NW~NNW S HIZHE U CH P ORIEZHERE L2035 10
H1H9MRBIZEST-, TOH%, ME%Z NNW 5 N HFEICEZ, 1 H 18 Kbl & w28+
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BT 1L 2 TEIR T 966.5 hPa, #21117C 976.1 hPa, #&I11C 979.2 hPa & 272 VARV, HJERFOZERNIZ A
IPEIT BRI H D EmA, B, REOEROIINEEMGTTHAET, & ATHERTEZEN
WL, 19BRRM Le (ZEE)IDKE), 568 - T HARFIL 94, FEEEF 190 B, 12/KH5 10,400
HTh b,
2) RKEE - AROZE/MS M (hERiESE)
MRUFENPNZ LD, REECHEEIZENE 20, HFE VAL, JE#HIT 25~30 m/s & 5
Z D0, BEETIX 20~25 m/s &R/ E W,
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R PEE IE B EBETRTO NE G OELC L0 AR L 0D, @ik S# S 2 W0 iR EEO 1 m
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Fig. 17 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in middle area of the Seto Inland Sea generated by T7416.
(6)18219 5 (Fig.18)

1) &R ME & BSIRR
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Fig. 18 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in middle area of the Seto Inland Sea generated by T8219.
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(6)T9810 5 (Fig.19)
1) B RAFMS & KR
1998 4 (CEAk 10 42) 10 A 11 A 3Wf~ VU 7 T3 B PE 71k CHEUZFEZE, WNW J5H, DWW T NW
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EATTOHLRENIL 975 hPa TH D, £ D% 21 RFEmE F RS BT fF BFE, & % NNE HicZ
ZC18 H O WetE ] U IR BB AHEIC A LR L, BARWICHRIT 7o, RARBII R 1T 6 BRI 21 - T
£ 979.1 hPa, ZEHT 979.7 hPa, =42 T 978.7 hPa, [T 979.2 hPa, JSHU T 978.0 hPa & k[t
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Fig. 19 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in eastern area of the Seto Inland Sea generated by T9810.

%, FCPKIE D S KRB T S IR ORI LT,

NJKES - BRAOERMAH (FEERESE)

FOOKE TS Om OFEDBAF L, LAKEOEE T 8m O EIENIENT NS, HHhiks %
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R B HEHR O W 2 NE AN HEST L7285 A ISR S 2 3 i 0 22 3 A O IRy 7g X o — o %
Y,

(7)T0310 & (Fig. 20)

1) B RESME &SRR

BRI 2003 £ CERR 154E) 8 H3 H 7 4 U B o H b ETHRA, NW FicRKs L - T,
6 H 9RpICbfE 21.5° FRICBEIEL, I HIZZEDOHK NNW FHICHEE2E 2 TT7 H 9 R HREAEIZE
E, ZOREOFLKIEIL950hPa TH D, HIEITZ OFFS LI NE ST 7 m 42 2 8 B 21 B
30 = P URAFUTIC EFE (HULAUE 950 hPa), NE Al OHE(T 2 il CIe R e = (o fF B L, 3R
HARETT U7z, BRIEELHI ST L= A IR T 950.5 hPa, f#5T 963.4 hpa, AT 957.0 hPa, #17 T 972.6
hPa, KPR T 973.5hPa TH D 0H, EFERHIEFITMEY, TUN - TUE - ST )5 7e & CHEMRICHE S
K ERPSEECHE S ENAE Uiz, BRI LEOTUMN - PA[E - Jr 85 o KRR @l iR 221 100~
122ecm IZFELTZ, WEFANEETYH mEAITITE C 88 cem, I T Il cm, #4T 87 cm, KB T 99 cm
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Fig. 20 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in eastern area of the Seto Inland Sea generated by T0310.
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& 100 cm T < DA e 0 KR EVEZFRER L7272y, KRB Z2 Bifl 5B I E ShvTnian, 38F - TR
&1L 20 44, FEHEE 690 B, RAKHEIL 2,400 BiTH %,

2) RKER - BROEMY A (FRERESE)

B RENETIR) HREEOMA, EEROEET ~E NE FANZEIT L2 Eonh, BT REE#EC
NNE~ESE, #t{f/Kki& Tix SE~SSW, K& T S~SE~E~NE Jj[a & & LWZERZA L&, JEGET
AO P AGE VG R & B BE R C 20 mys DA b, KBRS & R BRSPS & AL T 15~20m/s B 5%, LD
BRVEIEE 27200,

NJKES - BADOERNH (FEERESE)

FOKGEBER T, b 10 m @A RSN D, £ L TERAD D AKENO B~ 8 m % Ei,
6 m ZEHE ERANIE N D, WL S & &0, AKGEBE OB Tk SSE~SE 12, K7 B/KEOFHMT
X SSW I o RIRE TIXEB N (K BKiE) 2> HALANZ AT T 4 m SRS D3 ITHED, 3 m i
IR AR AL ICET S, BN TR THm 2 m L EE D, WEiE s b SW I kT 5, 2
~3 mEEIRBIEFILNE LW — A Th D, FEREME TGP T S 2 m S SR 03 U Ik
JER Y, WM b SE & & 508, #ENTIXE RO LMPEMICE T S NE I OWNHER AR IROE B L 1)
THAA NE FHANBEL & & HIZ, SRS AT 3 m 285 @R a3/ NG o rE B & FE il
Blbihd,

4.3 BRABOERRRAREERKKESDERDH

MTM19 % (Fig.21)

1) BRSFE L HoeRiR 2 09

B 1971 4 (BEF146 42) 7 A 30 H 21 Kehis & O f i E CEARIRKED b B EUC R E, W
FDOWT NW FEIZHETLT, 8 A4 HIMEEREOIH, BAGOT HEOW LICHELE,
HLLAUEIX 935 hPa L IEFITIRWE T2 b o7z, DWW T, BABMETKEGI LY or—7 (#RiK
MCIERIEESN TN ZHiNE0H N FRICHETL, 5 B 9K 50 4y EIF-EOvEA F i
B (FULAUE 950 hPa), #2208 > T B ARSI 7o, W87 P V8 SR e 32 oD e AR T AU (34
[l C 979.2 hPa, K43 T 976.7 hPa, #A[LT 986.5 hPa, FEJ7T 972.7 hPa, JA/ T 9859 hPa TH Y, 4l
S D 5 B BG#EC oM DRV, BIEUSHE D KFIC XD, Jull 2 Fol ST 8 LAPE RS etk - 12K
PESC LS ENAE Uz, BH AT HARPARIL 69 4, FEHEE 1,700 B, =K 18,100 L TH 5.,

2) KRR - BROZERD

BESIUNZIL EL, AARMICHTZZ Enn, WK T SE %0 OMES Flk Lz, BEEIC
BILC, V& mIREDHE D 5 1L 0 R TR M C 30 m/s ASFE2Y 0, 4 FIRE 20 <0 8 B e R s 2 R TS
35 mis LA BND, FOMOUWERTHEEIT 25 m/s & LED DN, L35k - JLBTE T 20~25 m/s,
AT 20m/s LR & & 5, ek ¢ 4 @A SE & & v, AT B BT 15~20 m/s OFIFHICH B,
HOE R Gl R AN R E D 0 I b LT SSE i A R, JRGE IR EEME T 20~25 m/s, KBR{E T
15~20 m/s, FCOKIEZE 15~25m/s 2522, 2D ) LAFKEDOE Y-S T20m/s LLEEE D, L
HCIZ RTINS 25~30 m/s DR E A H D,

A mKES - RADEMAH

PR D 5 5, % KIE T 8 m SR AWEFH A (S, BT Tm % & 5, AL SE
Th D, WIETIE, BIEJELOWEED S T8 0950 4 15 CJE B I F T 5 m @AY, (1L
O RBGF AT 6 m L mEIk S & 2R NWELTA 2 5D 5 JEBAEEVE S IR 0T 4 m 3 @ik A3 bk
2%, BEIAL SE 75 SSE~E 122k T %, G CILEmIZIEO 1~2m 2, BUFE THLIvRETO
2~3m 2T B, BTV T LY SSE 20D SE & & B, e CIIALvEEL T A I 3 m, P 1AL SSE,
FEECIE2mELF, SEHY 2T,
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Fig. 21 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in the Seto Inland Sea generated by T7119.

SRR C I = VR R B 00 1 m > SR AL PE 8 (BB 1) O 2.5 mIZaiF TRE< 8D,
P SE Z Hen b e S Jrml, FEPEIT E g <,

BERHER CIIACOKGE T 7 m EIROEE R 0 S AL IS E N D, JIA1IE SSE 205 SE & & 5, KK
BTIREN Ky BAKE) 76 N JFRIC 4 m sk g B RS O &L D A%, 2 m i ik wf
FHHEICET D ORT, BOFESTIHEEZ2m LT TH D, HEILS 2D SWIZE(LT 5, fKE
BECIE 2 m I Ik A S IR AT T 2> & BIRICAECR, 3 m % EI80S NW 5 I 6 07 1 4 Bk % CTHEDS
%o WX SE 2T 5, BT HIZ, T7119 BRICH S F 0 OEA HEBT 556 O B 70 &
DZEMBH NG — " b D,

(2)T7009 & (Fig. 22)
1) B RSFHE & gHseRR 0
BRI 1970 4 (KFn 45 4F) 8 A 9 H 157 ¢ U v db il o dbi 23° FHIETH A4, 10 H)»
5N FEIZHET LT, 13 B 9 RebfAR I o3 < Hfl 4@ (F.OKE 945 hPa), 14 A 9 REdbf#
30° AT O SLINFESR O PE HHEE A & 71 & 2 NNE (285 U C 14 H 21 FRE RGN B L, &, T
BT 2 ddth U C B AV BT 72 Va8 81 O S AR 5 13K 53 T 986.1 hPa, #2 (LT 992.5 hPa,
FBIC 971.7 hPa, LI C980.9 hPa, Ji/HT986.0hPa TH Y, HEFEIEICITWV FBEEZRVNTHE VK
<720 JUN - PEHLS &2 OIS B ERFORICAE S ik « BRVRENREL, FommERELBEET
oo, FEH -ATHANEIT 124, FEHKE 2.800 B, RAKHEE 11,900 HTH 2,
2) KRR - BROZEMD
VE IS C I 2 BRVNC SSE 72 & SE DJ& A & 72 o 7o, BUEILE: TG (D 20 m/s 7> & 12 H
WRAFIT D 25 m/s 2 4% CERG#ET 30 m/s 2k x, ALPESHO FREVTEE C 35 m/is ISE L=, GF T
20 mis LR TH D, (FTPHEREEN ST 20~25 m/s D S HFY D, Z35HE - IKEBTSEHY D25
~30m/s DJEDE L 72> TN D,
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Fig. 22 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in the Seto Inland Sea generated by T7009.
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HEOAL K BEER 2> B P CEGE 15~20 my/s, JAAIX S T Y D Lo T 5,
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HHIVD, WAL SE 7D BSE M, FEBGEAHEICIZ 4m g EE (KM E%Y) BNENS, 7
BECITEMIC T T 1~2mic/hS <70, JFECHLIRRERT2m A L 5, BB TIE3m
Wt (Jzm SSE) MAHIBLT 2728, W CIE2m 2 2RET3ImIZE LR (M SSW),

HRER YR C I SRR O 1 m 2> AR A BRI D 2.5 m ~ NE FIZHIN L, fftk#Eo R\
PHATE S, WA SW CThb 2, i o> o E 57 1 75807k B il CIIEMER HITE O 72 O IC I 1 1.5 m
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FERHER Tl A B MK O PEE 2 N~NE FAIZHETTT 2 55 1R S L 5 BUBRIRY 70 3 i D 22 5y
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Mt SW HFIANCAE <, FEEEHECIEFIHEIEAT T2 & 2 m OSEH SR BEHRICIE Y, FEAMAITIZ 3 m ¥
IR BT D, WL SE 2 ET 5,

@)T9119 & (Fig. 23)
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Fig. 23 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in the Seto Inland Sea generated by T9119.

Lo, £D%, ME % NNE 225 NE [T 2 TR S0 A4 27 B 9 RfIZ .0 %+ 935 hPa T
Wi L, 27 B 16 Fal e R ATz Bl (FU.ORJE 940hPa), &, FBREIAHE 2% T B A% NE
7N HERT U 7oy W PNV P S Vs ) 32 0D e AR U I XA [ C 983.9 hPa, K43 C 973.0 hPa, #2(L
T 979.8 hPa, BYC 947.3 hPa, |11 T 957.3 hPa, [ix &5 C 970.2 hPa T 5005, H EREEEICITV R

WAz T DA FEHF TR,

BRI ERESR BB MR- TV 9 212, BARMEZEOCEE CTBEI L0 T, JUN2 DTN
i HARRECHME AR & i, BERTEERRMELE (FZEROBE & FEE, JUNZIECOaER
FUZ I T 2 IIARSCEAR 72 E OBIR, weEthoHEE, KESECEEOBEE, TN~ E#T O KH
TSR, WOT WML D A7z EIRAEM ~OMEE, EILRICHIT 25U & 2 kK & aEhE, &R
BT D RBEZR Y IOEAREE T L) WAL E TR ENRE U, Zo/RBE, RKZ
BEITH ERED 5,679 BHICOE -7, LrL, BAKEZHE VbR o7oDT, BokgFEIxb 72
WV, RERIFFERRICBWTY VTOREE FTLEWI KEFELFIEEZI LI 0D, [BITICLD
ERARTRVR, B4 ) IERE b EDiLd, FEH -1THARAEIL 62 4, FEDHE 170,000 #4,
RKBRSE 23,000 BEOIE >, MAAREE 930 £ & 72> T 5,

2) KRR - BROZE/E S

VS iR C IR 30 my/s 4Bk 2 2 50 Bk A3 B IR~ & (F 7 VS & JE B o> Axields K OV T R
W, A, ZSME - RBEAE, BTEL, FERGEERE L, RS AREIC 35 mis Az D
MWL A5, & ICHEB#ETE L TR ToR 0 IEWEEE o5, £, BgKETHEE» I
AT TEGEIE 20 m/s 225 30 m/s ~EHEINL, SRR T 25~30 m/s 1272 o T D, B A E
Bj i 3 & PE T SSE Jill, LIS DLW T SSW 2 L D, WTNIZ LA, PEEHWEHEARIC S
T O OFREDKEL TN D,
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AGEDFE T 20~25 m/s # 525, ARITSEHY THY, FHEEEEE & KBGEALET SSW, fiftk
HEVEERC SSE, ZALLM DAL AGEREHS, KBRS, #EEMEHRE TS 277,

A mKES - RADEMH

PE ST CIX B KIE C 8 m I SIS BE 0 & Bl 2 (i CHE R, 4 IR O FE LS 9 m 5% i duk
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(ZIRFIPH 2 78 5 o BRI E T SE 72> 5 JE B e E i o B (S TR R 2 b %, f
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(4)T0418 5 (Fig. 24)
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Fig. 24 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in the Seto Inland Sea generated by T0418.
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PRIV BT 20~25 m/s 3k A D, AL ATH T S~SSE, #3# T SSW % 5.2 5, AR5 B RE O fi KRGHE -
JEIE] D 22 W 43 AR VR RHME 25 8 C T9119 BHEDZ L & i ) OFLEREL$ 5,
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IRE OO S o SWIZE DD, FREEHECIIGMIENATTLNG 2m & 3 m OFEREHRN T v RITHE
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(5)T0514 5 (Fig. 25)
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HINZET AT, 9H 6 B 13 RREHAERBR KA FEA4@iE L, 14 Kl & ICRBRFEATICHOR
J£ 960 hPa C L[4, NNE JFalcw@h, TR a2 - CHAMICHIT, NE FrlcdEAR, AN
W VE R IEGT < D S AR AU VR AE [ T 979.1 hPa, S/ T 983.8 hPa, K43 C 974.6 hPa, #24(LI T 982.5
hPa, TBIT973.4 hPa, (L[0T 976.9 hPa, JAJ5C981.8 hPa & 72> T\ 5, HEKFHZIVN, H[E, M
EH G2l & L, BB 72 8% 8 CRMIIC L 28k 858, bR ECRE R CosE K E,
WA NN R COmBIKENRE U, kREERATTEG T 84 cm, #211TI91 cm, 58 T 82 cm,
BT 79 cm, M5 - KBKC 71 em 25tk L7z, SEH - ITHRBAHEIX 29 4, FEHE 7,500 #, =K
BE 21,700 BETH 5,

2) R KEE - BMOZEMF DA

VE LRI CIE 25 m/s JEUSI S B4 /K TE 20> B B Pl 2 8% C R B i Pl £ CHEON S, JA A1 1L SSE~SE
& D, 20 /s SBUXEREETEES, T O JE B RGH 3 L OV TG DR CH , KR
e - IR B 15~20 m/s IC A2, JE A I E B VS C E 7, LoVl C SE~ESE % & %,
FRERYEIE 15~20 m/s SIS A Y, dETEEC 20 m/s 2z 5, JEEIL E~ESE %5 2 %, BERHEHRIT
FOORAKGE 7> B BRI R T80 76 B L 2 B 20 m/s 38039628 0, FL O KE AL PEER C 25 m/s iz 5, Jalf)
I FAFAGERETR O S 7 & REEE#ED SE 7N <, KRIRE R0 & #REE ML FE T 15~20 m/s U2 A
0, JAAIL SSE~SE #5257, KEGEBEETIX 15 ms LA FE2RY, BAbG EFmaes s, #EN
WO R « B A5EE RSB IUNE N~NE FRICHET Lz & IR S D SRR 22 22 /) 0 A &
Y,

) JmKIKE - KEDZEFES A

PEEES CIR B KB R oM THEE T 11 m & RX<, 10 m B &S & H I eI
Do BT TITEEIZIM 20 8m & & D, KENO G EBILEMIZET > TW\W5, A% SSE T
HDH, NETITEZRAKENSIEDD 6 m S @R = H R O BRI, 5 mEERbEO LD
WTFRfHEDOMEIZE EE D, WML SSE 257, 4 m S EMNTENZEIERHT, 3 m
WE D E ORI AE HDHFRETH S, WALE PRI 5 1ZE B i, 7
PR L A IS IE 3 m D I m ST D, WL SW 205 S HINCME <, 7l ClidimiL 2 m
T, ZE#WETComBEECTHS, WIXEFY 2 &5, RO > HE%KEIZBT AN
REVWDIZxE LT, NHET OB @82 HUE ERE WO RREERE OB & D22/ /54 DR T 5

HR R YR C I = VR R B VR R D 1 m 2 DR R AL TE R & 5 VIR B GO 2.5 m 2T T
NW FIIZREL 2D, WANIHLT LH—E LRV, [HEEILVER TS i, S orExtiie
BNEIKTE Sk s b,
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Fig. 25 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in the Seto Inland Sea generated by T0514.

FOAHES I K EORRA THEAIZ I m & REL, 8 mEmmIEARE SR AI, 7 m ¥Rk
PSS PRI O A o 5 7KGE DT < T3 B FLFHKE S B BIREE 2> B 2372 D B TV DI b b 57,
Z 2 TOWEEIERE W, LS 25 SSE 2777, KBRS TIE 12 5k B ALEIZ AT T 4 m %)
ERRANIECY, 3 m EW RN EE L EORICET S L, 2 m SRS KIS OJRWHEZ S 5,
WL S 726 SWICE LT 5, B CITBMEIA TS 2 m OFREMEN T > HRIZ, 3 mEH
BRRNRORIEN Y & b O — 2 RICH T D, EIaiE SE s, JEEMIT S Fmis, FEEMT E
G, 4 m EEBIZA 720, KRIRE, RRE#HO W TN T HALFKEN OB &I~
TEIUT EFEEIZE L TR,

(6)T0416 5 (Fig. 26)

1) & RS & W SOKR

2004 fF (CERL 16 ) 8 H 21 H~— v v VL TH4A, W HH, D\ T WNW~NW Jaic i
7L, 25 H 9WpIEE 207 FHE T 24 HIZHEW THILAUE 910 hPa Z{RFFL7-, BREUZZ D% H NW
FINZHEIT A Reld, WNW Jia, NW Frnb N FHE &0 7en s 8 A 30 H 10 KR LR & IR 4 A B
T Bl L7z, HFORIEIL 950 hPa Th 5, BEUZILN A NNE HFIZH#EIT L TR BEH -0 %
Wi, JEBAEEC I R RBARFARTICE B L, NE J7IC B AYEICH T 72, Wl NI O i (R
B SUE VL IE [ T 969.8 hPa, 1/ T 975.4 hPa, K43 C 965.8 hPa, #41LIC 972.8 hPa, [T 969.5 hPa,
(LIA T 969.5 hPa, JAKS T 972.1 hPa, [l 978.1 hPa, AR T 982.7 hPa, KFX T 988.1 hPa TH Y,
BREEEEIGEWV TR, o, Ko, REOHRZR L TILTS ARV, BEOEEE - @iz fEny,
K E & BICHRADBRE T, SR - B0 - EREZ 7269 & & big, FIIE, L&
SRS, TRREI 7R oW NHED R CIAWEEIHIZ 0, R EE S ENE U, RKEEHE AT
TBIC 117 cm, LT 140 cm, FE T 137 cm, &M T 133 cm, #7T 134 cm, KPR T 132 cm &)
Y REVEE ESTEY, B, F9, @A TERERNS EoRKEICEVEE 2> Tnd, AHE
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Fig. 26 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in the Seto Inland Sea generated by T0416.

IZ LD KETWMFERFICHE SN, EE - ITHAPAE T 174, FEBHEF 120 B, 12KHFIL 45,000
HTH D,

2) XKER - BROZERD A

VE SR C UL S T & RO S B KB AR P, SRS, F M ORI 30 m/s Ak x, BT
W CIRATAIZ 35 m/s & LD, ERIZSE Thbd, £ LT, 30m/sfsa 02 LT 25 m/s JBGHIK
N EAL KBRS, G, JE G & R ORI, VEEEIZ, 20 m/s AN T RG> B JE B
WD RIITHED Do AL SSE~E TH 2725, & EALOJEBGEEhE o# vy, JEBEEEEE ¢
IENW & & 5, 7T 20~25 m/s Ik (B SW), 22 250 - TR E7513 15~20 m/s S (J&lA) SE) 1T A5,

FRE e 1 JRGE 20~30 m/s IS AV, AN SE & & B, AL CEEE A K & VW, BERYE T 30 m/s
JEGHE IR S OO KB PE RIS B AL, —ERC 35 mis iz D, AL SSE TH D, Z DIENRATHIC KK
B & AR 30 m/s SN R & D, KV IR AAUE, 25 m/s SEANRRKE, FREEEER R &
B, KB DOKE 2> TR Y, A KE PO E M vE S, RIBAEEIC 20~25 m/s Bk, =6
[CRBRBBRIZ 15~20 m/s k23 5, BEiZsBteda S HHTH DA, FREMER I C SE J7lh % /R~
R

A mKES - RADEMH

P R IR B4 /K TEER ) D B Pl 5 % T 9 m BBk a3 0, B S 6 m il A
DS RS O [E A /G I ST IE N D, 4 m im0 AR TR IC T 5 & &biT, JEREEE A
B BT, WA E THERED SSE 2> 5 JE B EFEER O B FIANCHER U 5, T3 B0 C ik @ 23 i
DO3mPNLHERImI, FEHTHLEEIT 2m 25 3mIZHERT D, KAk SW Th5, LXK
MEXDY 2SO 2m AR LD, BIFE TIXERZRKED 6~7Tm HHIRFEHO 3~4mIZ/hE<
2%, WML E F VI, T0416 BRFD & D ZEM 5 D /3% — 2 1E TI119 FReDZ i &L FP T 5
D, WEITERAET Im KEL, BT 1 m /I,

R RS C I S R R R S O 1 m 2 DRSO 3 m S TN L, (& LS =
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KoK TIT I OB A 20T T 2.5 m T 5, WK WK TSRS E b3 2%, HiE
W O VG S P RIC 572 5 2.5 m S AR O O i Eik Tk SW A & S, 3 m &I
T0418 S X v H{Al ORI BB L T\ 5,

B C AT KB OB R A 6 10 m B2 K E P HIZE S ANV, 9 m I ek A3 18 s i s 0
(2, 8 mEEIRAK » BKEIZET D, WAL S HThH o, KIS TIXE DS 6 m & MR
HIGACER O AL, 5 m SR EHRNEBEIT<IAY, 4 m SEEERSEICED, BRICIE 3 m S
BRRME N D, KBRS CTIEIE 3 m LA EOWHE A WEPH 2 (50 5, WIEE DO S HhHIERO SW
W2 %, FREESECITEMEAT TS 2 m B L O3 m O ERAFRICHEN U, 4 m 2% m i
D/NELR ORI BB R EELE X O%HRO R ERINRITIEO D, AL SE 225 S HNc <,
BERHHRIZF5 1T 5 T0416 BRFOHE 1L T0418 H e L 0 A AKGE T 1 m, KBKIE & FFEE#ET 0.5 m K&
AN

(NT19313 5 (Fig.27)

1) & B & kiRt

BEUE 1993 4 (CEAL S 4F) 8 A 30 HALME 20° fHTichrE 3 o/ BEAHE CTHAE, WNW
ICHETTL T 31 B2vH 9 H 2 HIZHNT C& % NE Faic#zm L, O FEEH#EA T3 H 16 RFalICHEE
PEFEEIC ERE L7z, EREERFOSREL 930 hPa & B EULIEF IRV 2R > Tz, BEIEZ D%
& NE HIANZH#EIT 26000 T, 3 H 23 IF 30 43t E 0 I B IR I/ e, LA 2 - TR R
fEILAEIC B O ERE, 20 F £ HARMBICHKIT 72, BRI <UL LB BRI 0 WBLIIHILS 00 5 6 ST
T 954.5 hPa, FF1/E T 971.0 hPa, K% T 973.8 hPa, #A1117T 9753 hPa, Jii/& T 980.3 hPa, ZEHT
977.6 hPa, [if[LIC 979.2 hPa, Mil& T 984.3 hPa, /7 C988.9hPa Th L6, HEUT RFEZIEH 125
WA R SERICBEE IS 5 b, WE - FIEHG LA 980 hPa it O FLERHI TR ) & R -
T oo RERRFIIIRIICHE 5 Bk EE - Hab K F I JOFBEUCHE O MRS F 2 LN, WE, PE,
T 7 2 R A: Uiz, B8 - AT AW 13 48 44, FEHHE 1,900 B, 12/KHE5E 10,400 BETH 5.

2) XKER - BROZERD

BIED EFER D NE H~OHELT, b bk, fal, f@ilfhro@m@icfEyy, v Cix NE
FOOROY;, FEMHE TIES T OO, HEHE CIXmENRET 2RO Lo Tnd, T
7205, VEETEECCIT S TR T 00 30 m/s Bl 2 H0IT, SR AGEARTEES, BURRE, F T EEvE
W C 25 m/s 5k, A% KE AL & Es, JE B SE T AR K 0 s, O s L OV
AT 20 mis B & 2o TG, JHTIERGE O S, RO FEE CILRUEIL 20 m/s LR CTh D,
JEVA T B KA S 2 FRONS, 2 2 L0 BRI CIERERTET D IZ N T ANCE S T ENE 225 NE, NNE, N
~EEDD, &2RE LTNE FHOBRAAEET 5,

R YRR C I EGE AR PE S & B O AT 20 m/s L0 K& <, LS OYEE T 20 m/s LR & &
5o BT O TE Y, BN TSW Th o, M T K& < v, BEER Cli
FeFACGEALTESS, KRPRE S - FEES, FREEEEAL BUH A 25 m/s BT, FEIRA A% 20 m/s BRIC A 2, JEA)
WAL KIE TR S 225 SSE, KRS TR S 2 H ALk SSW, K EE#EC SE~S, FIEHET SE
5,

A JKES - RADEMA M

PE AT CIX B AEBE R L 0 5 m S @M AKGE FHEICAE D, 4 m 3@k as & Figikic 4 5,
WL S 725 SSE % & 5, PIETIL NE O ROMREITFE, @ iTFE#EET O 1 m 5 EEs
FORIRERREIZT T4m L EICHEKRT 5, WL 3 m L EORESRTNE % & 5, & Tt
I CTIEEZAKED DARIET 2 SFHD OWIR L N CTHA LI NEF D OWRAFEIT 5133 Th 528,
FEEFIENE &2 & 5 2 b, NIERARIROEENRKEV, R CHR&IZARO 1 m 2> 5 F il
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Fig. 27 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in the Seto Inland Sea generated by T9313.

O 3mIZHINT 5, FWEIIHERO PRI T N~NE, HHITNW %0 ThH 5, mCe=#ci3d e
MITIm, FEAT2m AL D, WANIZENZETNNE BILON 2739, B 52, NE 56 OFRIE DK%
LY, BFFBIRFEOEENREVENEH SIS,

HRERYEER T I 2.5 m i s BRI VE T (R = 5 PE B OIS, B A1 ENE) &V o LI (B A% SW)
IZHABID, RIEIEEEREELERTO E %0 O/, % 1XHE@EiE%ZO SW HoRIC L 5,

HOEREH Tl AL DK E OB R T8 m 2 & ¥, 7 m I EIR AN AKGE B 0O K 57K 0nE Y
W UTICET D, Wi S 2D E 925, KBKE TIX 5 m &AM r BKIED SR AT
ZHY, 4 mFHEESHROIHFMEIC, 3 mFRESHEDBRIET S, BOMIRRRIZIE2 m BB
MNBLOND, O 3/4 < OUHENEFE 3 mll EE LD, Bl S»D SWILEDb D, B CIX
PRI T 20 5 2 m & 3 m O RN IR ICHEA Y, FEAHTIZ 4 mEEEA A LN D, 3 m
A b @i sk oBz m)id SE 726 ST,

(8)T7010 5 (Fig. 28)

1) & B & HaORin 09

BEUE 1970 4 (A0 45 42) 8 A 16 HALKE 20° L THAz, W H1m, WNW Fla, DWT I8 H
12 BELLRE NW TN, 20 A 3 RRCIZAbiE 26° AL CTHLAUE 910 hPa 2 L7z, £ D%, 2
MERT2bOD, TOFEE NW FROETEKET, 21 B 8 K@ RyEERT AT B, 11 FRE i
FA LA T % 3 > C 12 RFEIRAT IS IO B, BARWRICHT 7o, S IRBLIINRUE (X2 415 T 962.3 hPa,
I %1C 979.2 hPa, “FA1JSC 971.4 hPa, #(LIC 970.9 hPa, K% T 990.7 hPa, |11 T 990.0 hPa, 2T
975.2 hPa, JA/% T 976.2 hPa, f&ILT 980.1 hPa, [f[LIT 9929 hPa TH D5, WIMRIKIZIZITH -2
SRR, L, 1], RETTERY, ARERRHCIIUE - REDT A RO - R O — 5T EW
IZ K DU » T RESCHMBKENE U, Elommik—Har, & <ITRATT 235 cm b O @iz 03
EIETARICE R > TRAE L2720, THORF2R kAR TEbLILD &0 ) K2 m i e N Al
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Fig. 28 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height in the Seto Inland Sea generated by T7010.

Uiz, BEFF  ATH AL 27 4, FEMTE 48,700 14, 12/KHE5E 60,000 4, AAAHEE 1,721 EIZES
%

2) KRR - BROZERD A

RS ) R0 B AL S D A T < ORI/ BN, BesCimiE Lz Z & n, PEERER T
IE NE~NW FHaO5ENRIE LTz, T7hebb, AiafhEa e UTHE M RIS, 22,
(T A T 35 my/s JEGHIRIC AN D, DU TSRO Tl R, B 1R KE O B 25 m/s SR
WZAD, O HRE OO EEVE S, BN, B5%GE ORI 20 m/s 5Bk, JE PR & P DS 20
m/s LR ORI & 72> T s, B - 2O NE D518 H 5 VIRV <UDV TRIRFRE 7
MIZ N 28T NWIZZELT 5,

Hr RS C I RGR VX AR B D 25 m/s 592> HEFVEEL O 40 m/s [IZHE K L, NE~ESE J5 A O i Bl 73 R %
LTCW5b, 30 m/s Z 32 RIS 0N LG 2 B < K5 W CHLb AL 5, BEHEE C I I E G 2
AN FELLFRICEGEDS N E < 72 D, T 7205, f P KB FE > & #E B g 0 (BLA) SSE~ESE) 7% 25 m/s
YL BRI A Y, BETHIC 30 m/s 82 5, DWW T, At AKER S Z bR < ik, KBOBEE, #%
JE#EDS 20 m/s LA EOJEIRIZ A Y, KRB OHE ) HACE T 15 m/s 9505 20 m/s B2 72 5, JRUA A
{F7K38 D SSE HIfHs b KW - #EEEMED E H I K E D 0 ICETET 5,

) JmKIKSE - KEDZEFA A

PSR CIE 6 m I S T B K DB RAHTIC A 5D O T, 5 m I ) Pyl |2 B
%o WX SSW 225 SE 4 W IZZ LT 5, PN TITi @ AN E D D B g 2\ i) € Smic K& <
720, 5 mIZET D, FERIENNW & & 50, BPkic 2 < W% AKEN THNED DR L7
REDOERAETORENT O DR, WIAE NNW (NHERAERIR) & SSE UMERIR) OF RO
FMToH D ENE & & Dk S d, £72, FTH#RE I3z 2 TomBIZ XY, M2 NNE
NH N TEEN4SmIZESERESESERS TV S,

PR Y T I S AL A A S R PEER IS A T SW OB TANCHIN L, WS OB AL 5 m 28z 5,
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WHEIEINE THD, ZHTHHAA 35 m/s 205 40 m/s (2T 2 NE S5 OFRIEOKEIZ L S, T7010
SR, R P CRLERAY AR E SR A LTz L HER S B,

HERYE CIIAC O KIE D BAMERIR DS AS U, KRB TR » BKIE D N~NW Fhis, EEHET
NESFAYEIBEASIT 20 & SE F IS IRMBIET 5 £ D S % 0 OB IR RE L 7856 O SRR 7238 i D 72
AR S — BRSNS, AFKIE T8 m I EROREEREFICET 2 & &b, 7 m &N
FEAEEED D, RIRETEAND 4 m FREHRDLEDY, 2 m FEREHRIMAHTICET D, BT
B2, BNTOREGEIZHE Y RKE L2, BEHTENZI2m & 3 m O & RR AN PR
O HBERICIEDN Y, /NG SRRV 4 m B BT 2, FEEC BT 2 EIEH 2 REDK
EIZLON, BRRROMEEZ LB, LaL, BEEOEmREE (MRA0MHE) T, O3
RPN SITH LT, &I 3m &0 EVMEE R T, 722 L, SRS O HIZ RS LT 1 km
THHOT, EEPEKFHIOMEISH D DOIFE DR,

5. BE - KEDBEDZEMS M

5.1 EERDIBIE

Fig. 2913 1961~2005 D% A h—A (& 41 50 100 J 150 200
JEL S ARSUE, FEEITR) R KRR R D
U7z 45 M OB ER (10 m &)
JEGR U ® D22 53T & T, B IcsiT
% BRI OEFITE R (1961~2005 47),
THIORTFIIMHRRELZERT, 2k
% & AN CIEE T IELIC 45 m/s 3k
HELT %, V9 ERHE C I3 B % /K TE T 30 m/s
A%, P CE TR b g - 3R
O, KW - RS, AL T
S mis A HHID, EALS O Tl BT X 30~35 m/s OHEIPHIZH 5.

HH S TR C U R VG R 0D A TR JE D MR LT 40 my/s RG2S, SR A O )12 T 35 m/s RS A B
AU, ooV T I EUE L 30~35 m/s DFLFAIZH D, HCEEE TIE 40 m/s JEGHRI DN AL OB R EB & A
B KB, /AR, KBRS ARG, RREEBELAGIC 22 B, RIRBHERCTIE T6118 5 (B 2=EF
BE) BRCACZ 45 mis b RSN 5, £72 35 ms BANIRIERINEZE S, 72721, HEHE Tl
WIT 30 m/s IZFEL 20,

Fig. 30 1% 1961~2005 4F 45 4F [ D 45l b5 K EGE G BH K9~ 5 I HTEHRENT (K=Ni=N=45, v=1) »»
BAFTZ S0 AERERIBIE Usy® & Z DEBRELU LG /Usi O %l 2 M7 RISV TR, 221,
T O R OWTFIEFHEM, FEIMNOBRTFITERERIE, o IHEERELZ R T, 50 TR EGEILE
I CIX B KIE T 30 my/s miifR, PNUED 5 BB KIED b 3RO L0 RN EEICE 5 ¥k T 35 mys,
PEHIBESG T 40 m/s 725> TER Y, ZOMOWEE Tl 30~35 m/s DFFAICA 5, HERHHE T b izivE
HSCHE D —EBIC T D 35 m/s & BV T 30~35 m/s DFPHICH 0, fHiEHET T30mis LT &2 L B,
ARV ClE 50 AR =R R 13 2 7 I 530 C 40 m/s, FCOPKIE T 35 mis, FLOtAKEILED D KBKE T
35~40m/s 525 L, FEEEMEAL RS 35 mis BIC A D, KRIRIBHRET40ms 2 LEb b7, #HEE
HErE P C 30~35 m/s DEPHAZ & 0, FFTC 30 m/s LA T &R,

BEMREUL 4~14 %% 5 2, 50 FEMEREGEDO K& WK TR E < RAHMICH D, FOKIERER,
REBACHGE, RREEEAL G, 7r#r 5 & e <, LR 10 %58z 5,

50/}

100

Fig. 29 Largest wind speed U’ * in the Seto Inland Sea
during the period of 1961 - 2005.
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Table 4 [IHEHE R BIHER XL 0 1572
R i LR L k3 2 MR AR AT 0D
FER, TR HHBERE 0y, 50 AR
W Usy & & DR U, 50 Z MRNT AT (&
BtoOfEE, GEHIH, @EER K BIRE
BHECN) & & bload, ERHIMIZ 1961~
2005 D 45 FE[R] & LG BHYI o0 2 FEE
hH 2%, BRI 1/7 FANC X 0 #EF
JEGEE & [F] U 10 moE B RGER IZA2H LCT N D,
ZHUC KD L, ERHYIM A BLHIE R I
BOEIGEOHRERNCIES 50 F1k
SRIAGE (HERLME) 1K E, = CRUIIE R
S 50 PR EGE (BLRAIE) & X <A
AT DN, KL MT & Clrdfe il
EE Ty KREV, Tk B8R
M1 D> SDP JEl G A Vi 81 1 D BLHIFA
U EGE 2SR L 72 B 0 K EEAT o0 ATREME O
(E2, BB RHT 31T 2 f5c U ERE R 0 /K
B 1 ~ 2 Wi & 5 BRI RIEIRR I X 5
EHERI SN D, £7-, 2FEEOHERMA
N5 &, EEHIROMEIC Y, XHER
oy TIEHERAM R L OMEYER 2N & HIT/h &

722, ZHFEEOMEHMIZ SO Tt EAER DR L THRNZ
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Fig. 30 50-year return wind speed Ugy;)’ and percentage
expression of its variation coefficient (standard deviation
U 2155%5) divided by
(U 2155(()15) / U 5(’(}(_85)x 10° in the Seto Inland Sea estimated using
the annual maximum data during the period of 1961 - 2005.

50-year return wind speed)

EERY, —J, MEL

MT B CHMHEMS L OEERZE L BICHEENNR Y KRE <D, ZhuE 1960 FRFTH-0E K E R

(T6118 5 (BF 2 =EFHA),

T6420 7, T6523 %) 1T XK % i EALEA D JEGE DO EEA2 KT,

Table 4 Comparison of 50-year return wind speed Us, and its standard deviation U, estimated from data

samples of annual maximum wind speed based on hindcasts and measurements in the Seto Inland Sea.

location | data | period | Kyrs. | N oy | Ugm/s | U, som/s
cal. | 61-05 45 45 | 0.987 33.6 1.5
Kanda | cal. | 91-05 25 25 0.983 343 2.1
obs. | 91-06 26 25 | 0.980 334 33
cal. | 61-05 45 45 1 0.992 34.6 1.7
Oita cal. | 87-05 19 19 | 0.985 37.9 2.8
obs. | 87-06 20 20 | 0.990 31.7 1.9
cal. | 61-05 45 45 | 0.982 31.1 1.7
Kobe | cal. | 82-05 24 24 1 0.991 25.5 0.8
obs. | 82-05 24 22 | 0.992 26.0 1.4
cal. | 61-05 45 45 | 0.985 43.6 4.1
MT st. | cal. | 79-05 27 27 | 0.987 36.2 3.2
obs. | 79-05 27 27 | 0.993 28.1 1.1
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5.2 KEDIB{E

Fig. 31 1 1961~2005 4F 45 4E[H] O AR e K rm HOE ® D ZER 34T 2 W NHEO PEEE, s, 30
D 3HFIT OV TR, WM R S Y CIX BB AGEDBER T I m &2 &V, 10 m & i
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Fig. 31 Largest wave height H°"* in three areas of the Seto Inland Sea during the period of 1961 - 2005.
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Fig. 32 50-year return wave height Hg}® and percentage expression of its variation coefficient (standard

deviation H 2 divided by 50-year return wave height) (H S/ Haw )>< 10% in three areas of the Seto
Inland Sea estimated using the annual maximum data during the period of 1961 - 2005.

5 b/NEE & FEEOALTRIRCrE A - FAITRE W,

Table 5 (THER B & BLIE EL L 0 572 SRR OB s & BHI R 3 2 IEREEHIRAT I 255 < 50 £EffER
B Hso & & OFEMEIRZE H, 5o Z BRI oy JOBIT R L & IR T, #HEREEHNIHES< 50 4
MR (HERUE) (3 45 4B (1961~2005 ) & BUEEHYIF O 2 B OBEEHZ DWW TH 2 5, 1
FUCIRHER BB R K 0 1572 50 AR E (BUANE) & ZIERFA L, Koy & MT 5 TR
BUAE & HBAIDVMEZ o, L L, XTH TIEHERMESBLE XL 0 2720 RE v, i3 slilg e
HFIC BT 2 EALER OB E ORI L5 LHE S D, £, 2B OGR4 2 HER A

Table 5 Comparison of 50-year return wave height Hs, and its standard deviation Hsy estimated from data

samples of annual maximum wave height based on hindcasts and measurements in the Seto Inland Sea.

location | data | period | Kyrs. | N oy | Hom | H som
cal. | 61-05 45 451 0.994 | 4.67 0.18
Kanda | cal. | 80-05 26 26 | 0.981 | 4.61 0.20
obs. | 80-06 27 27 1 0.968 | 4.04 0.40
cal. | 61-05 45 451 0.997 | 4.17 0.30
Oita cal. | 87-05 19 19 1 0.992 | 4.70 0.52
obs. | 87-06 20 20 | 0.998 | 5.18 0.87
cal. | 61-05 45 451 0.990 | 4.35 0.41
Kobe | cal. | 75-05 31 3110982 | 3.79 0.26
obs. | 75-05 31 29 | 0.987 | 3.83 0.31
cal. | 61-05 45 4510993 | 3.83 0.31
MT st. | cal. | 78-05 28 28 |1 0.985 | 3.14 0.19
obs. | 78-05 28 28 1 0.994 | 341 0.22
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Re-Evaluation for Return Values of Wind Speeds and Wave Heights
in the Seto Inland Sea

LTRSS - Kl %0 - B

Masataka YAMAGUCHI*, Yoshio HATADA * *,
Manabu OHFUKU™* ** and Hirokazu NONAKA ***

Applying a method developed by Yamaguchi et al.(2009) to the wind data acquired at land stations located
around the Seto Inland Sea, sea wind distributions in the concerned sea area are estimated for each of the 14
strong typhoons in the 1933-1960 year period, and the wave height distributions in 3 areas of the Sea are
calculated on the basis of shallow water wave hindcastings for each typhoon driven by the above-mentioned
wind conditions. Then, combining these hindcastings with the data samples of wind speed and wave height
during the 1918-2005 year period estimated in our previous study, the largest value during the 1918-2005 year
period and 100-year return value for any of wind speed and wave height are re-evaluated in the Seto Inland Sea.
Main conclusions are that the spatial distributions of winds and waves are well-documented by the typhoon’s
characteristics such as its course and power and that some of the powerful typhoons during the 1918-1960 year
period reinforeced by the 14 typhoons in this study may have brought about the largest value of wind speed or
wave height during the 1918-2005 year period in most areas of the Sea.

Key Words ; the Seto Inland Sea, wind speed, wave height, strong typhoons, year periods of 1933-1960 and

1918-2005, largest values and return values
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Fig. 2 A nested grid used in wave hindcasting based used in wave hindcasting and names of small sea area,

on backward ray tracing model.
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Table 1 X RHEF 24T M X% 15 r—ADREAL A O 17 7 —ADE R ZE 727

Table 1 List of name of wave-hindcasted typhoon and its day-period.

No. | No. | typhoon cal. period No. | No. | typhoon cal. period
() | ) | name (m/d.t) (1) | ) | name (m/d.t)
T18-Jul | 7/11.18-7/12.18 | 17 T4902” | 6/20.18-6/21.18
T21-Sep | 9/25.12-9/26.08 | 18 T50287 | 9/02.12-9/03.17
@® | T3310" | 10/19.02-10/21.22 | 19 T5029” | 9/13.14-9/14.10
T3412% | 9/20.14-9/21.12 | 20 T5115Y | 10/14.10-10/15.10

T3504 | 7/27.02-7/29.18 | 21 | @ | T5313” | 9/24.00-9/25.23
® | T3507 | 9/23.15-9/25.15 | 22 T5412 | 9/13.03-9/14.12
T3706 9/10.18-9/11.18 | 23 T5415'9 | 9/25.12-9/26.15

O |0 | Q| N DN | |W|N |

T3805 | 9/05.00-9/05.18 | 24 | @ | T5522 | 9/29.00-9/30.21

@ | T4114 | 8/14.06-8/16.06 | 25 | @ | T5609'" | 8/16.03-8/17.21

10 | ® | T4125 | 9/30.06-10/02.06 | 26 T5612'% | 9/09.12-9/10.12
11 T4216> | 8/27.06-8/28.03 | 27 T5915" | 9/26.03-9/27.03
12 | ® | T4222 | 9/20.12-9/22.10 | 28 | @ | T6011 | 8/10.03-8/11.21
13 T4326 | 9/19.18-9./20.18 | 29 | @ | T6016 | 8/28.09-8/30.09
14 | @ | T4416 | 9/16.06-9/18.06 | 30 | @ | T6118" | 9/15.00-9/16.20
15 T4516Y | 9/17.06-9/18.14 | 31 T6420 | 9/24.00-9/25.22
16 T4609 | 7/28.12-7/30.12 | 32 | @ | T6523 | 9/09.00-9/10.23

DYashima-maru. ?Muroto. YSuou-nada. YMakurazaki. > Della. ®Jane. "Kezia.
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Fig. 4 Tracks of 17 typhoons used in wave hindcasting.
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Fig. 5 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height induced by Typhoon 3310.
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Fig. 6 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height induced by Typhoon 3504.
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Fig. 7 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height induced by Typhoon 3507.
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Fig. 8 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height induced by Typhoon 4114.
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Fig. 9 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height induced by Typhoon 4125.
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Fig. 10 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height induced by Typhoon 4222.
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Fig. 11 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height induced by Typhoon 4416.
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Fig. 12 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height induced by Typhoon 4609.
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Fig. 13 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of
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maximum wind speed and maximum wave height induced by Typhoon 5313.
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Fig. 14 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height induced by Typhoon 5412.
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Fig. 15 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height induced by Typhoon 5522.
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Fig. 16 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height induced by Typhoon 5609.
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Fig. 17 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height induced by Typhoon 6011.
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Fig. 18 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height induced by Typhoon 6016.

(15)T6118 8 (E2FEFAA) (Fig. 19)
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Fig. 19 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height induced by Typhoon 6118.
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(16)T6420 5 (Fig. 20)
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P C E FEICE < . KBRE TR 7 BKED SALENS 7 m @RS E TRERHFRE TH 508,
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Fig. 20 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height induced by Typhoon 6420.

(17)76523 5 (Fig.21)
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Fig. 21 Typhoon track diagram supplemented with a list of typhoon parameters and spatial distributions of

maximum wind speed and maximum wave height induced by Typhoon 6523.

4. BR - REDBEDZERDT M
4.1 REDIBE

Fig. 22 13 1918~1960 4= (43 4[#]) 29 7 — A D E RS KA E KL L 1961~2005 4 (45 FFf]) @
AR e KRG 2 D T3 72 1918~2005 4 (88 A=) I KIEE U S % & 2 o A\ [h) oD 22 [ 73 A

154



ZFT, 1918~1960 T BV THERRK 41 50 100 [ 150 200
B 38 70 U VAL 1 R AR BT 1918 - 2005 &S
RN E BRI ETLER, [ HEE R

EMBHERINDLDOT, ZAHDZEEHM
DO RE R BRI R R EGE Z B 2 D 2

50p)

LA, Rk B L, B S0 ms BiaE TN G oL tof
Bk G & BIREL CH bR D, wi% w0$ , ' ]
1% T3412 5HFIT, #3213 T5115 SRFIZAEL

Fig. 22 Largest wind speed U'** and its wind direction in

TAERAENMT D, 72721, fOtKIEHER max

LI OUER R 75 L 2 0 i A YEE T, the Seto Inland Sea during the period of 1918 - 2005.
W B RA OHEEIZ VD SDP BB R O BC0WE b - IR BLIHLE OB R D72 L h, i EER
DA DOHEEREEIZH E VBV EIEE 27, DUV, 45 m/s A il o3k &7 o s 2 in 2 T RBK
BN &R R IC DL D, T AUE T3412 B01EH T5028 5 (KPRE) 36 LN T6523 5 (FEEE#E)
2L D, 40 m/s TR NVERI CAH LD D, BHAGE T, EBG#E, 7 & B, 225k,
T, R, (HASME - AKEMEITTe LA 35 mis IRIC A - TS, HIRTE R EGE A 54 L7 1B AU,
T, fOUKE, KU, RREEEO S & B, Rk, T T3412 5, fMtREE - K S & RR S
VA C T3706 5, JATE - Z235HET T4516 5, T4216 &, JEPSHER S & 8T T4516 &=, (JH TR i1
& B IKIE T TS5 &, JABGBEFE E8C T4216 5 &9 1959 FELIRTOBRE TH Y, 1961 LI D A
(ZOW T ER R DR HEETT S, TR :
N o 1 50 100 150 200
HEC T7010 7, JARGHEALES T T9119 5, f& ' 1933 5005 ' ' ,
PEBE B C T6523 5B b DI &2 ﬁw/fJHUWMs 2

VN, NS ek Tl T6118 B, TS5028 =, ] R te

T6420 %, TI18Jul BHAR S OHE bR 50H e
%o 723, JAMITZE < OWHE T SE~S Th
LN, FPHEETIINW 40, L& - L3
WENORBRBCIEINTEVE LD, 2B 100
MR RREZ 726 LIzt hEhoaRo 41 50 100 J 150 200

B R 5 OIS 5 £ THAR, ﬁw/filffémw
O EN, WEHEFHENTIZ 1933~1960 FD “W“;ﬁr_;a

SRS E T B [ o
DR RRE R E BT sic kY, P
1933~2005 4 (73 4=fi]) 35 L O 1961~2005 .
(45 ) ORI EEE NI LT $
ZNENERRIREE 1/3 L%EL Tfro 100 :
o BORHIH D BT 13 1918~1932 4R IZ 1
TIERHE B RN 2 7 — 2D &Gk Fig 23 100-year return wind speed Ujgs) and percentage
BRTEXAZ L, BLOUVNIWEEHRINERD expression of its variation coefficient (standard deviation
BT 1933~1960 4F (28 4EfH) IcBWT U jjggfw) divided by 100-year return wind speed)
b 27— AD GRS KEHEE B (1935 (Uﬁggflﬁ)/Ufgo’(?/ﬂ))x 10* in the Seto Inland Sea estimated
HC T3504 5 & T3507 %5, 1941 4-C T4114  using the annual maximum data during the period of 1933 -
& T4125 J7, 1942 4-7C T4222 75 & T4216  2005.

100x210
3 Ax=2km

155



75, 1950 45C T5028 5 & T5029 5, 1954 4£7C T5412 5 & T5415 5, 1956 4-C T5609 5 & T5612 =,
1960 4T T6011 5 & T6016 5 DAAE 2 r— A DEEL) 12 K 5 T 20 4FHH 2 53 DRI B K B & k2 15
TWBHIZTES, L7 > THEELL FOEAE o & HEE S5 F 0 K B E (1936, 1939, 1940,
1947, 1948, 1952, 1957, 1958 @ 84FEAHY4y) DRI SN TV D AREMERE W &, ZENETNBE
LicTe®OTh D, & TIE, 28 4 27 7 — A D& R EKRIEHEE B & 1961~2005 4F 0 4F Bl e K JRGH
EEHZ X 2T, 1933~2005 4= 73 4 CTlix BT < 2538 S AU 2 42 Bl e K JRGH R A3 W - PN i 4k
ICBWTTE LR < BRI Z L2 HfHFLTWD

Fig. 23 1% 1933~2005 FFOFRIHEKREGEE IO 5 B EAL 1/3 OEEHE O THEE L72 100 e 51
B U ooy & € OEEMREL (100 =R JTE OFEUER 22 U 05 & Usoolis) CHR L7ZME) D %IE O ZE [ 5347
BRT, 100 P EOE TV H IR E O, TREVE - 2o, il O o PEE & A O
TR D RIS, FPAGE & 2 OMATE T 40~45m/s 2 5%, & <2 mIED TR, KIS O
— B, IR ED AP KGE I AT T 45 mis AEZ B, LIS O TIE, 35 m/s BLF &R
TEALKE, AR ECALRG, GRS, R o, KE#EERE, 35~40m/s & L D,
ZEBHARE T NG C I R JE RO R RS DB R A BT 10 % &k 0 /S <, HRBRIIA WGP T 5 %
UT%E D, Epind ORIz ChiOtKIE O AR = 7 IR O 8D T 10 %E 82 5,
Fig. 24 ITERHAM DIER (45 5 73 FF[~) ITHED 100 Fffe R mGE D 24 B O 22 [H 4347 % 7~
To%miéﬁﬁﬁ/wwﬁ )uyfﬁﬁéMé%ﬁfﬁfozzm,UM%ml%rﬁw5$45
AR OFER IR REGEEED 5 B EAL 1/3 OEEHI S 2T L 0 1572 100 FHEREHE Th 5, EEHY
M OIER T PE, i B2 T A O & RS 1 50 00 J 150 200
BINEDLNDEENE 2D, ' 1933 — 2005 ' e
FEAOHEMIRE R DM, ZOHE ;m/{%%“W%W@aﬁg

THEFPED L < O T 10 %A FTH reaeegy 107

O, LRI RS RIS T TIE 507
12 L AR OHEE I 2 T 5. ¥
[ERE DAE A 1T KRB O B R O —88, 4
LR SO JEN CH NG, —J7, el 100
W50 sk, PR o> Z < 8, JRE Fig. 24 Change of 100-year return wind  speed
B, K, R EEEAL VE RS C e R SR (Uﬁ(fo?g /U61 -0 1)x102 in the Seto Inland Sea associated

100(1/3)

DHETEMEA 20 %A EIINT 5. 24113 1959 with extension of the data period from 45 years to 73 years.
FLRTOERER (TS115 %5, T4516 7,

T4326 %5, T3706 &72 &) ([CrES ke by 41— 80 700
T ADRGEE R OFBEE RS, LEKED 1918 - 2005

max

(UEs/uisoe ~1)x10?
AT T3412 FITfE 5 B R O F8 AN
Blbh T, 10% Loz L%,

Fig. 25 1% 1918~2005 4= (88 4EfH) D
O EGE & 1933~2005 FEDOERF
KRIBEBHT IS < 100 AR R EGHE Uy ) O
XK/ B % & H x5 2 O % fi&
e Juses, <1)x10> D 22 B 53 4 2 L <
AL D TH D, EEHIMIL 88 4F, FHil
HAMNE 100 45 & U CEEL TRk

50}

100

Fig. 25 Percentage expression of one-subtracted ratio of
largest wind speed during the period of 1918 - 2005 to
100-year return wind speed (U e [Uroaity —l)xlO in the
Seto Inland Sea.

156



DD, BRSO & 100 FRER R X FRE O 2 & 5 L IRFE D, 22T N KRSy
DUHE T 0 L D L/NEVADED, RRKREWVWIEDEZ LD Z 2D, KigE L TR KR EE)
100 4FRERER & RFREDMEE 72> TWnDd, UL, T5115 51T X0 i EGE A3 L U 7= 72 1 0 & 2 v
WO T DM D 5 B T3412 B2 K 0 B EEE A E U7 AL /KB O ml Ci, 11 R K RGE
25 100 AR A L 0D 8 %ll ERE W,

4.2 K2 DIB{E

Fig. 26 1Z 1918~1960 4 (43 4E[H]) 29 7 — A D& JRR e KI5 O ¥ U BIEE R i L7z 1918
~1960 4= D W e R & H o O D222~ d . ETPEEVHKICOWTA D &, BHL/KE TR
Tl m, dLET9 m OFEEIRAIEN Y, #miE SSE & & 5, HIR AN @A A RIXFE T T5412
5, dEERT T4516 5 & TS5115 5 CTHh 5D, BT 53O IO BRIR ST THEEIXZ8~9Im 25 6
m 2Pk T, HMiE SSE & & 5, EARARRITE TR T T5115 5, £ 2o AbvEfl< T5612 = &
T4216 5 CH 5, JEPHECITEEIZHEEDO 6 m 2> 5O 4 m 2 T, X E % F.02 SE~ENE,
FEAEREIL T4216 5 Th D, G CIL &I LmEHMEM O 7~8 m 225 BT 5 m, AL SE, HH
THE S m, WEW, BEHTHSSm, HEW~SW 2525, o R i EsIcsiT 5584
BT EIC T4516 5, FEOILM EFERIO—# T T4416 572 X Th D, LI TIIREITILE T4m
PLE, L SSE, AR EUL T4216 B, FEHEET 3~4m, AT NNW, JEAEREIL T4326 5, L
ECIEIEIE 3 m, BN SSE, AR EUL T4216 B & T5609 5, 7 Tl M X 3~4m, HEmIES
~SSW, FAEEBEULTS11S 5 & T4516 5 Th D, BINFE TIERSMT S mEEEA A B D, HniE
NE CTh 5, Zid T3507 B & T4609 5 RFZI1F 5 NE A OEED ERH OMWIEIZ LD, DWTH
I O W TR D &, IEA OREIE 3 SO/ BNICFEE R SN D, T720bh, KR IR
] NE O 4 m % @303, FREERE CIdilm NNW O 4.5 m #E @ik & b 5, /i 1L T3507 5 & T3706
TR, BFEIL T3412 SRFICAER LT D, RREER S O ALHGR CILE I WSW~SW @ 4 m &I
JREFIZIEDN Y, HREEC K SEECT S 3~3.5 m EEEAHBLL TWb, 2 bid T3706 5 & T4516
FIZE D, S HITHERERIC DWW T A D &, feF7KIE CIIRE TR CHRENIE 14~15 m, #1715 S~SSW,
KIEWTHEIA S & 0 D 10~12 m P EIA KI5 D 5, RIRE TIXA 7 BAKEMIED 8~9 m D
BB BT T 4 m 232, BEE S Hian SW HHICE <, #REE#ECIEE & 3R W EEFE T
A~5muEEY, PEEHOTL —EHTomIZET H, NEEIHTHEMILSE Th b, IR &3

B, ROVKETIET3412 5, KRB THLEL LT T3412 5 Th o0, fHFEH I/ NEEHTO
T3706 5=CAL BLERHEIER T D T4516 578 E/NHERBNZ B2 5,

11 50 J 190 1§0 1 25 50 75 J 100 125
1918-1960 .
H1&604’10m

W

1 20 40 j 60 80
1918-1960 ' '
HIE®—~5m

251
507

50t

1918-1960 ™~

18-60

75[ H'%%~ 10m

107x147
100+ Ax=1km

100r

161x186 4
Ax=1km (I3

150r 0 20km

Fig. 26 Largest wave height H)>® and its wave direction in the Seto Inland Sea during the period of 1918 —
1960.

157



Fig. 27 1% 1918~1960 4 29 & — 2 D RJRABHR KM E & & 1961~2005 4 (45 4FEfH) 256 (VEHEE
1), 174 (FPEER), 181 HEMER) 77— A DO BEB « KB 5 KB BB 5% 72 1918~2005
(884 H) OB K M H v ® Lk DM oAz Ry, KFLEk, [REE, RIMRE0R
BE22 D, 1918~1960 D T MBS 72 WVEIZIE, WP EICEB W CTE KRBT L 5 2 m 3%
AL TOWRVWEHEHISND DT, ZALDEDRKEmNIDR LS FRROBBRREZ FEb S
ZEERWERIRE D, FEERHRICISV T, EEKE T 10~11 m SRR Y, BT C
L 9m, ZI6xFEOLARGFEICT mEEY, JEBG#EFEHO 6 mkb EAIICHF DS, b
W 331 2 M T K v 26 2 1 TRV B4 /KO OO S VIR C T8013 5+, T0514 5, T0418 =72, {*
THEVE > © JE B G C T0418 5, 1 0 IR T T9119 5, T7119 75, 35D =43 C T7010 +, T9119
F7e 81961 AELIEORIBICE b D, —J7, BPUEEDEE, RIS, TR O B, &
OIS BB IS BT D BRI R AE B RIE 1960 FELARTORE T H 5, i CldR REREAERREE L
T 1960 FELLHTORE & 1961 FLAED G RARIET 228, WEOMEIZHE D Z2 b7/, il
ZRWTIE, RREEOF AT R K0 RO TSR LY RELR->TEY, RO G T
5miEEkA BT 5, ZAUXTT010 B2 KD, B 212, o AL7m et L 0 sl KO
R DWEIAZ 35 1T 2 W R e KU 0 1 402 40 1960 4 LART O BRI & 1961 FELLE O 5 BURFIZAE L TV 5.
HEBIRIEI W TR, ALFKIE & RREE I C @ O FEAIE Fig. 26 & K< BI72RZR7, 727201, #
FOKBEEEFIT L D 14~15 m W EBIE T6118 S WA U T4y, Z LSO T T18-Jul B AEB X
O T3412 B ERREDOWKEE G525 2 &0 b, EROFEBHNELND, KIKE TIE T6118 SREHIAE
U 7= AL B~ BRIV 0D F K3 0 T6420 SBFIC A U 7= B RIVER O fie R 2 Ko T 5 m P2y N
~NE~E IR LT\ D, SO M OFEILFig .26 1T L A EEDB R,

11 50 J 100 150 11 25 50 75 J 100 125
T T 3o : ¢ : - :
S( 1918-2005 ’
HIEo 1 20 40 j 60 80

—10m

191822005 25¢
18-05

Hmax —5m

50

50t

100" T 1918-2005
+ 18-05
750 H'5%~10m
107147
150 100} Ax=1km
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Investigating Occurrence Possibility of Super-Strong Wind Speed
Estimated Using Width Records of Resin Freckle Left
along Annual Rings of ’Yakusugi’

L IERE™ - By — " - d S
Masataka YAMAGUCHI*, Hirokazu NONAKA ** and Yoshio HATADA ™ **

Yakushima, located around 60 km south of Kyushu Island is famous for their long-lived (several thousand years
old) cedars known as 'Yakusugi'. Manabe(1968) suggested an occurrence of typhoon-generated super-strong
wind speeds reaching 93.5 m/s at Yakushima from the analysis of resin freckles left along annual rings on a
stump of the Yakusugi(Yakushima Cedar) with a tree age of more than 1,500 years. This paper gives a
re-estimate of 70 m/s wind speed at a height of 10 m from the ground through reanalysis of the relationship
between annual width of freckles in the recent years on the stump and annual maximum wind speed measured
at Yakushima. An extreme value analysis for a sample of annual maximum wind speed consisting of
measurements in recent years and data converted from around 1,500 year-long freckle records using the
above-mentioned relationship indicates that the return period of wind speed may be more than 2,000 years. A
simple approximation form of gradient wind model with either of two types of pressure distribution in a
typhoon is applied to evaluate a limiting wind speed under the supposable severest condition of central pressure.
Also, a Monte-Carlo simulation of typhoon-generated winds over a 1000-year period on the Northwestern
Pacific Ocean is carried out to estimate the return wind speeds on the area. Both investigations imply that the

super-strong wind speed event may occur in a period of around 5,000 years.

Key Words ; Super-strong wind speed, typhoon, stump of “Yakusugi’ (Yakushima Cedar), resin freckle, annual

ring, extreme value analysis, return wind speed
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EMZTEL ZENEHOREXNRICE > THEILRD, O 1HPEEBREAE TSI NZZE
DAL D RHHEBE SRR SR> & BL0 - ) & BERPIC X - CTHEE S 72 49 1,500 4E ORI % ik
JEGE 95 m/s DIFIETH 5,

AR TIE, BAEZ SN SN OKRE BB TR S 7zl £ 100 4FRiT% O 4455 K
RS, BAEIZRT D 74 G- OBLHEE 2 3 10K 1,500 40 [ O HE E 4 B R JEGEEBH 64 25 i
EREFHENT I EE DWW T, BEMIM2Y 1,000 FHBOMRREAHE T 5 & &b, EERET VO
PRI 2 O CHEE L 72 IR RE-CHER M B RE T L2 AWEZEr T vn v 2 b— 3 VOFSERIC
FESWTHERE L 7o e U & Dl 208 U C, B THEOREH A 7 — 31T 2 R JEGE o A i T RE
Zeiteam g o

2. BABICEITZREEEHDEN

2.1 RREH

Fig. 1 IZBAR, EREZErHEEARIZBIT
55 MROKATEEOMEZRT, Hifh - )IIE 36°f]
M35 X OESHPITA 1,500 4ERT7 D BRI S IS

36°

5 RAMOMIEEAERED > b, WEOL P R %f ”
D & RA B L OB BT % AR B R @Q@ f

A W CHlE OBERREFREER LD b, 32 Kagoshima 32'
DB ORISR 2 %9 2 Y i%lal )R X oo RN e e

IS LY 4 ~39 FOAELMET (W) 451~484 80 é’; ﬁ“’y 30°
FEOHIM (34 /) 25 1943~1951 40D HifH ,%
(9EMDITE D 41 77— A DHEE BOEE 21572, 28’ v 28"
AWFFETIE, ZDHH4r—A%RLS 451~ ﬁg%

484 4F (34 4E[H) DRI S 1922~1931 4F (10 26 Ishigaki Nabal - 26°
FEM) OBEHZED 34 r—A L ZHLIFED 37 _L$;1

—AOERE NS, 2Bk 19351942 4R Por  ter T2 iz 0 o

(8 4H), 1940ﬂv1950/ﬂi(11 EID, 1943~1951  Fig 1
£ (9FH) ICBITHERTH Y, BIAREHE
H&@ﬂ%-ﬁ%%&ét@;,%n%nwm
HE, 1946 4, 1948 TR RBLANEE A2 725 L2 BEIC X W A UBLAIE B 2 5,

BT 1937 D 2010 F£E TO 74 FRICO - 2 BBRIER NSO N TEY, SR AEE -
JELI) & AR R & 55 100 AFRECA X —F v b EICAB SN BRI ENDIUET H Z LN TE
Do JAFIO XS0, EGE - JEm, & <AZJEGEOBLRINE R GRFT O RO A, FEmREH], P ORI
@&ﬂﬂ?ﬁmﬁm Lo TREET 2L, SEMEZKXL oB@EFITHD, ZZTixibn sPlick
5o T, WK OBLEGE 2 Z < Kl ORI RS Z 31T HBHEER & 3572012, BAETIE—F
AR L 21T & A EPED R 1975~2001 400 27 RN 1T D4 ¥R 3.9 m/s &, i Lish
ThFE D — M REEE L E DR NN OO X OFFEEEGHE S — BT 2 K 5 ICHiF D lhFEE
F U CERRIEOHEZITH, ZORE, BAEOUEK 47 m HAIZEBIT 5D 1975~2001 FEIEAED fH
B R EGHE B 1937~2010 0 74 FRIF L 55 bz & A3, ks, BAEORW - B
1% 2002 4 4 H PABRIZ Z A LARTONLE £ 0 1 km BB STV 5728, 2002 4E LI O 4= -2 J8l i 23 B
DIRMIZ AR TR REw,

Fig. 2 1ZR/A D 1937~2010 4F 74 I35 1F 2 FFEBIAEGE (OFD), #fi EF LI EGE (x

Location of 5 meteorological stations in

Southwestern Japan.
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Fig. 2 Yearly variation of measurement-based annual maximum and mean wind speeds at Yakushima.

Fl, Wb U T, FRNBIHIEGE (e, iR A B ;Z:p =0.60 .

H(@F, VWPRY U, TRIL) OFERIIEEA D, FEEOFFE Sl L0

(= &> T 1974 4ELARTES & O 2002 AELAE O MR PAGBIMIRA LS Syl

B L P2 3 B, Ml EAE R R B B X BRI e~ TR 1of 8,=1.04

HRREILNE 8o Tn D, 0
[FIRRDFNAIZ L~ T, il & TUNOREEE (4, I, RS, Ukago m/s

Rl 2B 2R KEEOHIEEZITH, 2056, BIREOBIME Fig.3 Relationship between
B3 1885~2010 4D 126 4[] & 5 W MTAFE Y JEGE 23 K & 72¥% 75 annual maximum wind speed at
ZPED 1897 AELART DT — & ZBRUN 2 1898~20104E D 113 4] Tdh %,  Yakushima  and  that  at
T, HEV —HHPRREELE D70 1994~2010 4O F-HJE  Kagoshima.

WX 34m/s (HE49m) 2525,

. . 50 50

Fig. 3 IZERAR (MK 47Tm) LERE (& 40 ok
E49m) ICBU AMEGRKREOBRE g0l (6:9:97
R, /Ty PEERDRIOELSEE 3 g0 “(rosrd

. . " . x20F  p=086 S20L" p=077
SN E S, MR 0 =0.60, A% > 0L Urne3.195+20.30 > J0F  Ure3355+17.49
é ’T‘E EEIE;@%@@EE{E a0=1.04 VG‘E?) %) 75§ 6 N 0 i 1 |. .| Y?kflslh”:nal 1 0 i 1 |0 'IK?QIOSII'”’T’aI 1
= BT LRI S B M EAR K 0 24,0870 024 06 810
JRGEIZIFZIER U & et &9, Fig. 4 Relationship between annual maximum wind speed at

DEIS, Fig 4 1IMGBEAME & BA LIS yakushima and width of resin freckle on stump of “Yakusugi’.
BT 2 M EAF e KR 3 L O S 2381
HREFRREGEEZ I Z 25 E6OmEOBGRE ENEIvURT, ETERARBICE T 2FRKEHD A%
F 28546 OBE SR & 4 55 RJEGE OB EHMIE I 1935~1942 & (X4 4E1E 1943 45) @D (6.6 mm, 44.0
m/s), 1940~1950 4% (1946 1) @ (5.5 mm, 34.0 m/s), 1943~1951 4F (1948 4F) @ (3.1 mm, 34.4 m/s)
D3MTIH D, WEOBMRITHESEZ Smm, M EFRKEEE Uy, (m/s) & LT

Uyar=3.195+20.30 (1)

WL viEplang, EREREEICB T 2FERERKEEICEAL T 1911 FOEEE 272 L2 (6.3 mm, 37.5
m/s), 1924 FEDOERLE e LTz (4.6 mm, 27.9 m/s) ZMZ 7= 5MOEENIH T 2 EIFERRO H Tk
DfERIE
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Uyai=3.355+17.49 (2)
TEIND, ZnbORUTEIE, 20 mm 12k LT Uy 1ZFNF30 84.1 /s & 84.5m/s, &~15 mm
Ik LT 682m/s & 67.7m/s, &~10 mm IZ%F LT 522 m/s & 51.0 m/s, &5 mm (2% LT 36.3m/s & 34.2
m/s THHD, EEEHIEEmETOENNI, 22T, BABICKT 5 3HOEENHE W
R)OHERXZEAT 5, 7ok, BEIREBIZEIT S 1,800 4, 1,899 4, 1,905 MY T2 3 7r—AD
BEZEMNT 5 &, WURBENELNRVDT, ZORAOEEAZEIFROEHICEE L TEHA LT
WV, ek, B - IS L OVERPNC 5 2 5 A 72 BE AR & HEE AR f K EGE K 0 R L 572
J =

Uyai=3.885+12.53 (3)
Ths,

Fig. 5 1% 473~2010 4 1,538 4ERC BT 5 108 MEOHETE « M IEFE i KEGEDE RS Z2owd, &R
\ZBUT D 473 4 (451~484 4F) ~1927 4F (1922~1931 4E) D 1,455 4E[H] 34 (B OB g2 HHEE L=
FERREGE L, 1937~2010 4D 74 [ 74 {8 O E A H KRB EGE OB ERE L 0 72 5, K BERIRD A&
FLAEIIA Y 3 2 B O SEHE-CE - NI & BEPIC B 2 b RICREE S - SCEORERR
EERZIL TR, Table 1 12T X912, RFERKBEEERD S B, & 1AEIX 545 4 (537~552
) D 87.0 m/s, HIEEAT > TR WK B E BHI 2 BYR & VO 72 BT Id 93.5 mis, o
2 WA IE 473 4 (451~484 4F) @ 75.2 m/s, BLEBMPITIX 79.0 m/s, 5 3 LAEIE 1828 4F (1819~1830 4F)
D 73.9 m/s, EHPITIL 77.5 m/s, 4RI 1130 4 (1118~1156 4F) @ 70 .1 m/s, ELHPCIT 73.0 m/s
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Fig. b Yearly variation of freckle-based and measurement-based annual maximum wind speeds over a period

of more than 1,500 years at Yakushima.

ThO, BHEEFROICELD LD L1EIF T 5, Table 1 List of 4 largest annual maximum wind speeds
SV A AR T D 2D D IEA1T - 724 [l OFE  in a year period from 473 to 2010 estimated by this study
FITEIMETHTEBENCL DB D LY 6.5 and those by Manabe(1968).

m/s /NEV, B2 A EIFAEEEARELIC H D KA

(473 4F) 23T D REMEIC DWW T O order | year period | year | U, (m/s) | U, (m/s)
BHIAERMTICEEN TV S, & 3ALEITR 1 537-552 | 545 87.0 93.5
AP m e, AT EY B Sz E 300 2 451-484 | 473 75.2 79.0
FoMOE ARERE B S5 182849 H 17 3 | 1819-1830 | 1828 73.9 77.5
Hoo—FL hEREEZ T, FAFREEL 4 | 1118-1156 | 1130 70.1 73.0
7. * ¢ this study, ** : Manabe( 1968)
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JELZRNZ LD, R OHEE A i KEGE O AR IZBBIE S 3% 5 DI 215720, HEEF R K
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A5, Fig 2 BHLNR K 512, 50 m/s 22 2 R EGEIZBHBIFICA T Tnin L, HF
2 58 R O A b BLRIBH AR PTIARRICEEF LT D

2.2 BRIZE T+ B ERFERKEBIEE & D LB
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FIOH24R) bbb, HIEORELZZTHEFINEZRNTS, FHoRBRHEEGEIL 85 m/s Z#z 2,
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5, 196549 H 10 H), 5 2ffEIX=EFIFICHIT 5 66.7 m/s (BJE 6118 5, &2 =FHE, 1961 4F
9H 16 H), H3MEITE HEHICBIT 5 60.8 m/s (RJE 6618 5, & 2 H & EHH/E, 1966 49 A 5 H),
FEARGE T ERIRMEIT B (MEK 106 m) (28175 74.1 m/s (BE 5115 50— X B, 1951 4 10
H 14 H), DWW TEREAERINT G ik 40.6 m) (28175 67.1 m/s (BE 5115 75, /L—AHE, 1951
F£10H 14 H) Tho, ’ié%“ ([ZBI L CI% 68.9 m/s kb\o%&% PN &5 5, 55 3 AL fE L e IR B AT
HMRET A (M 271 m) (28105 65.0m/s (BJE 5413 5, 195449 A4 7 H) Th o, AHEOUEHE
FEL iﬁiﬂﬂmﬁiﬂ:.fkaa@ot 212406 m TH Y, 47 m &5 2 5RO RBLH R OWEE & & 2
FEEETR, RFTHIIE O FE % R < 20 A =PI O BBLHIELER 2 BT h, 65 m/s 2Bz 2 TR E

A %ﬁ/ﬁﬂénﬂ\é =1L, BAROFEMRITE T BREICHIETE, BIEEIL/ N & < 722 5 AraetER
HoH, WTRIZLA, D &b 60 m/s Zilliz D 10 0 FPEHEGE A ADO R FEHEECT 2 Tlod
H#ﬁ:%ﬁ?ﬁﬂéh?‘:é:%zfctb\fa‘b% I, T LTEBINEREEET S L, Table 1 {ORLTZRBAE (M
P 47m) [ZBTHHEEREDE 1AE 87.0 m/s, 2 LEHD 752 m/s, 2 3LIED 73.9 m/s, 4 N
D 70.1 m/s X H RN HIRFBFE /BT, FHE5MED 59.9 m/s IZE > T+l afiEREE 5
bND,

2.3 HEERREDIHETE

BAEOIENERE, I8, A, RIS 25 10 m & ERE O SR RBUEGHEE BHZ XT3 2 i
AT FH#NT 2 Yamaguchi + Hatada!'" O &5 /LIC &> TiT o7z, ZOFF /L1 Gumbel 34, Weibull %y
fi B k=0.5~10 0 27 %), FT-MAA BARREEL k=2.5~40 0 20 FEHH) D 48 FE¥H % B4l
e L, EFREROIEBEMEOFME AN DT 0 v T 0 v AKX, REREL &A@ R o HE
TE % /N 2 Fevh, Bl oA O A& e KA BIGR B E, ek EUE O i CEGARITIE R Z) OHEE
% jackknife 52 X5, T2 TIEINE LSM TV E T 5, oA O L jackknife $5DE AN
AHEMO LSM 5L & B B RITICH T 2 ERHEARE v IXBLIHIE RN 6 LT 1, 1,538 4ERI O HER -
BUEEHIRI LT 0.05 L FTH D, #f% Table 2 174, FiTi, AEFOEE (zm), BEEHYIR
AR K (E), RO AT OTGRREE (W 1% Weibull 2347, F 1% FT-TT745540), AHEAGREL o, FFELIIRT
R=100 4, 200 4£, 1,000 257 2 HeREE & T OEERET, =U, +U,, 1 AERKEE U,y
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Table 2 List of return wind speeds estimated using measurement samples at 5 stations.

location zm period K yrs. k P U 100 /S U 200 /S U 1000 /8 | Upglyear)
Yakushima | 47.0 | 1937-2010 74 | W1.3 | 0.9969 | 35523 | 38.2+2.6 | 44.4£3.3 | 35.3(1943)
Kagoshima | 49.0 | 1937-2010 74 | W1.5 | 09983 | 33.7£2.0 | 36.1+2.3 | 41.2£2.8 | 34.8(1942)
1898-2010 113 | F12.5 | 0.9978 | 359+2.4 | 39.842.9 | 49.9+t4.0 | 40.3(1899)
Naha 75.8 | 1911-2010 100 | W2.6 | 09958 | 35.1£1.0 | 36.61.1 | 39.6+1.3 | 33.7(1949)
Ishigaki 35.4 | 1900-2010 111 | WL.6 | 0.9960 | 46.1£2.1 | 493+2.3 | 56.2+2.8 | 45.8(1933)
Nagasaki 45.3 | 1895-2010 116 | W1.6 | 09888 | 32.5+1.7 | 34819 | 39.7+2.4 | 35.9(1914)

(7R =U,xU_, (R=100,200, 1,000 yrs.), Unitof U, : m/s

EDOARE FEINN) 2525, 10 m &R~ ZEHIE 1/7 RO RIS & 5, ZEHREITRAS
T 0.80165~0.80, FE!IZE T 0.79689 ~0.80, I T 0.83478~0.83, HLHI T 0.74874~0.75, ET
0.80588~0.81 TH VY, AEFD 0.75 k< 4 HiHT0.80~083 LHE v Baanpwn, EIRE, IH, &
W5 o> 3 Hit s C I BLIIBH AR AT O AR DO R B & ol OFROF LR RHEDO LA K EZ N & n b,

RO DICHHF DO EF U D L i OFRRKEGENRE L KT 50T, PIHHEROERZEIEE
T3 EFAY 5y, HREA T 20 FEFHY 4y, Rl T 16 FHYSHIBR L7z, Z 056 T A BLIINE R ORI

100 &2 B R D,
Fig.6 1% *ﬁiiﬂﬂ 7 8L T fiE 50 50 50
U, ftihzit&EEu,, & 20k Yakushima sof Kagoshima 20k Kagoshima
5 | K=74yrs. P | K=113yrs. | K=74yrs.
T5QQ Yry MYz §30-N=74 §30- N=113 (\£30-N=74
_— H  ~ I LSM AM = | Lsm AM S FLsm AM

I (74 FERIEERY &R 3201 weibui | 820[ FT-II 3201 Weib ull
B (113 FMERBS L 74 10k k=1.3 10F k=125 10k k=15

: - i £=0.9969 . £=0.9978 . £=0.9983
ﬁzﬁ;ﬁié\*&l») a:‘ob \—’Cﬂ—\‘—g_qo 0 | I [ NN N N I N | 0 | N WS N S N IS I W | 0 | N S I N Y I M |
. . . . 0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
Z OFEHIB LUK TE Uobs m/s Uobs m/s Uobs nv's

OV FABAMREL o DfES /R Fig. 6 Quantile-quantile plot of sample of measurement-based annual
B9 5 &L 912, Ei/o4i®  maximum wind speed at Yakushima and that at Kagoshima.

LA e R JBRL R BB L 2t

LZMEEEIINTROHATHLREFCTHD, £z, BABOEIIMET IERETIX, AL Li-a
BUEEE (113 5£[H) D72 b FRAE OBUAIE EHIIF (1937~2010 £ 74 /) ([CHDETZEEH
KT DT BT > TN D, BABRSIOEILE (74 FEMER) 1287 2 MR RGE & R 213 H 5L
100 4RIk L CZNZEH 355523 (m/fs) & 33.7£2.0 (m/s), FFELHARM 1,000 4125 LT 444+
33 (m/s) £ 412%28 (m/s) THDHINE, WHEITHERTVHEERREMEL 52 5, B TIHEEY
74 05 113 F~DIERITEY, 100 FfEFEEE T 2.2 m/s, 200 FRE=R)E0E T 3.7 m/s ML TF
0, il JRGE OHEE M KT T HIMIE & OB TG LIS72 0, DWT, 5L Lz 5 #iE D 5 5 200
MR R ITAIEICB T D 493 m/s ZFRWT, RIFFHICHIT 2 34.8 m/s 2B ICHIT S 39.8 m/s D
HHEICH Y, fEREHEEOZED 5m/s OFFEICHE S,

10 m & B RGE 1S 28 H U 7= B D 473~2010 4 1,538 R OHEE « fIEFER KEGEEEO 9 5, B
SRR DHEE L7z 473~1927 4 1,455 FEROFHEKEHEEGEHT 25.7~69.7 m/s (47 m EEFHY T
32.1~87.0 m/s) DOHEPHIZH D, —F, 1937~2010 £F 74 F ] OBHEECIIhiEFE R K RGEZ EHE 11.7
~353m/s (47 m FET 14.6~44.0 m/s) OFiHZ & 5, EHPIC T, BEAED D HEE T HE e A (X
JEGH 1T 25.5~35.0 m/s AL (10 m & BEJRGH CRIK 20~30 m/s WA L SbhTnb, 2T, 1,538
EROHETE - #iEFER KRG EEHI X L C FIR censoring il (FRAREE) U, Z 20 m/s 5 Sm/s = &1Z
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Table 3 List of return wind speeds estimated using sample of freckle-based and measurement-based annual

maximum wind speeds at Yakushima.

U(m/s) | Kyrs. | N k Yol Uspomi/s | Uyggom/s | Usgoomfs | Uspoo m/S | Ry YIS | Ryara YIS.
35% 1,538 18 | WI0 | 0.9889 | 46.1£21 | 628%£51 69064 764+79 2,282 817
30* 1,538 26 | W10 | 0.9931 | 46125 | 628£52 689162 762*75 2,266 817
25% 1,538 41 | W2.8 | 0.9952 | 457£27 | 622+£51 636160 76571 2,207 769
20%* 1,538 54 | W3.0 | 0.9965 | 457£29 | 622+£50 685+58 76368 2,172 763
35%* 1,538 18 | F7.0 | 0.9961 | 438£32 | 57.6*49 646157 749169 3,191 1,316
35kHE 1,538 18 | F7.0 | 0.9801 | 43314 | 559=*20 622124 717128 4,176 1,632
U R =Ur U, Upn(year)=69.7 m/s (545), U,an(year)=60.3 m/s (473)
*: LSM, **:PPWM, ***:MLM

35m/s FTCEZTLSMET MK DT 21T o7, Table 3 ITFER D —EERT, ZOH T R0 X5
1ACME 69.7 my/s (23T 5 BB (FFE0D, Roue VL5 2 (71 60.3 m/s IZXI3 2 BB (%) <Toh
%, BEHMEB K=1,538 FE12xF L TEEHIE 18~54 LIEFICD 7L, LMo TEEHRIRE S v =0.012
~0.035 LSV, ZORERICE B E, FHBRE 0 1T 720 11235 <, TR censoring fEIZ£E 5 filg =2
W L OEERZEOZ(L /NS, £ 74 FE M OBHRIE BHZ B-D < 200 AR B0 O HEEE 38.2 m/s
ST, 1,538 EMOBEBHIIES < 46 m/s 1320 % R XV, ZHiTh B A AR & 4 i K EE
ZHEE U 7o BLIBH AR LART DR (RS IREAR)

(BT DIK 69.7 mis ICEET H@MEE N 100 10— ——

BUC LB, Z0iEn, 1,538 FRO%E 1A O] k=158 5O K=1538yrs

69.7 m/s (47 m EEHY T 87.0 mis) 132,000 SO PS4 am gO0L M2TS &

FEHEERELD | ms KxVRETEORS S oo | 3 =10

BRI 2,200 48, 45 26711 60.3 m/s (47 m & ZOZII ...Q;;$%Z ZOZII ...Q;%ﬁii

FEFIYC 752 m/s) 1E 1,000 R EE 62.2 0 20 40 60 80 100 %20msow1w
Udata nv/s Udata nmv/s

~62.8m/s £V 1.9~25m/s NEWFEET, &
OB 800 FRl# A 52 5, BRI
EEETDHE, BUEOH 1AMER O 241
il & 22 OB O xS BRI A BEAY
Thb,

Fig. 713 FBE censoring fE% U~=30m/s 8L 35m/s & L7ZHAD Q-Q 7 r vy N %5 X %, fHHEE
U, L EEHMEU,,, OxISIE LW, FEEOHNT 2 PPWM iEE T L (FEE 51) 38 L O'MLM £ 5L (11
A5 12k o> TITo722%, TR censoring fif U, DZALIZ)E L T9" L b % LIz HEEIE A 7z
WODT, U=35 m/s ([ZT DFERDOA% Table 3 DF 2 BICH 25, PPWM IEET /L% VW 7SR R
B BN R LT LSM 7 L2 WA E L D 00/ Z 03, MLM 7 V& W72 — g/
SV, ZAUTE EAEAHE D& RO L < BSEEHAR ORTERERICAER LTV 2D &0 9 38R K aUH
BELORHEICERT D EHERI SN D, T7bh, PPWM EET L MLM €7 /L CIERREEN (BE
RER) & PR (BLIIERY) O WT Ui BALEE < A ERE T 20BN ERBICEL TEE I
HDIZx LT, LSM E7 /L TIEZEOAERFERPMEICR 5202 & 0vD, TR censoring fHED 2K
* U CLE LT EREEOHEMAHFONDL EEXONSE, 22T, LSMET AV EZHWZSHEDO T
[ censoring fE U=30 m/s |2 X3 2 #5R &4 Fem 72 HE el & 3 5,

Fig. 7 Quantile-quantile plot of sample of freckle-based
and measurement-based annual maximum wind speeds at

Yakushima.
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3. HEERETIIZEDIKKER

3.1 Holland R I2ED < &5t

BAE THEE SN 87.0 m/s (10 m B EHE T 69.7 m/s) & OBIBEGEN X7 L THILL 5 20
EAEEEEE TV (M) (SRS TR 5, £ 3 Holland iz X 5 B RNSKIES A p OFE
TR TERIND,

P=D, +Apexp{—4}=pc +APGXP{—[RW] } “4)
r r

Ap=p,-p., R,=A4" or A=R, (5)

2T, p, s HLRIE, p,  mAHBRIE, Ap  RIEZE, o BEAFLG OERE, R, : HRKhEM
JRGE -8 8 D, IR IE R RBGE R, AR, I - emUiz o, R(1)1E Schloemer! iz k0
RESNZ 10 HEOERNKESA XD I BD1H2LDZ L THD, KDITBWT n=1 DHFAEN
% Schloemer 2d> 5 WM Myers K Th 5, £77, nl2xd % #8272 Hubert et al. ™2 k> TH&
DEITRESNTND,

n=1.5+(980-p, )/120 (6)
n O#iPHE LT 1~2.5 28 Holland"IZ L W #EE ST %, LA L, n=112%f LT p,=1,040 hPa, n=2.5
IZXf LT p,=860 hPa T H 70, EFHRIE p, % 1,013 hPa £721% 1,010 hPa & 3 2@ % OB E DY
BIIE, ENFn=1225 8L W n=1.25 % &£ U, Myers UL T2 n=1 [Z72 5720, WTHIZ LA,
HLKE p, DR T & &I nTHR L, FEHMOKEDZER M NEITIR D,

AICES S BEREY, FRATEREND,

e ]

T, p o ZEROEE, f(=2sing) : Coriolis HH, o : HEROMEMGEE, ¢ EE, THH, X
R

S 12
ngax = {n [ﬂj eXp(- 1) + (Rij } _ wa (8)
P 2 )

%, UL, ERO{ JNTHIE>H2HTHD 2 Enb, REEIRRTELTE 5,

1/2
V gmar ={ (ﬂjexp(- 1)} = n”ﬁ/"—p ©)
p pe

TS, elTARKEODIE 2.7182813 ThH D, B NE n=1 & L7z BT & 0 ATRER KRG OHEE &

4

KO EE, Table 412R9 X 912 p,=1,013hPa, p=12kgm’ & LT, @ p,=860 hPa (=% L T
n=2.5, V,,=1083m/s, @ p =880 hPalZxfL T n=233 (7/3), V,,,=97.5m/s, @ p,=900 hPa (Zxf L
Tn=2.17 (13/6), V,,,, =86.6m/s, (27225, —J5, n=1 & L7z Myers ;A Cld p,=1,013 hPa, p=1.2kg/m’
LT, @ p,=860hPa(ZxfLTV,,, =68.5m/s, @ p,=880 hPa (ZxfL TV, =63.9m/s, @ p,=900hPa
ZX LTV, =589 m/s, THD, WHRFEZER LIZRNROBERBRTH S 1828 D —R/L
R 5 EO HFLREIFRAP, Tha 35T 900 hPa (W2 i1XRE 6 < UM HHER) SHEShTRBY,

F-BR 7700 5 (WK BEERE) ERICIIWEBALR EEERDOMICAET 5K BEBE T 907.3 hPa
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DB S TS Z &7y Table 4 List of maximum gradient wind speed (V,,,,
5, HO%JE 900 hPa & associated with moving typhoon (V).
DV E HICHLRE

) and surface wind speed

880 hPa DO HEMNEAE De Holland Myers

3F 2 BE S 5 HEE 1T & (0Pa) | 1 | Vewar | VematVomar | Vinar | Vemar | VemactVomax | Vinax

DRI LT & HE 860 2.5 | 108.3 123.3 82.2 | 68.5 83.5 55.7

HEhs, 880 | 2.33 | 97.5 112.5 75.0 | 63.9 78.9 52.6
ko, I E IS 900 | 2.17 | 86.6 101.6 67.7 | 58.9 73.9 49.3

gmax

Venass Vomass Venax - 08, p,=1013 hPa, p=1.2 kg/m’
(=54 km/h (VOmax= 15 m/s), Vmax=(2/3) (ngax+V0max)

JEUZ A S S5 KA JELK D
1R TH D, A
JEPN O R IR BN LE D BOEEN MDY, REOBENAE D JEE v, (XBEROBEEEZ C & LT
RADONT NN TET MEIIND T ENLZ,

v
=, K=t (10)
1+ K rf
by =2 (1)
14

emax
LAV T AR R, TIFE C %, XADIX CE LV, REOBEEE C NEEOBENEE D
85 D JRD Fe K BGH Vo & U CRAMBUE R, (CTOEEMAIND, BEHEE C % 36 kmh &F
FUZEGE 10 m/s 25, 54 km/h &3 H0E 15 m/s 2%, 72 km/h & 3H00E 20 m/s BEERICIIZ Bb, S
BT, BROEEITIER T OO 22 T TP T2 22000, 10m SEDEMEE T 5700
%% 213 L3 %, Table 4 IZ/R9 X512, p,=900 hPa D4 Holland T 10 m 5 0 Fir KEGH 1%
V,.=67.7 m/s, Myers 2.CV, =493 m/s, p.=880 hPa D& Holland 2TV, =75 m/s, Myers 2. C
V,.=526m/s, &RIEL LD, L7235 T, Holland 20T p, =900 hPa, BENHE C=54 km/h (vg,e=15
m/s), 10 m @ EREEGE~OLEHRGEH A 23 55 L, FKRBEHITY,, =67.T7m/s THLND, BAL
2B D 10 m & FEHEE R RJREE O 1ALE 69.7 m/s IXHEL L 2 ZRWVE TRV EHERI SN D,

LorL, B - MU I B RN OKIES AR A n=1 ([ZF 445 Schloemer (Myers) = TIEIE@YIIC#
BENDHZELEEZRLTWVWDHDT, nZPFOKEDOREDITIE L THMESE 5 Holland D% 4P H F
D IR T2, — 77, B9 5PN T n 225k S48 72 Holland 2UC K 5 5 S O BUEEE 2 BET LTV 5 28,
n OFEFUEE U THRERF M 215 D I2E > TWV72RYY,

3.2 Super Gradient Wind (SGW) ETFILICE D &t

FEHE « o PP 3 3 i G & G e V, DHSZERIRNC —E T2 <, BEFLAIIET 1 28 % 55
PeZ2RET D7D, x=r/r, (r: GEEFLEOHREE, 7 @ Myers 2T K 2 i KIEf RO ) &
LT, 2EORIERE G(x) 2R LTz,

G<x)=G<oo>+{c<x0)—c(w>}[;—ojk1exp[(1—§j{1—(§ojk}] )

TS, k=25, x,=0.5, G(x,)=12Th %, Glo)lTm ST HTE T 5 EERE~DOLEHFHTH Y,
T TR - PN X D Glo)=2/3 £ T B, G(x)IEx=0TDG(o)=2/30HHALTx=x, T
G(x,)=12 DERKNEE & 572D H, x— 00 TG(wo)=2/3 WIS 5, K (10 m &%) JAH V' 13 Myers
KIS LD BEREY, 2 WD TRATHR LD,

V' =G(x)-7, (13)
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IR - JeEPNE Blaton OARAE M U THBEOBENEE C 2B LI BEERE Y, 2 AT 52,
I TIEHABEROBEEE C ORBENREE T H, £, el B P ap ICEET 5 Glx,)/G()
DREREL TV D,

G(.xo) — G(OO){I + 10(0,02314\[)71.96)} (14)

ERI2B T p, =1,013hPa & § 5 &, G(w0)=2/3 DA p.=941 hPa(Ap =72hPa) TG(x,)=1% &V,
p.=941 hPa L F T SGW BN EBL I 415 A%, p,=928 hPa ( 4p =85 hPa) DI5H 1.34, p, =903 hPa(Ap =110
hPa) DA G(x,)=321 L7256, HIFEEKG(x,) BEFICKEL RS, LEN-T, B - em)
CBT 55X 912, Gx)=12 HBHWVE, FVENG(x,)=14 £THZEREELVEEZILND,
Mitsuta * Fujiil®!' O F I L hiE, Glx,)=14 b &0 9 BETH 5,

ZZT, BREFERRIC p=12kgm’, G(x,)=12 & L, KJESAXIC Myers 20 VUL, BROK
BOMEEZEE 10 m FETOREEEYV,, (X p.=900 hPa DAV, =589 m/s TH LMD, V.
=58.9X1.2=70.7m/s LiHfich 2, ZHICHEROBEIOREL LT, /=& 2F C=54km/h (15 m/s) (2
9% 15 m/s X 2/3=10 m/s Z 21U, V,, =80.7m/s 725, G(x,)=13 &L, 10mEEICBIT5B
TEE O W5 % 15 m/sX2/3=10m/s & T 4L, p,=900 hPa DAV, =58.9X1.3=86.6 m/s &L FK I 5,
BAEIZET 2 10 m @ EHEEF R OE 1 E 69.7 m/s (X LFRDOEZ 720 FTEbDZ &b,
ZOHBIATREMEIT 2 W S IEE 2720,

4, HERMERETILIZEASIaL—S3Y

4.1 Holland (& D < #&E4

Z 2 CIEE R BP0 RE RIS AR 12 D < ZEEIBIRER I B RE TV & VT 1,000 4O R
JEGEDE LTI Nr Y ab—ra U EERL, WG 28 U e iR EGE O R A B 525
b, ¥ = b—3 7 % Holland KU X A RIES A EFEHBIRILE A (SGW BT /L& fH) @ 250
EAIZOWTIT 9,

%9, Holland iZ X 2 KJENA OHAIZIX p, =860 hPa TR, =20 km & {REL T n=2.5 BL W
A=1788.8543 137D 5, 4=1788.8543 L[HE L TV = L — a3 » THRLNHEEOE AT LRIE p,
WXL T, R(6)LV n %, G LV RKEFEFEEER, A RODH, 2F 0, FEHRKIESH O K
Tt a LEENTER b A FEE LEMBREMMMERGE LT 5 12— 9 /2B NT, 8
WND p X7 v LI EBEGATMHEE LTROBNDD, R IXp 2L > T—EMITIRES D,
F72, BROBENERE C DR KEZ 100 km/h & HIFR L, & E OB B O mEGE~ O % 545 2 (1)
IZE o TRk D, BEIVAZ ST 10 m & R ~OLEWREIL 23 L35,

Fig. 8 |45+ kR 80 km DAL VE A1 L CTHF72 100 FFAEHREUE Uygo & 1,000 F-E =R R Ujop
DL 2™ T, MEFEHEAT I XE BRI Z v=1/2 & L7 LSM ET MK D, ZHUILLFO v
Ralb—va UREROITTHLRICTH S, 100 FFREREGE U (3 FESAE T 55 m/s, AR
%38 2 HPE 5 1F)C 50 m/s, FEJLMN Z 38 2 HPE 5 1F T 45 mis, FAREEE R D B ARWEE R CRKE - &
FRIZNT T40m/s ThH D, BAR, BYE, I8, RRFHIZIT 58LHE RO ICEE-D < 100 F
RKEGHEIL S m/s fiE CTH LG, ¥ a b—3 a3 CVERHNTIES EARE T 15 nvs, ftho> Him T 10 m/s
K&, £72, AETIIEHIEERT46 ms, 22— g VEET S50 m/s LLEEBEDN 4~5 m/s
REV, VI ab—a VEBHIEOHIEORELZ G ERVOT, Wi O/ RICTEITR,

—J7, BELPIONCH 2 b4 Y - F8EHC T 2 HHBRE A (100 FHER) JEH &
BL, 5~10 m/s NSV, 72720, EEROBHRIAHE S » TRV, 72, B rmEPic ke
THhnmrY I ab—a VERDGEDNN T ATERIZIS T D 100 FEREEIL 47 m/s TH Y, AlE
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OFRER LD 4~5 m/s KEV, 1,000 FEMEREGEIT 100 FEMeREGRICEH T 5 m/s F2ERKE v, LavL,
BB TO 1,000 7R EEIL 52 m/s FRE Th o T, BARBICBITS 10 m &EHREOHEEER K
EIEDOE 17fE 69.7 m/s & tbB L, 15 m/s LA B/, FHEHRBIFZ 10,000 £ & LT Z Uz &It

20N,

1 10 J 20 30 35 1 10 J 20 30 35

1 1
20 30/3*5//7?\7’ 40

25

10 10
20L2 %0 ' Usgo(m/s \ 20 55,
30 /jirﬁV\ Holland type 30 /é\
32ja / 32

Ax=80km Ax=80km

Fig. 8 Spatial distribution of return wind speed on the Northwestern Pacific Ocean estimated using Monte-Carlo simulation

technique(Holland type).

4.2 Super Gradient Wind (SGW) EFILICE D #&&t

¥R A (BB G 88 o, HEF R D) ZHWZE T AL EY I 2 b—T 3 iz
fﬁ%éné@EHL_fmm%%bfswa&mmmwm@w%((@LM,G(yMD%%Ef
LrErEbic, RROBIIEEDORELXRTNANCLED v, IZ 23 2F L TCREADEHEORBA~DHE %%
BT 2, ¥ alb—yarTIEABRIESA D OFEMERRIES AT ~OOT BT 9 i K A di KR D
WA RET 2728, bla OFIFAA 0.85~1.10 LHIRT 5, £72, RREOBENERE C DFAMEA 100 km/h
LT 5,

Fig. 9 1% 100 FfEREH Uy & 1,000 FHEREGR Ujooo DZEM N2 52 20 100 LEHEREORITFE S5
B RATT T 60 m/s, PR & SUN ORI CTHPE SIS 55 m/s, S, ST NYE, AORNER, (RS, B
WA OHVEITANT 50 /s, FAREN: B D B AR A& TR, SRS T 45 m/s, FAREEE
HER 2N B H A % 8% CALHRE B AR T UTIS 0 T 40 m/s & 72> TH Y, Fig. 8 @ Holland K42 HS<
AL 5 ms KEW, ZROHDOEIZFEESPIOFTH 2 545U - FEEHTET 5 100 4R EH
RS AT D, E i, IR O 100 RS EGE © B EH PUORE R L BT REWVRET,
RS E ST 2, 1,000 R8I E 100 FREREOE & T 5~7 m/s KE W, BAEMIT TIE 1,000
FEREREEH T S8 mis FRIEE CTH DD, BABIZEIT 285K 1,500 4E0 M OHEEE K EGEDO S 141
i 69.7 m/s & H~<T 10 m/s B F/NE 0y, 10,000 FfEREUH X 63 m/s TH D006, KR E LTHE 1 Afi
X /hEV, B 1NAE 69.7 m/s 1355 2 A74E 60.3 m/s, %5 3ALME 59.2 m/s & HE~THI 10 m/s K& WZEH
L7z &0, ZOHBMMIL 10,000 FEE2EICHZ D Z &b, —J7, & 200E 60.3 m/s Ik 5
FEHIMIX LISOETHY, £ 1,500 FOERHIHMEZZ 2 5L, GHIITH D,

ob?,HgmHG@}ﬂs@%kK@@%@%HgQ&WU’LkﬁAﬂum$%$ﬂLMmk
1,000 4Effe SR EGHE Uygoo DZEMI N AT % 52 %, Fig. 9125 272 G(x,)=1.2 DA & T, flesmE
m@%MTéoLtﬁof,%%%m%%#'%ﬁw@%%%iibé_k_&éo*ﬁ,wmﬁi
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Ax=80km, G(x,)=1.2 Ax=80km, G(x,)=1.2

Fig. 9 Spatial distribution of return wind speed on the Northwestern Pacific Ocean estimated using Monte-Carlo

simulation technique( G(x0 ) =1.2 case).

1 10 J 20 30 35 1 10 J 20 30 35
I I A, - U10;)0(m/~|9)/;:’\'——40 -

Ax=80km, G(x,)=1.3 Ax=80km, G(x,)=1.3

Fig. 10 Spatial distribution of return wind speed on the Northwestern Pacific Ocean estimated using

Monte-Carlo simulation technique( G(x, ) =1.3 case).

EREHIIEARET64 m/s ThDH L, BABICEBIT 58 1ALE 69.7 m/s (Zxd 5 BHBLHIIXK 7,000
FELFHME SN D, Glx,)=1.35 &9AUE, FHHMMEIL 2,000 4L AL Hhb, LER-T, BABIC
BT 5K 1,500 DM D 10 m & FE R RJEEO S 1 A7E 69.7 m/s O HBLIE 5,000 FEFEE D ¥ A L
A7 =N THNE, HVFRNVEZ TRV EHRISND,

5. #&

anh
ju]

ARFZETIL, BAK OBIEBESIEFEERD O HER S 72 E59 1,500 FOMICEIT 5 80 m/s UL LD
SEEGE (R 47 m) DS ATEBT 20500 E R Lz, BoN7mAOKRE T SE
DEH>TH%,

ORI ORIAEBE RIEFLERD D HER S 728 549 1,500 O O 1 A7 EGEH T 1975~2000 85 520D 5
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WEGE CANIE, BEZ47Tm & LT 87.0m/s Eaffli SN, ZAUTEMIC L D HEEE 93.5m/s £V

LR/ E Y,

QEAEIZBIT 25 1 (LR 87.0 m/s 1%, JEHGHEEOREL BT E, DAETEN S - RkX

ek P JEL 358 D Jje KA & [RIRREE T do 23, 10 /3 FEPER R O e KAE X D 15 my/s FREE R Z 0,

@FAE, BIRE, BH, REFIZHTD 100 Faitk OBHIEEHIE-S< 10 m & ERF O 100 FiE%E

JEGE I 33~36 m/s, 200 R EEHIL 35~40 m/s, AHT46m/s BEL N4 m/s & FElisn 5,

@RABICB T 2EHER 25T 1,538 M D 10 m & EHE HEIRH 0.8) HEEAE i KR E BHD

F5< 200 FHfe 3 AT 46 m/s, 1,000 - 22 JELE 1 63 m/s, 2,000 FHE R EGEHE I 69 m/s & FEli S 415,

FFELIR 2 200 4 TAHIUE, BUIEEIO A HES HEREE L Y 8m/s KE W, 10 m @EHE DS 1

AL EGE 69.7 m/s O FFELHAM 1T 2,200 4EI2FHM 5,

®Holland (T & 2 KESARITHES S, BROBEHEE (C=54 km/h) ZH[E L7 10 m & JEH O 5

KAEIZ B RO FLEEZ 900 hPa EFETHIZ67.7m/s TH Y, BABTO 10m &EHBRREOSE 1 (7 E

69.7 m/s ICITVMEE 52 5,

®Myers (2 & D 5L/ A U2 HD < B JRGE (2 %) L C Super Gradient Wind (SGW) & L C O R 5R

2T Z20E, BROBE (C=54 km/h) ZEE L7- 10 m & EE O % KME1E 900 hPa D& B OEE IS

L T80.7m/s THY, BAETOD 10m MK 1A7E 69.7m/s LV 11 m/s KX\,

DR BEET M2 L5 1,000 FERID Y 2 2 L—3 3 U RIC X hiE, Holland (2 X 5 KES A%

HWa85E, BEHIRZ 10,000 4 & L THiEREEIIBAS TOHE LAMELY 10 /s 2L EAE 0, —

77, Myers |2 & 2 5JESMNE — b Lo A5 AR SE 3N A VY, 723D Super Gradient Wind D 5278

IR 236 121E 5,000 FEHEREHITBAGICBIT 28 LAREE L AREOHEE 529 %, bbb

AHh, ZOREFITEET D HIBLEORKEITKFETL2D1FF 9 ETHAR,

®FET 51z, KEHMIM AL 5,000 4F & T1I1E, BABIZET 2 HEEFRKEEDOSE 104 87.0 m/s
(10 m F T 69.7 m/s) (ZHY T 2 BIREHO HBLILH D 2 e WFER TR,

2 %F X m
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Towards Synchronous Head-driven Phrase Structure Grammars

3

o
Takashi NINOMIYA”

Abstract: This study proposes a model of synchronous Head-driven Phrase Structure Grammar for machine
translation.  Statistical machine translation currently receives much attention in the field of machine translation
because of ability to learn its model from parallel corpora automatically. However, statistical machine
translation suffers from difficulty in translating between language pairs which are structurally different, due to
lack of grammatical hypothesis or models. Synchronous grammars provide grammatical relations of two
languages, which enable machine translation to incorporate grammatical structures into the translation model.
We developed an experimental synchronous HPSG grammar, and its performance was evaluated on

English-Japanese machine translation as preliminary experiments.

Key words: Head-driven Phrase Structure Grammar, HPSG, Machine Translation, Synchronous Grammar,

Parsing, Natural Language Processing, Computational Linguistics

1. #&S

AFw S, RSB EE-S<9E A BEREROEBUCIAIT T, SR PN HE SN D T FEERE) )i
1% 3 #:(Head-driven Phrase Structure Grammar, HPSG)!"! 072 o [A3 3¢ 7% (Synchronous Grammar)?! 24248
T 5, WA, /ST ILa—s S50 BB S8 S AT RE A FE R BRI RR P 28 B 218 VT B8, Mgt
BN FUTEEIHEDO AN X RFEDOE XM 2 AN LHERET L EL TWAT®D | HiaEiE N 25 558
I COFIFRITHEEL W, [FHISOEIX SO SUER A OREFEE B X725 3GETHY | RIHIS0EE v
THEAT T HZLICRY, ZSFEHOMEEE LRI EOND, REFISHEZ MR OET VET 52 LT,
RESHRDIFEREE RO SREMICB O T RME OB OB EHEINLZ ER RS, KfFge T
IZ. £ HE D HPSG [ SCTEE R ETL . Z O REASHEIC LA EIR ORI 21T,

WA R OMEREN R E M EL, 2, BEIRR 0720 O S FEEIROE 2R 78 K, BLOE
REZR BN 78 O ASFIFH FTRBIZ /R 572 28T R | IV S VBRI 1A A2 WD Z e AT REL 72 o
Tz BEMFHRR OB FE 130 EELHREITD T > TUIT DAL TEIZDY, 90 FRETLIRTL, /ST A—F % AFITID
T DN — KD FIE OB EE AT 5T 5, ABICESSKRIERBLOEBFNRUEL HWEE
R B2 T DRI T2 DI E R 72 S TE Tz, LinL, ZRHLD FIETIE, V— L ERRSC/3T A
— XA NFIZEVITO 70D v— VB OF BAERIC L DRIERZ B B L2 b/L— V2B 0 HIFRL , /37
A—B o BT HIENEHELL EORER . KBRS AT DG T 5260, MEREa M LT 2720 DSR2
EHEICNEECTh o7z, FREFHIRCEEZ RO ERRBZ T 5 EIFUIN 1O DFKI @ VERB
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PHON: “Jack” PHON: "L v wo”
CAT: noun CAT: noun
TRS: [1] TRS:

Fig.1 Alexical entry pair of nouns in a Synchronous HPSG

MOBIL 7'BY =7 NCili BTV TEIZA, EHRL ~LICETIEEL Ty, Ziuk, E7FAMIRL
FEHT CEDRBESHEDBRNREECH-7-28, BLOEE IC LS BREIHEN L CSER O~
LT AR T HZENREECH o270 LB 2B ND, 90 FRUTITV > T, FHEHEEIRR EFEIEN D
FEFET TS <HREIF Y IBM @ Brown HIZEVIRREND MBI OfEE CIEH ST\, Zi
I3, F A RHCCTERE R AT TR HOBILTODREFHAIT T /LA BRI R I L7 BIAR 5 U Chb
BTV - T U 738 (2 LD — L - T A—=H D BB FE BT R DT NFONAER DT I, Likd
BITER ZEDRWEEEEZL D, L LZOTIEL, HEEOFR - B8 -~ 72 HALE L= FIRR FIETHY
BRI A S 2 AL S U7 BREIAR Tk Tl . B IERIRR O SO lcHE Ui s s R &< B D
M CIEm R AL IR 1L,

ZIHBUE SREHSBEIC AR T A LD AT IR | W R SO R A A A IR BN ST
BT VB E AT FEPIRH S TRY, 20— bl U<, MR SsEC R 5 B 20
O, WFFR SR CTD, [AIISCIEIT, Z 20 F B2 5Ll 3 M i SUERNIC R IS % 52 72 30ETHY | 2
KIS B RSN ET VL7 TODTDFEFHE T L EAMEN B, SCEMZRBIFIIC I A SR BIRR 372
SNAZERHIFES TS, [RIHISTIEIE 1960 4E4% Aho & Ullman (2 LR REN TRV LS FETET D73,
ZOBFETHEBREZW O TWDE R EL T, & CRE O @ O SUREAT 2803 — X IR ATRB IS 72 o 722 &
CHALTHRIR R DT B2 2 SiEMOIRT X AR A AIERIC/R o728, BLOH A S BN CHEGHE
TIOMFREPREFEBUIZZENKRERE R EEZ Z DD, LLeD D, LTAG LTS SCED T8 D[F
HISCEM 2R BEAF O RIISCIEIE . CFG D=0 ORIBISCEMZEALE THY, SEFIICHE ICERESH
7 3EO T ORI SCEIT R EZEN TRV, S FIICHE ICERINIZEZAWHZET, KV
B 72 AR E R ORISR0, KO SCEM R SCO AR FTRBIZ/2 5 Z En IFES LD,

AHFIEIL, B EEF TR E TS AT EREERE) AR & SCEHPSG) D72 D[R S04 T kL |
FECBIETHI LTI TSI IR A L5282 H L5, HPSG 15 REFIMICHEE I
TEFRSNT-FERALSETHY . ZD7-, HPSG D7 D [FHI 5L CFG D7 DRI SCiELS . Ko STk
B72 A IE B O RIS AT R0, JO SUERZR SCO AR AT REL 72 D Z ERN IR S LD, ARFFETIE, [ HPSG
(X DHEBFRRR O FEBLO =8 | [FIH HPSG DRk, SCIEBAFE, F72, BLEU DA 7|55 HMA 179,

Tl

oH o

=
=

p=111

y

2. HPSG RI#XE

AREICTIEARBIEIZIB VN THREE T 5 HPSG R SCHELL T, [AH HPSG)Z DWW THL T2, [FI# HPSG (X,
AN ZFFED HPSG SUEND D, BARNNZIL, ZFREM OIS HT N 52 b /- FEEHE B O3t o5
Al ZEREROXNGAT G 2 b SUEH RO X OEE O EILD, FEEIE H ORI SOE#L A
T 52 LI X0 AEE DR AFHI, ZNED IS Z LIV R HPSG O STARMEGHND, [F# HPSG
ORESCARIE, FEEIE B O3 SCEH IO E R . EEOM STAOSHI LW EB SN, SEM oA
WIS R 265,

[ HPSG OFEETE H I3 S 5EORFEE H 3t L2 NHO RSN H725, Fig.1 & Fig.2 (3 A %FIZBIT 5
i HPSG DOFEEIA H Ol % LTV D, Fig.1 1Z“Jack” LYy 7 DA FIk T DR EHE H O 2 £ L TEY,
Fig.2 Id“eats” L “R_D"OEGAIZK T HFEEE H OX %2R L TDH, PHON: X CAT:XFFEHH O MHER
LTRY, ZOLAMNCE N TODIENS BIEOEE/2S, A THENEFIIHEL G472 £ L TEBY,
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PHON: “eats” PHON: "~ 5"
CAT: verb CAT: verb
CAT: noun
CAT: noun
(4 MARK:
SUBJ'< [TRS‘ :]> IIITRS :|
SUBCAT: T
CAT: noun T noun
COMPS: <|EI’RS 2l ]> MARK: wo
TRS:
TRS:
" | [ TRs: [6] i

Fig.2 Alexical entry pair of verbs in a synchronous HPSG

CAT: cma_
SUBJ: SUBH .
CoMPS: [3] TRS i

TRS: [4]

/\

T

TRS

Fig.3 A grammar rule pair for complements in a synchronous HPSG

BT EEEL TR D BIEA M D Z LTI F IR T D IE A 155 28N TED, Bl 2T, “Jack DFFEIH E Iz
BT, TRS:EVDJEMEZ W HZ LIS, ﬂﬁ[‘?”é““)ﬂ?‘yﬁ”@ﬁ#%ﬁ\ﬁ75%%6&%’% ZDIDNTHERBARRIC
HEFETE H S5 ETe o> CL [AISCEOREETA H L7205, HPSG IEFEFEALSUHEL T, ED X572 H 15 Jiaé:
DI EFEAELDD, LWVIOHEEREEZ K& ST D1 H iﬁaﬂ%lﬁﬁ \ZRLREND, Fig2 1B IR
LHEEEIH E ChDHA, SUBLOEITE DEFIN EHRE LFEAFLIR L, COMPS:ZIEZ DEhFANA L LR X HT
FOVANM B2 TD,

A HPSG O SCIEMRANL, —SREOSUEMAIxEL CEFRS I, SUERAIOxHRE, —SREMOAICFED
RRIENEFF % € 26 95, Fig.3 1Z[AIM HPSG OHfisE( H ) &2 L 572D O SUEH RO FIEZ KL TWD, 7,8,11 T
TAFF ST D S I A GEFESUEIZ BT DB B E R L TERY, 49,10 THZ{FITFS A MO 531
HARGE SEICBITABFRRERL WD, 2, 7 L 4 BEOMEEEZERL, 11,9 PEDOTOREEZRL,
8,10 BDAEDTOEEER T, TNENDOFFEITE N T, A AKRESERAO IR IET D E B —(b T
HZEZEY, BlofEE S5 5, Figd (XFEIM HPSG (XD SCHEAT O 2 RL T D, KOl “Tack
eats bananas” 2% AEFEDE AR THY . HHNIZF DR THDL Vv I N NNFF 2 BRE”IH5T5 B A
FEOIESUARZRL TS, AESTINTIZ, £37, RS 2FFEHE B ORI L, SUERAIOx 258 AL, st
S SUR (AR 2155, B CIXHLEECAIEIE D32 Mk TR L CWVD, RIS DIV 1 SUR D %)
WU SCER RO ) 2 352 L5202 L2 BIEOESTROR B ELND, “SiE0O X Oxt%
W SURRIT 322 21280 M E R HLEE DO X ISTIT 25 ENTED, EHLONDFFEDOLEMENTL , o7z
SRBDXEEMT HIEITLY BEWEIIRZ EBL T 52 LN TED,
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PHON: “Jack eats bananas” PHON: "% w2 h\FFEERD"
CAT:verb | o= CAT: verb
SUBJ: <>

COMPS: <>

——————
——————
- -
e
-
-

. . 1 |PHON: "ir+£R<2Z"
! PHON: "L v w oMt
i PHON: “eats bananas” MARK: ga/ 7 CAT: verb
IIl PHON: "Jack”| |CAT: ver] CAT: n.oun SUBCAT: 3] >

CAT: noun SUBJ: > :
COMPS: <>

#

2:9“ b PHON: “ba‘nanas" PHON: “/\++ %" f:i?N: “g&é"
oo X MARK: wo : verl
Coms <> CAT: noun CAT: noun SUBCAT: <E
comps: =2]>

N

------------

Fig.4 A parse tree pair of a synchronous HPSG

7% 1: Moses (25D REFTA

NIST BLEU!™!
wmt08 7.1037 0.2523
wsj 4.2729 0.1193
3. EE&

[A] 1 HPSG 2 T B8 EIRRIZ 1T D PEREREAM AT D, 72721 . AWFFEIT IV T, [RIEISTIEIC IO ST
AROMEE RIS DOPEREIZ DWW TRl ATV, HLEE ISR 2% fREFEC HLEE ORI B 725Xk
MRELET D, A HPSG 215572912, HARGE, HFEOD 2 SFEOENNLIRLRL)3, BUE, BIEMR 07X
ANE 53 \RAT CE D TERE HPSG SUEPNIAEIET 2728, A ARGE HPSG SUEIIAFELRV, ZhUsH R T
FRMT ATREZ B ARGEO IR FEEME D E R DL L BEFEO ARG 7T AR 322 ENHEL W L3RR
ThHEEZDND, AWFFE T, FFESHELIMNAIZ A ARGE SUEZEERR T 5D Tldie, T CICAFET 255
HPSG!"? ZARiRT 22 LI KV A HPSG & B35, FARMICIZHGE HPSG O SCEMAIZLIEL  f35h
T SEFEAE SURDND B ASGERE SURZ H BIAICAERL T 5. HPSG 13 12 SCEHLANAYV D 72 WGBS STETHY |
FREE OO SHER AL T2 e | SUER RO X 2GRl 32 DX A4S 5 Th D, [FIH] HPSG D 3¢
ERLRNCIE G35 B ARGEOAIEE DS Ll S TND T2 | JERERE SURIZRTL CZoSCER Az A 352
LIZRY %5 H ARGEORESURDS H BSOS, 72720, 2O FETITHEERDBEONRW oD |
FET TA AL NEEREX G OY — L E L TEA TR GIZA+Z W T, ek IS BEERZ E G52 LTl
726

FHRTIX, Penn Treebank @ Wall Street Journal (2%} 3% 30,117 XD H XFFRTF AME W e, £7°, 20
e H RERT AR L FAHEMEIR DY — L L CTH A 472 Moses & FHWTC, Bl EA2 | E LT,
25,946 L& E Ha— XA 2182 LA /NTA—HFHEH a2 — /XA 1989 AT Aha—/"AL LU THEREITST,
H ARGED BGE /7 E]X MeCab & Vo, 2 1 13{A5 WMTO08 News Commentary (wmt08, #J 55,000 30285
Moses DPEREL, Wall Street Journal (wsj) (25t DMERBAFEAR L 72 ZEROAE K2 7m T, wsj 1ZA2 7 DMEY M
MIZHLHD, LTIV I A DO ML, F 82— A0V NS B ARGEO BEE 2 FI25E U T, wsj D
FRROE N, REDJRRNE 2 BiD,

eV T, [RIH HPSG (C L DRIRRIEREDRHI 24T~ 72, ZZ TR HPSG DAt E A s MEaEZ a9~ 572
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% 2: [FI3] HPSG SCIEDMERE LA
NIST BLEU
Wsj 6.921 0.2145

HFESHC LTI T Aba— S A0 GIZA+HHZ L TH2bNDZ L ET D, 2 1TFEBRME RE2 7T, EB]R
ﬁi%%ﬁé& BFONTATT PENZENBIEIERIRIE D LI TNDZ LR DD, 1 D wsjlZxF 7% Moses
DAZT LT 5L Moses K0H R WAT 245 TNDIENDODDLH, ZIUTT AT —/SZA00 HgE % 4 15
TWDH7eh B2 HND, FEEEOBEMEIR T, HiEiz BBMICH N T 00 ERHL-0 | HEEROET
N BEET DN, ZAUSHOWTUIFBROREE T, £/, ITRERZT DL, GIZAHHT LD HFET T4 A
VIDRRIEL TS AL Fio ESURD I NITRBL T DG-GB0 T o7, ZHDRED
FRRAZED , AT DEBIZWBESNDHZENHIFFEND,

4. F&O

ARG SCVE T REBRE) A% 3 SCEHPSG) D728 ORI SCIA(FIH HPSG) 212 R L7, [FIH HPSG 1L, FEETE
HoOxtOEAE L, SGEHRIOKOEEDNLRY ORGSR OXt &L TREEND, WIREITIX. 5
Z ORI RE SR DK KL, b O SUEMR 280 IR UEH T2 &I EBEND, 7o, [AH HPSG %
FNT, S 38 O ST U SUIRHT 24T\ BHRRYE S REOM IR Z LR T 52 81280 | B RR A2 52814
HILENTED,

SEERAY 7[R HPSG 2 BAZFE L, Wall Street Journal D% ERITHTL , ¥EMGENER D FEER AT o772, BAFEL7-[FHH
HPSG |ZIFHFERIROET VDN | FEET TA AN — /L ThD GIZA+HEZ T, 7 AR — /327
DHFERZG -, ERRERLD, LA E OB E NGO R HPSG 12X~ TRV Vg
PELNTWBZ LR DT,

[ SCYE OIS I & U C RIS SCRRAT IZ LA/ ST L b a— SAD RN SRS A D, AR 757 8 OFE LS
HERBHBT- D Z U WU F R OEE T 5,
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Development of Sensored Rubber Bearing and its Application for Bridge Health
Monitoring

& R

Pang-jo Chun*

Structural bearings are designed to transfer loads and simultaneously facilitate movements. They require careful
design and precise fabrication; therefore they are excellent candidates for instrumentation to construct smart
structures. This paper presents a research and development effort to that end. A sensored structural bearing
prototype was developed, fabricated, and tested in this research. Numerical modeling of the prototype was
performed using finite element method. Its application to bridge engineering was explored for sensing and
monitoring. One bridge in Michigan is selected to receive these bearings to monitor it. Numerical simulation
results show that the bearing reactions are sensitive to the interested behavior and performance. They are

considered suitable for monitoring damage in the bridge.

Key words: Rubber bearing, Damage diagnosis, Health monitoring, Bridge engineering
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i[[]

AR, RERTOEMREDOHHZHNE UT, RO LSRZRNS r—ADE A T
%o dLIKIE, I LEHiAEDN S A2 HMAIRMEIETH O, ORI RO TFHE LR
STHEIN, BEREPEEN R L TECIC W EAHIBNT WA, Fiz, TR
BICKZHEBICONTE, MBEIKE i U TR DR >z EMREINT WS, ABIZET
&, dLSERWNEBICERBONT 7 A3 I 2 AT T & T, ZOFHIED S SRIC/EH T % i
REEFHINT AL DTES, n— R & L TOBRER O YW d LSO Z BT LTz,

REROSIIKINE T 2 EZEHI L & 5 & LTIt e UTCR[2],3]1h® 5. TN 5 DL T
Y U HIESRDONEBICREENTED, TR A ICHIREOREIC XS Y OB LR
HRd, BHREHINCIERONTWIRWE WS [N D 5 7z, Caussignac 5id+t > F ZHifkICEE L,
NSRSV ORICEAAT T & TR Y ORIy S Mz kL& 5 & LN, UL, £
ORI Z DRI Z MBI 2 T & TIATENZEL L, FND 2R D JIENEEINZED > T
LES, EHIC, HBDIEA % T & TG TOEENMEMIET 2 LWV RN D 5, AWIZE T,
T 7 AN Y T LEENEOMBICE O T TWEDT, TLEEOTEEZEDLRN, o
THHFNZEE S 2, HICHEE TOBMOBIEIN IRV, £z, KT 743t T IiRE,
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ATV —=THBEWVIFIREHA TS,
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AW CHFET 51 I WNE O LSokiE, BIZIELLTO X S RS KTRINE=21 V7
EHTE2LEADBNS,

D EREHIT 2 DRSS Tl Eho iz, BRXA YT T Lk I K B 5EREDFHH
2) SEMTEE IS K OTEMTEIEHRF O Z NZNDRAD T E I ERE

3) HiljEEE DA (Bridge Weigh-in-Motion)

4) FERARGEERF DO T5 #H

5) BIZIEAY VDB LIC KD, ERDOHEOHE

6) IS D2

7) IRWMCP R E, KG3 FEskE DA LW

AWFETIERHIC DRI ANTHRZEDTED, BURKEI VA MT Z 27 v L—AHIcE
WTHRTOBRIC O LSRN NL TETH S, KPR E ENHELHMERMET I S
&, RPN 1723200 TeBICSORICIER G B « E— XY bVE(Ld %, TOZLZT 5 &
T, TNHER LMEOH L2 E=R ) T THENHRE EEZENS,

X7z, AWEOFEDOBEHTRIIERTHOSNTWVS I LK S R0, FIZE, 227l
FETRNEZHNE LTZHOBEEILDHOWLONTED, TNHICE T ZHBAL T L Thid
PO EODR D PEIE ORI AREL 5% L EZ TV 5,

2 EUHBHAH T LTEDMEELDEE

2.1 X774\t Y
AHITIRIECDITABZETHN ST 7 A2 P DN TS, AffFETIE Table 1 1S3 9 1EAE
RO, 777 — e XO—TFWFIDET 7 423t Y (Extrinsic Fabry-Perot Interferomet, FISO #1) 7
iz, 2Ot oyid, FESGE TR S NEE, minh b HERD OO I KD ET ST
TRDHOED Z2VINAHN SO T AZAET DT M TED, 777V — - RXO—FEFEDET 7 4
NOFHEUTIR, I TICEERSAOEL O 22T L, 22 Tismos3 Az IEmHIC
PS5 EMFRFTE S, XYk, oV H &Y ARO T AZRIRHNCZIT T,
TAMOTHOFERZFIC T ERHSNT VS,

Table 1 7 7 7 VU— « XOQ—TFHFHDET 7 4312 4

Lied FOS-N

Ly +1000pe

s fihE 0.2
BIEREHIPE | -40°C~250C

2.2 BRI K BB ERDREE
AEITE, Iid LOMEERZEES 3 72812, Fig.l ISRT & VAR T LS& 2 VT,
Fig2 O XS ICHEMABMB KT AW KB ZIT> 7, dLKRDER Figd ICRdT X5
20.3cmx20.3cmx3.8cm TH D, FIRICIEE 0.5cm DIET 7 A 73 2 DL 0 {13 5 N Fz iz Be AT
%, CNBDNT 7 AN Y IEFig 1 iS5 LR TE S K HITSORHIEMN 57— 7 IV TEIN TV 5,
KEREWITU T, FHAREZE Y r— ABAQUS/Standard 3D I X B fRHTIC K O 2 b DiEix
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MHIL, FEASRE T 2 2 & THMRIEBDREZ B U7z, Fig. 1 (1) ICHRERET IV A
%% BGEOEROMTERT . LIS DNTRENA Ty REI= 50\ i B35 (C3D8H), ik
DWW T =00/ \Hi B ZE(C3D8) 2 WV e, ZNZENDEZENL, C3IDSH ICDW T 104976, C3D8
ICDWTIE 19683, T L CHRETRENZ 161376 TH 5,

7%7
- A
é - F*6.4cm
on |
) i N .
< :\E\k L 0.5cm thickness steel plate
i ! Fiber optic sensor ?,
A on steel plate ﬁ
i ot «~—20.3cm
«—20.3cm—
Wit A-A

Fig.3 Y HSBAR T LITRDOEB R T T 7 A2 TG0 (7
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ARREEMHTIC BN T, SIS DOV TIEY > 73 200GPa, R 77V VL 0.3 DF A ZGE LTz,
JLICOVTIE, KL<EDTFMROMATICE W THWSNS Mooney-Rivlin €7 )VEVERH Uiz,
Mooney-Rivlin €7 VDMK 2 LL FOHX ()R,

U= C10(11 -3)+ 601(12 -3) (1

U0 T HIRIVF—BIE, Cpp Cpy l& Mooney-Rivlin iE%, 1, KT L& Cauchy-Green DUVF HT >V
IWOAREETHD, [IFOTAICK ST RIVF—7%, LIZFAMOTRICE DTNV F—2EX LT\ 5,
fEHTIC B TUE Mooney-Rivlin iEEK Cyg, Cpy ZTPIET % REM D % 1Y, AT5E Tld ABAQUS/Standard 3D
W TRBEERD S €,~0.208MPa, C,;=0.057MPa D X S IZ[AIE L7z, Figd B XU Fig.5 I EHEER
BXRUOBAWRBRICHE T 2P 1 (Figd EmrXPOLHIOX > Y) OFHHRERB X UGS 5 AR
BEMNTHER RS, CORKXOBmEDNILS L TWB T Ehbh s, LUIERDMRNTTlE T DFREE
HWTiro,

K7z, T Mooney-Rivlin E#Z FHWIZAREZRMNTICK D, FHIIE N0 A DS T LAKIC/EH
T BMEZIRD D T LK D, BIZIE, TERISSTIORDMERT 2 XS5 r—A%ZE 2% L, Figs
NHEDMBEIIC, UFTAHOHMEN S EHEREZRD D T ENHKS, BANRTE—A >
FOMERT 2K 2 BGETE, sHISOEZERT T & TROZ T ENHRDS, GHllSROHE £ Dt
JEICT 2 DM DNTIE, ERMEEE BH OB SIREI NS,

10.0
60 Test
N U - FEM
50 - 7 75k
Z 4 i =
f’: Test é 50k
5 or 7 FEM g 7
= 2 =
2 .l % 251
0
0.0
TS 0 5o 10 150 200 250 50 00 =0 0
Microstrain Microstrain
Fig. 5 O LSRR AW 22T 123550,
Fig. 4 O LA ERi1 %203 a0, R DT 7 A3 YOO HEHINE
SR YT 7 A 3 DO BEH EATIRES O L

fiEl & A FREERAR O LR
3 BRLIBEEDHILFIF

ARETIE, SVHIMNT T T Y A=A BOTRIETEDRERE (B35 B0 of 73131) ZHlicAk
WD EINIEZ R s BIEICHT> T, AW THIFE L 7ot YN T LSOk 2 9 25 HE & 755> T
BY, ZLTFY VT L— 3 VDWW TEMENDH>TWB R Ty 7 EAVTITD FETH S, it
KL UTRGREREE 20.1m, 1HE 14.4m, &4 30 12, HIRIEEEE 1.3m, 811, RAUE 0.23m O 158 PC
BThb, HEDKZ Fig6 <, WikiXZ Fig.7 1<R-d, £z, Fig6 fi MBICHEERZRLTED, L
TOHERTEICOBERZHNE LT B, E5IC, LBEOMIHTT HS-20 D s 5 v 2R ER
WCHERT 20, FRUICHRAETd 2 B E OAiE R K A EIC AT 2 58 OMEIC DWW TE Figo liRL
THb, BUIERITICH 2> T, a2 7V —FERIRBXT PC HiOBMMERIZZNZEN 249GPa BXU
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Evaluation Equation of Pressure Wave Speed in SLOT Model of
Urban Storm Sewer Runoff Model

_E BERY - BURYY - AT BERYY KGR SRR
Makio UOTANI*, Masahiro WATANABE**, Takehiro UKON***, Eiji TOMOCHIKA****

InfoWorks, MOUSE, and SWMM models have been used widely in urban storm water runoff analyses.
However, the pressure wave speed in these models, which is one of essential runoff parameters to determine the
accuracy of simulation results, has not been made clear. In this paper, considering the storage of runoff water in a
lateral pipe, the elastic deformation of a pipe wall, and the compressibility of runoff water, the continuity and
momentum equations of a pressurized flow in storm sewer pipe systems are derived, and then the evaluation

equation of the speed is derived.

Key words: Pressure wave speed, Lateral pipe, Surcharged flow, SLOT model, Urban drainage runoff model
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Table 1 Values of pressure wave speeds: @ ,d,, ,a, ,and @, in the combined sewer pipe system of Matsuyama city

Pipes
Evaluated Values of a,,a, ,a, ,a
Sewer Pipe Lateral Pipe
D 0 E d N 4 ao a, ar, a
(m) (m) (N/m?) (m) (pipes/m) | (degree) | (m/s) (m/s) (m/s) (m/s)
0.25 0.028 1/14 1,771 13 13
0.5 0.042 1/17 1,534 28 28
28,000 0.15 25 1,446

1.0 0.082 1/20 1,515 61 61
2.0 0.145 1/24 1,425 133 132
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