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Vibration Properties of a Transporter with a Rubber Crawler System
Using Nonlinear Springs

@ - PRk 2
Toshimichi NAKATA*' + Yuji SOGABE*?

This study is aimed at the construction of a dynamic model that can express the vibration properties of a
vehicle with a rubber crawler system while running on irregular road surfaces in order to obtain guidelines for
the reduction of running vibration. Experiments were conducted to measure the vibrational acceleration arising
from running over the road surface which is made uneven by setting pipes into the surface. The model was
validated by comparing the experimental results with those of simulations based on equations of motion using
the nonlinear dynamic model having two degrees of freedom. The proposed mechanical model can be effective

to obtain design guidelines for reducing the running vibration of transporters having rubber crawler system.

Key words : rubber crawler system, coreless rubber crawler, nonlinear spring, uneven road surfaces, dynamic

model
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Table 1 Main specifications of the test machine Table 2 Specification of the rubber crawler

Drive system 2WD Lug shape S-shaped
. . LengthxWidthxHeight Steel cords
Dimensions (mm)
2,245x1,225%1,155 Number 64+4
Mass (kg) 505 Material SWRH
(Including crawler) Allowable tension 1500
Engine (N/cord)
Air-cooled, 4-stroke, Core material None
T canted, overhead valve, Rubber hardness Lug side 60+5
e
P single-cylinder, Hs (°) Track roller side 8345
gasoline engine
Displacement (L) 0.171 Pivot shaft Track roller
Maximum power
4.1/2000

output (kW/rpm) \Q

Undercarriage
) WidthxPitchxLinks
Crawler size (mm)
250x72x42 Rubber crawler Bump
) #1-2: 300,
Track roller pitch 423 305. Vertical displacement
Fig.4. Deformation of rubber crawler
! B ¢ s

Force from road
surface f(y)

Rubber crawler

\

A
o Vertical Displacement y
> '

<

Fig.5. Deformetion model of the Rubber crawler when running over a protuberance
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Diameter 30 mm Load cell x10°

4 H Lading position &

—O— x=7m
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3 — A— X =25m
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Ground side Stop plate  Set bolt

Load(N)
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Vertical displacement (m) x 10

Fig.7. Relation between vertical displacement
and applied load to the test piece

Test platform |7

' x10°
Rubber crawler Hook block T T T T T v

S5F Loading position & 7]
—QO— X =75m

Fig.6. Loading test of the test piece made of coreless
rubber crawler
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Fig.11. Estimated spring constant

Table 3 Nonlinear spring constant coefficient
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Fig.12. Free vibration of rear pivot shaft

BB L LTER L,

3.5 FMERERE

HEFARE D AR [E] B S S OB F OB BIC A T
EE, N2 RVEZERE T HIAIZ 700N TH L TH
HIRE) S, 20 & & OBRMAEIE S RO B FEN
EAATTHRE L, Bl LY L FEMEZRE LT,
Fig.12 (2 AEE) 3 oo B IRENRE D | R %
Y, Fig 12 X0 uiim s 2R/ L, 6 =21¢
DOBIE L VIREL BRI A, =020
motn, —fRIC, HEM, EREHED 1 BAHE
WRIEEROGE, KR e LR & DOBEM%
1%, c=20VMk Th 5,
ARFFEOLE, Al KOl 2 EETicEE) 3
RRHY, EOFEKO®R G ICH DD, 2EE
Ze, AMAlES K OV RIETE) SR & Bl & D BRI 5L
SEESTHEOE L, AHlEIESOR, %AEE)

I, — L

Carrying platform Center of gavity

L / L Handlebar

BN —
L

Fig. 13. Vibration model with two degrees of freedom

f(z)
|: L >
9(x)
%,
VAN JaSaN

Fig.14. Relation between f(z) and g(x)

SR DORAERCEE RS e, (), c,(y) &, WAB)D LD ITRET D

225
380 +225
380
380+ 225

Cdy)=2§J M xk, (y)

cz(y)=2§J M xk,(y)

4. RENETIL

4.1 2 BHEREETIL

ARAFFED 2 WFEHEATE W COEBEOMEHICI T D BB, BEEDREET L/ RV ERR
DETF, BEXOE y FHNORETH D, RUEAEOER L, WPEEBOFET LELTHI Z &
NERTHDZ EIIMGE Y shTky, s, ETEEy T 7 %8S Fig1l3 DL 572 2 B
EIRENE T L LB IREVFHME A RFHT 5, Fig.18 HO/NT A =X ILLFO@Y) THh 5, 708, IR T

WX, ARG =1) E72ITBERA G =2) 2T,
z BEIAER D ORI E
y o BEIRELO B REA

0 KDY Y FALNL
k, - [EIEh SR O IR X AL



c, : IRIENSC A OREERERAREL I, : BEIRELL) G ATE £ TOK-

i

L BRARHEELL ) & [RIEh SR F T oKV L, BEEEL DY RV E TOKFHERE

i

EEL, lp, L1 SMABLIOAY FASY 7 EEICEBIEE Y Y 7 7 v 7 & kil Li-LE £ To
AEHEEE 25, AXFE 1R EFEIEmEOHEECTHY, LITKRHOELEHEHETH D,

Fig.14 IZBWT, f(z), g@) ¥, TALENRMAEEIS R d 3 X OBMEIE S A d, 0 ETEMZ, #
RELOOBENEHE 2 ORI TR L= L O TH S, Figl3 ([T DaiflEEI R AL d), &L O%MIEE) 5
Fdy DEITIZES ETFEE LT, Figld DX 972 f(z), gz) ZIRHIEM E LTHEZ S,

4.2 EFAHER

Fig.13 O LI ICET ML SN El A MM E L2 ETT 25 L &0, BEELO BT, BLO

FLEY OFEEHFERIRN@ O LY IcEKbIND,

- ELOO BT

Mij +{e, (y) + c, ¥ + k() + ky (W} + {e, ) — ¢, ()], 10 + Tk, (W, — Ky ()1, 30
=, W) f(@) +k, () f(@) +c, () g(x) + ko () g() @)

cHBLOEDY OFER

16+ (e, —c, )l 39 + k(DL =Ry (WL Jy +{e, I + e, )10 + kI +k, ()1 16
={c, W) F (@) + kW) F@), —{cy(1)g(x) + Ky (y) g ()},

7L, MIFHEREEEOREE, T, HEOELEY OEMEE— A v MeoRd, BEREHSV
TETTLIHE, o=Vt (t: FH) & LT, BEELOLETEy@¢), ELEY OMZEMO() 2, HiE
figtir 7 k7 =7 Mathematica (& & > THTT %, BD L TFHRIOEy,, LU NS R0k
THMOER Yy, 1%

yp =y+Ip0 (5)
yy =y—1ly0

DEITRKRDBEND,
5. E1TEER

5.1 IRENRIEERE

ANRLS G AN s (KYOWA L AS—TG) %, Figl (ORI A, N2 FAo2 SICkEL, R
FIEEDO x, vy, 203 FARBEEIT, 28, 2 TETHAICEERKESFRTHD, JES
NTIRENINEE T — 2 20T 52 LIk, BT —FE2RODHENTE S,

5.2 EEREH

BRHIE Fig 15 (2R3 XL 5 ZeMihB&m & L, AKFERT A7 70 MEHE EICFEEOBE#ME LD R0
1.5m O—EMBR T/, T &7 EZ2ET S, RO XD 25 CHREINEEE 2 & Lz,

BV X Table 1 (Z/R7ATHE 4 FREHOERE CHIE L7z, BiE (BEOEEORmS) 133 TEHZ L
30mm & L7z, ZOHEMIE, EREOK ECREEEOETET DX, BIEENRAE—RF 7 Lz
TEROVEX L) EZEXHEERIT 30mm BETHY, TNULERELS DL, YT 0077
EABECAE - RN 2% L L TEITTHAHLDEEZLNLINOLTHD, HEM XU HEHl Y =
A NO¥EEEZRL, FEEEIT0, 345, 660kg D 3FEHE LT,

Wz GO REROBEMEE—A ML, ETWEONC FLERL, N RV EI R E LIEIRY
TORMEREST D Z L THY RAFHLOBKIENEE—A Y MR LT, TR X VEEOELED



X 10

30 C T T T T T
~ [ Front rotating shaft | ]
1.50 m < ] Test tha \_E/ 25F === Rear rotating shaft |
Fe) [ ]
\ @ 20F .
€ [ b
L S 15E 3
1.50 m \ Pipe diameter 30 mm 8 Vf
Q [
@ 10F .
Fig.15. Uneven road surface model o 5 ]
(1] o 4
o ;
Table 4 Moment of inertia E ot /v\v
Laden weight(kg) 0 345 660 I
Moment of inertia 0.0 0.2 0.4 0.6 0.8 1.0
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Optimal Velocity Model for Circuit with Branch

Ak ZEET, ) OE R Eh REVE
Naoko MATSUNAGA ', Shuji YOSHIKAWA *, Tatsuhiro TAMAKI *

Abstract: We study the optimal velocity (OV) model for the circuit with branch. The OV model proposed by
Sugiyama [5] is described as the simple ordinary differential equation system. Nevertheless, the behavior of
solution takes the queue dynamics arising in traffic jams into account very well. In this article we shall consider

the OV model under the circuit with a branch and a concourse.

Key words: OV model, branch, traffic jam, ordinary differential equation system, ODEs
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xﬁﬁ%iIXW%%ﬁ%,%ﬂﬁX&E IZ R DBREGYIZT Ce <, k= A b I KONk R o
HERIZE2FM 12 KM A SRBFEREZ 72H LTWn5 ([1]).
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DB A X 2253 DFRATIZ R Z 72l e a2 251 T % (5], [6]).

AAFFETIL, 1 HfRRET NV Th DBEF DO BREME T T /W, SR 2 1 % 7= HEBR AR £ 7 /L
PREL, HEOBXNOEMICONTELETS.
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HILGEE~2O#EO FRRXEZEARE L, 1 Fllho THEHMEITT S 1| RTEBBERET IV
(1-dimensional car—-following model) Z#2ZE L CW\W5. ZOETTI/NCTIIHEBEOKE ZJXE 27, =H -
EIRTFOEEMER G TR CRC & T 5. #iX, §ifFEBEC K > TEELSIET L, v oMWE
EZFObDL L, EF AP TOEMOEE IRAUE) bD LT 5.

¥, =a(V(Ax,)—-x,), (1)
::T,niﬁﬁ@%%, JNEn B HOEEOAE, Ax, =x, , —x, [ZEHEBE, X, $x, (CB05
DR, X 1Xx, ié@f QTG & T, HEZEICH L TENLS BWEIIZINE TE S
#%%?Emﬁf%é.an)iw%ﬁk@ﬁﬂ,Eﬁﬁ%m%dwfﬁéﬁﬁ%&ﬁﬁé.%m
DRSOV BEUIRATEZ b s.

V(x) = tanh(x — 2) + tanh 2 2)
oV B (2) AL MIEERE Ax, /NS WV (Ax, ) 1T/ S <720, HEEEREAY, BARE WV (Ax,) b
REL DB EEIRT 505, FEITEHERIRLHEOVERED 20, W B THHS THITRWDIT T
IE2Rv. 22T, B A, CREEEICHENT T 2B LR 5 7EA NMIOBEEZRINT 5. £72
HEERE Ax, AN SN E EFE LK D, RA DI - BOET 5 L0 ICT 5.

OV BTV, DO I a2 b—a &7 H) EIROFERN™MG LS. X 1 T HE
(headway) & HFE (velocity) DAAHZEMICHIT 2 HOPEZ R L TWD. ZZTIE, NI A—FERD
rowcEELZ: a=10, N=10 (Ep
¥, L=20 (L—roEX). K112 2
BT, EOTEAITH M R KON i
K&EL, AL—XRETHAETHLBH
75 A&, —JF, FOTERITEM R X
OB/ N E <, B O—H 53 (#2355 i
FV, AL=RREATNTEIRL 72 DLW on |
7 TALThD. HHBEEN T 7 A2 05 o8t
HEZ Z A~ £T-HHEZ T AZ DL oA
Wiy T A S~ HHI I 5 TEHV T £
BT ERbNG. Ein, WIS T AL DD N
B2 7 2% ~BATT D88, B30
L, HEZ I A DLW T A S ) 1 HUR e & H O BILR
AT T ARRCIE, Bl IFECIZHE L TWD Z RS,

velocity

3. NI EHEO>H—Fy MZEIFTH0N ETIL

BIOETLVTIINA—TROY—F% > N EZ2BOL7Z2 L CRIFOBEIZEET S, &2 TR T
i, M2 OXHicY—%y MO ZHE L, HEOIEFEDO ANEDY 258 LT T /L& B4
T 5. L1 OHEEEFIEILOET IV EFEE, BUEL7Ze L ChiEOH] _Lﬁé?“é A HUEIT I AR A > |k
THY, AHSITKEHIT L2 0FE L L3 OBEBEOWT AN EETTH. ZONIERA > N T, Ll
DHFE T ANY 7 EINTHEESHEE 2B L2 12 EﬁﬁﬁﬁﬁﬁﬁEiL3 CHLZ Sy S
L. ZOFUNYTIFNEALAT T TE _Eﬁd)u[% CHASWTHEHT 5. b L, LI LDH,
PDRDLA LAT v 7 TL2 b LALLIICADE G, ¢ OEmAMEER OIE, HHEHAEAx, (3 “c, D
HEOMNENDS ARA > METOHEE & “ARA > bbb L2 ET—FFAIOHEONE £ To k"
DORMTRIND. [FERIC, ¢, OB AE: HIE, EREEEAx, 1X “c, OBE@EOME NS A FRA >k
FCOHEEE" & “ARA L bipD L3 EC—FFRIOHEFONE L COEM” oficRIhd. ZZT,
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L2 BELONL3 OHFELBWEI L L CRIFOH Lo

Bt 2D LT 5. A B
E72, BHUAIEAWAA > L THY, A ST -

L2 BLO L3 IZHIE L= ENZI DL B iR
THWTD. ZOEFHKRA > ML, BEEES
DINSVEDRFEIZ A D . AR HHE FERRE Ax,
X “BOOHEBEOMEND BARA L FETOH
BE” & “BARA Y MD L1 ECT—FTRIO M
DONLEE TOHERE oficRand. BFIFMLEE
E LT, Ak, L2 EoE L L1 EoHEOHERH
BfEY, 13 Eo#y L1 b0 do s EEA 2 - STBFROTAAR
ClEoee, HlHETOREWVEGZ Ax, /2ANCED L 2L &5,
4.

ab—a iR

\'l

\'l
1

W OB AL SEA NS, B IEHE (headway) & HE (velocity) DAL A fRITT 5.
B, EEEE N LSOOI A =2 3koE) THbH. a=1.0, L1=10, L2=10, L3=10
(L1, L2, L3iz#=nFhl—roES). N=10BXON =50 0850884 3, X 4125-7T.

2 T T T T » I I 0.7
i

i} !
18 F f 1
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. L 04f v £
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P - 3“:### t'é:*: =k
o ya Wé{ﬁ
- o1 1 £¢j’$-‘
02 - :;ﬁ »M*ng
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headway headway
3: HLARE T L o> BLFE R 4: ProEE T v o B EEEE
EHEDORR(N =10) & HEDBIMR(N =50)

E 3 £V, headway=2, velocity=1.6 ffiT &, headway=4, velocity=1.8 ffiTTY T 7NN KX
SHRATODDONRDND. UL, SIERA 2 N CRIICEBDIER >72 2 &, BROEHAA K
TRMICEBDRE ST ENRKTH L ETFRISND. 7 TZAZNLHB T 7 AZ~OBATIC
HET DL, —RGCHIGEREET LV ERBEONE CH L. —F, BHHZ FAZNLEEMT 7 AKX~
DOBATRIZIE, BRSNS <R DIC o0, BIRBIENE L T D,

F2K 4 0BT, MORIES LA EESIC 2 SOBUEOENNBEIND. F2T, A4 LAT
> TE AN S TEFIRBIC L7256 O I ERRE &l E OBREZ T ~7z. ZOREREK 5 1TRT.
5710, 4 ORI VEFIRIETH L Z EDBDLND. SHILHA LAT v T H KRS THD L,
headway=0.9, velocity=0.2 f1ifr T/ 7 7N RELRATWL DR DS (K 6). ZiUIH 3 THRL
b LFRIROBEPBIEINTE VR D, DFEY, HIEARA 2 b TRBUCHMDIEN 72 2 & B
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Estimating Accuracy of Wind Data over the Seto Inland Sea Based on SDP
Overland Wind Data and Mesoscale Meteorological Model MMS

Kig 25« [ATERE™" « By —" - JmmEs e

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

Accuracy of two kinds of wind data during 19 typhoons calculated at 9 sea stations and 20 coastal stations of
the Seto Inland Sea is estimated by comparing the respective wind data with wind data measured at those
stations. One set of data is extracted from a 45-year wind data set for the concerned area which was made by
Yamaguchi et al.(2009) using SDP overland wind data acquired by the Japan Meteorological Agency. The other
is the wind data set made by Lee et al.(2009) applying a mesoscale meteorological model MMS5. The degree of
agreement between the time series of calculated and measured winds during a typhoon is evaluated by 7 error
indices. Almost all mean values and standard deviations of the error indices suggest that the SDP data-based
wind data shows a higher degree of accuracy than the MMS5-based wind data. Also, comparison of SDP data-,
MMS5- and measurement data-based spatial distributions of maximum wind speed indicates the resemblance

among them in a recent typhoon case and the slight discrepancy among them in the case of an older typhoon.

Key Words ; accuracy of estimated winds, SDP wind data, mesoscale model MMS5, typhoon winds, sea and

coastal measurement stations, Seto Inland Sea
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ELTEmL, TNENOREEZAEMICRTTT 5, £72, BUIIRER X B2 R2 & 3FED
B KEGE D228 0 Afi & 2 S OB BRI L, ZORMEZ2H~5,
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ZET) THUE S A7z SDP B & AMEEER b 7 Ul (OF) TOMARGESMRICESARET
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%% b o> AN |- 00 L A B L C o NCEP analy.winds +ty. model winds pt.A interpola. pt.

o H b
¥ O SEIE YR ERS A 215 B T m BT - Fig. 1 Location of points where wind data are given on the
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AR AL E S DM B, ¥

BB ETEICH 0 KIREICHT S Table 1 Typhoon cases investigated and period of wind data.
B, KIS EFREEORICH

2B KA, R R R L o typhoon | period (M/D/JST) | typhoon | period (M/D/JST)
TLH 7 B, FEEEMES ) o5 T7119 | 07/29/09~08/08/09 | T9719 | 09/10/09~09/19/09
H, s, ff % i 3 % L, T7209 | 07/18/09~07/26/03 | T9918 | 09/21/09~09/30/03
R Cm T A0S, SR, NE T7416 | 08/26/09~09/04/03 | TO111 | 08/15/09~08/23/03
PEOFHE, JE B T A, T7506 | 08/17/09~08/25/03 | T0310 | 08/01/09~08/10/09
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Fig. b5 Histograms of 7 error indices for all typhoon cases at sea stations.

Table 2 Mean values and standard deviations of wind-related error indices at sea stations and those at coastal

stations.
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Fig. 6 Histograms of 7 error indices for all typhoon cases at coastal stations.
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Fig. 7 Typhoon-grouped mean values and standard deviations of 7 error indices.
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Fig. 8 Station-grouped mean values and standard deviations of 7 error indices.
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Estimating Extremes of Wind Speeds and Wave Heights
on the Seto Inland Sea Using Hindcast Data for
Intense Storms during the Period of 1918 - 2005

MIFIFES ™ - (L ATERE™ - By % - ofg e
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Hirokazu NONAKA *** and Manabu OHFUKU™* * *

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 on the concerned sea area are estimated for each of the 15
strong typhoons during the period of 1918-1959, and the wave height distributions on 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 this with data samples of wind speed and wave height during the period of
1961-2005, the largest value during the period of 1918-2005 and the 100-year return value for any wind speed
and wave height are evaluated on the Seto Inland Sea. Main conclusions are that the spatial distributions of
winds and waves are well-documented by a typhoon’s characteristics such as its course and power and that the
powerful typhoons during the period of 1918-1959 may yield the most definite influences on the largest values
of wind speed and wave height during the period of 1918-2005 and on their 100-year return values on extended

areas of the Sea.

Key Words ; the Seto Inland Sea, wind speed, wave height, strong typhoons, periods of 1918-1959 and

1918-2005, largest values and return values

1. #&

il

DNEOWE - NEZRFT DWTNUEIL, RAUECHEE R L ERERIS, HFREE L 2<EBERA
AL D FRE - miil - IR Sl L AR E AR S CE I D, TORFOKRG - RO E TX HR

FEIRK PR P TAER (T55R) EREREE TP

Engineering for Production and Environment, Graduate School of Science and Engineering, Ehime University
R IR KPR AR

Prof. Emeritus, Ehime University

R TSRS B T2

Department of Civil and Environmental Engineering, Faculty of Engineering, Ehime University

JFfEz B ER 22 4210 A 5 H

Annual Journal of Eng.,

Ehime Univ., X, Mar., 2011
26



DEIEICHBT 2 Z L I3A%OKEMNRE BT 2 THEHEEZEA NS, LiL, KFEOR
BLOTERLKFOTERE L OKR MR EROBIERHT T WRER O b DI E kb2 EHmIzH Y, F
T BRI B S B R S 5 5 202, MIEESRENEREE R & OBkIZ X - TEMIZ S+ T2
W 29 LRI D722y, Bl i CHEFE L 9 2 & B A RE L CTURF ORG-SR Z B BT H0F%01%
ExborAALLBZDONL D,

AW TIE, WA PNIEERDICALE T 2 [RBTRLEE TR S 1918 (KIE74) ~1959 40
15 7 —AOEBEKEERIZIT 2 SDP BUAIEEEL (SDP EEKE) 72 &% AW THEE L 727 NI %
RS EES A, RO NS D 2 ASIEME LT 2 IRHERIZ X o T 7= IR O Z2 [ 534 O AR %
EFPTHARD, DVT, 1961~2005 FED A h—24 (BE, KK FEORE R L O RAERE g %
ffFE TN EIAERL U 72 JRGE Fs IOV i e Bt & i LT, B & 08 v 12 B3 2 34 P A R A oD
P B BRI D ZE M /54 & IR ORI HHEREO L2 E2T 5,

WP N A VR (EIBGEE, Ot T, RS, oSl w s SRKGH), vk (R,
Tk, KIS, HESHEEC (FREEME, KBS & AOVKIE) o RE, BRE 15— A OB RF O
FWEIZ 3T 2RI L ONIRICE T 2 BEE O 861 & LT, T4216 5 (EP#EAE) KFo vE R
BT HRIRHEE O RD BINH TN HBETH - T, wmiSCOMREER LICAR SN -IFZEE5)1E
FEAERVL, FIROFFRIZEBWNT O HEORELZEERWERE T /MEICIEDS B E A& L
LTWAZ b, BB IOEROHEEREIZH E Y HIFFTE 20,

2. BRFORRER EBERABTOTE

2.1 8ERANMER

WIRHERIZ H 72 0 AMNE L N CENE R REBRARFOW ERSAER 2 HET 5, £7, MNETIE
1948 AFELIBE DB RIZ 3 LT, AEPERFEEEICER T 728 1Mk 80 km A& 7-M8IZ 3517 2 25 ifn J&\ B A AT i
(NCEP JEEB}) (ZH MBS A0 OARGEIZ TS < B RE TV R A FLAGA AU T2HE IR 754 00 1 g [
PR % v %, NCEP E&EHE AT L 272\ 1947 ELIRTO BRI LTI, FRAEST (Myers
X)) DREIZESS BRETNVEAELBEHT 5, 205, AEtETHEEEMNE (FOA0E, .o
RE, BECER) OHEEL, BEICHDIFERRERNZLIRDZ LD, Rk, 22T,
BEEoO#WEE, [REEEOREHFHE, AAFRLOKRKK (1 H 21E), BREMKEIITIZH D K[E R
CHS SN REBNES Myers 2 EE=FIH LT, ERBHEARET S, DW\WT, #iELZERA
JEMEA 1R Z S ICEREE T 2 ik, W ERSAE 1 RFRER A S, REET /VEIZEB
T EOE 7> & ¥ bR~ DZHIZEE LTI,

BECEEAH YRR T 1 2L D, HAST S 80 100 J_150 200
0.6 1T 5 (R4 A T L C BT LT D o B Bonae g Ty A 1 ER
N — Aki— 3% oo Bomdars sak
R O % 13705, noca noda R eTRR rst
DWTHHETIE, PN - W ORI ALE 507, 0'a © K N

nada nada

TARBITREE BB SDP AEE % " yonada o

ERE LT, Wil BT R ERSS T St g * indaid | A
S BN [ R e [5] 100 - Channe P e f T 4F

B E O ECHEE L D Ao 5o Chamel & a Lo 118x226 0 Bokm

EEHWD, 77006, Fig. 1 IRTWEA - Ax=2km
=] =] =] =] O
MOLEITIE, TORMBINES DR/EHE o coastal winds pt. ® sea winds pt. * SDP winds pt.
( th o X EI], =Wl & =g Boo2TsE o NCEP analy.winds + ty. model winds pt.a interpola. pt.

Zate) THUSEi7- SDP JEAE KL (10 43H.  Fig. 1 Location of points where wind data are given on
NCRINT-HERKEEZETe) EAESR the Seto Inland Sea for estimating sea wind distribution.

27



b7 HR (OFED I8 2 EKE SIS DS < B EE T VR E AGA A 72 F i B BT (NCEP
JE) RN 10 2y IR E AR IC 22 RmRE 28 A U<, B RIS (@FD) 35 X O R ELI
s (OHD) 128155 SDP MR ZH#EE L7=D b, YaZiisicisi) 2 SDP Jal & BLIE o [H 7 B % & F
AU CHBUARE Y BT 5, DT, gL - I REBLIRI R O BLRIRE 2 JE & SRS S R D NCEP
JEVE BHZ ZE ML 2 2 BepCl LR 110G 2 km O NI D ERMG & 10 3 FERE T
HeE+ %, BT OAENIHE EOREZ R LT, X0 #EIEARE LR 2155 72 1S3 0 72 i s
T 5, NCEP UG EFAE L 72V 1947 AELAFT O A JBUZ OV T, SMESE R EoJa & L CHRIK
JERAICES S ERET VEEZ WD,

WA SO FEOBEAICE L Tk b EETNE ST SDP GBI OSEM 2 W DICHERT 20 E 0D
L ThDH, T, FRIEHRENH E B L WESTR RO G E - s R
2 BB RIS S LD I 2 D72 < & B E IS ET) OFEEEGE & 2 AL LARTO iV o 1
RN BT D KL 91T, AR L THRE OREEEOFRE AT, WL - BERERHRIZ B
C SDP iR & BUER B OFHBI A B 2 & B8, R Akt 2 I Tk, F£7-, SDP AEL
HHS OBITH WK ED < ddnEb, JRERTF—20 9 Hich i 1918 4F (KIE 7 4F)
7 HEEIZI DTS T N A T =222 B A C SDP RUE B3 H v TW B 0 T, #E BRI A O
HEEIZ DTz > THREE R RIEH E D 720,

2.2 BIRHEREDTTE

WP 351 5 BRI B AN 2 b k| S

S & N A TR, R, A 673X673
SITTEAME D 2 B CIT O, b, SR Ax=5km
GBI A IIRHER T, Fig. 2 IZRTH 200 800 km
F[E0E 5 km OALVE AR FEPRERFIRIC K T-[HFE 0.5 km AR

DU NHEZ AR AT F ARG 2 ek 7 T =, ' ,
1T 36 T B v Juk o> S % K E BT SR L 3 MR 400 égfqmﬁﬁwm ,j*m
(Fig. 2 OWFNHEEIXAE FHO %) BLT b Westom ™ 3 g T g i |
FCRUHE O FLGHKESE R E4 s (Fig. 2 oW s TRl ey |
PSR RO 5k D) (T 1947 £ LLRT TlE A R ~| ~
ETVRER OMNE) B DT 1948 FLIRE TlEA Gwhw,wwf X AL LU
JEE T VIR A KA A 72 NCEP JEVE B (48F) & SDP £o—eS ./ h=200m

JEEEEE (PR (23S < g B Ry &2 A SR
ELT L AEETET AN L Y TR Z S
AT MNVEFHET D, BT — 2 OEEIx
0.047~1Hz & R EI L7220 8, J1AT — & OfFEKIE 0~360° % 20° THSEILZ 19 TH 5,
Fig. 313 AMED 3 ik (K 7R3 1 km) & ¥ - 75 - AGE - WO A B IR BLRIHL S 4 (@FD)
BXWhRORTASCHX S (OH)) Zord, W NYE 3 W OB RHER X SDP JRE KL 0 #EE L7z
2.1 O RS ANNGMEE LT, KEOHIFNTAE O Reliios 7 Bl £ 7 VTl U788 1 sl &l
EF ALY 2 ~3 AOERMIRIC OV TR 1 53 TIT 9. 4 2 km O ERSAG O AT
FFREREIZ 10y CTH Y, ZZMICEL T km Z2IC4 AN I RME L= D% 10 DB —T & LT
FEEZED D, BERT -2 BLXO0HAT —Z O EEIIMNEOLA LR TH D, L, EX
BIRFEIZ S o5 BE R RANEG - WIS IZEET 57 — A TlE, HFRAXY MLORERHRRE
(Garden Sprinkler Zh ) # e 572912, FlT —& OEFKEEIMEE, 0~360° % 10~20° THRE
yEI LTz 24 8 (PEipyiEssk) 7203 27 8 CHREER) &35,

Fig. 2 A nested grid used in wave hindcasting based

on backward ray tracing model.

28



VM & ARV O P IR HER TIE, BiLK /1 50 i 100 150
I I I .
EEER L 3 M L A BKEEER £ 4 M T 1 e “W%, Itsuki-
- ) ) o ) Hiroshima Ba Q
BIEE T AT E o T 1B = LB L7 1A 4 Wakn!
. - Houfu Kudanmatsu
AT MAOEAFERICBE LT 14y, ZEMick }
50

LT 1 km IR CHRIZMHEI L72b D%, EHIC
FaT —H 824 £7213 27 DHFAITIH 20° HFE
19 E D51 A2 b VOl Z J7 B L TR
MM L-b0E 525, 72, FiEkiT)E
H % [leth CHH - PSS & ROET 5, AF
EIC XKD, 1970 FEREAED A b — A5 L TT
ST IRHEF OREFE I 72 0 M2 & AN &
Mz X v rEhTn5,

2.3 XRERDER

Batg e 42 15 r—2OE KA BT KK
ZIXU O LT 2O EmMO AR, FRK

BBIOREGTICL D BREREMEEN LK
B, A ARKG ST L5 BRI 30 R4
Ole K gEE, B - B EICRD D
Ty IO SRR 2 BB LTl - IR
LTW5s,

15 r—20ETFERIFEICRE 5 &, O
1918 4F (KIE74) 7 HEBE (T18-Jul A,
@1921 4= (KIE 104F) 9 H & (T21-Sep B A ,

B 3412 5 (T3412 %5 5 P HE), @T3706
5, ®T3805 5, @©T4216 5 (ABG#EEE), @
T4326 5, ®T4516 = (HhlEr&JE), @T4902 5
(FZ7HE), OT5028 & (Y=—r&HR), @
T5029 & (7 HE), @T5115 %5 (b—AH
), B®T5415 5 (AFEALER), @T5612 5 (=
~BaE), OT5915 %5 (FFEEER), Tho,

1

1

00

50

0

161% 186
Ax=1km

20km

20 40 j 60

80

60

3 540 @H/uchmwé
Imabari "%(/20
.

10
Niihama

251

50F

75f

100

N

i

107 x 147
Ax=1km
L

Yuraseto ¢

Kii {

Konatsushima

L
0 10km
L

Tomogash/ma

&

IS OEBRITEESNEO NI Ic SR, = Fig. 3 Grids on three areas of the Seto Inland Sea used

W, EEE, IR L PO B R, SN, Hw
AadL, AR, BoKZR EEfE, ERAgEL
HleH LTV D, %h%ﬂ@:.ﬂ@f%*ﬁzk%&”“

in wave hindcasting and names of small sea area, bay,

strait, channel, measurement station and city.

R A R ETREBNIR RS,

2.4 WBIEHETERTDOAE

AR R HEATIZIX, Gumbel 7341, Weibull 234 (IR FRK k=0.5~10 @ 27 fi¥H), FT-U R4 (F
ﬁﬂ&kﬂs~mamo@%)uhm@%%ﬁﬁ A& L, RIERFE & NE R OHETE % &/ 2 /14,

O3 AT DRI % e KA PR BOEHE, W BLAERIE DO HEE % jackknife 1512 XK % Yamaguchi -
mm%m@%TW%%WéVKHnT#%ﬁ%&LﬁJ%&wa&ﬂ57~X@DH@5B1%3$u

29



AIOREIL 2 77— AT E RN &b, WERFHFEITICH W 2 Bl T EmERE LTE, i
HEBRINT D, T2 L, 1934~1959 4F 13 77— A DA JE R RJEGE - 3@k & 1961~2005 4FEDAE
B K EGEE BHEBS X O N 3 MR 51T 2 224 200 77— A Ri# OB B « K SUE R K A
BE2 AT 1934~2005 4F OO 4 e KJRGH « 82 i BB & JRUE & BF O 55650 T 3liF NIk ©, Il s & Bk
LA = S ISER T D, 13— AT EMEIZIE 31 TR D X 5T, HEVEE Tl 11 4 — AT
Do 1934~1959 FFEDFERKEGE - I mERHIMES SNV, Kk EAOE < ITEST b D BE
JEGE - I 13 7 — A D ) BOWL DO RARFHICAER L TV ERE L, BT 28 SR K
JEGE - B RO FRRE A BRI A IZ A e < A B2 WEIBHN T TE 20 (BRI, k
A7 1/3 DERHIBRE) IZFRE LT 1934~2005 F DA fig RJBGE « 1 5 BB k9~ 2 MRAEHEFHIEAT 217 9
ZOGE, EEHMERK=T2 F, BRI N=24, EEHEENFK=T21272 5,

ERREERNLIT — 2 B2 2 RN D BREE R & TR E R HBMRMEOEERAZL 522
BECH DTN E L, ERKNEEEHIENICERSND 720, Hr OFERRKEEEDNEEHRIRE 2 /)N
S LTBITICE ENDDEPRESICHL NS Z L h, AFRIZE W IR mE - 1&g
BEE D T U AERKREE - 3 e &R & st s T I v 5,

3. ARFMHLEBLRE - KEDZEMSTH

.1 HBRDIETRAE

Fig. 41315 77— 2D EROREKEE 3 >OIZHEILTHZX 5,15 7 —AOERUIKICRT L 91T,
BRI IIG U Tl BIAL, PEEEROR « FIRICR IR LZOT5612 5, @T4216 5, O
T4902 5, @T5029 +, ®T4516 5, ©T5115 5, @DT5415 5, @TI18-Jul A, ERUFEE DR - R
IRV A 1T L 72 @T4326 5, (0T3706 5, HEBIHE D Bl - IR I i b IRV A &1 L 72ADT3805
v, ©@T3412 %, BT5028 7, @T21-Sep HJE, OT5915, (Wb D, LinL, 72& 213 T5415 5
DI, LVIAWVEHICEEZKFELZARLZ,

UFTIE, 15 75— ZADREAZNZNITONT, BEFRE, W7 NI 10 m & EE K EUE Uopna
&AL S OB NTE 3 IR O B KA 3818 80 Hpe & IO 225547 % Fig. 5~Fig 19 (R, BJaf%
KL, BESREE LCHEE, BRFLOEE, FLEEp BIOREYEnO—BEXEET, Zh
IR L ANZ =2 DK THDH DT, UL TIEERICKDOFREEZ B, 72721, T5029 5 & T5612
ST BV TR E DN SN D, RIRHEE Z1T > TV,

1 200 J 400 1 200 J 400 1 200 J 400

T T T
500x500 {;mf/ 500x500 500x500
Ax=5km b ’ Ax=5km Ax=5km

200

400

Fig. 4 Tracks of typhoons used in wave hindcasting.

30



2B~ MDERIZKT HHER
D15612 2 (<&@, Fig.5)
1) &R & HERiR!

BEUE 1956 4 (BEF1 31 4) 9 A 1 BREOErEER CHAE, ME % 180° X 57 KR/ E)
ExLeob, Ry Hgadt kL, 9 B&R~10 HEITHNT TILMPE 5 B2~ & Btk 238 B A
IZ ATz, BRSBTS 2 & & OHFLREIL 950 hPa, HEVCERIL 130km ThHhD, &
JEGEIB O, JUN~ s R I R b, & ISP, U ogiER K E WV, 2EO A
BIREEIIEH AT RAE 43 44, AGEE 3134 TH Y, FEMLEIL 37,000 B, 12KHET 11,000 HIC
=T D,

)RR KB R - B [ D ZE 5

PEE I CIE, SR XA OV C 30 m/s Az, JEI B MEEGE C 35 mys 1T D, RIS & BGEE
WCIE, 15~20m/s &2 & 0, JRFTINC 20 m/s &k 2 %, JEUA IXHES NYE TR FsTeda SE H R &R
T

NmAE = - RADEM S

PR CIE, AMNEDLD AR LR H E VIR T D 2 &2 < IS RE L, JE B
M SE, & 6 m Oz HBL ST\ 5, —F, BBEEEICK T 2 &EIT4m LT, WRIXE, O
THECR T 2 Em b PEHOAOHEB T4 mELF, AL S~SW Th D, LTI 3 m ik O &
AT TWD, HAIESSE 2 & 5, LTI, ABMHME T2m OEENHILL TWDH2, Eide
BRI/ E W, RS HFMTh b, BEWHETIE, EEA/hInZ enb, FELTWRN,

1 200 I 400 600

400x673
Ax=5km
| I —

200 0 400 km

9/10,3.;0:3;, ) date | lat. | Pc | Iy
4 mdt | (°) |hPa|km
9/9’21,'00‘1 i 9/9.15 |30.7 [ 940 [119
9/9,15:00 o T5612 9/9.21 |32.0 | 940 |132

f 9/10.3 |33.5 | 950 [133
400 3 9/10.9 |36.3 | 950 |105

11 50 _J 100 150

S/_ T5612

— Hmax=10m

11 20 40 j 60 80

50y

100r

150F 0 24

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

maximum wind speed and maximum wave height induced by Typhoon 5612.
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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 4216.
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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 4902.

fTLT20 H 21 REEAEZ 8 L, ZRERKE N FRICAE 2 T 23 B RS 28l L7z, fil g,
B JENTIUIN Z W Uk S M 1o tH CRIEE B OB CIEW L0 bh, SR E M ClRFRRIEICE D
ST, BED S RRMEIZIT OV & EOHLREIL 976 hPa, BIECEERIL 120km THDH, ZDH
JEREIZIEPE AR Z HODICA-ITRE E 72 0, ERABKKEENAE U, FioaRMERORZEH g
WARE Y AT DORFEE R EOT2 DI, - MM OB EHEIC K 2 EN L8 Ui, BRI B IRE T3t
FHATHARAED 106 NTEL, Koy RMEEH CIEEMEERNOMIRINZIC LV RBREE 134 AD5E
T L7z, REOANHEITEE - 7T HRHE 468 44, AEGHE 367 4, FEEFIT 5,400 B, 12AKHEE
1% 58,000 BRICEET 5, fvingk % 4,242 £ L IEFITZ VN,

2) RKRER - EmOZEF S

VEEER T, I 25~30m/s 2R L, & < ISP EIRAT T 30 m/s OFRENR & 72> T B, iR
X SE ZHul& U, EBGEEEE O B, ZC0 TG T S & & 5, WPEEE T, RO 15~25 m/s
TH Y, SIRFHIIC 25 m/s OFREIEA A Hiv D, EAIE S~SE Th D, HEWEE TIE, BRI D
HEL TV DIC b b, BURIZHBA R E v, RRE#E & RPRE CRUEIE 15~20 nvs, #LfHKIET
20~25m/s 52 %, AL S~SE #/~7,

N JXKES - KEDZEMD A

VI CIE, BRAGEIZANEN D 10 m OBERBAG U, Z OFRIRAHE P dsH 2 5 110 IR
IWETHES Sm Lo TRELTWD, FAB#EARTHEEIT4 m EREW, —F, FTEOMEIX
HEADHEC3m LT &/, LR & RS TS 3m BAHEBLL T\ 5, s i,
TS 2.5m, FRET2m, T Im OERSG L 72> TS, FEiFHWThd EThbH, FHHE
BT, AMEN G 6~7 m OPIRNAST L, A AKEDIRWEFE TR & 4~5m & & 5, KRBT
XK 7 BAKED DA OWFL TR i 3~4 m TH DA, FEMEHEOWK EIEH E v K& v, —7F,
FREEMECHBT 23S <, IS 3 m 2R DUEEIIFE LU,

33



@T15029 & (FTT7 &R, Figs)
1) &R & HERiR!

BEUE 1950 4 (BB 254) 9 H 7 B~ U 7 F i CARRGEN D ERUCHE LD, N
DR E & > T 13 BRI SR Fl2a v, 13 ABRERE LS REMEBLIC EkE, 2% ul
ZHEWT L C 14 B PR A AYEICH T 72, RERERE O HULRUEIIAT 960 hPa, 5 ELAS B 1% K TE O 1FIE 9
I B 7= D AbRE 33° MRAEHEY) - 2B E O LAIEIL 964 hPa, B ECEZRIL 70 km THDH, ZORJEIC
FEVY, RBREATE D 17 SRS @& K 2 ENH o7z, & ATERRTIE, mElRAZ DO
FZIEERE RV & B S 7R, MWK L 20, KRB R@mRERNE T, &
E DO NI EITIEE AT AAE 43 4, AEHE 75 4, FEMEIT 48,000 B, 2/KHEEIL 122,000 £
THY, MagED 845 £ L NS,

2) KRR - BEFROZE/E S

PEE R CIE, BUEIE 25~30 m/s ToH O, JEPGEEE S, S Pk, 250 —5 T 30m/s Z iz 5,
JE\f1E SE~E & & %, HEBHEe Ik, JEGEIE 15~20 m/s, AL SE T, PE{HI & BRI T 20 m/s %l
25, WERMHETIX, FREME, KBRS T 15~20m/s, FfF7KiET20~25m/s 2 & 0, JLVEERT 25 m/s
EHZ LD H 5, ARITBRBTASE %525,

N JKEKSE - KEDZEMFS A

PSR CIE, B RAGEBEN D O B PRI Tl 8 m OEEmIE AR ST\ b, E N
T, BT A S THEIE LIS K T, (L RO TR & Sm, ) SSE O & ik
BT %, JEBPHEPE S T 4 m WSRO IEN 2 O LT, Pl CIEhEn s il TlR&E 3 m LT
ENI VN, ZEET 3 m SR ADILD, PEHHE T, SR D REICHT THEE 2 m, W\ E
~SE OWEAHELL TV DA, BEINCHEE TS, FEWEE T, Emld—EhIn e En S
DT, FEEZITS TV,
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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 5029.
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®T4516 5 (MIFER, Fig.9)
1) & RAFHE & gseksmle 17
BEE 1945 4 (IBF1 20 2)9 A 11 HZ 7 AEORME ETRAE, W HHND N FRNZER 2% 2

THPRRATIT 2 0@, 17 H 14 IKf 35 438 S BRARIRE T a2 Bfe U7z, BRle ORI S 4L 7z s i i
JEIX 916 hPa & IEFITIRV, ZD%, HEUX NE s, Ju, WMUE, i, JbkE, sdbts %
Wi U C =Rt A 7S, BIEDY B AKGE OIRIT R I & 72 2 ke 33° BRARRY) - 7o R R O LA
JEIX 950 hPa, HJENARIL 95 km TH D, ABEITE DD TS OIED, LRI % ORLIICEE
RUICZEBRREREREL - T, REMNICKEEL 726 Lz, & UTABR T AR O
L e LT, REO NRREITIERE - 1T H AP 3,756 4, AlGE 2,452 4, FEHKET 143,000
B, 2ARHEEIL 304,000 HHZDIE - 72,

2) KRR - B FROZE/E S

VMRS T, B 30~40 m/s OO 5REUIRAS INFEFRIZHEAS V), A4 FH IS D MBS0 A 551 C 40 m/s % B
Z 5o JAANIIED B A~ N~W~S & RIS b5, HEsk Cix, B4l ¢ L 30~
35 mis &Y, SIBFETRE, BENIESETSE, HHMTW Ths, HEERTH, JEH 30 m/s
SN IREFIC A L, JRATRIIZEGE 35 m/s IZE#ET 5D, BED B LEEN AL KGE Tl 25~30 m/s
LR/ hE Y, BENX S FHY THDH, ZD LI, T4516 ST NEEICIER ITmWEEZ L7725
LTW5b,

A mKES - KADZEMNH

PSR CIE, B AEICHEN SIS, M 9~10m OFERN/AK L, B PR T 6~Tm, <
IR FICET CHEESZ 4 mIiZE S LT 5, BRI, &I EO 4 m S EEH O 3 m,
WX E THD, —J7, BFTP#bREsclE 5 m, N W O &S LEEICIEN S, Zhidh
JE L OEE DN D 2 ~ 3 FEMJEE 30~35m/s # H DO NW F 0 OFENKE L Z L2k b, Za5if
TIEEEIT3 mBEL, BMEAODYIZKE RV, FHEVEETIX, 3 mE&EBAFFAICIER Y, &
HEOFN T 4 m, B W~WSW O E i @ik 2 HBL L T 5, BERHER T, SMEND AS L7z
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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 4516.
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WS 9~10 m DIERITLES T, FFAEDIFIERIL T S F Y D 6~8 m I mik RN IEn %, KL
TIEAK o B /KT D B 56 FE O ALRIMEE TS 5 m ST 525, BAMER TIX 3 m IS U 5, #mEiE S 2
O SWIZZEALT 2, #EFEWHE C 1308 PAVRIDERE BE M OO = 3 m 2> & /NS 5 I AT TS mIZ¥nT %,
WA O TERICH 4 m @ik R b b,

®T15115 5 (JL—RER, Fig.10)
1) & B &g ekl e 1o
BEVE 1951 4 (BBF126 42) 10 A 9 HZ 7 A E7E 51 ECRA, 12 H#OREHE 1T 924 hPa |2

FCREL, BEMAIRZ, 14 B 19 RRCITEN S RG5O BARETIC BREL, K80 km &\
IRV EE IO R AR CIURERMICE LZ0b, bk, bz CRPFEICHRIT =, BRMNE%
FKEDIFIE R RN B 72 2 Ak 33° #2472 Rf s o O KU TR 965 hPa, & 812 1X 165 km Th
%o BEEIZIEE Z R FHFIZEY, & ICHERBRICBIT 2R E S X 28FEB Lol n R
IR O T AMIC L2 ENEE THH, REO ANWHEEIZES - 1T RUH 943 4, AlGEHE 2,644
%, FEMEEIL 221,000 8, 2KEEIL 138,000 FRIZOIX Y, MHAgEE D 9,596 £ L IEFIZZ W,

2) KRR - BMOZEMF DA

VO CIE, SR B A B RGN 30 m/s A Bk %, B TEEDE A B B K EALERIZ 22 T 40~45
m/s [IZEET 5, & < AZERLAKE TITEE 50 m/s 22 252070 m & 7o T D, AEIEEN S HA~E
~SE~S L B3 %, FEREER T, KREEEES 2 PR\ CEUA S~SW, JEGE 30 m/s Az D, HUERVE
T, BB RKIRGE CRGE 25 m/s, Aof7KiE CHRUE 30 m/s & & 5, EAlIL SE~S THh 5.

N mKESE - KADZEMAH

PE SRR U, EA% KE D D AH L7230 10~11 m DA E%AGEILE O EIC X » TE O#BE A
MERF L, (MU EF A TS 10m, ST THIEE Im OEEEE 22> T D, NI CITE
BIAKE D D B PR 238 > CAST L7 3%17 SSE O i i3 ARG #ED 1L 0 RN R T 4m i+ 5, 7
HECIXE S ITVEE D 6~7 m 2B FED 4 m LA FIZ/NE < 72528, HERTIEX SW o Rz X - T
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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 5115.

36



WRELEEIL4m 282 5, REEHTIIEEIT3m 28z, FAaxs 285, g, g
E2~3m &LV, ERNFIBEEH CSERY, HEHTSWEHYD Th o, HEMETIE, SMEN D AH
L7234 11 m OERARFROEE X RIKED SOV TR EIL 8~Im 28z 5, KIKE TIX
FROEAGE D B AS L72m 7 m OSBRI L, MA TS 4m, HET3ImAd LD, Mk
BRI D 1EE SW FICEH<, —J, BEB#HTIIEEE3Imaz B 2BETHED KE <Ry, W
1% SE J 1) % F S e A7 12 <

@15415 5 CGR#F/AER, Fig11)
1) & R & gaakmler 0 sl
BEIE 1954 4 (BF1294) 9 A 18 H 3T v /il odb il T34, 25 H 21 FFEERE

DV 5L 2 80 km & V9 o T, 26 H 2 BHCERBIC B L, 0%, JuN SR, TE
7, WM AR CHARWEAZ L E L, JUM EFED S 3 15 B cAbiiE AT £ TRIE L, AE
DB IKEOIFIFEH R H 7 50k 33° B @il L7 REa o LR JEIL 965 hPa, HECEERIT 160
km Thod, ZORBILEVEE D OIEFITHONEZ LY, SHICEE LTRICE 2 HEEZ LD
L7278, BEFNHECIE I m 22 2 @il b4 Lc, 2E O NEEIZIEE 475 RHE 1,761 4 (T
FRAL) DI PE D JEH 1,139 4 &G, AlGH 1,601 4, FREGEIL 208,000 1, =2/KH7E X 104,000
CTHY, MMogED 5,581 £LIEFITZ,

2) KRR - BMROZE/E S

PEE R CIE, JEUHIT 25~30 m/s T 223, FH T A CRUE 30~35 m/s Z7n 3, JRAIITE DN 5 IR
~SNW~W~S & KIRGFHE D 0 IZZEET 5, Fsifpsk T, Bk 25~35 m/s, AL S~SW TH %,
&L, B0 RN FEAS IR CEGET 35 m/s iz 5, JRAIE S~SW Th 5, HEK TIE,
FRIEME & Aot KE TREGE 30~35 m/s, KBRIE T 25~30 m/s DFRAS & 22> T\ 5, AL S HY & &
%

N mKESE - KADZEMNH
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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 5415.
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PR CIE, HEITEHAKE T8 m, BTHRTTI m%E L D, WU CTIZE TN O AH L
BB L, RO ORBFETE®3ImIZ/R> TnDd, A CIIEEIZ3m L /hSnoicxL
T, GrP#EO P 5 FTETIESW HHORIZ L > THAREL, WEidkd4m 225, TEERT
b, RREEOVEE D O HEBIZNT T SW FHOEAFEL, R 3m A EBIClx 5, FERTIE, &
PAGEAND TR S FHD O 11 m ik, L TH 8~9m @ mEmls HE L W5, KIS Tkl
VA 7 BAKTERED 7 m 2B QBT T 5 mIZe v, HEHRIC 3 m FREICHED 5, Wimidis
BUZM DIEE SH 6 SW H I < o FEEEEE C I3 = XS P AL E AN C 2~3 m Th 573, NW
FENZHEM L TONEE~F BT T4m 28I 2 5, A SE 2 O ahikicE b+ 5,

®T18-Jul &R (Fig. 12)
1) & B & maekint 1)

BEGX 1918 4F (KIE74) 7 A 8 HAm U kR oAbl ECHA, 11 BICR RIS AT % @i
L7z, DWW, 12 H 6 Bl il sy odbsis biceE L, BkKiE, Jrr#z @i L A% B AR
T 72, RS ERKEOIZIEHF RIS 72 50 337 AL - 72RO HOREIL 953 hPa,
BECERIE 130 km TH D, BKCHER S L HHE I H ARSI KT, EilgE b RAE Lz,
REO NI EIIIES - TTHAE 211 4, FEHEEIL 1,600 81, 2K 12,600 i E b,

2) KRR - BMRDZE/E S

VEERMEE TIE, JEEIE 20~30 m/s Th 0, JEIBGEEVE E CHRRTAS N SV AS, Tl BRSO IR B T
35 m/s AN BLT 5, BUANITHERIC K> TRE < B s, TR & FOEE I, HteE - KE
PO RS L35 % Bk < TR VOVEEPE T 30~35 m/s O FRE AR E LT 5, JEA LK © SE 7Y 2R 7,
N mKES - KADZEE A

PEEHEI CIE, AMED DM SSE, I iE 8 m DN AT 523, BT S~6 mICH L5, *
7=, PV CIEIL A R ORI TR EIX 3 m /&< 20, JEB#ECIImEIcm» o IE S5,
PP CIE 4 mEEEA A LND 0, B TR ML NE, HEHTSW & 180° B7xn, o0, (i
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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 T18-Jul.
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P & B CIE B B OEITICA D TR KK R OFRARLNHEN B DD, R, LB, i
THEERIZ3mBETH D, FEMEER T, WEIIBERTO 1.5 m MHPEEHO 3 m T 5, ¥
1L SE %V % & 5, B CIX, AMERERD S AS L7z S %V OB A 12 m O3 FKiELiic
BEL, ROVKEOIFIEREICE S S~ 2 mIZES@EEEZ L0 LTWaD, KRB TIXA » BAKED
S EABABIZED L, 5 mEERA LA E TSI E 0, B o 3 CH @i 3 m 2L
T2 5, £, B CHLOVKE CA Uz @il 23 e 2 Sl 2 KE MU CTAS Lizd &,
B E IR EM L <Y, MEO/NGEMTSm 2z 5, L SE 2 I A<,

@T14326 5 (Fig.13)

1) & B & kiR

BEIE 1943 45 (IEF1 18 4F) 9 A 14 A~ U 7 i B ¢4, 20 HIZIX H A4 NNE J7 a2 i
TLCEMmBREBMEIC L L0, WE - hE#DT 2 8# L CRBRAME S B ARICHR T, 18
F Tl H AN AT 968 hPa MM X7z, AR B % AGEDIZIE R RFTIZH 7= 5 Ak 33° a2 RiY)
S TSRO LK EIE 972 hPa, HECEERIE 80 km Th b, Z O EBFHIIXSEMICE- Tl H A% H
TARENRFEAEL, LITEERREVWEIR, K7, BROZEDO S 6 THERROWENEELO, 2
[E O NAPEEIRIEE 1T R 970 44, AEH 491 4, FRHCEIT 22,000 B, 2AKHEIT 72,000 5
W25

2) KRR - BMROZE/E S

VRV I, JAVWVEPH CRGE 25~30 m/s DA HELT 23, LA DIREIE T 35ms &L RE N
B, JEBG#EEE Tl 15~25 m/s E/h S, JRAITB BT NW ThY, JKEBEBTNE &L, Fi
R G, KREECEGEIL 20~25 m/s, AT NW~W Th 5, itk -k &k CIamiE I 15~20 m/s
&N, BRI T, RO IR B AL KIE T 25~30 m/s & R0PRE <, KBRS T 20 m/s
At % 52 5, BUANIALOHKIED S % 0 22 b KB EEED SE % 0 IS IR aNc 21 k7 5,

N mKESE - KADZEME A
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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 induced by Typhoon 4326.
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VEEEIR CIE, B AKE TR 5~7 m OB L T\ D, I TS IE8 T 5 m »
DYFR T YE OB E 4 m, JEBGEEEREH O 2~3 m 2/ S 20, WRNDLAET, ZHHIENW HHO
U K-> TRELIENEBREKR CTH S, FTHCZETHLRSIE3m Al 5, TER T, &
HECHE 25 m 2 Z DWAHBL L TWDA, 3 mIZidE LV, BRI, HiE6~7m, Wi
S O MFLFKE D ILNELFH CHBLT 5, KBTI EIEE » BAKED HALIIT 4 m, HANZH S
EFE3m2s I mIZEDT D, HEHCITESIETRETI3Im, NEEMFTT4Im &, WHRH LW
ENW FEIZAF TRE< 25,

13706 & (Fig. 14)
1) & B & maekint 1)
BEUE 1937 4 (B 124) 9 H2 A7 4 U B ORGH ETHRAELEHOWEEHRSE 4 EIR &

L, 8 HIZREBITHEL T 9 AFEMIRO RS -2, K% NNE~NE (ZE 0T, 11 A#UE
O RABIRATIC B L=, WUEHDT, HE#D7 2R U C B AR H 2, EAKRIERT Tl S BE 10
53 BARYFIE UL 951hPa Z ek L7, BEDNEZAKEOIZITH IREBIC & 72 2 Abke 33° #f A2 RiE0 - 72k
ROFLKEL 947 hPa, BEEAIL 60 km Th H, #FITMUE-TEHG 2 POce2F Ik Y, 2F
DNBIYEFIIIE - 1T H AW 84 4, AEE 375 4, FEMFIL 12,000 B, =AKHETEIX 28,000 T
» b,

2) KRR - BFROZE/F DA

VEERE X, RGP AR D 15 m/s 205 BERD 20 m/s, DT 25 m/s, LS - TR TS O 30 m/s
EREPDHICHT TREL 25, ARIX NW %470 TH 5, HEER T, MR cEEIE 35 m/s
Llo TS, JREIXED DB~ NW~SW & KEFFHF A LT 5D, B T, BN E a0
TKIE D IR CJEGE L 30~35 m/s EIEFICRE S, RGBT 25~30 m/s & & 5, JEAlIL S~SE
Thbd, B - LB D KIRIBIZE 2 NIRRT AGE AL TR IER 1258,
mKES - KADZEMAH
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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 3706.
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VEERYESE CIE, AMEN D AS L7 ORI X0 B%KETHE 4~5 m 2 & 5, WU CIEBIF
B S AN 2N T CHGE 3 m O AFAET 5 720 T, WE I RERAT /N S0, R CI,
KW VE AT NE &7 0 O 3.5~4 m, HUAIRCAL BRI TR W~SW, 5 4 m DD L 7> T
WD, it K B CIEIE & 2.5~3 m &0/ NS, BRI T, SMENDAS LT S FY O
Bl m OFEROFEIZL D, 8~10 m OFEHE RSO KIE CIAEEHEICHEL L T\ D, KRB TIEK
o B AGE D DAL OWEK T 6~7 m O EMAIED, & 205 KIUFIRFED 3 m I E T it
WINS <D, WAL S 225 SW AN <, RREE#ECTIER IR ST T 3 m OB & A NW Fjic
5~6 mIZETREL Y, ZOMERLIZELEWE SN 3 mIZET/HhEL 25, FEiab 2y,
SE Jimin 6 E H AR S I <,

13805 % (Fig.15)
1) & RS & gsekrt 1)

BEUE 1938 4 (EF1 13 42) 8 H 31 A~V 7 eEEB DR G L CHRAER, EITHIMEZ W HH)
ONAANCEZX N BHREL, 9 A S A 11 RFEEBRETIC Bk LT, Y% B ARMEIHRT 2, RN
FOFZKEOIZIEHF REIC & 72 D A0fE 347 BA ) - 72 RE S O HLREIL 956 hPa, B EVEERIL 52 km
EHERIS LD, WUERE CRENZ SIOILE 2 EDTd S KOMEL A U, 2EO NBEIX
FEF AT H AW 105 4, FEHEEFEIT 1,100 B, ZARHEIL 31,000 B TH L5, ZAHEED 55 16,000
BRIZKRBIZEBWTEEIZE D AT TN D,

2) R KRR - BMOZEF S

P CIE, U R E TH LT 20m/s FREEICE EF D, RV O T 15 m/s LT &/h S
VN, HREREI T, PEAIO 25 m/s 2> B BRI 30 m/s (AN D, AL NNW Tdh 5, B T,
TR EEHE 0O BT ORI /KE O AL P R CRGEH 13 35 m/s Al 2, KRS CT25~35 m/s & Wb IEFISHR Y,
JEUE AR B & KRS C NE S, #fHKiE C SE~E Th 5,
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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 3805.
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PR CIE, BERATE TS 3 m O AHILL TV DA, ZRLSOMEBR TIE2mEL T &, /&
Wy, HEECCIE, BEITARTEE D 2 m DB IO 3 m AR TR T 4 m IZET D, B
NNW Th 5, HFEHWHETIX, SMNENOAS LR 9 m 28z 2IROZEICL Y, REKEDIA
UNEGPH T B SSE B0 D 8 m O SHBLL TW 5, KRS TIEAN B AEM T TOREE 6 m 225
EEOKAFEIZAT C2mIZET/IEL 2d, £, EHRE X0 AR OWER TIEHE &I 4m 28
25, TOWHMIINE GV 2L DT M0, ZIVUIBNRER OBV EEL RS, FEECIINIZ
BRI O 3 m 2> B FRIR ST T SW SIS L, 4 m 28z 5, FINRRECTEKEE
DETUTWD ORI TH D,

713412 5 (EF&RA, Fig. 16)
1)%@#%%&*&%4*?R[8] [161, [17], [18]

BEUE 1934 4F (BFAI94F) 9 H 13 HEE v U VRO EW ETRAEL, 19 HEFIZIZIT#ED
M b 2@, RS A NNE 12 & > T 20 HA NS IWN IR OR #fE BIlcE L, 21 B 5 B/ Uil
WRZSPRIITIC B U7, S HMBERT CiE 5 BE 10 43 912 hPa O KHE <UL 2 B L7z, ARk
EOIFIEFIREIZ S 72 5 A0 347 BRERRY) 5 72 & O FLRIEX 940 hPa, B ECEE X 100 km Th 5,
Z D%, BRI ZR T 7R 50 SEICH P ORY, WLV I EFEL, NE HRIcEATI
RFE I AHICE U, ek, SRAEH G 28 CREFRICEA 72, AR OAR R RUIAEZ 72 B & il
IZ X > TREMICERZEKREZ 26 L, &0 b RIREICHAE L@l & o Tl K iR e
B ORYEEZ T 7, REO NRIBLEF TS 175 RIE 3,036 4, AEH 14,994 4, ZEHLEIL 93,000
B, RARHEEIL 401,000 HToH D, MfEEE b 27,594 £ L KR BIZDIT D,

2) XKERE - BEROZEFES

PSR HERG CIE, RGO Tl CEGEIE 15~25 m/s T 508, B P T 30~35 m/s & F@V, JHT
HEHER 2 O 7, 225k - RS T L EEIE 35 m/s 2B B, AR NNW Th 5, TEbHESR T,
K e A3k C B 35~40 my/s, i 14 O /K B T 30~35 m/s DFRIESRUN TN D A PSR,
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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 3412.
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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 5028.
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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 T21-Sep.
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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 5915.
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Fig. 25 Largest wave height H)"* and its wave direction on the Seto Inland Sea during the period of 1918 -
1959.
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Fig. 26 Largest wave height H)"" and its wave direction on the Seto Inland Sea during the period of 1918 -
2005.
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Development of a Long-Term Wind and Wave Hindcast System in the
Inner Bay Areas and the Inland Sea of Japan Using Measurement Data of
Atmospheric Pressure and Trend and Jump Analyses of Winds and Waves
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Yoshio HATADA *, Masataka YAMAGUCHI* *,
Manabu OHFUKU*** and Hirokazu NONAKA ***

Hourly sea wind distributions on 3 regional sea areas consisting of the Kanto Sea Area (Tokyo Bay, Sagami
Bay, Suruga Bay and their offshore areas), Ise Bay and the Seto Inland Sea are estimated using the measurement
data of atmospheric pressure around the areas over a 45-year period form 1961 to 2005. The method used
calculates winds at sea and coastal stations using the regression relationships between measured winds and
pressure-based gradient winds, and the sea wind distribution is obtained by the application of a spatial
interpolation technique to the wind data at irregularly-distributed locations. A 45-year wave hindcasting on a
nested grid with high space resolution is conducted at each of the measurement stations in the 3 regional areas
using a backward ray tracing model under the above-mentioned wind conditions. For monthly-highest
1/3-averaged wind speeds and wave heights, hindcasts are in reasonable agreement with measurements. Trend
and jump analyses for yearly-highest 1/3-averaged atmospheric pressures, wind speeds and wave heights yield
the following results. 1) Pressure does not exhibit any trend or jump. 2) Both wind speed and wave height show
statistically significant increasing trend and positive jump putting a turning year on around 1986, and their

intensities become weaker toward the western area.

Key Words ; the Kanto Sea Area, Ise Bay, the Seto Inland Sea, atmospheric pressure data, wind and wave

hindcasts, wind speed, wave height, period of 1961-2005, trend and jump analyses
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Fig. 2 Locations of points where wind data are given on the concerned sea area for estimating sea wind

distribution.
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Fig. 4 A nested grid system used in wave hindcasting and location of wave measurement stations in any of the
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Kanto Sea Area, Ise Bay and the Seto Inland Sea areas.

61



4. EREIE

4.1 FHHEE
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Py VT DN EAT O, BINEBI ORI, ER 1/3 /N E 72 ITER] 1/3 RIRKEIE O RS
2B CITDTZEMMOAEMED 0 & WV I IRFRICHT 2 t REPIRB L OV Lo FaaBmeEPlic kb, A&
KHES %O AR E CARME 0 DIRGRA KA D556 L=0, BB X CAROHEREMEENH 556
FNEN L= BEWL=-1 £ F5, bl RREIPUIHEAAES %o S RIRE L < 1.645 O34
MAEER L, [,=21.645 OBEEOEAEEH Y, [=-1.645 DFAEAOHENEEH Y, LT5,
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OBLINE ¥ (obs.) — — |
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AZEETIES —N
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) LkdGAKEIRE
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2005 4F) 12U TR 5 : '
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o A TTITHER year
EIZBLAE(Z FEREH) Fig. 5 Time series of monthly-grouped highest 1/3 mean wind speeds obtained from
F<BHELTZALT  hindeasts and measurements (Ujsea, Ussons) at Keiyo sea berth and Komatsushima
LDITK LT, HE  stations.
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ENZSWVWRE—AN—XTEE 72 v FEOD 45 and measurement-based Uy 3qps.
EMEDLVO LV IENEL DX ZRIET 5,

Table 1 1ZBISRID Rk O 3 ¥ BRI S CROTITASE, MBS — N—2X, W), FEED 2 1 HEl
S (74 A, FEEY—R—R), WANWEO 4 1 FBHS OMAE, KIS MT &, XiH, K
53) ZET D AR Uy BRI 28285 (U, ), ao(U, ) % BLBIIR (RI2B 0T, 72 & 213 83-05
1% 1983~2005 44 BT %) 35 L OMERERE & BURIE BHT & 2 B4R 173 RRTFIIIHE (U5 Uysny )
EEbiThEZD, kDL, ARME ay(Us)IXHITEED 1.07 &7 A A D 0.94 ZFRVNT, 097~
0.99 # &V, HERME & BHEOEHRRISIE E VN, FHEIRE A U)X AUTHE, g — R —2Z, K
B2 MT J&), XiH & W o 72N - NHEOHLE T/ SWEIEICH 523, A ZBBIXIZ 1T 2 #HER 8 & 8l
BEOXSEDEDIX, Fig.b ICHE 2L H1Z, TRIEEELS R, hFE - BRI T 280
AL OFEIBIRARZRIA LT, JEFHZEHICHEN-NE - NEICB T 59 ERZ, HEALIT 0%
BEbHE DG FE VR ERE R
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EECHEREBIHME L 0 0K
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Fig. 7 (% R BEZ o HE & & B
(cal.) EBIIIEEL (obs.) MNHFE
T2 AR 13 B R0y D
H 2 AL & HTEE (1983~2005 | Keiyo sea berth

Table 1 Error statistics such as correlation coefficient o(U, ;) and slope
value of correlation line ao(U,;)for monthly-grouped highest 1/3 mean
wind speed Uj;, and highest 1/3 mean wind speeds over entire

measurement period obtained from hindcasts and measurements

(U1/3cu1 ’ U1/30bs )

Sea Area year | Uysey | Uyson

U ag(U
location period | m/s m/s A1) | aUis)

Kanto Sea Area
Tokyo to-hyo 83-05 10.5 11.3 0.42 1.07
84-04 9.8 9.9 0.45 1.01

) &R PN T R v N LA Hiratsuka 81-05 | 9.2 9.6 0.55 0.97
T o 8% Aok mmRg [ 1eBay

(1983~2002 %) (2O T ,T@u Buoy A 96-03 | 119 | 11.6 | 0.83 0.94
% FEJUERIERE b S IRAY T Pl B3 Ise Bay sea berth | 76-03 | 10.0 10.0 0.82 0.98

OFRERIT/IAETY %gﬂ(m Seto Inland Sea
50, BNrEE O BE A 1997~ Komatsushima 82-05 9.7 9.7 0.61 0.99
2005 4D 94 & MR E N o Osaka Bay MT st. | 78-05 9.0 8.9 0.41 0.97
EMG, EHIRAREOR R A 5 2 Kanda 81-03 8.8 8.7 0.43 0.98
D, ZHUTEDE, WTh O Oita 87-05 8.7 8.6 0.58 0.97

63



THMIE

supmpcaice || Tokyolo o83 05

WK BB o °

Hypp P%EBIC L £05 M W}i&ﬂg\e ari

<BRET B, 0

Fig. 8 I3 H R Hys 2 S T ] q -

PR 3 ot §7-5 NI T T o b

R, WHLAICE %0; ‘0 A ﬂfj : i Qi

WTH T 1y bR A A | Taﬁ
0

45° EBOEDVIC 82 84 8 88 90 92 94 96 98 0 2 4
year

EEDH LMD, HE

FAE & BAE I e

D K< w9 D R

MIMDNZ D, K

Fig. 7 Time series of monthly-grouped highest 1/3 mean significant wave heights
obtained from hindcasts and measurements (Hji3ca, Hyi3005) at Tokyo to-hyo and

Sadamisaki fishery stations.
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TS OH 25T, FHICE L CHHERME L BIMEAH E 0 I <HFE LARWVEBITIH TRV,
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AT DHEERAED,

VLB, AR 13 BRSERRGE Uz 38 X OH B 1/3 e KR  Hyys (2B U CHERE & BLIIE o X
BB RRMTHLA, BUTE L TIIME - NilEOBLRIMS CRORUTEE, mEES— A —2, K&
MT J&j, XiH) T, HIZB L TIEKRIRE MT J& Tli# ORI 2300153 TRWERNIZ & 5,

5.2 [IEDREAZBIDAEMN

Fig. 9 1% 1961~2005 40 45 4RI D72 %4 1/3 B/ NTRIRIESE B, ORI % B 35
THHUR, PR TR R, WP NI CIIAIR, WA, RILC oW TRT, QUEE B,
FERIOF A b, FERIERIO FAL 1/3 DT p,0) 525 1000 %5107l TER LTV 5, HHUADOEE

64



EERVNIET & DLV DOLEE &
N S NCIERVASY it 57t T Sy (AN
W, BEKAEE S %L LT~ t 45000

DB mIC IS < A RIBEIC L,

RIS BB D 18 Hi D H 5 18
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DHH 40 ML THEHIICER R
A ZZ B (TR S e,

FI DI, &2 65 HEDH L 65
HER T THER 1/3 J/EEK
JEZEE RN G B B e A
;E Ly, £72, L v RR
BUZES < AIEIC LuiX, b
L R L X B SR FEE ik oD 18
1A C-0.76~1.31, (B fEE D
8 Hi1 4 T-0.67~0.39, MH T NHETH
B> 40 H15T-127~139 2 & -
T, AEKUES %ORMEKTH
% +1.645 INICHHE D Z &b,
WO RS T H#EFHIC AR e
BRI SR, DED,
R 13 B NVEERIEEE RS D
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Table 2 Error statistics such as correlation coefficient p(Hj,/3) and slope
value of correlation line ay(Hy, ;) for monthly-grouped highest 1/3 mean
significant wave height H,;, and highest 1/3 mean significant wave

height over entire measurement period obtained from hindcasts and

measurements (1751/36”1 , 1751/30,” ).
location year | Hasear | oo PH 1) | aolHss)
period m m

Kanto Sea Area

Tokyo to-hyo 83-05 0.49 0.51 0.77 1.01
Ashikashima 92-05 0.87 0.82 0.53 1.00
Hiratsuka 79-05 1.01 1.03 0.69 0.97
Ise Bay

Buoy A 96-03 1.99 2.09 0.83 0.94
Hamada 96-04 0.65 0.63 0.86 1.01
Yokkaichi 77-96 0.40 0.41 0.88 0.96
Seto Inland Sea

Komatsushima 97-05 0.68 0.66 0.92 1.03
Okinoshima 96-05 0.77 0.81 0.88 0.94
Osaka Bay MTst. | 78-05 0.69 0.65 0.42 1.00
Sanbonmatsu 97-03 0.43 0.40 0.66 1.07
Imabari 86-90 0.39 0.36 0.82 1.05
Kaminoseki 96-05 0.60 0.56 0.66 1.01
Kanda 92-05 0.57 0.53 0.70 1.07
Oita 87-05 0.61 0.61 0.83 0.98
Sadamisaki fishery | 83-02 0.72 0.70 0.93 1.03
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Fig. 10 Time series of yearly-grouped highest 1/3 mean wind speed Ul(i; obtained from two kinds of

hindcasts and measurements at 8 representative stations.
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Table 3 Results of trend and jump analyses for time series of yearly-grouped highest 1/3 mean wind speed
U l(fg in the Kanto Sea Area.

Kanto Sea Area 1961~2005 4 1961~1986 4 1987~2005 & | jump (~1986, 1987~)
location a |alags | L | I, | alags | L l7l(§) alags | L (71(§ ) ttos | J, | zlzos | Juw
Tokyo to-hyo 1.70 | 2.83 | 1 | 425 |-0.16 | 0| 10.86 | 1.76 | 1 | 11.31 | 291 | 1 | 2.51 1
Sea berth* 1.48 | 251 | 1393 |-0.05|0]| 9.51 144 | 1| 991 | 256 | 1| 236 1
Tokyo wan-ou 1451272 | 1413 ]-004|0] 902 | 1.65 | 1| 940 | 2721|246 1
Dainikaiho 1.51 28 | 1(395] 013 0] 990 | 1.70 | 1 | 10.28 | 2.71 | 1 | 2.39 1
Tsurugisaki 1.65 | 285 | 1421 | 033 | 0| 1064 | 1.72 | 1 | 11.04 | 251 | 1 | 2.29 1
Hiratsuka 141|300 | 1]393] 004 |0]| 928 |206 | 1] 964 |280 | 1 |229 1
Ohshima 1.52 1 219 | 1327|041 | 0| 11.78 | 1.84 | 1 | 12.09 | 1.65 | 1 | 1.62 1
Irouzaki 062 | 1.17 | 1| 1.88 | 027 | 0| 10.74 | 1.96 | 1 | 10.82 | 0.60 | O | 0.70 0

* 1 Keiyo sea berth ~ Unit of Ul%) :m/s Unitof a : cm/s/year

L% o UL @ RN R L C 2 IO BRERIC L D Vv v T b ERiT 5, ZOfE5% Table 3
D 5FALEIC S 2 THY, hROES T 2 SO WIRTE RN K 2 IR EHE T % & tefsn s
B OMMERETRT, £, AMOFNCET S Ji% ¢ /54 OB EES < EHE O x5 F ik
TEDRER, thos 1T t DARICEIT D tiEE HEKUES %ITHT D tEOLTH Y, ths=1 THIUTHAM
WCHEBRIEDY ¥ 7, ths=-1 THIUTADY ¥ 7, |ty|<1 TP v 772, 2L, LhbZ
DOHEFHEN T ¥ T DR S B FK T, Jyw lE Mann-Whitney O F IR E DFER:, z/zo5 1L IEIRDAAITEIT B
THY, thy DBFHERLNEEZERT, AEKEIS%THDH, RICEHOBRERT LI, Fi
HIM (1961~1986 4FD 26 4E#]) TiX, 19 HuEAM CEmEEIIRE ST, %Wk (1987~2005
ED 19 ] T 19 MR EEH CTIEOMHEAZEBE A H I S D, M HERIED Y ¥ 713 19 Hig
D5 BLERRNE AN AT < ASALE S 5 AR, EIRTR, BREED 3 S 2 FR< 16 i TRHIND, S
DIZEEH OFEZ 1990 F L35 &, KD SHATHLAEERMRICR D, DFEV, M OFEEHETHT
UL IIHIME R Z b o2 & R,

Table 4 (X Table 3 & [AIERDFER A FEE D 7 HFIZ DWW TRT, 1961~2005 40 45 FE O EEHC
ST HRERE D L, IEOMBEMZEE 2 b OHSIL 7 MO D 5 4 Hi (4215 S T o) TH v,
B E R IEOMENEE % 5 2 25 #8508 2 DSt o #S 8 SRR I D, HURBNZIZES (71 A)
RB LI WS (714 B, 74 D) THEHMEBI% &7-7, A THEHNEB 2 ~7, BRI
DFREFEHARD &, - REIZEE S alags DIESC b L o RoREL L OEIZ/N S VMERANICH D, 1986 47
EREHOELTORPEMAZ 2D &, THISEO S B 4 Ht (15 HiaTiE 9 #is) CHEmAEN % & 777,
70 OHUS THIIMEIA A b o, AR Z & 7222 W RIS & B 0 < A\Thri@ T %, —7F, 1987 4F
AR D% 1R T 7 HuS 28 (15 #uS T 15 S 28 CTAOMEmLEi 2 Lo, %0, A
I CIZ U ) 2B MBI 2 & S S LB A B & & 72 72V HLESIE 15 ST 2 3DHETH LDk L
T, BPHFCIET X TOMATHAEREZ 525, U v FICxT 2MERMETIE, 2205
HEIZE S TIEDOY ¥ 7% b OHUEN 7THEO 55 5 HiE (15 Hg T 10 #i5), vy 7267272
WHEEZS 7THUE O 5 B 2 IR (15 A TIE S HIR) THDH0H, EDOV v 7 &2 b DR 70 %Al
BELEDD, TOMLIIBOEPLBENINE L, BRUhEEEHIMIcB W TIEOMEmE#H % Lo
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Table 4 Results of trend and jump analyses for time series of yearly-grouped highest 1/3 mean wind speed
Ul(fg in Ise Bay.

Ise Bay 1961~2005 4 1961~1986 4 1987~-2005 4F jump (~1986, 1987~)

location a a/ag5 L ]t a/a95 (71(“;) a/a95 L l7l(§) t/tg5 Jt Z/Zg5 JMW

Buoy A 0.12 | 0.21 0.12 | 0.37 1092 | 2.09 | -1 | 11.00 | 048 | 0 | 0.47 0

10.80 | -2.14 | -1 | 10.94 [ 0.90 | 0 | 0.89 0

0
Buoy B 0.39 | 0.66 | 0 | 0.82 | 0.68
0

Buoy D 0.56 | 0.89 1.31 | 0.86 1026 | -2.13 | -1 | 1044 [ 1.12 | 1 | 1.04 1

o | | |o |t~

Buoy 1 057 | 123 | 1| 1.82] 0.83 9.17 | -1.70 | -1 | 934 | 142 | 1| 1.34 1

Hamada 061 | 112 | 1| 157|108 | 1| 7.69 | -2.13 | -1 7.88 134 | 1] 1.10 1

Seaberth* | 1.04 | 1.66 | 1 | 241 | 1.40 | 1| 969 |-1.84 | -1 | 999 | 183 |1 |1.52 1

Jounan 099 | 191 |1 292|146 | 1| 746 |-165|-1| 7.73 |2.08 |1 | 175 1

* : Ise Bay sea berth  Unit of (71%) :m/s Unitof a: cm/s/year

R ERET 5, W2, Yy T RS WHUIEEN EE DTICALE T S, 2 DDA L D
ERIT T 5,

EA 52, G CIR UL IEA S KOV D CEMEE & b7 TRRELR - &R oYy v
DEMHIFEALEFELRODIZK LT, BRNTIHEANEBS S IOy TR Ens, £72, %
PR TIE T R T O TRAMEM 2 L S5, HimZSid KO v o 7 o58 S XBIHR O
BElcl T o T D,

Table 5 | Table 3 35 LU Table 4 & [RIERDOFERZWTAWED 10 HiRIZ DWW TRT, 1961~2005
D 45 FERNCISIT B UNLIE 10 HS 0 5 5 3 Mt (42 26 MU TIEL 5 HA) TIEQBALE %, 10 Hl
DD H T HE (26 A TIX 5 HR) THOMMZAEZ D, 10 M0 95 5 6 Hixd (26 Hix Tl 16
HA) CHEHMEEBZ LRV L, EdHDWITADOHAEE S alais=2, [R3 % & DKMk, 5 EILH»
B (RICEZTHRWY) ZBRNT, ZHUT LRy, HURIIZE, KRB & 20 Fo iR TIED
Hn LB %, B%KGECADHEMETZ b D, TR OWEE (K, BEHE, KR - ki,
Rl SRSV - ISR, PR AR CHEMABIZ oA, 1986 EERTESIR OBE H O L
Ll BPEHIRITCIX 10 #5665 His (26 HiA TIX 8 M) THEMmZAE Z 73, 7% D 5 i
(26 H15 Tl 18 H1R) TROMEMERZ b0, HREEZ b 72V LIS FKE & KIS, Ao
I Z® ) 2 b DOHUSIE Z AL 5 DA ORI ALE L, A ZEB) O A 25k THIEIZ o0 D, 1987 4F
DB D% IR CIE T R TS TCEPIEEHZ L2\, 20T, MEFMICEBERIEOY ¥ 71X 10
HWADSH A (26 HATIESHA) THDH, ZNHDOHMITT X TRIKE & ZOIEHIALE L,
45 FEH OB RHNZ B W TIEOMHMZAE) 2 & DS & SERITRIGT D, £72, 10 HA D 5 B0 7 i (26
HIATIEL 20 HR) TY v o AEb 720y, K0 1RO HEM ) BTHWADY v o 7T E D,

Fig. 1113 3 M 60 MU DER] 1/3 fi A TSR U T DL B O alags & ¥ % 7
DFREE z/zos DIRFEH M7 0y haehb x5, ULoEmB IO Fig 11 OfiRE2FELD5L, 2EDL
I Th D,

D1961~2005 4E 0D 45 R D UY) VLB CIEc 4 19 M50 5 6 18 Hii T, FH5 T 15
RO HH 8 AT, WM TIX 26 HimDHE 5 R CIEOMMZAE 2 /R7, £ O5f S XN
W DS D IO THIK 72 D, ik S HLRI B S Rk CIRE RIIR 2 R < IZIE T X ToO A
Th DD, FEETITENOMAIZ, W NECIIRRE & ZoaEoM I Rons, Wio, W
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Table 5 Results of trend and jump analyses for time series of yearly-grouped highest 1/3 mean wind speed
U l(fg in the Seto Inland Sea.

Seto Inland Sea 1961~2005 4F 1961~1986 4 1987~2005 4% | jump (~1986, 1987~)
location a alags | L 1, alags | L l7l(§) alags | L (71(“;) ttos | J, | zlzos | Juw
Gobo-oki -0.36 | -0.52 | 0 | -1.08 | -0.99 | O | 12.56 | -0.71 | O | 12.59 | 0.13 | 0 | 0.18 0
Komatsushima -0.00 | -0.05 | 0 | -0.70 | -0.98 | 0 | 949 | -0.67 | 0| 9.60 | 0.66 | 0 | 0.46 0
MT st.* 1.14 | 1.59 | 1 | 2.00 | 0.08 | O | 862 | -0.01 | O| 896 | 1.88 | 1| 1.77 1
Osaka 1.16 | 200 | 1 | 3.15 | 0.16 | O | 7.64 | 0.13 | O | 797 | 228 | 1| 2.26 1
Kobe 129 | 209 | 1 | 311 [ 017 | O | 771 | 0.15 [ O | 809 | 239 | 1 | 231 1
Fukuyama -0.00 | 0.00 | O | -025 | -1.40 | -1 | 624 | 0.01 | O | 632 | 0.63 | 0 | 0.67 0
Kanda -0.17 | -0.28 | 0 | -0.61 | -1.07 | -1 | 8.60 | 0.27 | 0| 8.61 | 0.06 | 0 | 0.01 0
Oita -049 | -0.84 | 0 | -1.57 | -1.06 | -1 | 8.67 | -0.06 | 0| 8.60 | -045|0 |-063| 0
Sadamisaki -092 | -1.15 | -1 | -2.19 | -1.48 | -1 | 1227 | -0.08 | O | 12.13 | -0.63 | 0 | -0.74 | O
Ashizurimisaki -0.59 |1 -090| 0 | -1.68 | -1.64 | -1 | 958 | 034 | 0| 951 |-039 |0 |-057| 0
* : Osaka Bay MT st.  Unit of Ul%) :m/s Unitof a : cm/s/year
4 "”'””l”'l”””””””””"”””"”””"”"”"”
3tal §_{__m_ ~-lafags|21 o 220521 | U = la/ags] <1 o |2/zge] <1 |
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Fig. 11 Alongshore plot of intensity indices of trend and jump in time series of yearly-highest 1/3-averaged

wind speed.
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Fig. 12 Time series of yearly-grouped highest 1/3 mean significant wave height H ) obtained from two

kinds of hindcasts and measurements at 10 representative stations.
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D RSLTZE, T LA 1986 LELLHT & 1987 42 LA O W TS/ & < 720, BRI I 2 1
BENTESLHTH D, 2D OFEIBIERHC L HFER S IRIExSNT 5, —J7, SDP BEEE AT
Gl & T HRMRITRFNCH E 0 ZBET, BRHERHZ X2/ RE BHET D,

PUED X 51z, REREE A A4 & Uiz i Brh s & #7451 173 R ad bt 7 )
WERE S ORI TH £ 0 HERELE 2R ST, SDP BEE 2 A5 &+ 2555 &L LR EZ
bz 5 %z, BUEROMFEIZR L CEBHERHIE SRR E B ESHFET D22 E08bnd,

Table 6 1% 1961~2005 4E 45 4E R DR 1/3 F AP @k H L0 12 8 T 72 BAR O A a,
IHEREKES %D - T HIREIC K D ABE O ZBVEIPH ags & DI alags 35 KON - IFRE DFER L,
BN Ly RoR#k T, 45 FERIEE 2 1961~1986 4E 0 26 4E[E] & 1987~2005 4ED 19 M43 1T 7=

Table 6 Results of trend and jump analyses for time series of yearly-grouped highest 1/3 mean significant wave

height H )" in the Kanto Sea Area, Ise Bay and the Seto Inland Sea.

s1/3

Kanto Sea Area 1961~2005 4E 1961~1986 4F 1987~2005 4£ | jump (~1986, 1987~)
location a alags | L A alags | L H 55} '3) alags | L H S? ;) thtos | J, | zlzos | Juw
Tokyo to-hyo 115 [ 277 | 1 | 438 | 042 | 0 | 0477 | 1.16 | 1 | 0506 | 2.58 | 1 | 242 | 1
Ashikashima 208 | 1.83 [ 1] 292 |-056]0|0797 | 1.63 | 1 | 0855 | 1.98 | 1 | 1.90 | 1
Hiratsuka 255 [ 191 [ 1] 3.03]036|0|0965 | 137 | 1] 1022|158 | 1] 159 | 1
Ise Bay 1961~2005 4£ 1961~1986 4F 1987~2005 4 | jump (~1986, 1987~)
location a alags | L A alags | L 17 v? 2 alags | L ]7 Y$y3) thtos | J, | zlzo5 | Juw
Buoy A 280 | 121 [ 1| 1.94 [ -002] 0 | 1.893 | 1.10 | 1 | 1.957 | 1.04 | | | 105 | 1
Hamada 097 | 190 [ 1| 292 | 1.00 | 0 | 0633 | -1.84 | -1 | 0.663 | 231 | | | 205 | 1
Yokkaichi 084 | 1.68 | 1| 262|016 | 0| 0391 | 084 | 0] 0412 | 157 | 1 | 166 | 1
Seto Inland Sea 1961~2005 4F 1961~1986 4F 1987~2005 4F | jump (~1986, 1987~)
location a alags | L 1 alags | L H 55} '3) alags | L H Sf) ;) thtos | J, | zlzos | Juw
Komatsushima | 0.52 | 0.58 | 0 | 0.92 | -039 | 0 | 0.643 | 0.09 | 0 | 0.662 | 0.83 | 0 | 0.88 | 0
MT st.* 124 [ 165 | 1 205|047 | 0| 0663 |-032|0 | 0698 | 1.81 | 1 | 1.76 | 1
Imabari 023 [ 050 | 0 | 0.68 | -1.12 | -1 | 0383 |-020 |0 | 0397 | 120 | 1 | 1.13 | 1
Kanda -0.80 | -1.31 | -1 | -1.84 | -1.41 | -1 | 0.584 | -020 | 0 | 0572 | -0.76 | 0 | -0.52 | 0
Oita 037 | -4.85 | -1 | -6.14 | -2.44 | -1 | 0.671 | -0.65 | 0 | 0.589 | -3.47 | -1 | -2.89 | -1
Sadamisaki** 200 | 133 [ 1] 217 [ -0.14 | 0 | 0686 | 0.85 | 0 | 0.737 | 128 | 1 | 137 | 1

* : Osaka Bay MTst.  ** : Sadamisaki fishery  Unit of [7383) :m Unitof a: mm/year
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