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Numerical Analysis of Mode Conversion and Radiation
Phenomena in Dielectric Waveguides Enclosed by Hypothetical

Boundaries

/NEF R

Kazuo ONO!

abstract : Mode conversion and radiation phenomena in dielectric waveguides, such as tapered or cir-
cularly bent waveguides, have been analized by using the waveguides closed by hypothetical boundaries
in which the discrete number of guided modes are supported instead of continuum radiation modes in
dielectric waveguides. The modal matching technique is employed at the connection of two sections with
different modes. This paer shows optical power transmission properties along the tapered and circularly
bent slab waveguides bounded by electrical walls.

Modal variation in tapered waveguides causes coherent coupling among the guided mode and radiation
modes, that is, fast modes in bounded structure. The fundamental properties in tapered waveguides, such
as radiated power, radiation pattern and radiation loss, are calculated and are agree well those calculated
by conventional method.

Directional change of guided mode in bent waveguides also causes coherent coupling among the core
guided mode and radiated waves, that is, whispering gallery modes in bounded structure. Optical power
transmission properties along the circularly bent slab waveguides bounded by electrical walls are estimated
by using cylindrical coordinate system.

The results thus calculated are compared with those by the conventional method in which the conformal
transformation is employed to give the refractive index of bent section. When the radiated waves are
reflected to the core region, the conventional methods does not give precise propagation properties.

The losses in bent structures consist of the transition loss and the pure bending loss. The results for
pure bend loss agree well. Pure bend loss comes from inherent properties of normal modes in bends. The
pure bend loss can only be reduced by proper design of the waveguide structure itself.

Transition loss comes from loss of orthogonality between normal modes in straight and bent waveguides.
Therefore, transition loss can be reduced if the proper mode converters are inserted between straight and
bent waveguides. It is ascertained that the transition loss can be reduced by displacing the axis of
circularly bent waveguide to that of straight waveguides.
keywords : Normal modes, Modal Matching Technique, Hypothetical Boundaries, Tapered Waveguides,
Circularly Bent Waveguides
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THOMRTRX, BAEBMEMI RO Z10ENH . ZD, ThE CICEMROEREEICOVT
A DFTEIEMEREINTETVS [1],[2]. TOXI BTy a—2NFRICibhd X5k d %
T, 2L OFEEINCIRT S CAETRTIAEL, RBICOVE 2 —XIC KO BEREZITS &
I FEMEDNTE . RIATE, IV Y2 —XOFEICK DT T IV Z2HRE T HUE Maxwell D 52
FEEIVE 12— KDEHET 2 TFEMIDNZ XS E>TETWVS. TOXIBTIHECKD, HEk
FRATHNC IR S T &N TE b FERTEZ BIENCHE TN TEZ L S1E> TS, E— LGk [3],[4]
A BRAE P RERIEEGE [2] 72 EN T ORENETIETH 5.

HEDVEWSOMATICEID > TE DI, TR TFEMEDN SR SIREENIC O ¥ 2 — X DRE
WEEDLIICELZERITEOED I E —B L T, ZT T, EBENEDb > CTEFEMRETIRICE
T BHWEh b M EAT, T— REETE [5],06] I X 2B O TFLEAENT 5. T— RESTEIZIER
E— RHFHEINTWDS 2 DOENIR & RIS % L E1C, BBIOBBIEP K OEEIRIERZFET % )
HEThH5.

HEARERS LV S SEMEDND L EICE, 1ZEA DS EERBROERTHWONS., TOXI K
ST IEFRIC LAY T2 2N IERRIR O EIASEDFES 5 & U T Z1TS. UL, EikEmEk e
WAl I5E, A D BRSO T — SIS 0B N H . DD IEEOETTHREEZ S TDIC
WHETHO, T—NIHED TR 5 B2 RN T 572 DICRETH 5. Hhh DB EKO T — VR
B2 b 51E0E, BIEE— FOSBUE— FAZHZEC, ZO/SE, EEKICh-> TIREE N TV
TRV F—DO—HIFIRERIC S ENE T LicE 5.

ARTIE, AT 7EEIKZIND B, 77— SBEER SO 0 BFEKIC B 5 T — RAH, Bigz Ik
BIRCR CIT9 TER SIS 5. AT TERIZID FIF ML, < OERERN 2 JUcElKTtHsC L,
EHE— RONTRZRZDONRBTHEHT &, ThdZ, DL T— R % E— REHBIR,
BRSBTS 572D ETIVE LTHL TS EEZALNEZNETHS. E—ROBIENETDEXS
REWERICIN O GRS ZBkD 2 &, HROBRIENHS MRS, ARTE, FIEED O ERCIh S B0
I NS TR S % T DN TE B TR RT.

2 FRRIMEEIR R & M ESIRER

AR AEER EE B OB & A T b s, ARETIE, BT OEN K TH % ahdiiosm);
ERDONERICIRSRBE AT N A 7o R 2 IO e 5. BESRBEIT DT DI A 726 D TH O, AR RE =
T TS, BB ER OB DR [ THETH 2 ESEE, H5WIEHADOERK I NETH
BHHAEEZ NS 2V, BXEEZHWGS, FOBE— FE@EE OGEEE OEHE— Ric—
HTHNETHD. BREWROERRR D NEL G HHERIIMES TN TERV. 20X S BIEFUCHE
NIZEMOEWARIIFLREZNDETHS (7).

JEFREOENEE T, [EHE— FIEIEREIFE T 2 DMeiit— RIZARIA L 2 5. MELOERE T
&, EHRE—REENCHELTERMNZHT S [8). Lh->T, TEOKEZIEHE— FTERML, Th%
NOE—FMe LEEBREROGDEL T LICKDEZHEZ T ENTES. TOXDICEREZHTT W
fESDIFREAY Y "D, ERUIE— R TE— FEHPETCTE, TRV F—RELDE—RDT
INVF—ZFHET B LK > TRDBZIENTEZNSTHS. HEDD ZEWKIEOEIRE— NI D
B DERNEI AL T 20, B/INCB L TRERMEERDNS [8).

JEFARURBE G EE D IE T — RiclX, slow E— R, fast T— FIH XU evanescent T— RHWEFEL, BEATE
DOEPGERIC BT 2 RMEPEE— F, BEHETE— FBXOREMGE— RIS d 5 9. Lieh-> 7T, (AR
BRI S B L CRBUE, JEBR TR C 2R ZMNIT 5 2 LIk D, BGRTRC 255 %
FERRTT A2 LNTERLEEZDNS [9).



3 TNBERXSTERIROEN

LIRS K 5 IR FIE D A 5 78 T —) SRR ICIR 9 TE(Transverse Electric) £— F Of#ti 2175
£9%. TOXI R TIE, W TE B— FIICORE— FERMNERT 5. KREHTTE, K1 08
%2 2 1KY K 9 RS BRIRIC SRR 22 3 2 JEFICR OEIRICE E D A THRNTY 5. BEERIRICEK
FRIEAZ LG 2B IKICE & R B /5172 ATy TN [10],[11] £V 5.
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B 17—/ SR T T %] 2: 5-—7$H1 2 S5 T RO IE BT £ L.

AT TERHEED T — ) \SEEARIC D Tz > THEUSE ORI 2 TN 72 T 2 kD 2 T LI TERL.
CTOWIE ATy TEB USRI TEZED 5. ATy TP E TR, Kills & s+ 10 z S5
BN 2 BR CEUAOBERGEM 20729 & 5 IR ZEH T 5. 7 WEId ek KN Z 3D TE—
REHAVNE KRB KOICERLUIMEETH D, MBEEHROMILE CEE M A TGS TIEXE s & s+ 1 D
THELZE— FEHUINE K22 XD ICKBDOIRZHRET 2. DX GHEETIE, ZEIHZHELT
BheEZHNS. TOREZBL ERBEOEBENL < E>Th, BED A& S XK CEMAOEEREM 2wz
XV kicky, SHREZKEICKS T T ENTES.

3.1 EHRTE— RO#EF
T30 s BEHOXMICHIT 2 RFEEHE— FOBRAIRDL S IcEkEh 3.

{ cosngs)x (|| < d(s))
E® =

Yy

(5) (s
oS 5TdD GO fal) (@) <[] <b)
. (s) i B a
sinv; ™ (b — d®))

(s)
i cosk!Ma (|z| < d)

i

= Y )
i - (s S e \S d(s) s
_ O oSk T O fa]) (d) <[] <)
wpo siny;” (b — d(®))

(s)
_']L Sin:‘il(»s)x (|$‘ S d(S))
H = O o ¥
( ( (5) () ,
. x 7, cosk;d cosy (b —|z])  (d® < |z| <b)

iz
%] wpg siny ™ (b — d()

TTT, po BREOBUARTHS. JHEBIEHE— RO 2 A ) ZERER T, 2 A
BEU A LROBEND .

(5% = k2 = ()% = B2 + (32 ()



Eiz, kXY 5w FIgBY 3 FHEOBTSH D, HE AL k =21/ DMENHS. Lih>T, nids
F v RORITRICHT 2 37 OMMEHETHS. TBIC, FAT i HENHRE— FOT— RREEET.
KR s 1ICBVT, JREIEHE— ROBREBAOBEGRE) B BX0O B ML 550T, « IR
K ERORE T SRR S,

tan k3d° - tan~? (b — d°) = 4k (5)
T DKM s ORIBIEHE— RIS

0 < (k)2 < (n? = 1)k (6)
DR Tslow E—F&4&D, FBRICBT BEmBEE— FITHIGL, &t

(n? = 1)k < (k19)? < n2k? (7)
DFT fast E— R0, BIRRICHBI2HEE— RICHisd 2. 2LTL, &ff

n2k? < (k)2 (®)

DO FTIEBRCRICEBIT % evanescent E— RITXHIST % [9).

3.2 E—REESE

X s DIEERAUEZ OXBORFIERE— FOERGHOETERIT LN TES. Xl s DAGHEGIC
B 3%E— ROERRIEE o\ LETL, Klils & s+ 1 OBRETE, ECEORHEIAZET 5729
al? exp(—iBAzZ) 5%, KIEl s & s+ 1 OBESREICHIT 2 ER E, LRSE H, OBREMREELT L
RDEKHICI55.

N
Za“ B exp(—jB" Az) B Zbis)ﬁ R D D M Ay b (10)

=1
’:f,N@E%%—F,ﬁ&b%,mwaiﬁma%—P®%Mﬁfﬁa.ik,@”@&@smﬁu
BRPERE— MRIETHS. £, ) K s+ 11251 2 BBEEE— MRIFETH 5.
iﬂ&%iﬁ()k@ﬁEM%%bT —b <z <bOFPTHITS L, @fﬁméﬂh;oé”u%
9% 2N JUCH AR EES. COHBRNS Y ENET D L ROREG

N
Sl el A0 + B = 3R o
>

T Tz -+ TN C£s+1) A(18)
Ty Toy -+ Ton Cz(s+1) AgS)
. . . = (11)
Ini In2 -+ TnN oGty AW
jziz L,
/8(6 + 6(b+1) I(s s+1)
\/()(1)\/()(11 (12)
2 6S,BS+ IssIer ,5+
BXU
(54D _ [ ) o)
Iz‘,j’ = /4, Eyi Eyj dz (13)



THs. £, AY BXOC 1, y HMEMES B0 BAENZEET 2 HAOHREC & > THEL
LB ILIRIERETH D, RO XS IckE NS,

5(9) (‘? s)

AP = T e A (14)

6(s+1)1(§+1,s+1)

C(s+l) _ ) i, (S+1) 15
! 2wt € (15)

LU EOMRTHEFICHE DN T, RITRT FIEIC LIz TBIEETERTTS. £9, 77—/ SEARF T 20D
iEfRE A0 25z, R (11) I & 0 BEIREGEE CV 2Rk B, TNEFHITICROKEOE— MEEGR
BAD LU, RIS E CREERD KT, cocehd, R (11) BREE— FESARAEZERC &
129 %.

EEOXR s ICBT B ES] Prag 13 fast T— FOIRIGREOHHED 2 FDFAI & UTHIET 5.

N
Praa =) _|CPP (16)
AT ISR & S ICZDBNINEVWEEZBNB DT, FELKEKRIER (9) BXT (10) D

BNTHS.

T—/NBRCEITDE— REBRES, ME/NY Y, BLUOMEROENSH

AHITIE, ERRNCTEIRDZE T B H—F— N AT TSR ORA 12 it 3%, £ LT, WSRO
%, 9a0b, FCRE LTI R A ORMERER 14] EHEBMET L, JERIBCR & U TS
59" 2 K OFEHTIC -V 2358 O 2 W5t d 5.

3.3

B0 3 1 St 0D 3% B DS A S 0D 2 65 D 72+
D, WVWHD BRI T —ORGES] Prog 23U T
15 H5. WMHFENCIBT 2 BT BEHERIC ST
L. TN UBHME, ThENn, JERICRIB X UM
R E UTHNT LTS R 2R, 77— SRR
ROIEAKR TE E— ROABAHT 3 EEL, A4t
{HPELR S D BRI BEL V = vn2 —1kd = 0.5 & L
Ths. LIh>T, 7=/ OEEZEL TH—
T—R#EIfEL x5, K 3ITRTHITIET— DX
&z 100, RAESEEENEZ b/d = 40, JEHTH
ez n=1.01 &EATHS. TOLE, GIRE—F
OFMABUT 45 TH -T2, 77— SEBOIERGRE LT
DFFFTRE RIS IERDRIBER & U TOfFiE R & B <
—HLTWABZ ehbhd. T—DFEE LTI,
B G2 EREMWNELLGB T EMbhd. £z,

10F (i)L=50d
(ii) L=500d
(iii) L=1,000d

00
T

Mgt RA (i), (iii) (x1073)
RS (i) (X107%)

0 0:5 1.0
AL (EIIENE £/ L T—NEDHIRIE N & ZIClE, T—7SEIRDEEEL

BACBED 5 HGHERIE KT 5 LMD EN
T3 [13],[14].

X 41c7—/8E% L/d =500 & Uiz & OB/ S 2 7%2R73. JERIRCR & LTORD Sl TldT— REEK
AR O THRROE X TIRIEOHHEZ R L TH S, BIBCROED i T T — RidEFi A2 X7 ~
IVEIERT %128, A2 ANGEHINOR L TH S, K4 h SliEOWmIIIIEHICEL LTV, X
4ICBIBAE 50 EBXT 70 EOHNWE— 7ROV A Fa—71%, 7—/8% X7 TEMLUITzdIcBl

3: YA F— D E— REHE .



—40

N

—60 —40 —20 o —60 —40 —20
MAs{LiRIE (dB) MARILIRIE (dB)
(a) (b)

B 4: JEFROE I K ORBIBIC I 55 2 > DO . ERIRIERI T — ISt 25558 2R 7

NELDOTHB. FEBLAROREINZE B2 B O 2 E Rz Q, RE— FOEdz 6, £9%L,

YA Ra—T7Z KT 2B E— ROEREE 8, LD/, ROX ST T T ORI MENKILT 5.

2mmM
L

7L, mET— S B 2 XKEDEETH D, M IZEHTOXETHS. X4 DFCRE LTOHRD
WTIE, 2 XDEHETHN TV S.

X 512, X3 THOH-TT—/3OWEE L/d = 500 DEFRIRT —/ SOHESHHIC B 2 B EIO « /5
M R CHIEE L ORLTH 5. REB XU — i BB b/d = 80 BX U 40 L LT &
ZOMRTHS. 12720, FHEEO AT AR IR OGRS AL L 7ZED 80 DA, mitE
BOKRKEDEIC 40 HOE—REHWVTWVS. K4 DAXRYT Muh bbb X, EIRERD/NE IxE—
RAESNEININEL, AL TN STHS. £z, BHRIFAIE E UTORO o KB EI 51T
H5. K505, EESKEEOREb/d = 80 DEH, FIUE LIEFIBIEDE 1L —HLTWa T
EWOMBG. T—ISHERTEIOANK 5 DX S ICEEZICEhhb 5T, AEESEEOME b/d = 40
DFETE, 80 DGR LIFIEFR UE— REMEIRE LG 2 U MEenTwa. chid, 7—738T
A UTe O MR FUEEIC R U, BIAEE TR S N BGHEAH O T —/ SO a7 ICHEFEL THRWNh
S5TH3. BEHENATIHEICETEET S &, TAT7HhEE SN Tz U, BEOLA & 5]
B MSENRE R RT X OICkS.

ﬁr:ﬂg_Q:ﬁg_ (M:1u27"') (17)

3 (iv) Jis 8

: e (i) X

1.0+ b»=80d T - 3
) (i) X 10 N
4 24 (i) L=50d e

R = ' (ii ) L=500d X
@ 05 & i (iii) L=1,000d ¥
;‘Z 5 1t '|‘ (iv) L=0 15 ig
= % \ (i) X 10 &
. :
0 20 10 80 80 0 1 : i 0. b
Az 3R x/ d 20 40 60 80

AR EERS b/d

B 5: SOOI
6: (AR EIRRIC 0 2 HRE .

Z T T, AEBEREBERIREIC T B EHELOPCROR 2 X 6 IRT. TOHRE, miinffExdXTD
fast E— FZEELTH 5. FKTT—/E L/dH 500 H 5\ & 1000 & R WGEICIE, BEHELD
10 5OMERLTHS. Fiz, FKOBESIEASH slow T— ROB T £\ ZBIREOEERE— K



DORT L k1 1ISHT %7 Ak 2R LTS,

H(O) — K1
L %100 (18)
K1

Ar =

X6h5, F—/SENELRNIREIEE, KEHELDMED—EMIUR T % 7= I I3 AR B FRER R
ERELTZREND DT ENDAD. EbIC, ik
bt, JEBRIED slow T— R ORET FEh B
O E— ROMICIFIE T BRI, K
HSRBE R HE L THBENRDH B LEbh 5. C
NETODIFEEALDETIE, IBRIEOEME—
REETED TV LHL, #Ek, B— RESSHR
TREERES AL TE— ROBIICZH D &
WIOELIBHN SN T VS, M 7 IS SR
b@Z% b/d =80 & L, fast B— ROMHEEZEZ GG
DB TR LTHS. fast B— FIZERD
LONBLIECEATH . BEEREARR TE—
ROBEHEICEDNEI VT b D. g
X 7: BT — FEE L B — RRE IR, HEVEKL T EBRLGIHBEROT T ENTES.

6

MRS (X1073)

0 0.5 1.0
AsEmeEg /L

PLED &SI, BESHSRZ NS 77—/ VXS T8RS 5B — FABET), Bz y, BXUK
BHEDE 7% E, BRI 2 IR OE s & LTIk S T e T&EB T Rl ik,
FEBHRBLOEREEE OfENTIE T N E TS T ICE N T E T BUEAN G 2R > TH D, AT FIEIE>ME
HEDE LNIZWD, E— FOVENLEIAZHARZHOMCTHIIENTEL LWV IRERZET 5.

RO A 5 It 7 — RIS S 288 Ot &, JEBBCNOEIE & LTI S T ki
KON TED T LITRENT VS [15],[16].

T—\EB T T B SZE E— ROV TRING 2 2 & W TE 5. 7 — SEEE Tl ASHI & Higt
I CHEYGE— ROFROIEN O D IR D, ZDis, T8 TROA i 72 FF DRI & I3 A 7%
Feouis e ki d % &, 7N THRIEIED A 5 & U, FEMEmA A E T Mc R %, ThDE—RD
VTR E— REHE LTRIRENZDTH S [16],[17).

4 MRS Y RS TERIKOENR

T — 7 R R OSSR 2 IEBRGR & LTI CE 2 2 L 2R LT & e, RELIRET, MBI 0
OSSR E FRICIERIGRE LTS TEMTE ST L2RT. —BICEENEZ VO EgZ
WSS % T2 DI, JE DT /T2 Z Z 5 T2 DM D HOMHIZE T S NENEEZ SN TS, L
U, MM O BRSO D T3 )V F 2K S5 T L 7a OEziE L T 2IETERL.

PO HRAS O BRI 1 B RS, I3 %, PR E1C X o TR E 2 by 0 FIC B4 D482 (Pure Bend
Loss) &, E#HR & Y O FOEE € — R OFRHIAROMHEICEEX 9 % £ — R 254 (Transition Loss) O
THRHEOBEADNEL B T EDMBNTVS [18]. ZT T, lEkM 5, A5 TYEEREEDIET 7 A 737 EITht
T BHID D RIS OV TORL EZEDTHON TV S [18]-[22] . TNHEDWIFEDZ LI, 7Ty RIEAMHRE &
LIzETINCH L TITON TV A D, EHNARMN S, X0 HEBOMEIEWY Ty RigzaRe Lzt
TIVCDWT DT 2T RENDH 2 L EZ BNSE. HEEONT 7 ANFERD Y Fv FBXUNY T 7%
FEOM, MBI 0 YET 7 A 7B 2 HERERICIE, SR 7 T v R & L2 AICIEBE N WRRED IS &
N5 [23],[24). FAGGEEROCIZEIDIL HOSNTWS. ZOREICE U TR RN E S
Ths.



4.1 GiRE— ROEE

SIS LI, HEEDE LW 2 DOERLIREIREED R R, ZfR L THEREN TV 255
D TE HEDEM7Z#E 2 %, IEFIRCOE R MG & 9 5728, KIIRT K IISER R BX T Ry ICHELOD
BEREEZRT S, ATEBXCT Ty ROJEITRIZ, TNZEN, i BXUny &35, £, BEEKOITIE
BRUZ Ty NIBEETSE BN TELL, ZhEh, d. BLUd T 5.

8 DR KLl % TE WDBEHRD 2 ST E. W39 257 2RI Maxwell D /5D 52X
DEIICHEZBENS.

d’E, 1dE. , U2
dR2+RdR+<m_R2)Ez:O e

CTCTR=knor THO mEATHTm=n1/ne VIV FHETm=1%&%. E/z kIZEEHOWE v
FEHEICHSL TS, K (1) By )LOMn ARATH O EHE v AN ) VB ORI RIS LT
W5, TOENy VR T, & /A VBIBN, 2o T

E. = AJ,(mR) + BN, (mR) (20)

ERT T ENTEMRMNC E, WRFESD. UL LAY IVBIE D5 [ 8 & RIS @ F D TR ERIEL (R
FaDBITEH 1000 A EDfHE) &7 0 TNZBUEICKEE R SHO S C L BWHTH 5. £ Tk [25) T
WEHM R (19) OBEFEREZEIEMICiE T EICK > T B, 2RO 7. RIS RFER 2 9 iER
RIS S B TR ik & L THIB TV 2 1B (shooting method) &IV - 7w 23 (Runge-Kutta
method) Z % T LI K O B OBEREM 223 B, & v ZRDTz. BAMIIE RO FIEIC Lizhi>
TEHERT R Z1T> Tz, BHESROBEREME GRIE V)r = 1 BERTU rp ICBWTEA DT D F (G-MF
2)r = ry BRU r3 ICBWTHEMOEMM D NER LRI LA TES. XTI (20) IHPEELTr =r
TE.=08B&UdE,/dz 3FLRBEGZMY M2 52 %, RS v 25252 Z2ilTlcd K51 r=r D
E, 7227 0w 2 EERCTCEETS. ZLTE.=0%Zicd X5% v ZRD%. £LT, WHD r 5in
%573 KT 0 FARGE Maxwell DJ5BEANS E, ZHNT
_ LE 1 0F,
Jwio

ERDBENTES. LEDOFIUCHE > THA D EBOERE— F 2157,

v 2 (21)

*7 oo or

Straight
section r
i T T T T T T T T [ T T ]
Bent - 800:— Tllle 10th mode ]
- section 9 I / ]
—————— E - g
g = [ ]
= [ ]
— o [ ]
.\ 700f / .
'gl 3 The 29th mode -
Skt T N — = hesvhmode
: ‘ | 16 18 20
N ‘ 7 Cladding width : d [wm]

Electric walls 9: [EH{H.

8: MIEHIAY D AT 7 i8S,



Normalized field : E.
= —_
T T
ol T
Normalized field : E:
o —_
T T
PR R |
Normalized field : E:
o —_

T

T

-1t L I 1 17 -1t 1] -1t I L I ]

60 80 100 60 80 100 60 80 100
Transverse distance : 7 [um] Transverse distance : 7 [ um] Transverse distance : 7 [Mm]
X 10: EXDIEHE— ROFSGH. WG E—R (3X) & a7 38— The 80th mode
R (21 R). B 11: IERIE— F (80 2R) D551

917 Ty RiE d Ik 2EEE v ORFEEZRT. 72720, EEZ lum, 370EZ luym, 37 &7
v ROETHRE, TNTN, 1.5108 BXU 1.448 LT, MEHIA D EOFRIE R, = 79.5 yum £ LT
HB. FMICE 10 XD 29 ROIEHE— FOEEHEZRLTH 2. FHE—FOBEGME v IZ7 Ty FiF
WKL TRELERBZTENDLS. TOLIBE—RiEr = Ry ICHZIMUDESEE TR 2D IKR Lk
MBARMY % Whispering-Gallery(WG) E— FTH%. K10 ITERE—F (4 RE 22K) D, ZL T,
1 ISERE— R (80 R) ORI RAMEN 1 £755 XS ICEFELTRT. B— RIEDMENIE 24
HIOBELEEBTICANMAEL, T— RIED EL RIS LD > THRIGWHIOBESEED JTANEMN > TITL.
Fiz, KOM5 v =740 fHETEGEN Y T v RIBIRERTIC—ElE L 2 T— KB HS. 75 RiF
d=20pm O & Tl 22 XE— RRTHUTHIGL, K10H5, TOE— REar7halic KEERHZFEFD
TN B. KETIE, IRICaA7EHRE—REMRT LICT B, KIDLSHSMEXSICa7ERE—FR
DOREE T T FIRICHAFT 2. 610, EEHENIKELKZZ L, 2 DOBEKEETKFENS K SICED,
X 11 WSS MR K S ICFUTESEEDORI 2IRICIAN > TIFET 2 KD 107E 5.

4.2 HEHUE—REEE

AT I 2 EHE DB BB DO EIN NI NE Ve &, KEHRZIET 5 L fiiiaT
KTTENTES. 77—/ BRI O iz B L Heed 256, BHE— FAHAEC 54
WEKIICT B, ZTOHAIIE, BTHETT 2 XS ICKFIREMD TNEW. Lieho T, Tz #REL T
fET U C B MNTREICIZIZ LA C B R 52 50ET TH D, TOX D BMEZINCELIE— FEATE
LT, AR OBIERFRICE SN2V 5.

MY O 72 B — REEGIEIC K DRI LIca,  dhihy 0 B0 AGT CEALIRE RIS 5 O A5 2 H
BN O HOEMRE— FTRMT 5. ZN50E— FEEAONMHEEZE > TE— REBEhE Lk
SHID D EZIEMT 5. KEHRZZ IS % LAy D #8D AGG 0 = 0 1IC B B EREM 2 R0 X 5 I1CHE
SR 2 FTTR D DY ERT &0 D SRR 2 2 EMTE S,

N
Ey(r,0) = Eo(r,0) = > Ce;j Eej(r,0) (22)
j=0
TTT, Ey(r,0) BXU E(r,0) &, ZhZH 0 = 01T 2EHEBB XTI D MOERNM 2R
Ej(r) &, i 0ED j ROEHIEHE— ROE R TH Y, N REHRE-FORRKAETHS. &5
I Coj EHIEHIM D ED j ROEE— FOREMBETH D, XXDX S ICAGEE A D ED j RODIE
BE—REOEERNICE>THEABNS.

<%:/ B, (r, 0)Hey (r, 0)dr (23)



Y O EBOATEDA 0 1B BB KA NMHOTNEEE L TRXDLIICEKI NS,
N
Bu(r,0) =Y CejEej(r) exp(—jv;0) (24)
=0

RIC 0 = 0. HFHNEGFEEEDEREN TS ET B L, TOREAE— FOEEE— FIRIE Cy0(0.) 1&
A E— FOFME & M0 MHSHRIC B 250 E DRERERITICK>T, RDKXSICHGA5N%.

Cuolbe) = / " HL(r,0)Eo(r.0)dr (25)
L7z > T, AGHUERRDS, S HEHERREANO B 1iFEER T IR0 L1351 5.

T = |Cyo(6.) (26)

4.3 MR8 Y ERIKROEMIFE

FJEFARUBHNAY D R 5 TYEEPEEICIE 5 TE ORI Ot K2 X 12 BX T 13779, HXT
&, HERERZ r.= 795 um &L, 7T RIEEISTA—=RE LI EOENERET ZRLTHS. Iz
72U, X8 DX ICHEIESZ RS LIziih 0 THAIUIHD D AD 21 rad. £ TORZRIRETH S,
AN O IS BT 2 uiih 7 Ty FIRICKEMKGFET Z T AL N LR SD XS, 3rrad. ETRLTHS.
BKDZ Zw RigEE, X9 O0EEECENT, 21 BXU 22 XD 2 DODF— REOEHHED AN RKRE /)
&L 7%%% (WiBd %) 77w Fig (2003 pm ), EHEEOENREKRELE57 7y Fig (19.72 um ) B
XUZNE OO (19.88 pm ) O 3R ZHEATHS. K 13H5, 7T FiF 20.03 um OFiHROL
&, BIERRIGEG R ME T B OIS0 —FIZIEHE Tbd 5. i, D0 ERIC AS L
FHEAT—ROEBENN, D0 EEEMHT 21 Lieh > THlid b O4Mllo 7 < REEEICiEEh, a7
HHE—RE WG E— ROMICIZIFRERENEBENEC TS0 THS. TLTILHIK TS LE
JIEERIEIEEINMCEEC, A LDOBENINHETaAT7ICEFRT S, UL 7Ty RIEDN 19.72 um BXT
19.88 pum DAL, BIEBRRIZHH O A 0 OKEZITH U TEWEETIEIEEEMCIRII L TE Y, K
THENOBWMDIT RV, T TERE— RFOEBEND, FEAE WG E—RFOEBENCEHBEINS T &k
CIEMLUTVREDTHS. TDXI%, HhikTs Ty RIEOENIC X ZENBERIIAEZZE, B
WONBEEDBNNCKZEDE LTHATES. DX 0, MDD ONIDOEBEBLEEC X > TR S NG
ONFE, 7F v RIEWNEENUZZONREL R x50, HUa7ERIGELzL &7 5y RiIgITKEL
TEET S, o T, &L a7 ZEHRL TOIEE DA & SR ONAEN DS, Yeikidngsd
Ho TEIBBRIEMML, WHOLEZmDT 5.

T
T

0.8

Normalized transmitted power :
Normalized transmitted power

0.6 R E
—— Method 1
r - Method 2 7]
04  ——— Method 3 |
| S S (R S W S SR R
0 1 2
Bend angle : 6 [rads.] Bend angle : 6 [rads.]
12: 75w FIRZZZ Tt OB RE | T)2. 13: 3 DD HIEIC K 2B E 1R,
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HEDYD 4 0 1SS 2B/ EEHE T 72 3 FHOMTEZ VTR L7eERZK 14 RLTH D, 2721,
HRPERE 7= 79.5 pum £ LTH 5. [AKHD Methodl G ABNTEDFNTHERTH D, Method2 BX U
Method3 1&3#ik [26],[27] DFFTIEIC X B85 TH 5. Sk [26],[27] DIRFTIEIK 8 1S53 FHERIADY O i
G D2 ATE, BB, FHERAY O 372 fhRERICRTE U 7o TR0 a2 R DS M AR s 1 i
S ZDIENTIETH S, STk [26],[27) TERZEDENEZHOTIERE— RZ2#T L, KX EFREOE—
REEETEIC K O ENERLREHNT L THS. Method2 35K U Method3d & ARNTHEDHLEN I, HFAGGE
Hwizc &k, EHE— ROMMERZ DI THS. £z Method2 TIXSHBERBER IS O JEATH DM n(z) 1,
FIE DY O BB O T340 n(r) ZHWT

n(z) = n(r)exp (E) (27)

r

EEHLTHWBDICH L, Method3 TIEIN (27) ZIEBLRAD K S ICEHL TV 5.

n(z) =n(r)\/1+ — (28)

T T T T I T
, 10 E
SE O + Method 3 ]
= 8 | ]
5=
arg1&; E
gm o Method 1 :
£ |« Method2 o]
S | N T IR SR B
1060 30 100

Bend radius : 7:[um]
14: Pure Bending loss.

B 15 ICBWTHIAD M 6 23 0.2 rad. (L X TOENORBMGIAZ, AGHAUERRES & #is 0 FROE
E— FOSRDMICIROMEICER 9 % € — FZHHE (Transition Loss) MEICHEL TWBEEEZILNS.
RIZ, 030.2 rad. B'5 0.9 rad. (35X TOEIIOHGFZIANE, FEID O EICR A DELTH % Pure
Bend Loss(PBL) IC &% EDTH%. Methodl 38K T Method2 l&FE 1D DENGHE LAY, Method3
WENOWDOEFITENRONS. Tk, andlzX (27) 2 (28) IELILz72dTHB EZ 5N
%. PBLIZEISEZ (oM 25— EDHETHHENE LEZALNTED, TOMEBDICEIT 5%
J1Z#EHRIE PBL AVNE I USROFEBIEIC LTeh > TR T % EE X TR,

f(0) = Aexp(—2ab) (29)

TCTT, X (eqd0) ICHBNT, ARMEEEMTHS. £z, 20 1 PBL ZIRET ZMEEHTH D, TOMH
HOBNBELROMEENSBARDZ T EMNTES. AL TIETDRETE 20 % PBL & U THHfd
%. X 151C Methodl, Method2 ¥ & T Method3 I & 0 fi##ft U 7zl hd © BRI [EA DS 200 DERFRFELRIC
X9 BREZ/RL TWVWA. F7z Marcuse [6] 1S K 20 EFTORERE DTz ffad L7z, K15 05, #h#
PLICIERIFRIC, Method2 IC K > Tké 7z PBL(2a) I3 fi#MTIE TdH % Methodl &% & A LR AN
BonTWwsTE, LML Method3 DIEIZHFICLERENT/NE L B TWVB T b S, DT X
14 OBENBEEBLROMEENSEHLNTH S, Fz, Marcuse DFERIIMENRTH D, SHENES THS
EWVWIHREZH T 5H PBL Z KEDICHEE 2 0HEMEN D 5 & BbN 5. RIZIC, AR OMMTHER &%
A ER7 IO T fRATRSSR & D247 5. PBLICE U TIEATHRL DFEH & Method2 DFEFICIE 2NN
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moiz. BB, SMEGZACEEE, SHEFREREKICK (27) TREINZ BRI ZH N5 &, PBL
ERERIROZTENTEREEZONS. CUIHLT, AUHMAGEZHNTE, I (28) DR
DEHWS N TIEH S PBLICENEL S T Ebh o, GBIEFEICOV T, K14 55
MR XD, WO M OH 0.9 rad. K O/NEWIGEIIERFEICEEZIRENTWERY. LHL, D
A 0.9 rad. KO KEWGHITE, —HBEGENICEENEREEO a7 2 e G215 K5
K755 728, R DFERE Method2 DFERICIIRKELGANECEEZBNS. HIBL, Method2 TIEE
AR ANTWS 728, SO LES MAHOZ b BEEICH D D T EMTERWVIEDEEZD
Na. coTehs, 75 RENEROMIEHID O EFEE O K 5 G O 7 8% E— R &GSz
CIEAICE, FAEGZ OISR SR O Z R K IO R TZWBNADH 5 Ehbhnb.

0‘6: W i=21

0.4r

Expansion coefficient : | Cj

20 40 60 80
r [um]

Mode number : i

% 15: HiAY 0 HC 3515 B . - .
15: FAND #3513 S B 53AG 16: PR D SO ERE— 1 ORI,

7Zw FlEh 20 pum OEBEOMEHMN O EICE T 28 170472K 161, LT, MEHN DO ER
E— FORIEHREZK 17 1R, K16 DFEMIE, B —LIROBE N & PR O ST M
TETER N2 > DL ZHEHEOE RGO ERIXT T EMNTES. LB —LIROHBEHEA Transition loss
IZ, Z LT, MEdhh 0 EBOEE T AN ETER S 2 > 72D < B D Pure bend loss ICXTId % [26].

~0.02

{0.018

i “o.nu X
} 0,014 ‘-
0.012
10,01 N
10,008
10.006
10,004
l\|
1 0.002
| o 20 40 60 80

\

80‘ r [um]

18: 21 A5 23 RO IFHE— ROEIRIC X 2 E S
.

20 40 60
r [um]

17: 21 5 23 RE— RERW Iz & EDEI 15010,

CDTERRDESICLUTRITENTES. £9, 21 X0 5 23 XRE—RERWVWT, 9hbb, Thb 3
DDE— ROEHERIREFEZL BOTHBOIRICBI 2B EAELEZONK 18 TH S, HinE—
27 IR OFE N ERRE & PRI 0 SEOHEFS THE LU T T WIS ENS. £z, 21 XD 23 RE—
ROFZEANTENIDGEFFELIZONK 19 TH 5. TORNDE, ERICHEDEIER TN EFERISZ V7%
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DL BHEHEMRSENT VWS T L, TLUT, E—LIROBEEDBNTOEWT EDMERTE 5. 241y
IEHFRIAMEZ R DIEHRIE LWV ANRT BLDE—FDOSAET, ZERIBNTIAD - TeERTHIE RN AR T b
IWDE—=FNSETCTNS.

5 HNYIBKOERE

FIERIA O S B BHEKOFFEDIH S MR 72 DT, TNZBIRT 5 HiE2ERTHTENTES
[28]. ZD X 3 MHA D EORIE 21X 20 ISR9.  EME L MBI D fziidnE e T 2 L

750t

I
inner cladding

Eigen Value : v

|
I
I
| .
! 700}

0 2 4
Outside Cladding Thichness d, [um]

19: #h0 BROERE. 7w Figzpk] L, | 20: 1IERIE— FOIRHRERL.
MRER & FIE AN D 2 dil T Nz 5.

IZ K D Transition loss ZRTE 2 Z L IZHIENTWVWA. Xz, HIEOEREND, 75y FE—Feayy
1E— FOBEAGMHEDFHHE L TWiTUE, Pure bend loss ZKEL SRV Ehbh> TS, DED,
Pure bend loss ZHFkd 2 7-HICIET7ERE— R WG E— FOBEGEMENTE SR ITEEZS XS ICTTh
RV, 22T, K20IRT &I, 7Ty Figzekd U, B E BN 0 Szid nihid 5. 74
27 Zw RIS 2B O EOIEHE— FOEEEZK 21 1SRd. M7 Y FiEDEWES, O
7 E— FOREEEIE WG E— FOEIFEEXL D RKEWV. ZLT, M7 Z FliEA 3.25 um &755 & &,
WG £— R & iRAOFHEIET 5.

22 1AM Z vy RiEZ 3.25 pum BRT 1 um & Lz TOEAE1Z2/RT. K20 5HLMNEXS
I, MU Z =y RIED 3.25 um D& Zix, ARENE T Fy FHhZERT S K 51C%0, BEEEINIEH
IV INE L 753, a7ElRE—RE WG E— FOERLIEDTHS. —77, YMIPEREEIEAY 1 pm O
EXIE, BHEBEBNIIRINTHO, ITNNI=0DEETE 93% LUFICERE T &AWV, £z, #idh
WS =0.1pum D& IITIE 9% LU EOEBEINBEHT Z K155,

AN )V O K 5 ICHIRBI A R 2 R DA RIS DWW TV T - 7w 2k L ik 2l > TR
ERIETES52 LiE, TOXIICUTRDIEEWEEZY 7 b7 =7 Mathematica Ver.4 I K2 A5 &
g 2 2 LICKDIENDTH S [25]. VT« 7w RIETIE, step-index REHTHR DA OB ER DAL S
T, JEITRDEEE T MICZE T S graded-index TR DB T FERICED RS T &M TE%. £T T,
graded-index D A Z 7HEPTEEIC DN T & DY D ISR 5 BERLIE O M2 ff#ft L, pure bend loss 244
EINIC RSB T W TE B [29)-[31].
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Bl 1 B R -

5 Y 5

3 3

2 (.8 Q.

3 3

= E

g 0.6 £0.95}

g g

B 0.4 bt B

N 2 —— 0.0 [um]

- ' ,' 8 | .- 0.1 [pm]

§ 0.2t l—»—o}:[um] \ § 0.0l —— 0.2 [um]

7 n Z 095 :
Bent Angle : 0 [rad] Bent Angle : 0 [rad]
d,=325um d,=1.0 u m

21: 7Zw FiE% 3.25um & 1.0um & L7z & DK,

6 FL&H

AFTIE, AT TVEEWRERDT—SEBE FPERIA D EICIR © TE D€ — R, S 2 JER S
TR ICE SR T AIRETH 5 T &2k Uiz, T T TF O JEBHEE NG B B B D 7 < R
ISR 2 I N A Tehili e & B T — 7 SERSPHEDY O E Tl 24 C 20, JERICR OB % T
EEES 72 E— R DA Z W TN ATRETH %,

T \EI BT — R O YR 2 B IR 2 RS 2 T D OEJETH O . TIRRJEITR D
ST ANSARRMNICEIC T % TNZEED D TeDIC ATy TN TEZ W Tze A7y T ETE
IEHE— FOEIRATRERE R 18 2 28t U, JeDEW 2T 5 515 TH %, 7 — 7 SEDER R OfifAt
T, BEHE, B S 2 27 EEARNIRRHE 2R, FIBREERRIC BT BT R E 2 DH TR —K
TBHI LR LT, Tlo, B— R BHRRICHG T3 E—F22TibRTE, REhFHFE254
BE—ROAZMoTEEEZZL T LEfMITEST ERUT,

FIEHRDS O BRI 2B STMEEZ 2 L JICHRETH D, —RICHFEDRIZ 2 D 0 iz T %,
MM D ETlE. KEEAVNE WD TIEEIE— FESIEIC K 2 21To 7ot 0O KITIE, i
MO ICEA D pure bending loss & #HRTEBICI1F 2 IEHE— FDEWICTIHED < transition loss Md %, pure
bending loss ICDWTId, ARHTIEDFEFIEITERDFHEM GG 2 OISR E R~ T 5T &b o7,
UL, BN a 78 ge— REHAEERT2 K105 % &, HMTG 2 WO T IEER NN T
Tl R LT,

pure bending loss [FHHMDICEA DAL TH O, HREHEIEICKODETE>TLE S, AT, MU~
T FiEZH TR LICK> TZDRIZRIRTES T L Z2m iz, £z, transition loss IZ DV T,
EARER & D O 2T N 2 2 LICK DR TZ 5 2 L RiED DTz,

AT TE OB S 255 DR ZFIALIZH, TM IS DWW T & RIBICHFT D ATEETH 5 T &1k
[27],[32],[33] IR L TH B, i, 7—2EDET 7 AN [34], BRI Zy FREZEHT MM T 7 1
IN[35] T VAW DOHEICIR - T Anilt [36) D &K 5 EREEIEFINCRE L THDO IS T LW ATRETH %,
HEE
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Az LDHBICHD, ZENCH T 1A HZ B LTz, WNcZ < O NIZBIT 5N TV 5 e i
CEB2G50>Tc, TOXDBEHFITHNT L IEE o etz it (RBR LR A4 2580%) I
L ETS, £7o, FARE UTHETHI Z 7> il ER ML (B IIORAEATEF LARMEREZ). A
IREHHE L (BIRASAN) ISR 5. ZERICHIT AR E B AA. £ DERKFAHRIERIC
B H B VIR XDT— & LTINOHIFEZHEEL TV, T TIEHHDOEZERT,
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Experimental and Theoretical Study of Tunable Photonic Crystal Laser
Using Liquid Crystal

Ryotaro OZAKIT*

Abstract: Liquid crystals are mesophases between crystalline solids and isotropic liquids. Their fluidity and
dielectric anisotropy allow molecular reorientation in nano structures. Since the field-induced molecular
reorientation gives rise to a change in optical properties, liquid crystal infiltrated photonic crystals have been
regarded as potential candidates for tunable photonic crystals. In this paper, fundamentals of photonic crystals
are described to explain photonic band structures, photonic bandgaps, and defect modes. A one-dimensional
photonic crystal with a liquid crystal defect layer is experimentally studied for application as a tunable laser.
Numerical analyses are also carried out to simulate the physical properties: photonic band structures, light

propagation, electric-field enhancement, and density of states.

Keywords: Photonic crystal, Liquid crystal

1. Introduction

Liquid crystals are mesophases between crystalline solids and isotropic liquids. They may flow like viscous
fluids and also possess features that are characteristic of solid crystals. The constituents are rod-like or disk-like
organic molecules which normally have self-assembled characteristics. These molecules exhibit different
physical properties between the long and short molecular axes. Owing to their molecular shape, liquid crystals
have various anisotropic properties, such as permittivity, refractive index, and viscosity. There are many types of
liquid crystal states which are classified by the long-range orientational order of the molecules.'? In a nematic
phase, rod-like molecules are aligned to a certain direction but they do not have a positional order. The nematic
phase is the most commonly used in flat panel displays.™* This is because nematic liquid crystals have high
fluidity and large dielectric anisotropy which are key properties in the liquid crystal devices. Since the fluidity
and dielectric anisotropy allow liquid crystal molecules to align parallel to or perpendicular to an electric field,
the molecular director can be controlled by application of an electric field. On the basis of this field-induced
molecular reorientation, almost all liquid crystal devices act as optical shutters.

Liquid crystal infiltrated photonic crystals have attracted considerable attention from both fundamental and
practical points of view, because they can be regarded as tunable photonic crystals.”"! Photonic crystals are
“one-dimensional (1D), two-dimensional (2D) or three-dimensional (3D) ordered structures with a periodicity
comparable to an optical wavelength. They are composed of two or more different dielectrics and their

periodicity opens up a photonic bandgap in which the existence of photons is forbidden.'”" This can be
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explained by an analogy to electrons in a solid-state crystal. In a photonic bandgap, electromagnetic fields cannot
propagate due to destructive interference between waves scattered from the periodically modulated
refractive-index structure. This is similar to destructive interference of electron waves from the periodic potential
of an atomic lattice at a certain frequency.

When there is a defect which disturbs the periodicity of a photonic crystal structure, localized photonic states
appear in the photonic bandgap. The states are so-called defect modes at which photons are confined in the
defect. In particular, 3D photonic bandgap materials with a defect allow us to achieve a 3D photon
confinement.'>" Such an optical confinement is the most important feature of photonic crystals because the
electric field in a defect can be strongly enhanced at a defect mode resonance frequency. An appropriate line
defect in a 2D or 3D photonic crystal serves as a waveguide that can guide light in a desired direction by
photonic bandgap confinement.'®'” Such a defect acting as a microcavity or a waveguide is very important in
certain applications, for example, low-threshold lasers, micro-waveguides, optical circuits, and so on.'®*
Furthermore, tunable photonic crystals having variable photonic bandgaps by controlling optical periodicities are

92327 and tunable optical waveguides.” In

also utilized for functional applications, for example, tunable lasers
particular, liquid crystal infiltrated photonic crystals have been studied for the realization of tunable photonic
crystals. When a liquid crystal is used as a material of a periodic structure, photonic bandgaps can be controlled
because liquid crystals have a large optical anisotropy and are sensitive to external conditions such as
temperature, electric fields, and magnetic fields. The field-induced molecular reorientation gives rise to a change
in the optical length of a photonic crystal. In the cases of opals or inverse opals filled with a nematic liquid
crystal, tunable photonic bandgap has been demonstrated by applying an electric field or by controlling
temperature.>®

Tunable defect modes are also an attractive subject. However, introduction of defects in a 3D photonic
crystal using nano-fabrication remains a major technical challenge.””** Although 1D photonic crystals do not
have a complete photonic bandgap, there are plenty of applications using extraordinary wavelength dispersion
and a localized photonic state in the defect layer. So far, intensive studies on 1D photonic crystal applications

3334 photonic band-edge lasers,”® nonlinear optical diodes,” and

have been reported: air-bridge microcavities,
enhancements of optical nonlinearity.***” In this paper, we focus on a 1D tunable photonic crystal using a liquid

crystal and study its application as a tunable laser.

2. Fundamentals of 1D Photonic Crystals

Photonic crystals have photonic bandgaps which forbid electromagnetic wave propagation in a certain
direction. Figure 1 shows the schematic views of photonic crystals. Photonic crystals are 1D, 2D or 3D ordered
structures with a periodicity comparable to an optical wavelength. They are composed of two or more different
dielectrics and their periodicity opens up a photonic bandgap in which the existence of photons is forbidden. To
understand optical characteristics of a photonic crystal, photonic band analysis is particularly important. The
photonic band diagram of a photonic crystal, which allows the survey of all the dispersion characteristics of the
photonic crystal, can be obtained by solving Maxwell’s equations directly. There are several numerical methods

38,39
d >

for photonic band analysis, such as the plane wave expansion (PWE) metho and the finite-difference

time-domain (FDTD) method.***' These methods allow us to calculate not only the photonic band diagram

18



(a) (b) (c)

Fig.1 Schematic views of photonic crystals: (a) 1D photonic crystal, (b) 2D photonic crystal, and (3) 3D

photonic crystal.

but also electric field profiles in the photonic crystal. Here we discuss some of the basic properties of a 1D
photonic crystal using the calculation results.

Figure 2(a) shows the photonic band structure of a 1D photonic crystal calculated by the PWE method with
the following parameters: refractive indices n, = 2.35, n, = 1.45; layer thickness L, = L, = 70 nm. In Fig. 2(a),
the vertical axis represents normalized frequency wa/27c and the horizontal axis represents wave vector k, where
a is the lattice constant and c is the speed of light. In general, normalized frequency is used as the vertical axis
because of the existence of a simple scaling law concerned with the lattice constant and wavelength. In the
diagram, there are some gaps in which wave vector does not exist over a certain frequency range. The gaps are
the so called photonic bandgaps. To improve understanding of the diagram, Fig. 2(b) shows the transmission
spectrum of the 1D photonic crystal calculated by the transfer matrix method." It is clear that the dips in
transmittance appear over the frequency ranges of the photonic bandgaps. The diagram also shows small group

velocities near the band edges, which is determined by the slope of the curve, i.e. v, = daw/dk.
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Fig.2 (a) Photonic band structure of the 1D photonic crystal calculated by the PWE method. (b)
Transmission spectrum of the 1D photonic crystal calculated by the transfer matrix method. The

parameters are as follows: refractive indices n; = 2.35, n, = 1.45; layer thickness L, = L, = 70 nm.

Electric field profiles in the 1D photonic crystal for various frequencies are shown in Fig. 3. The electric
fields are calculated by the transfer matrix method with the same parameters as the transmission spectrum.
Figure 3(a) shows the electric field for awa/27zc = 0.15, where the darker and lighter gray layers represent n; =
2.35 and n, = 1.45, respectively. The incident light enters from the left, and then propagates through the 1D

photonic crystal without disturbance. This is because the light propagation is hardly affected by the dielectric
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periodic structure at the photonic band frequency. The electric field at the bandgap frequency awa/27c = 0.22 is
shown in Fig. 3(b). The incident light exponentially decreases inside the 1D photonic crystal. At this frequency
the phases of reflected light from boundaries are matched, and then the in-phase reflections give rise to strong
light reflection. Namely, the internal interference forbids the existence of light at the photonic bandgap
frequency.

When the light with a photonic band edge frequency enters the 1D photonic crystal, the electric field is
enhanced. Figures 3(c) and 3(d) show the electric field profiles at the lower and upper band edge, respectively.
Since their group velocities approach zero at the band edges, the electric and magnetic fields form a standing
wave in the 1D photonic crystal. At both band edges, the electric field is enhanced because the photonic crystal
acts as a resonant cavity. In Fig. 3(c), the peaks of the inside electric field are located on the darker layers. This
means that the photons are concentrated in the higher index regions; n; = 2.35. In contrast, the peaks of the inside
electric field in Fig. 3(d) are located on the lighter layers. The refractive index n, of the lighter gray layer is 1.45.
Since the energy of a photon becomes lower in a higher-index medium, the difference in energy between the
lower and upper band edges can be explained by where photons are concentrated. In general, such an electric

field enhancement at the band edge is used for a distributed feedback (DFB) laser.
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Fig. 3 Electric field profiles in the photonic crystal for various situations: (a) photonic band, (b)

photonic bandgap, (c) lower band edge, and (d) upper band edge.

One of the attractive features of photonic crystals is a defect mode in a photonic bandgap. When a defect of
periodicity is introduced into the lattice, photons are strongly localized in the defect. Figure 4(a) shows the
transmission spectrum of a 1D photonic crystal with an air gap. The following parameters are used: n; = 2.35, n,
=1.45,n4=1.0, L; =64 nm, L, = 103 nm, and Ly = 75 nm, where ng is the refractive index of the air defect and
L, isthe defect length. The photonic bandgap is formed from 510 nm to 780 nm in which the sharp peak appears
at 640 nm due to the introduction of the air defect. The narrow peak corresponds to a defect state that is a
localized mode in the photonic bandgap. Figure 4(b) shows the electric field profile at the defect mode frequency.
It is clear that the electric fields are strongly enhanced in the defect. Note that the peak intensity for the defect
mode is larger than those for the band-edge modes shown in Figs. 3(c) and 3(d). The reason is that photons are

confined in the narrow defect at the defect mode, whereas photons are confined in the whole photonic crystal at
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Fig. 4 (a) Transmission spectrum of a 1D photonic crystal with an air defect. (b) Electric field profile at
the defect mode wavelength of 640 nm.

the band-edge modes. The electric field enhancement allows strong interactions between photons and materials.
Such photonic crystals with a defect are expected to enhance an optical gain, a nonlinear-optical effect, or a

magneto-optical effect.

3. Photonic Crystal Lasers

Optical properties of a photonic crystal, such as photonic bandgap and defect mode, depend on the structural
periodicity and the refractive indices of the materials. If we can tune the structural periodicity or refractive index
in a photonic crystal, the optical properties can be controlled. There are several ways to change the optical
periodicity. For example, an external stress will induce a deformation in the periodic structure,” and temperature
control is also effective for changing the refractive index of a material.”® However, from the standpoint of
application to optical devices, the precision and speed of tuning by stress or temperature are inferior compared to
an electrical control. Liquid crystals have a large birefringence and their refractive indices can be electrically
controlled by molecular reorientation. Therefore, liquid crystal is one of the suitable materials for tunable

photonic crystals.

3.1 Tunable Defect Mode

Let us consider a nematic liquid crystal introduced into a 1D photonic crystal, as shown in Fig. 5. The
photonic crystal is composed of dielectric multilayers with the nematic liquid crystal defect layer located at the
center. We assume that the initial orientation of the liquid crystal molecules is set along the y-axis and that the
molecules are reoriented parallel to the z-axis by applying an electric field. In general, there exists a threshold
electric field Ey, above which the molecules can be redirected from the initial orientation. It is well known that a
nematic liquid crystal has such a threshold caused by the Frederiks transition."” The threshold is given by

g, =2 ()
d\ g,Ae

where d is thickness of the liquid crystal layer, K, is the splay elastic constant, & is the vacuum permittivity, A¢
is dielectric anisotropy of the liquid crystal. The threshold voltage V7, is easily obtained from simple calculation

and is approximately 1 V for a typical nematic liquid crystal.
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Fig. 5 Schematic views of a 1D photonic crystal with a nematic liquid crystal for (a) E=0, 0 =0°, (b) E
=E,;, 06 =45° and (c) E = E,, 6 =90° (E, > E; > Ey). The liquid crystal director can be controlled using

electric-field-induced molecular reorientation.

When light linearly polarized along the y-axis enters a photonic crystal, the incident light encounters the
extraordinary refractive index #,. in the liquid crystal layer in the absence of an applied electric field. Above Ey,
the molecules tilt towards the z-axis by an angle 6 from the y-axis. Using the angle, the effective refractive index
n’(6) for the y-polarization is determined by

n'(0)= folle : )
\/ne2 sin® @+ n’ cos” 0

When the molecules are aligned parallel to the z-axis by a sufficient voltage, the effective refractive index
becomes equal to the ordinary index n,; n’(90°) = n,. Since nematic liquid crystals have a large anisotropy in
refractive index, the molecular reorientaion in the defect layer gives rise to a change in the optical length. This
indicates that the defect mode wavelength can be controlled by applying voltage to the liquid crystal defect layer.

Figure 6 shows the experimental setup for optical transmission measurement. A dielectric multilayer
consisting of an alternating stack of SiO, and TiO, layers deposited on an In-Sn oxide (ITO)-coated glass
substrate was used as a 1D photonic crystal. The refractive indices of SiO, and TiO, are 1.45 and 2.35,
respectively. The center wavelength of the photonic band was adjusted to be 600 nm by setting the optical
thickness of both SiO, and TiO, to be one-quarter of 600 nm; the thickness of SiO, and TiO, layers were 103 nm
and 64 nm, respectively. The number of SiO,-TiO, pairs on each substrate was five. Polyimide was spin-coated

on the top surface of the multilayer, and then it was unidirectionally rubbed along the y-axis. The polyimide
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Il
HUE || |=>=

3 (1 ==

Polarizer /'11’_'l \ Glass

m
Polyimide " ITO

-{ Function Generator}—
1 kHz

Fig. 6 1D photonic crystal containing a nematic liquid crystal as a defect layer and experimental setup

for electrical tuning of the defect mode.

22



would then align liquid crystal molecules parallel to the y-direction. To introduce the defect layer, a nematic
liquid crystal was sandwiched between two multilayers using 1-um spacers. The ordinary and extraordinary
refractive indices of the liquid crystal are approximately n, = 1.5 and n. = 1.7, respectively. Figure 7(a) shows
the experimentally measured transmission spectra of the 1D photonic crystal with a nematic liquid crystal defect
layer. The transmission spectra were measured with y-polarized light which corresponds to the initial orientation
of the liquid crystal molecules in the defect layer. The solid and broken lines represent the transmission spectra at
0 V and 8 V, respectively. An application of a voltage to ITO electrodes changes the molecular alignment of the
liquid crystal defect layer. The defect mode peaks shift to the shorter wavelength side upon applying voltage.
Figure 7(b) shows the calculated transmission spectra of the 1D photonic crystal with a nematic liquid crystal
defect layer. These calculations were carried out using the 4x4 matrix method.** This method is a numerical
analysis based on the Maxwell equations which can be used to quantitatively calculate the light propagation in an
anisotropic medium with refractive index varying along one direction. The peak shifts agree with the calculation
results in Fig. 7(b). Namely, the incident light encounters 7. at the initial orientation and then encounters #, at 8
V. The measured peak widths are broader than the calculated ones due to non-uniformity of the physical
thickness of the defect layer.

The voltage dependences of the defect mode wavelengths for the light polarized along the x- and the y-axes

are summarized in Fig. 8. The open and filled circles represent the peak wavelengths for x- and y-polarizations,
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Fig. 7 (a) Experimentally measured transmission spectra of the 1D photonic crystal with a nematic

liquid crystal defect layer. (b) Calculated transmission spectra of the photonic crystal by the 4x4 matrix
method.
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Fig. 8 Voltage dependences of defect mode peaks of the 1D photonic crystal with a nematic liquid

crystal. The open and filled circles represent the peak wavelengths for x- and y-polarizations.
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respectively. For y-polarized light, the defect mode peaks begin to shift to shorter wavelengths with increasing
voltage above 1 V which is associated with the Frederiks transition mentioned above. All peaks shift in the same
manner by about 40 nm, even upon applying low voltage. The peak located around 530 nm at 0 V shifts to a
shorter wavelength and disappears above 1.8 V, which means that the peak is out of the band gap at higher
voltages and is no longer a defect mode. In contrast, the defect modes for x-polarized light remains unchanged
upon applying voltage. This indicates that the x-polarized light is always affected by n,, regardless of the applied
voltage. This is because the x component of the refractive index is not changed by the reorientation. Therefore,
for x-polarized light, the optical length of the defect layer is independent of the liquid crystal molecular

orientation.

3.2 Defect Mode Laser

Although 1D photonic crystals do not have a complete photonic bandgap, there are many applications using
the slow group velocity at a band edge and the localized photonic state in a defect layer. In particular, the study
of defect mode lasing is one of the most attractive subjects because low threshold lasing at a defect mode
resonance is expected. Since defect mode wavelengths can be controlled upon applying electric field using a
liquid crystal defect, lasing wavelength can also be tuned. Electrically wavelength-tunable defect mode lasing
has been demonstrated using this system.** In the experiments, an active medium was introduced inside the 1D
photonic crystal with a liquid crystal defect to achieve laser action. As an active laser medium, a laser dye® or a
conducting polymer® was used. To excite the active medium, the second-harmonic light of a Q-switched
Nd:YAG laser irradiated the sample. Figure 9 shows experimental setup for lasing wavelength control upon the
applied voltage. In this case, [2-[2-4-(dimethylamino)phenyl]ethenyl]-6-methyl-4H-pyran-4-ylidene
propanedinitrile was used as a laser dye dopant in the nematic liquid crystal. Figure 10(a) shows the pump
energy dependence of emission intensity at the defect mode wavelength. Above the threshold at a pump-pulse
energy of about 5 plJ/pulse, the emission intensity significantly increases. This indicates that there exists a lasing
threshold above which a light amplification accrues. In order to control the emission wavelength, the orientation
of the liquid crystal molecules in the defect layer was changed upon applying a square-wave voltage at 1 kHz.
Figure 10(b) shows the emission spectra of the 1D photonic crystal with the dye-doped liquid crystal defect as a
function of applied voltage. It should be noted that a sharp lasing peak shifts toward shorter wavelengths with
increasing voltage in the same manner as the defect modes shift (see Fig. 8). The wavelength shift of the lasing
peak is about 25 nm, even upon applying low voltage. The lasing in a 1-D photonic crystal with a liquid crystal

defect layer can be tuned over a wide range upon applying an electric field.
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Fig. 9 Experimental setup for lasing wavelength control upon the applied voltage.
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Fig. 10 (a) Pump energy dependence of emission intensity at the defect mode wavelength. (b) Emission

spectra of the 1D photonic crystal with dye-doped liquid crystal defect as a function of applied voltage.

3.3 Density of States
The density of states (DOS), which is the reciprocal of the group velocity of light, plays an important role in

photonic crystal lasers.**** The photonic DOS p(w) is defined as the inverse slope of the dispersion relation,

| _ ko)

Ve () C do

plw)= 3)

As is evident from the equation, a slow group velocity in a photonic crystal provides a large DOS which is the
same meaning as strong confinement. The dispersion relation of a photonic crystal can be calculated by the PWE
method or other numerical methods. However, these methods can obtain a photonic band diagram for an infinite

period but not for a finite period. Here the DOS in a finite periodic structure is calculated with the complex

t=t +it, LZ %J , 4)

where #; and ¢, are the real and imaginary parts of the transmission coefficient, and E; and E; are the amplitudes

transmission coefficient ¢ written as

of the transmitted and incident electric fields. Using the complex transmission coefficient, the DOS is given by

plo) = 2@) _ L (Ztaz)jtl - (212,}2

, &)
do D o+t
where D is the thickness of the sample. The DOS for an isotropic medium pj, is
dk n
Piso = 5 = - (6)
do c

Figure 11(a) shows the transmission spectrum and the normalized DOS of a 10-layer SiO,-TiO, stack without a
defect. Here, #, and #, are calculated using the 4x4 matrix method. The DOS is increased at the band edges
because of slow group velocities. We can estimate a lasing wavelength in the DFB cavity from the peak of the
DOS. Figure 11(b) shows the transmission spectrum and the normalized DOS of a 10-layer SiO,-TiO, stack with
a defect. The defect is sandwiched between two 5-layer stacks, and its refractive index and length are 1.7 and

190 nm, respectively. As is evident from Fig. 11(b), the DOS at the defect mode wavelength is significantly
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Fig. 11 Transmission spectra and normalized DOSs of a 10-layers SiO,-TiO, multilayer: (a) without a

defect and (b) with a defect.

increased. That is, the group velocity at the defect mode wavelength is much slower than that at the band edges.
This result is consistent with the electric field calculations shown in Figs. 3 and 4. Such a slow group velocity
and an electric field enhancement are major advantages of a defect mode because an electric field can interact
more strongly with a functional material in the defect. Thus, the analysis of the DOS is one of the most useful

tools to investigate optical confinement in a photonic crystal.

3.4 ADE-FDTD Simulations

The FDTD method also plays an important role in computer-aided analysis for photonic crystal lasers, in
which the Maxwell equations are solved on the basis of the Yee algorithm in discrete time and lattices.*” FDTD
is a dependable method to simulate a wide range of problems for electromagnetics, photonics, acoustics, and so
on.*' Using this method, the dynamics of light propagation and photon localization can be numerically simulated.
To investigate laser dynamics, an auxiliary differential equation FDTD (ADE-FDTD) method has also been
developed, in which the FDTD method is coupled with the classical electron oscillator model and the rate
equation in a four-level energy system.*™>° The ADE-FDTD method can simulate light emission from a photonic
crystal, such as a defect mode laser or band edge laser.

We here consider light propagation in an active gain medium which induces a polarization. The Maxwell

equations are written as

cH

VXE=—pu,— 7

Hy o (7

Vtz—goga—EJra—P , (8)
ot ot

where P is a macroscopic polarization. On the basis of a classical electron oscillator model, the polarization P for

an isotropic medium can be described by

P oP :

Ao, a?P=T2EANE ©)

ot ot Y. m
where Aw, = 1/75; + 2/T, is the full width at half maximum linewidth of atomic transition. 75 is the mean time
between dephasing events which is taken to be 5.0x107" s. AN(z,f) = Ni(z, £) — No(z, £) and % = 1/, is the real

decay rate of the second level, and j is the classical rate.
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In a four-level atomic system, the rate equations are expressed as follows:

dN3(Z,l):PN (Z l)—NS(Z’t) (10)
dt ree T3

sz(z,t)z N3(z,t)+E(Z,t) dP(Z,t)_Nz(Z,t) (n
dt 2 hao, dt Ty

le(Z,t): Nz(z,t)_E(z,t) dP(z,t)_Nl(Z,t) (12)
dt Ty hao, dt Ty

dNO(Z,t):Nl(Z,f)_PN (Z l) (13)
dt Ty T ’

where Ny, N|, N,, and N; are the electron numbers at each energy level. The lifetimes at each energy level, 73, %,
and 7,0, are chosen to be 1x10™%, 1x10°, and 1x10™"" s, respectively, and are similar to those of laser dyes such as
coumarine or rhodamine. The total electron density N’ =Ny + N, + N, + N; is 5.5%6.02x10%, and initially, all of
them are at the ground state (N = N,"). Pumping rate P, is a controlled variable that should be tuned by the
pumping intensity in the real experiment.

In Fig. 12(a), the solid line is the calculated emission spectrum of a dye in bulk at a low pump rate by the
ADE-FDTD method. The center wavelength of the dye spectrum is 570 nm and the half width at half maximum
is 65 nm. The broken line is the transmission spectrum of a 1D photonic crystal without a defect. The physical
properties of the 1D photonic crystal are as follows: n; = 1.5, n, = 1.65; L; = 100 nm, L, = 100 nm; and the
number of layers is 20. Figure 12(b) shows the calculated dye emission spectra from the 1D photonic crystal
without a defect as a function of pumping rate, where the spatial distribution of the dye is assumed to be uniform
in the 1D photonic crystal. At a low pumping rate of 1x10'°, a broad spectrum is observed in which light
emissions are suppressed by the photonic band. With increasing pumping rate, the spectral peak becomes higher
and narrower at the band edge wavelength. Above a threshold, the single narrow peak appears at the band edge
wavelength. There is a threshold at approximately a pumping rate of 1.5x10'". Thus, the ADE-FDTD simulation

has been a powerful tool because it can reproduce emission spectra and provide a laser threshold.
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Fig. 12 ADE-FDTD simulation results: (a) Emission spectrum of a dye in & bulk and transmission

spectrum of a 1D photonic crystal and (b) Emission spectra of a dye-doped 1D photonic crystal as a

function of pumping rate.
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4. Summary

We experimentally and theoretically studied the 1D photonic crystal with a liquid crystal defect layer
for application as a tunable laser. Using field-induced liquid-crystal reorientation, the laser wavelength was
able to be tuned with a low voltage. The photon confinement in the photonic crystal was discussed by
calculating DOS. The confinement at defect mode was much stronger than that at band-edge mode.
Furthermore, the emission spectra from the 1D photonic crystal were also simulated by the ADE-FDTD
method. We expect that our proposed tunable system contributes for the development of new photonic

crystal applications.
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Intercomparison of Wave Hindcasts Using Three Kinds of Sea Wind
Distribution in the Seto Inland Sea

LI IERE™ - BFRRps— " - M
Masataka YAMAGUCHI*, Hirokazu NONAKA * *and Yoshio HATADA * * *

Shallow water wave hindcasting in the Seto Inland Sea was conducted for each of 15 typhoons during the
year period of 1980-2005. The hourly wind distribution in the Inland Sea was estimated by use of any of (1)a
mesoscale meteorological model MMS5, (2)SDP(Surface Data Product) wind data acquired at the on-land
meteorological observatories and (3)wind data measured at the sea and coastal stations in the Inland Sea. The
degree of agreement between the time series of hindcasted and measured wave height was evaluated by 4 error
indices. A statistical analysis of the indices for 97 cases suggests that the measurement winds-based run yields
the highest accuracy among the three kinds of hindcasts, and that the SDP winds-based run provides

comparable or slightly less accuracy than the measurement winds-based run.

Key Words ; wave hindcasting, three kinds of wind distribution data, the Seto Inland Sea, wave height error

statistics
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2. WRHEREEAEA

2.1 BERDHEN

(1) MM5 R LRSS EH

5P MMS 12 X 5584 (M LIRS % &) 2487 3 km O#T NIRRT 1B Z L1
BTNV D, ¥ EESATERHIINE 1 KR %% ) C SDP R RS I OBLHRNEE BHZ X 5 #E RS A
& [F T 7 [HIRR 2 km O PITEREE (%100 Fig. 2) (2= [l L7z, Table 113 1980 4 (B (T)
8013 ) LLFED 15 AR ORI & WRHEF W2 %£ 9, Fig. 11315 BROKRKEZ 4 >DOKIZ/HE L
ThHz5, HEBIIRESCET T MICE L CEERRBELZ &0, WANIEOWT OB T
WK EWEEIRAZ L T0D (D),

Table 1 Name of typhoon and period of wave hindcasting.

typ. | period (M/D/JST) | typ. | period (M/D/JST)
T8013 | 9/10/00~9/12/23 | TO111 | 8/20/00~8/22/23
T9014 | 8/21/00~8/23/23 | T0310 | 8/08/00~8/09/23
T9119 | 9/27/00~9/28/23 | T0410 | 7/31/00~8/02/23
T9210 | 8/08/00~8/09/23 | T0416 | 8/29/00~8/31/23
T9313 | 9/03/00~9/04/23 | T0418 | 9/06/00~9/08/23
T9612 | 8/12/00~8/15/23 | T0421 | 9/29/00~9/30/23
T9719 | 9/16/00~9/17/23 | T0514 | 9/05/00~9/07/23
T9918 | 9/23/00~9/24/23

204

400

Fig. 1 tracks of 15 investigated typhoons.
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a5 1961~2005 420> 45 AERIZOW T, EGIERAL OB BRSBTS S 7z SDP R
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Fig. 2 (347K 2 km OWF NI Z =T, BICITRGESE (XH, R e 20eim s Bo 247
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Fig. 2 Domain for estimating sea wind distributions in the Seto Inland Sea.
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Fig. 3 Domain for wave hindcasting in the western, middle and eastern area of the Seto Inland Sea.
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Fig. 4 Time series of hindcast- and measurement-based wave heights and their scatter diagram

at Tokyo to-hyo station.
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Table 2 Mean, standard deviation and range-limited occurrence rate for each wave heights-related 4 error

indices at measurement stations in the Seto Inland Sea.

err. ind. Pu Aoy cy H,.
data m o ¥ m o ¥ m o Y m o ¥
MMS [0.71 | 0.21 | 0.42 | 1.26 | 0.35 | 0.43 | 0.64 | 0.29 | 0.17 | 1.17 | 0.42 | 0.68
SDP 0.82 10.15]0.73 | 1.13 | 0.21 | 0.58 | 0.44 | 0.14 | 0.49 | 1.08 | 0.27 | 0.78
obs 0.85]10.13 1078 | 1.14 | 0.22 | 0.64 | 0.41 | 0.15 | 0.57 | 1.06 | 0.23 | 0.84

REAE agy & 7% &, SDP B mE S LU MMS JBE mE R FEIN) D54, awld 0.7~1.7 (0.7
~1.9) OFPAICH > T, FHMHE m=1.13 (1.26), HHERE 0=0.21 (0.35), a7 0.8~1.2 DHBLE y
130.58 (0.43) & & D, agy 2OV T % SDP EE & & ATl MMS B S & EHI R TRV Z< 07—
ZR 1 OEPLVICEEY, ZOLEERL/NIV, BUIRR EEROSEITIE, aw OHIPFAIX 0.5~1.8,
I 114, FEAERZET 022, HIEIL 0.64 THDHNDH, FEEMEIT SDP BN EEEIOLA & R
FEDE 2~

EQOC 2 LR R G, A5 &, SDP A mE KL LUV MMS B &R (FEIN) D54,
Gy lE 02~0.9 (0.2~1.4) O#FIPH, FHE m=0.44 (0.64), fEUERZE 0=0.14 (0.29), &,<0.4 OHBL
Fy 12049 (0.17) THDLIND, &, 20 TH MMS R EEENE Y %< @ SDP J&JE & & kS 0 123
VMEZ & 5D 2 LR, BRI SERCIE, 6, OFPFHIX 0.1~0.9, AT 0.41, FEHERF 1 0.15,
HELERIT 0.57 TH Y, SDP A EEEIOBE L0 OB 2 8EME 5 25,

BRIt H,, 7% &, SDP EJ @&k & MM5 B m gk (EIM) o4, H,, 13 0.6~2.0

(0.6~2.0) OFiPH, THE m=1.08 (1.17), HEHERE0=027 (0.42), H,, 7 0.7~13 OHIRy X
0.78 (0.68) T %, SDP I E &I D H,, 132 < D& — AT MM5 Bl EEEOBA LY 11250
x5 2%, BERSE T, H,, OFFIZ0.5~1.8, FHHEIE 1.06, FEERAEIT 023, HBLR
130.84 TH Y, FEELI T SDP JEJE = BEEF L 00X BAF R Fa i il 2 7=

CLE, pu aun Gy, H,, WTAILOIREE SDP L &S E R MMS B @Gk L 0 B VIS E % b
D&, BROBIRER S EEHL SDP B S ER LD S HICmWEEZ b O LA RIBT 5, LvL,
BB aoy O TIIMER T R e H,,, OTFHMEA R X 912, SDP JA i ks & OMBLIRI R & &kt
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Intercomparison of Wave Hindcasts Using Two Kinds of Sea Wind
Distribution Data in Tokyo Bay and Ise Bay

W RIERE™ « g 525 - AMmES " - By — "

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

Shallow water wave hindcasting in Tokyo Bay and Ise Bay was independently conducted using two kinds of
wind distribution data for each of many storms in recent years. One hindcasting is estimated using the
measurement data of sea and coastal winds and the other using the measurement data of on-land SDP winds.
Accuracy of the hindcast wave heights is evaluated with the 4 error indices obtained from the comparison
between hindcasts and measurements at several stations in each bay. Various statistics of the error indices give
the following indications; 1)Measurement winds-based hindcasts show a 8-%(Tokyo Bay) or 5-%(Ise Bay)
overestimation for wave height at individual times and good agreement on average with the measurement for
the maximum wave height during a storm. 2)SDP winds-based hindcasts yield on average a 14-%
overestimation for wave height at individual times and a 3-%(Tokyo Bay) or 8-%(Ise Bay) overestimation for
the maximum wave height during a storm. 3)Accuracy of the measurement winds-based hindcasts is higher than
that of the SDP winds-based hindcasts in Ise Bay but the contrary may hold true in Tokyo Bay. 4) Each of the
hindcasts may be said to give reasonable evaluation for the maximum wave height during a storm in spite of a

somewhat high overestimation for wave height at individual times.

Key Words ; wave hindcasting, two kinds of wind distribution data, Tokyo Bay, Ise Bay, wave height error

statistics
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Fig. 1 Domains for wind estimation in Kanto sea area including Tokyo Bay and Ise Bay.
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Fig. 2 Domains for wave hindcasting in Tokyo Bay and Ise Bay.
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Fig. b Histograms of 4 error indices for wave heights at measurement stations in Tokyo Bay.
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Fig. 6 Histograms of 4 error indices for wave heights at measurement stations in Ise Bay.
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FHREEREL p,, DI & 2 BRI mra 7= & O FEP A A AR IR O R ZE B L O

Table 1 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 x10° ay, x10° G, x10? H,, %10
m | o |y m oy | m|o |y m o |y
Tokyo | obs |89 | 79 | 16 [ 60 | 108 | 20 | 63 |42 | 13 [ 46 | 100 | 19 | 64
Bay | SDP | 89 | 84 | 10 | 74 | 114 | 15 [ 61 | 40 | 11 |49 | 103 | 14 | 81
Ise obs | 45|86 |12 (80| 1051584 (29| 9[93]|101]18 |67
Bay | SDP |45 | 84 | 12 | 73 | 114 | 17 |56 |37 | 12 | 58 | 108 | 19 | 60

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

Area | Data | N
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Figure Collections for Space-Time Variations of Sea Surface Winds and
Wave Heights Induced by Abnormally Strong Typhoons during the Period
0of 1917-1972 in the Seto Inland Sea, Ise Bay and Tokyo Bay
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Masataka YAMAGUCHI*, Yoshio HATADA ™ *,
Manabu OHFUKU*** and Hirokazu NONAKA** *

Yamaguchi et al. (2009, 2010) developed a method for estimating sea surface wind distributions in the Seto
Inland Sea, Ise Bay and Tokyo Bay by using the SDP(Surface Data Product) wind data acquired at on-land
meteorological stations around the concerned areas, and they applied it to the evaluation of space-time
variations of sea surface winds in the above-mentioned sea areas for each of the abnormally strong typhoons in
the nearly 60 years since 1917. Then, Hatada et al.(2011) and Yamaguchi et al.(2012) made shallow water wave
hindcastings in the areas for each of the typhoons under the evaluated wind conditions and published the spatial
distributions of both the maximum wind speed and the maximum wave height generated by each of the
investigated typhoons. This paper presents the figures collected for not only the typhoon track and the spatial
distributions of the maximum wind speed and wave height but also the spatial distributions of wind speeds and
wave heights at 3 points in time in the case of individual typhoon and discusses their characteristics. A simple
conclusion is that the space-time variations of winds and waves are strongly affected by track and strength of

each typhoon.

Key Words ; SDP wind data, hindcastings, wind speeds, wave heights, space-time variations, historically strong

typhoons, the Seto Inland Sea, Ise Bay, Tokyo Bay
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BN R U O B AL E 3 D e EEO RS E B TR S C & 2 BLIE (SDP JA) &R ZFIH L
CUREHFI O R A 2 HEE T 5 TR T 5 & L bic, Zha ANEMEE T 255 100 £0
D E KB BB O RHER I IE SV TR B RRF O B OREEZ R L C& 72, ZLC, ihpns™
Bl 3 b RS0 B S O HER RS L OV RBII LS ORI SN A BERBE2 Lo L2 nEh
BIEEZ AT L 9D 2I4FEO 10 4FREAL OIS0 A b — ARFIZEBT 2 8- @S BLHANE & O gz o0
THER L7z, LrL, e LTAR LEERITBEOHK OIS, & U THRMERICI T 5 &K KJE
B AR K ORI - WIOZMNATHY, T O ORFMEIC OV T O = KA R LS
N5 T3412 5 (BFHRE), T4516 5 RLIEEE), T5915 =5 (HEEHE) Kroft R0 DNz Ron 5,

2T, ARFZE IR NUED 5 B ERHEE T 1935~1971 F£0 9 7 —AD B, HERHEE T 1934
~1970 4ED 7 &r —AD R, HEHEE T 1918~1953 4£D 6 ¥ —AD R, 722 7 —ADHRE, JHE
BTIRI~INRED T 7r—ADER, FHITE T 1917~1949 420D 6 7 —ADHEBDAF 35 ¥ —ADHE

BRI OV TEEICAR LTV D B EERES & R KEGE - J8 A5 L O KRR - 3 1 o 22 [ 55 A7 BT
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NER B LT %,

2. BERSMELVERDEESE

2.1 BERSHEMDERAE

Fig 1 1307 N, HEWE, BIAON R 3 T 726 1[0 2km O %2 <3, XHIZiX, SDP
JEBLRI S (XY, W NS KEN O BIRL & & B BIT6, BFEBEAORERITED 3
ITE%2ate), WEoRBNHA (@), BEOEEIHA (OF), ERTOALRMA (D),
g LR AR O IE 22 3 O 72 D IZ 3R T I P L (AHD 2525,
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Mz X vk, W EESAEROHEITEGREIZONWT2~3 B THY, TOIERIZIT A KR
BRHA 10 43 HAL THEUA A 72 SDP BVE BF 10 sy EZ L L T\ 5,

2.2 BRHEREDAE

Fig. 2 1ZIIRHER CH O 28 1@ 1km OF1-#8 7% 3 WEERIC DWW CRT, W5 IS A VO O
T, TEER, WS, GO 3BT D, HERIEIEI LA P A ekl TP E L PRSI & 95, KX
VR, R, W, NER (), 1B, MElE, AGEO4ARNZY, BT - B ERS 4 (OH), JIRELNIH
N4 (@FEN, WFWNMEDR) EEER EOJFMASY MVASHE () 2525,
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Fig. 1 Location of points where wind data are given in the Seto Inland Sea, Ise Bay and Tokyo Bay for
estimating sea wind distribution.
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Fig. 2 Grids set on the three areas of the Seto Inland Sea, Ise Bay and Tokyo Bay used in wave hindcasting and

names of small sea area, bay, strait, channel, measurement station and city.
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2.3 FRHERRER b—LDFER

Table 1 IEZAVEETRIG L L7235 7 — R (BRDWHRTOREMBESZRNT 27 r—2A) OE[ (T)
D—Ex G525, FEOTITRLEBEMO ZKAEE (T3412 5, T4516 %5, T59155) O H 6, *HlL 2
~ 3R OWF EESAO %, #ENE 2 ~ 3REZI OWE LR - E A & T ClLE RN G 2 7 gl 1Y)
R, Fig. 3I1TREMNR2 15 5 —ADOBRBORKZ 5 75— AT 2517 ThH x5, }RBRIL, WTh
DOWHBIZE R 2B RIEFLEREA S E VWO TICHIIEEND LI ITERL T D, BRI
BEDZ XIS FIXE TOXMZ NNE~NE 5 aIZHEIT LT\ 528, T7010 5, T38-Sep A JE
(1938 49 A B, T4910 5 (7 4 BE) O L IIZNNW FadHDHWIEN HHORKE L >7-hH
Bbd D,

MORTRFEFIOEDL I T D, ThbH, REMREO—MRAFEELZE L THED L IRA~MIT T
WRNVEOTEES, T, HERO AR & FENE, FOE ONEIZ A6 R O B JRRR IR (5 B E R A
X)), RKEGE - B oA, RS - B oA s L O3 REZNZ 31T 2 IRERI o JRGH « B\ A 43 AR K] &
W« WmoMmKEZER L, BEABHEZMNA T, 13— 45, KEFPATE WS T — Tk
VIRENDDT, ALIZHETDKEOHHITITHOR,

Table 1 List of typhoons used in wind and wave hindcastings.

No. Seto Inland Sea Ise Bay | Tokyo Bay
Western | Middle | Eastern
1 | T3507 T3412* | T18-Jul | T21-Sep | T17-Oct
2 | T4216 T3504 | T3412** | T3412* | T32-Nov
3 | T4516** | T3706 | T3706 T5028 T3412*
4 | T4609 T3805 | T4114 T5313 T38-Sep
5 | T5115 To118 | T5028 T5915%* | T4821
6 | T5612 T6523 | T5313 T6118 T4910
7 | T7009 T7010 T7220
8 | T7010
9 | T7119
*:winds only, **:winds and waves

1 ‘ 200 J 400 1 ‘ 200 J 400 1 ‘ 200 J 400
500x 500 500x500 ! 500x500 g
Ax=5km

200, 200, 200|

400 400 400

Fig. 3 Tracks of 15 representative typhoons used in wave hindcasting.
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1)T3507 & (Fig. 4)
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Fig. 4 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by
Typhoon 3507 (Western area of the Seto Inland Sea).
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2)T4216 5 (FA#ER, Fig.5)
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Fig. 5 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by
Typhoon 4216 (Western area of the Seto Inland Sea).
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3)T4516 5 (FLF&ERE, Fig. 6)
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Fig. 6 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by

Typhoon 4516 (Western area of the Seto Inland Sea).
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4)T4609 & (Fig. 7)

BRI 1946 4 (BEFN 21 4F) 7 A 29 HIZEHZKED O T#%2 NNE HIZ#fT L7z, ZOfo
B FLEETE 970~984 hPa TH 57005, FLEHUERV Y, BEEIX IR, Smi, KRR ETED
7oo FEBGEECIImIC LA E LA LN, E - ITHARE 394, BAKEE 1 THICET 5, &K
JEGE 13 B 1% KB C 25 m/s it (AA ENE~E), PN T 20~30 m/s(Jil[i] NE %7 0) THY, (FP#ET
REW, BREEITEZAKETS~6m (M SSE) TH DA, N TIEHT#EEEH O 3 m H 6 RIFE
D5 mlT SW HFANZHEIINT 5, KRMFED 5 m B EEiE T3507 5 RF & [FERIZE 25 88 4 M o W] e K
Wtk B 5, JHEECIL TS - ZEBTIEREE I Im U FTH D,

RERE T 29 B 9 RRIZ R 3 K EUH 3 A ICFEL L7228 A 2 & 0, 12 Ff & 15 RRIZITRm & 13
FR ST EEREDK S m/s To/hSL< D, BBERITITEE LTIOMRNZNUAITH D, WA - I
M 29 H 9 KRS FHESR D> O BURFE O K3 IB TN TR &4 (18 NE) & BL7= 22/ 5 #i
Y, ROIFETO 5 m I K S EEL 9 BELLRTIZMRE L7= NE J7 0 25~30 m/s DFRJEIC X 0 Ak
LiebolEZLND, 1281, 1ISHIOIEEZ 1mBERLT, —F, BH%AGETITIRL 12 KT
Wit 4m, 15HEEHC Sm & 72> THIKT 5, WAL SSE TH D, B KIE & WNHE Tl B o H B
RN RTe D,
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Fig. 7 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by

Typhoon 4609 (Western area of the Seto Inland Sea).
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5T51158 (JL—R&A, Fig.8)

BEGE 1951 4F (BF1 26 4F) 10 A 14 B4 555 15 B BENCT TR B IR S (U0 R 2 8%
THEMIZELEZ, ZOMOBROPLEEL 960~972 hPa TH 5, WEITEEICK W, 5EH - 1ThH
NI 943 4, FEGEE 22 THIET 5, WA PEEL CTH LR OKENEE CTh 5, HARmE T
Pe EHIRED D 50 m/s 5> 5 [F]L PRI B KIE O 35 m/s & BL#E SO 30 m/s & 5 WM EZLL FOfE
g ThE < e b, BaEE%AKED SSE 25 EB#ED E F i CRFFE DD ICET D,
JR T - 22 25 W CIEGE 30~35 my/s, AU S Ao i, R s L KB R T 11 m, BT T 9 m,
W1 SSE & &V, 6 m I s [E e S BRIVEIR (S PN B, JABEEECIEIE Sm D 3 m (1A SE~
E), FP#T3~4m (EmwW) 252, RRBNIODLVIZHED KE 720,

KB 2 2 D &, e FIRLT & C R @R (M4 40.6 m T 67.1 m/s £721% 68.9 m/s) M H7- 14
H 21 I 40 531235 0 2 B A 13R B8 - % bR\ i KU 3 A &R IEX ST 5, 23 BRI EGEH
XM T 20~25 m/s IZIA 9528, 15 H 0 FECITZe 58I 30 ms A b D, HEid 14 H 22
RE~15 H 0 BF CIX &% /KE T 8~10m (J£[7 SSE) &MRIFMIICH £ 0 b L72vy, YT JE PG T
3~4m, BFTPETHERO 4m N HEEO 2m EREMICHE VE(L LRV, BEOEEIZEE, i
X SE~E FnbH SHVICETEDD, HAME HBREZNIOH v s, JEhME, S%AKET 14 H
23 WE~15 H 0 K, P EEaC-CIREs - = CORLIBEE BRI bV D,
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Fig. 8 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by
Typhoon 5115 (Western area of the Seto Inland Sea).
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6)T5612 5 (T<&R, Fig.9)

BEUE 1956 45 (BEFD 31 4F) 9 A 9 ~10 HIZTUINTE T HHE D> & %5 2 #2C H AWEIZ NNE J7 )i
T L2, ZOREOBRBOFLREIL 950 hPa TH Y, & AZIUNTRERIC L HHENKE WV,
BEOFE - ATHARRE 434, FEHEE 3.7 M, BAREE 1.1 THRIGET 5, RREGEITEE S A
T25~35m/s (A S~SE) # 5%, WNIETIZ30~35m/s & & %, AR EITEZKETT~9m
M SSE) Z/rL, OB T TIm & RE<, 2200 LR FRATIZHNT T 6 m O &kt
DD, JEBEECIEEICET Com2 5 3m, FPEECIEEICHEIT T 2miIcE TR TS,

RERIME A 22 5 &, B RIS 2 SO U C B\ ) s 2 1K C B % /KB O SSE 70 & JE B D SEIZ Ak L,
RFFIRE IS PRV T S AN <, BEIE 10 H 2 RIS T~ & B5#EC 25~30 m/s 705, 4 IFIZ 30
~35m/s IZHEIN L, 6 RElZIE 25~30 m/s (ZIA 5, Z D, B%KETIL20~25m/s & DHWIEZER
LIF, JREE « Z358T 15~20m/s (2 FF) 75 25~30m/s (6 ) (2N~ 5, JEldE®%KETT
~8 m (10 H 2K, 48f) 75 6~7 m (6 ) 100035, WilE CILE PR D TR H
JC 4 m R ERR (A SSE) AMUND, 4BFL 6 RRICZNA SmIZ/2 52, 6mIZIEELARV, 6m
W MO HBIREZNT S RE EHEN SN D, Z O, JEA#EOPE T 4~5 m, HHT3~4 m, Jt7
HECHE D 4 m DA HHEO 1 m TP T 5, FBRAHEICALE L7 BEO NNE JFh~DOEITIZ N,
6 FEIZIXOr PR CIm T 2 m IZH K L, JREEBICH 3miEmim (Jm SE) AHELT 5,
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Fig. 9 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by
Typhoon 5612 (Western area of the Seto Inland Sea).
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7)T7009 5 (Fig. 10)

HEUE 1970 45 (R 45 42) 8 A 14 B4 55 15 BN CRIG, &, TR 28E1T L,
HAWE P T 7=, Z ORI OB BEO FLAJEIE 945~982 hPa, FEID AR MIK)EIL 971.7 hPa TH 5,
JUMI - HREHG A HOIC K« B EOIZ D REKFE L BHE Ch o, EH - ATHARAE 124, &
KIRE 1.2 TS DIE D, e KEGE I E % K TE T 20~25 m/s, PHECTOF PO 20 m/s 2> 5 JE Bk
D30m/s HDHWVITENLLEICKREL 2D, REE - ZZT 25 m/s Atk 2~ 79, JAMAIEL SSE 275 SE
THHN, BTN OIAEE - ZRXBCTSE LD, RKRESITEHAKET6 m (M SSE) TH
D, B O3 RO TR AT S m O EMBIERD A, FRICIEE L2V, JERERE O L
ORAICsmigmik (M SEAY) 25, ILEETImE&EE (M SHY) Barbid,

REBIMIELZ DUV T, 15 H 0 RFIC RTS8« 2358 10 m/s 6 W RIS HE K L CJE B e 6 ¢
25 m/s L D, 3WRFTIE 10~30 m/s & JE BT TIPS T S mys RS 5, RIS KIE O SSE
25 BBV O B CTRIFRFE D 0 I LT 5, 6 RIS IL 20 /s LR (A S A V) 12
IRBN, IR - AT 20 ms HELZ D, BEEIT 15 B 0 RECEHIKIE T S5~6 m (J[F SE), JEAB
BV T 4m (M E) 2 &0, 3RHCITERAGEICE T 2 6 m @ik fik & JE B o L o R
BT D 5 mEEik (B SSE~SE) OHBENA LIS, 6 FEZITE%RAKE, F 7, FE#EoN &
WO T %07, IR - ZEEC 3 m R (W SSE~SE) 28lbih s,
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Fig. 10 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by
Typhoon 7009 (Western area of the Seto Inland Sea).
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8)T7010 (Fig.11)

BEUE 1970 4F (HEF0 45 4F) 8 A 21 RICwmFIRME BRI - RA B> CAARE~KITZ, Z0
DB B O HLREIE 955~975 hPa, FARBLIRI ST 1Z 2 FEIH T 962.3 hPa, #2117 970.9 hPa & 2272 )
RV, TUE - RE#S 258 LTk - B - SREBE Y, £z mmm ClEFER2m s EN 4 Uk,
W - ATHRBFE 27 4, BAKHEE 6 THICOIE S, S RKEGEILG T8 LA OWHE T 25 m/s LT

(EA NNW~NW) Toh 523, FHrriiass, RKEE - 25T 30~35m/s (Al[A] N~NNE) O 5#/E )3
itf:o BRI B L E%AKE TS m (Jm SSE), JEBh#ED &8 FIC 2T Tlm 76 4~5m Th

, Wb W RS N FAICET 5, JREBE - Z258C 3 mgmik, F T80 C 4 m s

(rﬁrﬁJ N~NNE) & 55,

REBIMEIZ B C, W O REZ] ¢ b gl LLvE CJRAN XL O NNW 2 B EFE O NW IZZ&1 kL,
FUE S 25 mis A T Ch D, —F, IREE - Z=lk & gt e <id 21 A Sﬂéﬂ: 105# ZJRGE T 30~35

s (AL NNE FV0) 2#& 0, L<IT10 BTy, 12 Bricixamd.oo (2 & DR o By A
DHBLT 203, JEEIT 10 m/s FREE & /NS, WEIEEZKET2] H8REE 10H%E 4~5m, 12 FFiZ
~4m (JM S~SSE) Th v, JE#E 8T NT T 8 K, 10 FE, 12 H#mw‘ﬂm#%ﬂf‘% 1
mNPH4m THD, WRIEN~NW A H NIZED D, (TG T 8RRV 4 m &k (B N)
MHEHIDN, 10K, 12 FRCEEITNES <2 d, ZEEETIE8IFL 10 FFIZ 3 m &g (JI7 NE)
NHBLL, 12 FHTHE & 1 m DT 5,
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Fig. 11 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by
Typhoon 7010 (Western area of the Seto Inland Sea).

57



9T7119% (Fig.12)

BEUE 1971 4 (BEF0 46 42) 8 H 5 AITIUMNPE =T < 2> & @[ D P91l 2 N~NNE J7 \IZ 17 L 7=,
BEO LR 950~965 hPa & 7272 VARV, FARBIHISEIT FBIT 972.7 hPa TH 5, Ju A Hls
WCRBUE 72K « TVRENEL, FBEHE - ATH AR 694, RAHE 1.8 THIZDIE S, HRKEGEIE
BB D 25 m/s 2> B PERNC T TRE 220, LIPS O 72 & 378 B sG> & ¢ 35
m/s Z#z %, EALSE TH D, HEiTE%AKETT7~8m (J1 SSE), WHE CIXE TR 5 JE L
WP OJAWEIPH TS m &2 EE b, FEBEEOILDRiGET6o mZi#ix 5, AL SE 75 ESE
LD, TOED, JREHE - ZEEHC 3 miEEEkA R BN D,

BERIMEIZ DWW, 5 H 10 BRI EGE T B KB S 0 TP - 7650 & JSB5#EC 25~30 m/s (JELH]
SE 7°5 ESE), 14 BfIZ1 30~35 m/s ([Zi#ET 5, 18 FEIZIEL 20~25 m/s (A SE~S) IZIK T4 5, =
AU OWHBR O R AR X 14 FFE TH 5, FEm T E%KE TS H 10 K2 7~8 m (J\ SSE), 14 KfZ
6~7m, 18KFICZ4~5Sm% LD, PNIETIE 10 FEZEBGEEFRE TS m OZR AR HET 5, 14 KR
VEJE B BB o0 1 B R T 6 m sk (1) SE~ESE) M B, D O COREM ATz 5,
ZAUIBE 88 AERMI O WM K E Y T 5, KBS - AEB TR 2 m, FPEETHEO 1 m
MHHED 3~4 m, HIFFETHAED S mMPOIRED3ImAERL, 10KE 4R THE D EL LR,
18 FRFICIT L E DI KEIL 4 m L FIZIR T 5,
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Fig. 12 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by

Typhoon 7119 (Western area of the Seto Inland Sea).
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3.2 MRWBHEREE

NT3412 5 (EF&ERA, Fig 13)

BRI 1934 42 (HEFD 9 4F) 9 A 21 HICEHEWR, =700, RS, #5 o8l & NE 5 ET

L, dbfe - b7 28 CREEIC 72, OB O B RO FLEJEIL 910~952 hPa TH Y, EFIRT
912 hPa DEIRKIEAFLE Lo, ARBEIIZIR & Zl, SHICEmlIC o TREADRKEFEEZ HLT-H
L7z, JE& - ATHARBEIT 3,036 4, RAKWET 40 HHUIC LS, HEHESICE T 5 ok moE L 30~
40 m/s, AL NNW TH Y, B RO UERET 37.5~40 m/s & 5 WIEHEMIT 40 m/s 2z 5, i
R i 13 e RJEGH & JRANS 60 LT, FEMIGIBED 1.5 m 26 WERFEHRM O 4.5 m (FH NNW)
WZHERT 5, WERESWT3m L EOEEEIEAIEA 5, BErAlEEM TN, BHHTNNW % & 5,

RENC A5 &, 21 B 5 RRIZAKEHED 12.5 m/s 2> D BEETEERIN A D 25 m/s (B KT %, JEA 1% NNE
MHNZED, 6HRFZIIAREHD 25 m/s 7> BRI O 40 m/s ITRKEL 2D, BRI T35S m/s &
Wz %, BERIZNNW Th D, 6 R EssERHZH7= 5, 7RISR 30 m/s AifzICED 35 & &
HiZ, B[S NW HACHE T, @i 21 B 5 BFCE3K SO 1 m 2> S BREEEERA £ O 3 m (2
TN %, L NE~NNE % & 5, 6 RRCITRREEOR A 0.5~1 m ML, & Of Kk (4 m)
LRGN IS D, WIANENICE DS, 7TRICIXEEORKMEIZ 45 m &, S H#mL, #im
HNNW % & 5, RBlEFERN RO 4.5 m 3BT & 88 45 o MM e K @il 2 it %,
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Fig. 13 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by
Typhoon 3412 (Middle area of the Seto Inland Sea).
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2)T3504 5 (Fig.14)

B 1935& (FEFn 10 47) 8 A 28 B4 ik 29 HEAIC WT%%}GE#%%EE?E, A~ L
NE J AN H#E1T Lz, BJAO FLREIE 957~980 hPa T 5, HefRELHISUE TR IV E /K T 957.3
hpa, 7 C 9844hPa“C“ZI%)%>75>% FREHESCOEZ TS, ZOHRBEHZIIMECOBK « LabkE
MESNLD, FEH - ATH AW 73 4, BAKHE 6.2 THIZET 5, R KEGEITKE#EDO 20 m/s 225 SW
N VE SIS A D 27.5 my/s [ZHEINT 5, AAIEL NE 290 &35, SRS T RomGE - mmic
K U CKEEED 1 m 25 SW M ORREFVEERFED 4 m IZIT TREL 2D, HAIXINE Th D,
ZDIED, REEEGE IR T M A NW & 32 2.5 m I @Il s z28 %

WiBEZ 225 &, 28 B 16 FECII/AKE#ED 17.5 m/s 5 SW J7 A KR HETE ER V8 A= 0D 27.5 m/s (ZHEN
T 5, JAMIENE N7 5, 18 RRZIZEGEN 2.5 m/s 3203, WaNEdh £ 0 Lb 7w, 20 K
IZBENWTH S HIZEEIL 25 mis /NS < 2008, MM DOZEMAMITZEA LR L THD, BT DHIZ, 16
RE~20 IRFIZ DT IR O & & BICEE IS < 220, BAITIZE A EE LR WERDE & e -
TW5, ZOROEGOZEE)Z KM L C, Il 28 B 16 FEIZI3KSEEO 1 m » 5 BEE SN FED 3.5m
WZHIIN 5, WAL NE Th D, 18 FRITIFIE S TR EE T 0.5 m ¥R L TREFERG /A C4m 28z 5
73, 20 RRIZIEHN0S m B35, ZOMOBERITIEE AL LRV,
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Fig. 14 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by
Typhoon 3504 (Middle area of the Seto Inland Sea).
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3)T3706 5 (Fig.15)

BEUE 1937 4F (BEF0 12 42) 9 A 11 H R L BIC T TR AR, fEild7e b 2iEiE L
THARMIZH T 7=, Z OMOEROH LT 950~960 hPa, 157K D HEAKBLIHI AT X 951 hPa Th 5,
PEEILZEN - AR K2 b DT, EH - ATHRAE 844, FEME 1.2 TR, BAKHE 2.8 Tif
ER LT Aoy, eRKEGIE 32.5~37.5 m/s TH Y, BHEEOVEE & HETH, JARITSTEND
#mLU«@mHOD PR, KRR E DY OZEMZE N E R, RRE&IZ2 S2ORKEEZ D, 19

?%@E*B(/\m@4m/ﬁmﬂz WM NE, o> 1 D3k AER O 4 m Ptk (JEm SW) Th 5,
%%@@%@m%ﬁ?i&%i3m:&8ié

BRI Z 2D L, BEOPEEEGEBRTICH -5 11 B 6 FRCIFKE#EEO 15 m/s 25 BEEE SN
D 22.5 m/s B HWTFERALTEE D 25~27.5 m/s ITHI R 5, JEIZNE Th 5, HEEERED 8 I

REME O ENS FE—H T 325~35m/s & & 0, RO ILHER T 27.5 m/s 12725, JRMIZIFEFE DD
:%Mﬁ‘é S5 AT, B EGEIE O 10 BEIZIXE 2 SWCREEEA 20~27.5 m/s D RO % FEAK
ﬁ“éo WEd 11 B 6 FRIZ 3K EG#EO 1.5 m 2> HEREEE SRR =D 3 m (AN 5 5340 (A NE), 8 Iif

KB VE IR FE D 3 m Ik (/ﬁrﬁ NNE) (212 CHENIZ 2.5 mik (i S) 3B 2, 10 RplZ i)k
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Fig. 15 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the

maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by
Typhoon 3706 (Middle area of the Seto Inland Sea).
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4)T3805 2 (Fig.16)
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Fig. 16 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by
Typhoon 3805 (Middle area of the Seto Inland Sea).
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5)T6118 & (E2EF&RA, Fig. 17)
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Fig. 17 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by
Typhoon 6118 (Middle area of the Seto Inland Sea).
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6) 76523 5 (Fig. 18)
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e D, UHERIIEEZEE L-0T, BEOEMMNFITA - 7= oy o RS 2R 1Tk &
<7V, ZOHE TS EREE ML vE kA & FE A A TN L, Rl GRS R T 4 m (B
M NW) 12T 5,

REBIME 2 725 &, 10 B 8 BRI IR A3 AL BIER O 15 m/s 2> & FEIYEE O 27.5 m/s (2@ THEIN %
A N OO TH Y, 10 BHIZEEOFHIZIE E A EZED S FICREIE NW OBICZE T 5, 12
REICIZ G X 15~20 m/s &80 L, JRIA I W~WSW (272 %, e RKEGH O HBLREZ)IE 10 RiEETH 5,
FEix 10 B 8 B IXALM DK B - A 1 m 25 SSW H NN L C, KR#EED PEn Iz T
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Fig. 18 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by
Typhoon 6523 (Middle area of the Seto Inland Sea).
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7)T7010 5 (Fig. 19)
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Fig. 19 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by
Typhoon 7010 (Middle area of the Seto Inland Sea).
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3.3 BMRRNBREEE
1)T18-dul && (Fig.20)
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Fig. 20 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by

Typhoon 18-Jul (Eastern area of the Seto Inland Sea).
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2)T3412 5 (EF&R, Fig. 21)

BEEMEIE 3.2 1) TRk~7-, ABJEIE 1934 48 (R0 94E) 9 A 21 A, I, =709, 5, ¥
B, A5 O FMR AR bR G I AT, Z OO BROFLEIEX 910~952 hPa, =TI TOH
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Fig. 21 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by
Typhoon 3412 (Eastern area of the Seto Inland Sea).
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3)T13706 5 (Fig. 22)
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Fig. 22 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by
Typhoon 3706 (Eastern area of the Seto Inland Sea).
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HT4114 5 (Fig. 23)
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Fig. 23 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by
Typhoon 4114 (Eastern area of the Seto Inland Sea).
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5)T5028 & (Y —> &R, Fig. 24)

BRI 1950 4= (FBFN 25 42) 9 A 3 A=FIH OIREEE, M7 2EiE L CHAMREICH T -, &R
DOHLEEL 955~965 hPa Th V), T —#IC R BRKE, Ki—®HIcmPkEL 726 L,
e - ATH AR 539 4, RKHEE 16.7 THUCET 5, HRREGHILREE#E T 25~35 m/s (A NNE
~NNW), #FCOHKE T 30~40 m/s, KPRIE T 35~45m/s & FEF ISR E WV, FOKE & RIRBICBITS
JEE TS B L O I I & RETEIC B E L, B RIS T EES O BEE T 4 m ULE (i
NNE), KIECEOEHO S m (J17 NNE) 7 HEHE T4 m () SSW) &7, A7kl TIdsft
T10m, JLEHT7~8m (S Fm) Tho,

BERIEZ A5 L, 3 B 11 BRI EGEH 34K B C 20~30 m/s 3, KPRIE T 25~35 m/s, FF/KET
35m/is & & D, ARITHERFLOMEZ KL TBEBHANED THbH, 12 REHZIEE RO ITEEE
ZHY, T EPODICKIFETED Y ORAIE L R o T D, JREEITEERET 20~25m/s E/hE <, R
PAGET25~35m/s & &V, KRB T30~45 m/s EIEFICRE VY, BEGEIEE O 13 BR2IE SW 51
DI & 78D, BRI T 15~25 m/s, ALPHKIE T 20~30m/s EAXF L TW5HAY, KRIRE T
25~40m/s AR E LT RE W, EEITEEHRE RT3 H 11K e 12KI24m (A N) & R&EL,
13FFICIE 3 m BANICIR T3 %, A /KE CIIBER TI~10m, JLFHT6~8m TH Y, 12 FRZRKEZ ),
WX S FCTh s, KIRETITENLL T4m, BRT2mbHIW0NE3mE LV, HEEEED 13
REICRZ W, RIS B O R A 1T 13 RpLARRIZAE LT 5,
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Fig. 24 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by
Typhoon 5028 (Eastern area of the Seto Inland Sea).
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6)T5313 5 (TFREME, Fig 25)

BRI 1953 4 (HF0 28 4F) 9 A 25 HIZWIW R M % NE Fllim L, &SI L, O
BB DM 5 A R T - BAEE - BALHS Z kT L7z, 2 oo B RO FULAJE Y 930~975 hPa &
BV, MRS ZEHRR P TORKEICMZ T, TS5 T BRI ERAEAENAE T,
KRBT CIXBRE AR L, ¥5HL 0O KK RI6EE T 32.5 m/s B S iz, £EOIEE - 175 A 599
%, RARWE 43.4 THRICET D, HCREGEIZRIRE 1A 7 BT O 35 m/s % HLOcks FRRICHED L,
KEREEBLC 30 m/s, Ao /KIERE P C 25 m/s, FEESHEPEESC 15 m/s 1K T35, AN &2/l
&35, ZAUTKHR L TRRIEEIZIRBIEER O 2m 2> A JE00 Sm (1 N~NNE), #&E
TILEBDO 1 m M HEHEO 4m (JEM NNE) & &5, fF7KETIES F0 OEENERD Tm 2540
D 6 m AT 5,

RERIME 2 725 &, 25 H 12 FE& 14 FEO W T b BUEIERIRETE 0 L0 35 m/s 2> 5 JF PRI [T C
R T 5, BEIEN 290 E T 5, 16 RRZIEKBRIENO 30 m/s 8% F 0 RO %8 & o)
T, AEITH S mis KT 5, ZORE, HEEb 25 B 12KE 14 BRI OVKE 2 RV TR 7 Bt
VD 5 m kA IS SRR, fBESET 1 m BT 5, WEIEN FHTH D, 16 FRIZH K
BORKEIF 1 mBEERD T2 00, BHEOEMSAE S5 25, fROKE TR IT 3 LI
THEAT6~Tm, LHTS mBETHY, Ky BOEMTIIENI DO N FREIR EINENLD S
T AR S A 2 R IR G 2 BT %
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Fig. 25 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by

Typhoon 5313 (Eastern area of the Seto Inland Sea).
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3.4 FRE

1)T21-Sep £J&, (Fig. 26)

BEUE 1921 4 (KIE 10 4E) 9 A 25 B D 26 H BT TROEEH» SEHAHr~ &b
EL, ARSI ZRIETH 5, 5RO FLRIEIX 965~975 hPa T ¥, ficlK AL I XHIIF T 967.8 hPa,
HC 975.4 hPa, 47T 9853 hPa # sk L7-, Z OHMEHIIIRKKSCA &R EUrss - s ¢
I, FEMN, @S LD ERAREENAE U, JEH - T HARFIL 824 LIEHITE L, RAKHED
2.6 JITHRIZ I 5, B RJEUH T 32.5~40 m/s D5 R (ﬂrm S~SSE) Lo THY, EANT3Sm/s Ll E
e D, REEITEITIO~10m, KIS THD, BN TITE O NS HICHIT TN FHIC
W RN & &I, EEMOBERIZAIT T 4~4.5m OFREEMPLEND, UH mWBIJ@ AY==
TS5 mEEEAROND, AL SE 2 HITBEHIRICIEA Y, BRT S HIIfH <, = TldE
AT25m, HEDOEBRT2mlths & 5,

RipEZ 2D &, B2 B ORI E L, 26 H 0 RFCIX 27.5 m/s~32.5 m/s, A SE, 2 KFIC
1% 30~40 m/s, JAUf S, 4 BFIZ1E 20~27.5 m/s, JEE] S~SSE DEIG AL L T\ 5, HiFEix 26 H 0K
[ZIXES T 4m (J1n SE), BN TERO 4m KRR E L, A T2m (W SE) % & 522551,
2BFICITEANT8~9m (JiAS), BN TERD45m 2R KIKE L, FLT2~25m% & 504 (K
W] SE~SSE) % /~7, 4 RRZIZEA T 8~9 m(I M SSW~S), EWNTEHED 3.5 m i Kike 355
i (1A SSE~S) 12725, =N CITE&SITERICHIT T25m b 1.5 m TP 5,
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Fig. 26 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by

Typhoon 21-Sep (Ise Bay).
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134125 (EF&R, Fig.27)

BIEEPEIL 3.21) & 3.32) Tulk~7z, AEBEIT 1934 4F (BZF0 9 4E) 9 H 21 HE IR, IS E,
P 2R CARRE - BEHS A i L7, KR Z OIS REENA Uiz, (FBYE T B RR O MR IE D H 5
iz, B - ZHECTHIEH 104, FEEE 2,400 HIZOIFE D, BAEHEIL 30~37.5m/s (JAIH S)
LV, BALEBRTREV, RKEETENT8~13m (1 SSW~S), BN TIIMEZE-EIZ4m
FEW RN EET D & LB, BRIZHNT THEGNRIZ 3 m OFRESHEIEN D, BACEH T 4 m Sk
DHEHND, ZJNETHEEN 2.5~3mIET D,

BERIMEZ 25 L, 21 B 6 BRI EGEIZE LD 25 m/s D HEWNO 30 m/s (A SSE~SE) ~HN4
%o ZAETIE 22.5~25 m/s (@A) SE) &0/ &V, 8 RRZIZEA T 32.5~35 m/s (A S), BN
T30~35m/s (J&R S~SE), =T 32.5~35m/s (JAM S) &K 10 m/s FRAEEHE KT 5, 10 REZIT
JRANE SW A LT B, A IZES T 32.5~37.5m/s, BNT 30~32.5m/s, =¥ T 30~35m/s & &
Do WX 21 H 6 RRZIZBSLNT S m (A S), BN TE A D b R SR B IRIZIE T, U A ifd
VT 4 m P Ak (B SE) AA NS, B THELDO 2mLERO 1m (JFHS) THhd, 8
REIZIZEAAC 8 m (JMS) & &V, BN THEMEMA BRI NW HICIENR D, EEiT 6kl b
0.5 m FEEFEEHINNT %, 10 REIZITHE & ITIEAE R T 13 mIZEL, FEmb SSW HMICEb D, EHN
TR RR L LTS HIIZE< & &bz, W@ 8 Rl ~T 05 mBERAT 5, —F, =i
BEANTIE 2.5 m i mEEk (G SSW~SW) BT %,
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Fig. 27 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the

maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by
Typhoon 3412 (Ise Bay).
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3)T5028 8 (Y x—r &R, Fig. 28)

HEEET 3.35) Tk <7z, ARHBEIT 1950 45 (BEF1254) 9 A 3 BRI, WEE, M2k
DD AAWEA~HEA T, MG CIXEARIC LV, KB TIXEmmEamby, R EZ=Z
7z, REOIEE - 1THAAE 539 4, 2KEE 167 HHICET D, 4 G EETHMIAELZ S -7,
B RKEGH 3B 74T 27.5~32.5 m/s (Jl[7] SSE), AN T 32.5~37.5m/s (J\ SSE~SE) # &V, 35m/s
B, =S T 27.5~30 m/s (AR SSE) Th b, IR EIZBIN T 8~9 m (JHm\ SSW~S),
BENTIIEONOHE &AL, LS (UAfEMAD) (2 5.5mik (A SE) BT 5, =g T
I 15~2m DR EIA B D,

ReRME 2 225 &, 3 B 11 RIS ITRGE B RS ER 0D 35 m/s & Fe Rk & LT 25 m/s F CHRERICIR
DI B, 30 m/s IMABENZIZIEE O, JAMIFBES O SSE 22 BN FEO B2 TR ED D ICE
b3 %, 12 FEIZIERERAIZEGEDS 2.5 m/s BEIN3 2 & & ICE M 1 FkEtEDb v IcEDb Y, BN
DD FRIWT SE & & 5, 13 RPZITBAOEEITH £ ZED L TENORGED 2.5 m/s K TT 5,
AL E B 1 AR E D VI L TRBE O RIK T SSE % & 5, EmiZiEsCIiE3 B 11 K~
BEET6m”NHTm, SHIZ8m~EHMNT S, WXFESE LD, BHNTIE I FFZ 4 m DS
DKL (J17 E~ESE) DR CTHA LN D, 12 BRI S ORKIEAERICEE L CHEE DS Sm (K
1] SSE~SE) (2725, 13 RRHTIXEmORKBIZALE I Y, HEb 5.5m (W SE) 1I8#ET 5, =
FECIIENO 2m M HENO 1.5m (M SSE) £ CTHRRIRE L L bIch TV EDLL R,

;1 . 200 J 400 Y 600

g 20 i 40,

T

. 9/3, 21.-00.{/ 400x673 75028
= / Y. Ax=5km r Usorax ~20m/s | 20,
) | I
200 0 400 km :
20t 40K
date | lat.| Pc | I,
md.t | (°) |hPa|km =~
» v 9/3,3:00 9/3.3131.7/045| 77| _| 60
o 9/3.9(33.3/955|100 . L 8
75028 %' 9/3.15|36.2|968| 80
400 4 9/3.21)38.7|978| 60 » Ax=2km 0
4120 Jj 40 41 20 J 40 4,1 20 J 40
27.5,28¢ 1950 T5028 N 30 of 1950 T5028 .
< Sept3 11:00 Sept.3 12:00
20 2019
-~ ~ 1325
40 40
1120 40 ] 60 1120 40 ] 60
LN 5% 1950 T5028 N 1950 T5028
4# INZ[1-5 Sept3 11:00 Sept.3 12:00
20t

=25, Hs— 5m

Fig. 28 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the

maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by
Typhoon 5028 (Ise Bay).
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HT5313 5 (TRAER, Fig 29)

BIEFFEIL 3.3 6) Tli~7z, AREJEIT 1953 4F (BF0 28 42) 9 H 25 RN H 7 g LATT ) & 58
o, FNZPEEFER AT, S - B - RAbH G A U e, AREO UL RIETE 930~975 hPa, i
AL SUE X B C 957.1hPa T 5, = H IR0 =38 - B3R EORRITER R S E L2 o 7,
REOIE - 4TI AWE 599 4, BAKWE 43.4 THICET S, KRKBEGERIZES T 35~40 m/s, | ‘lj\? &
=BT 30~35m/s & & D, JRAITIES O S 22 BIENO E 120 Tf}iﬁ%ﬂﬁrizb DITEALT D,
R E BN MRIT 12 m, BT T10m (M S 225 SSE), BN TIXE NI T4.5m, ¥%§if“ 2
m (M ENS SE) EhEVREL AR, =B TIE 25 mEEEAA LD,

REBEZ 25 &, BRFLEEIRTO 25 B 18 REIZIFEBIZE SO 40 m/s 2 HIBENO 30 m/s 2T
25m/s, JEAIE S 22 HRFFFFED VI NE £ TEET 5, BRPOAIMEZ LEMITIZH D 19 FFIZITJE
HILENZ BT 2 H0IZ 20 m/s 705 30 my/s, JEAIXIBSND SSW 2 HiEJLER D N 72 ERIFEFE DY

D 180° FEWELEZE- 2 5, BEEIEE O 20 B2 I3 EMIE 20~25 m/s TRMITBALTO NW 725 W
ERETHIN T WSW & IR E D 0 ICE T 5, @ ITES TIE25 HO 3REZT8~11 m £721L 12 m,
HIX SSE 22D SICBEI T ARET, bFE VA ERA LNV, BN TIE I8 KHIIB T HFEED 4 m
Bt (B2 E~ESE) 7% 19 BRiCAbAlic &) (B SE) L, &L LTHE&ES 0.5 m B+ 5, 20
REL T @ O KRB 2.5 m 2 L, b o S i & o N FsigEdT 5, =JENT
HLIEEIL 1.5~2m THHA, WEA SE FFan 5 20 Bz SW HFHIZET 5,
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Fig. 29 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by
Typhoon 5313 (Ise Bay).
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5)T5915 (fRE¥Z&ERE, Fig. 30)

BEIE 1959 4 (HEFn 34 42) 9 A 26 B O VEMNC ElE, fftem 2t 4 hEO3 %
Wi L, JbREHT D BAMEIC T 72, B RO FLRIE L 925~965 hPa TH 0, FASBINATEIZE T
944.7 hPa, 4 HE T 958.5 hPa #5t#kL7-, Z OB ERIIFRE —HICRGHOEmMRELZ L
b L7z, REOESE - TTHARHEILS5,098 4, BKEE 36 T EWRBREICOIED, HKREHEITE N
fHED 45 m/s 2 HUOIT AL T 37.5 mis EARZL 72l (iR S~SE) #TERk L7, K& ITE4 T 15
m Pl b (A S~SSW), BT 10m (M S), EHND 6m OER EMRNENAL D2 e BT
IZHEDN D, BN TR D AEVERI2 S S m & (B SE) 2MEAN Y, DU H il 7T 6.5 m I
WOHBENASND, ZETIIESIZE OO 4m »SERO 25m (KIS EHY) IH S,

REnMEA 225 &, 26 B 18 REIZIZIE S A H BN THUE 30 m/s 706 35 m/s (A SE), =5 Tl 25
~30m/s (Jal[A] SE), 20 BEIZIZEN D DIENT 35 m/s 5 45 m/s (JAR] SE), =374 T 35~40 m/s (J&
M SE) % & %, 22 RRZIZBES T35 m/s, BT 25~35m/s (JEAM SV ), =5 T 35~40 m/s (Jal
MS) OEDFIIKE D, MOREZ LY 1 R D72 R O3 @354 Tid 26 B 19 BEIZ 10 m, 20 Ff
[212m, 22HFIC15m & R&EL< 25, WAL SSE 22D SICHERS 35, AN TIEL 19 BRHC 4 m HEmERn
JER O, FENA R OEATITIZ 5.5 mIk (P SSE) NA LD, 20 RRZIEM H oM EIE<IZ 6.5 m
W (B SE) MBI 5, 22 RRZIEHE SR 35038, 4 m EEEERIZE S, L SSE 5 S
CE DD, ZIVECIIEE &L 19 BE2 S 22 BEIZ 2~3 m (17 SE 2> 5 S~SSW) % & 5,
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Fig. 30 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by
Typhoon 5915 (Ise Bay).
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6)T6118 5 (52FEF &R, Fig 31)

BEEFEIT 3.2 5) Tik~_7=, ABEUE 1961 45 (BEF1 36 45) 9 A 16 HEFIO P HIRKEE, 7
HORMAEZ@Y, bk AR TR A2, BROFLREIE 925~940 hPa, HARSKEIZ KT
937.3 hPa, 4B T 971.7 hPa Zitdk L7z, ek - dbliaii)y & 002 BB RR 3 0 KBRS ~C il i 75
WALz, FEETHRERBINIA LIz, B8 - ATHARWE 202 4, RAKRPE 384 THIZOIES,
e RJEGHIZE AL D 37.5 m/s 2> HIENO 40 m/s IZET 5, BFEILES TS, BN TS~SE ThoH, =i
BTH35mis (A S) #4525, RKEMIZEIT10~12m (LA SSW~S), BN T 5 m &k
BONSMEYBICETSHE L BT, BNT3S5~4mblll, KASEA &Y, WHFETS mER
HET 5, B THE N T4m, BHRT25m (A S~SSW) &7,

RERlfEZ A5 &, 16 H 11 REIZJEGE 30~35 m/s, HAl[A] SE OJEOYE; (=i T 25~30m/s), 13 FFZ
35~40 m/s, JAl[f] S~SSE D (=375 T 30 m/s 7#), 15 FEIZ 30~35 m/s & D W EIES & =RV C 35 m/s
98, JAE SSW~S OREOE L H LI, RIEOHEITE & bICKEEb Y ICEm % 2 Hir&Z x, FiE
t 5 m/s FEE ORI AL D, WEIZBAATIE 16 B 11 FFD 9~10 m 225 13 B 10~12 m &% C, 15
D 10~14m ~EHERT 5, WAL S 5 SSWIZZEALT 5, BN TIE 11 BRIZIEIE SE OB 3~4 m
BESPEAS Y, 13 BRI 5 m kS VU B i AT CRFTICA DD, 15 BRI R Tl &I 32 03,
BRNDMEHFITHT T 4~5 m OFREHRPERD, =B TIE 1L FEE 13 KRG 2 m, KA
SE~SSW % & %, 15 HFCIE 3 mia B L, i\ S~SSW &b 5,
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Fig. 31 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by
Typhoon 6118 (Ise Bay).
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1171220 5 (Fig. 32)

BEUE 1972 4F (IEF0 47 ) 9 A 16~17 BIZHRH =ZEIREES, A H BT, ERIRAZFETH
AT T2, BIEO FLRIEIE 960~980 hPa TH ¥, 4 15/E T 974.8 hPa D EARAUTE % fdk L 7=,
Yok - B REDIFD), 44 HETH 200 cm OEEIRZAELZ £ Ule, F8E - ITHARIE 384, RAHE
7.8 THRIZDIE %, S RKEHIEE ST 37.5~40 m/s 58 (A7) S~SSE), BN T 37.5~42.5m/s (JE[A] SSE
~SE), ={ET30~37.5 m/s 58 A\ SE) % & 5, KREEIFEIT10~11 m (FEmS), EANT
BEOD Sm @A LA OME LGOS & LBz, NW HFR OIS T 5 m OS5 &k
DYER Y, PUH T OREMT 6 m I EIARITICA B D, ERIESEZ#H.0E 35, =B THIE
BB 4mNHEBENT2~25mE &5, L SE ThHD,

Wiz 25 &, 16 H 19 KFZBA D HEN T 25 m/s d8 (JAH SE~E) 28A< By, 32,5 mis b
5, 21 BRI EGE T 35~40 m/s (JAl[A) SSE~ESE) (2L, 35 m/s A KERy & 55, 23 K
IR L 25~32.5 m/s (JE[A SSW~S) (MK F3 5, = TH EED 5 m/s BNV, [AIERORE
R kA5, WElEiBsh < 16 B 19 KFIZ 5.5 m (171 SE), 21 FEIZ 8~9 m (J1A) SSE), 23 KFIZ 8
~1lm (FEMS) EHEKT D, BNTIE 19 FHIE O HIOME Tl EORAMEIZ4m (KM E) Th
D%, 21 REICIXE & OR KIS HEGEICEEI L, &b 55 m (EMSEFHY) &L D, 23 RFliik
B O RAIFITE O Y, e 4m (KA SSE) IZA 45, =S TIX 19KFICBIT S 1~2m
DOP s 21 KgLAKE 1.5~3 m 55 (J 1A ESE 7> 5 SSE) ZHN¥ 2,
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Fig. 32 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the

maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by
Typhoon 7220 (Ise Bay).
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. EEE
(MT17-0ct &R (Fig.33)

BEUE 1917 4F (KIE64) 9 H 30 AACEICHEEATTIC BRE, 10 H 1 A 3 ReBE7H 4 # C b il
J5 % fitkt U7z, B RO LA 945 hPa R2EE, S R@LHI UL X HE T 952.3 hPa, HURL T 952.7 hPa
TH D, K RBKENEE~ AL TRAE L, TR CIIHER2EEEENLZ 72, %H -
ITHARE 1,324 N, 1RKHEE 30 HHRRICET 5, S Bl 13 & @ Ii—E 5 i X 0 sl o4 C 30 m/s
Ait%, BN TEED 30 m/s 2> HALEED 45 m/s (ZENT 5, AL S Z 0 725 SSW~SSE ICZ£D D,
BREEITBABERO SmAHEAD 5m, ENT4m OEEERAIETERNIEN D, xS b
SSW T2 b 5,

RiBEZ A5 &, 10 A 1 H 2 FRRZEENESL T 30 m/s, BHET22.5 m/s, JAlA SE DREODEH 3 B
IS T 30 m/s, BT 45 m/s (JAlA) S~SSE) DFEEIGITHIE L, 4 RFZITE A TR 27.5
~30 m/s, JE\A] SSW DJRDGITIHET 5, WIRDOFEERH 2B E LR OREZ LV 1T OELE T
AU EOSE, 1 H 3REZITES T 4~Tm, BN THED 1.5~2m 22 HAEPEF 0 3 m ~ | m FRE
BEINd 5, WIENTENTS~SSE TH D, 4FHIIEEITEIT5~8 m, BN T2~4 mTHY, It
PN 4 m SN D, BEANE S Hl A &5, 5RHCIEEEITEANCT6~Tm, ENT25~3.5m &/h
XL 72D, WmiE SW HMICE DD,
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Fig. 33 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by
Typhoon 17-Oct (Tokyo Bay).
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2)T32-Nov & & (Fig. 34)

BEGE 1932 45 (BF1 7 4E) 11 H 14 B2 5 15 BIC)HT TR EEEI~E#RYE% NE SAili@
WLIEEREBRTHD, BEOFLEET 945~950 hPa, KRBT IZHET T 952.3 hPa Z itk L
Too BAN - BALMLA X Z OB EUC KV ERREUKEE -7, L& - THAE 2354, RAKHEE 6.5
IR K 5 BRBUHITESN T 45 m/s 2 & 0, BN TIIE HEO 40 m/s 22 HIEHEO 30 m/s (27
%o JFIENNW MDD N THDH, FRKEEIZENT4~5m, BNTEERO 1.5m 550 HHO 4m
2, FALEMI S FE AN ET T 25 m 2D 4 m 2T 5, EEIENEFD TH D,

BRI 2 7% &, 14 B 22 BRICITEGEIE 22.5~32.5 m/s TdH - TE D PRI TR, JA[71L N 25 NNE
b, 15 B 0 REZIXEFIEE O TN, BT NNW IZZ2bT %, JBEIXEIN T 40~45 m/s, 5
WTEBED275m/s 2 HIBNO 40m/s 2525, 2FFICIXRMIENW 2 & 5, JBGET 5 m/s fitkisd
LTS T 35~40 m/s, BNT25~32.5 m/s (2785, ARERUIERYEOMAE % NE FIZ#ET L7
ZEn, BEITEFEEORAOEIATRELS, Bmb N FY (NNE~NW) A3, JEEid 14 A
2 HFICIEBAT3I~SmA LY, BANTIHEELSEICHET T lm b 3m~ENd 25, FEhis
BILAANNE TH D, 15 HOFHIITEN Ta4~5m, BN TERO I mM»oEOD4m~KEL 2D,
Wb NFACEDD, 2FHIEIEST3.5~4m, EHNTIm»D35muE5 2%, KX NNW &
LD, WTHIZ LA N ORI T TR K E N,
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Fig. 34 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by

Typhoon 32-Nov (Tokyo Bay).
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T2 5 (EFER, Fig. 35)

BIEFFPEIL 3.21) & 3.32) GEUT PR s & BGVEE) J5 LU 3.42) (JHE89B) Tik~7z,

BRI 1934 £ (BIFn 9 42) 9 A 21 H &z RS F v e, 785, WK, V6 @i,
Jefa « ALk 7 2 AT U CORERIC BT T RS B (2770 C O S ARBLAIKUE 1L 912 hPa) TH Y,
& UTHRARHIKITRE A ORKF L BT b Lz, BRI THMBENAKE LA, HERBIIH S22 T
7R, O REGEIZTESN D 25 m/s H HIBETERID 35 m/s, EAIL SSW D S Th D, BIBNYHE
B BEELTWDIZE 230 59, B2 0 KE W, KR EITIES T 5~6m, BN TR
BB RAZIANT T 3.5~4 m R EHRBILEDD, FEAIEL S~SW Th 5,

Rl 2 25 &, 21 B 10 BRICIZEGE T 22.5~25 m/s, BRTOLCKRE LV, BAIXS Thd, 128
(IR SSW~S IZE D D, JAHE LB T 25~27.5 m/s TH D0, BN TIHALEIZHIT T 27.5 m/s
25 32.5 mis IZHEK L, JRATAYIZ 35 m/s (2T 5, 14 BRI ITEGE LB S C 17.5 m/s (2, EHLT 22.5 m/s
[T 5, AL SW~SSW THh 5, #Eix 21 B 10 BHIBA TEARD 4m 680D 3 m (K
MS%HY) #5x5, MANTIHETREMNIZ 3 miEnBlbhs, BEIES & F0ICEE T SSW T
<o 12BFICITBANCT4~6m, EANTAmIZHKRT D, WRANTFEFE D ICETEL, 14 BR3ss
THEAO6mNHLENO3m EEEIEHE VALV, BHRTIEESSED L, 3 m ORIk
BRIZBET 5, Kb SSW~SW IZfH <,
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Fig. 35 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by
Typhoon 3412 (Tokyo Bay).
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4)T38-Sep &/@ (Fig. 36)

HEUE 1938 4= (BFFn 13 45) 8 A 31 BT/ LB bR A2 N Fhiciz, 9H 1 HIC
IR B B A AT L7z, B R O LA 965 hPa, Ak D AR BLHI KUE X 970.9 hPa T
%, BANR - FUEHE - LT IR & 0 RpgEN M7, R o @igkE T Bz,
- ATH AR 245 4, RAKWEEIL 16 FHICET D, RAREGEIT 35~42.5 ny/s, JEFIIE R L Vg
i ¢ SSE~E~NE (&AEERT, AT S (BRudimgz) &k cad B2 5, WEldisshcs5~6
m (315 SSE) % & %, BN TIEMEED 2m 15D NW HDHUWIEN FAcH#E KL, 3.5m (m S % 0)
WZET D, —, HRENS SW HHIC4m 22 2 &Rk IShD,

RepEZ 25 L, 9H 1 B 0 RHZIZREMIZE ST ESE~ENE, BN THEEO ENE 2 HAEERD E T
B D, BGEIZE RO 20 m/s > HIESAD 37.5m/s & BT 5, 2 RRICIIARIEAT T T 20 m/s (4RO 1
T30 m/s) BEDH, BEIIESND S > BERO ESE (T 5, HEGERIEE D 4 FRZITE4 T 22,5
~25m/s, BN THEMIO 20 m/s 7> HERO 35 m/s ICEINT 5, JEEIZS Hlaz s b, WEitl B o
BN T3~4m &5 25, WAL SEFHY D & NHFY el 12005, BN TIEES
WEEEO 1 mMAOEEMO 4 m (0 NE) ISHEMT 5, 2FFZIEENT4~6m, EATILS m2 b
35m &5 %, WHb SE~E 2R, 4 RRCITEEIEEATa~5m, BN THEN SIS T
1.5m 7225 3m iR (A SEHY) 12725,

1 Y 200 J 400

>
date
m/d.t
8/31.15| 33.
8/31.21
913
91.9

9/1,3:00
200 8/31,21:00
4 8/31,15:00

400x673 o,
© Ax=5km 0 400 km

400

Uro—30m/s
37x26

Fig. 36 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by

Typhoon 38-Sept (Tokyo Bay).
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5)T4821 & (74 A >&R, Fig. 37)

BRI 1948 4 (BEFN 23 4F) 9 A 16 HAERTRHED & 8k1-FH0~ NE F T L, KEFEICH
2o BROFLRITER 940~950 hPa TH Y, £FILT 958.1 hPa, H{IE T 966.7 hPa, #k+ T 963.5 hpa ®
RIRBIHSEZ TS LT, I TEREMEE - B - 5 F R SITRW, 5EH - 1T H AP 838 44,
RAKBREE 12 AMICET D, eoREGEIE 30~37.5 m/s TR L D ATk E W, JA@EIZESATW, 3
WTNWNLDLWEED, BRKEETENMERTIm, BHIL< T4 m, FEELS~SW 2R3, EH
TIEALTERI D 2.5 m BB D 3~35m k&< 25, WHIEZNW ZFbéT5,

WiBMEZ 25 &, 16 B 19 FRZITE RO 22.5 m/s 2> 5540 32,5 m/s IZHRT 5, JRIZE S 2§
DMEREEHE DV ORI AT & 5 % 50 20 RRICIXEEIEWEE L, BHELALZ P KRt E D0 04y
fixhxbZ b, NFYORODOEGE 722, BUHITVEMIT 25 m/s, FAIT 40 m/s (2T 5, 21 FFIC
VEIRER D B\ 7] 5347 2 o3, BRI O IIKRFEFE DL D IZEEE L, B b 20~32.5 m/s (295,
ETEOFREZ LV 1 K% D 16 H 20 I B T4~8 m, BHNOFMT25 mEZ & 5, WE{ITH
BTSN, 21 FRIZEEAL T 4~6 m, 1A SSW, EANTIEFEMO 1.5 m 75 HMO 3 mIZHE KT 5,
WA NW Sz & 5, 22 BRICIZES Cilem 4~6m, 217 SSW OB 4 52 5, BN TIXk e L e
DO 15mALAEHFEMMO 3m TN, EHFET3SmIZET DS, ERIEINW L W TH D,
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Fig. 37 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by
Typhoon 4821 (Tokyo Bay).
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6)T4910 5 (T &&E, Fig. 38)

BEUE 1949 45 (BFFD 24 42) 8 A 31 HAY: N HIANIZH#EIT L, FE - E 2l - TR TIIIZ
EREL720b, RER, MIRLAZRTHARICHK T 72, BEOTOLREL 960 hPa, MO KRB <E
966.2 hPa Td» 5, SRJE « YK K E BRI 2 F0c A U, TR CEi R ENHA Uiz, 588 - 1T
AR 160 4, 12 KB H 14.4 TIRIZET D BRI T LFH O 27.5 m/s 7> HIESE O 35 mys,
JEHEIERN D SW 1 BIESND S Th L, BRI, MAgENE LOBIEMLI TRE WV, K
ETBAN TR IETTIm, BHTSm%a L5, KL S~SSW Th D, BN TIE 4 m Fi &N
BEGEICEL, HET2mBEICE&ENEDT 5, Waid S 29012, BT SSW i<,

BRI Z D L, 31 B 19 BRCIXEGEITIE SO 32.5 m/s 2 BB B0 25 m/s (2325, mEiE S 2»
5 SEZZALT D, 20 BRICIZES T 25~27.5 mv/s [CEGEDN BT 5, B S 2 & 5, BN TIEEGE
1% 22.5m/s 225 30 m/s THEPESG TR Z WV, BAIXFE MO S 25 AbMlod SE FFmic b7 5, 21 REZIE
JRAN X FE AR O SSW 2 B AL D S ICE D D, R IXHAHC 25 m/s, PEHITTC 30 m/s 2 R, AL 31 H
19 BEIZIZESL T a~6 m (JE[M S~SSE) # &V, FEAITRKE WV, EHNTIHEOND 3.5 m S EHRN
FECY, BT I~1.5m, FEMIT3mOEEmEEZ RS, HEAXS 25 SE ThHhDH, 20 RFISIXHE & IXEH,
T4~6mZE5 2, BANTIE4mEEEAHERT 5, WX S 2& 5, 21 FRIREA O S 7m i
BN, BT EORKEIX3Sm I L5, FIAXSHY TH 5D,
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Fig. 38 Typhoon track diagram supplemented with list of typhoon parameters, spatial distributions of the
maximum wind speed and wave height and space-time variations of wind speeds and wave heights induced by
Typhoon 4910 (Tokyo Bay).
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Figure Collections for Spatial Distributions of the Lowest Sea Level
Pressure Induced by Strong Typhoons during the Period of 1911-1972 on
the Seto Inland Sea, Ise Bay and Kanto Sea Area

L PIERE® « KAE 2% - BFpys—* %« QIR

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

Making use of the SDP (Surface Data Product) sea level-corrected pressure data acquired at the
meteorological stations around the Seto Inland Sea, Ise Bay and Kanto sea area including Tokyo Bay, spatial
distribution of the lowest pressure induced by each of the 35 abnormally strong typhoons during the period of
1911-1972 is estimated through application of an interpolation method to the concerned area. The sets of
pressure data are facilitated by the typhoon model-based pressure data at the representative points deployed
along the open boundary. The spatial distribution of a typhoon-induced lowest pressure shows well-known
radial increase characteristics associated with a significant azimuthal distortion from the minimum area of the
pressure, in cases where the distortion may suggest the effect of the surrounding topography. The pattern

depends on the track and strength of each typhoon.

Key Words ; SDP pressure data, historically strong typhoons, the lowest sea level pressure, spatial distribution,

the Seto Inland Sea, Ise Bay, Kanto sea area
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BUEE R, 9725 SDP BLUMEE R 2 WV CHff BRI A 2 HEE 32 ik B% L, W E - e
@Eﬁiﬂﬂﬂi&ﬂ&@t@ IZEEDNWT, ZOKIICE WHBUEE 2R Lz, Ak, Yo [T
DZEMAITKGH BB 5 SDP B WF(YEEEEﬂF)QM#%ﬁHMT%Eﬁ LEZLND,
Boh=KES ﬁ‘ﬁ%ﬂ‘i{ﬁhﬂ MTERLE & BT ER 100 FORM D A b — 22D EHEE DO 7=
DATTERLE 725,

F ZCTARIGEIE, MESPNYETIL 1918~1965 £ 18 77— A, FBVETIT 1921~1972 H£ED 7 r— A,
BN U CIE 1911~1959 D 10 ¥ — A D E KRB R Z x4 & L TERR L7z 10 RO KL oA E
BB LSRR RIS EDZEM of 2R~ L, ZOfMEEMRICEET D, £, BHEbF
WEIZ BT 1938 429 H (T38-Sep) 1A Z XI5 1 Bl A, FBfE< 3 REZIZ 1T 2 KUE D22/ /3 A
DEFEET D,

2. BRRIESMEN

2.1 REERAD—F

Table 1 13&MHR CTxIG & L7c GR35 7 — 2 (RARDMWRCTOEEZERVT 28 7— ) ORE (T)
&wr\ﬁﬁﬂwmﬁﬁ(ﬂm)@ EhorT, RO FERICIIFEOERBRICA G Shi-4% 5
%%, £z, Fig. 1 [ZI3BHT 2 B RRRK BEEIE) KUE pu, DZERSARIZEBNT, R
mlﬁ@%l%_ﬁé5&~x®mﬂ,#@b%,mL&pUQ1$9ﬂ)uﬂ,HM6%(E%%
BE), T4902 5 (77 RE), T5612 %5 (=~ HE), T5915 5 (FEBEHRE) ORKEE £ LD TRT,

2.2 [UEDZEM D TMDIERFE

Table 2 (X SDP [UEE KI5 - KA BEBEOH AL (RESLBEET) LAEMRIAIC A TERN %
N OREL % d, Fig 2 13& S ONE A 1 FFE 40 km O -/EICFES, WA PIEICE
Lx%E I T18-Jul (1918 47 H) RIS T6523 BlED 18 ¥ —ADRETH LD T, TEB'JI&HH

Table 1 List of typhoons used in estimation of space-time variations of sea level pressure on the Seto Inland

Sea, Ise Bay and Kanto sea area.

Seto Inland Sea Ise Bay Kanto sea area
period period period period
ty. name ty. name ty. name ty. name
m/d-m/d m/d-m/d m/d-m/d m/d-m/d
T18-Jul | 7/11-7/12 | T5028% | 9/2-9/3 T21-Sep | 9/25-9/26 | T11-Jul | 7/25-7/26

T21-Sep | 9/25-9/26 | T50297 | 9/13-9/14 | T3412" | 9/20-9/21 | T17-Oct | 9/30-10/1
T3412" | 9/20-9/21 | T5115% | 10/14-10/15 | T5028° | 9/3-9/3 T32-Nov | 11/14-11/15
T3706 | 9/10-9/11 | T5415'" | 9/25-9/26 | T5313” | 9/25-9/26 | T3412" | 9/20-9/21
T3805 | 9/5-9/5 | T5612'" | 9/9-9/10 T5915' | 9/26-9/27 | T38-Sep | 8/31-9/1

T4216” | 8/27-8/28 | T5915' | 9/26-9/27 | T6118" | 9/15-9/16 | T4910Y | 8/31-9/1

T4326 | 9/19-9/20 | T6118'¥ | 9/15-9/16 | T7220 | 9/16-9/17 | T5811 7/22-7/23
T4516% | 9/17-9/18 | T6420 | 9/24-9/25 T5821 9/17-9/18
T4902% | 6/20-6/21 | T6523 | 9/9-9/10 T5822' | 9/26-9/27
T5915" | 9/26-9/27
1)Mutoro, 2)Suounada, 3)Makurazaki, 4)Della, 5)Kitty, 6)Jane, 7)Kezia, 8)Ruth, 9)Tess, 10)Touyamaru,
11)Emma, 12)Kanogawa, 13)Isewan, 14)Daini-Muroto m/d : month/day
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WTC (T18-Jul—) " & RT, FHENETIE “(T21-Sep y 200 j 400
=), BEB RS T (TH-ul—=) Th oD, 1 500X500 /st
72721, $EkEAMET 720, RO 4 DSz Ax=5km
DONTIEZ DOFEFZFLHE LRV, FIZFERNEIZ A
T, ®MELT D ERORYOBR LY & DR
DORBELIFICER NGO 5/, 2821 200
MATIZTI412 & (BFEE) DIEICER2E S
N5HOT, ‘Sumoto (T3412—)" LY, TDIF -~
DOFRDOWHIIOED LS TH D,

O EAF & ET VIR N 3O TR 28
VNCE TN E 2o M/ Se el e SR A Y= 3 A NS SN
TREAD LAFICEE, KT IIFE T &R
MRS L2 B B BIRHZ AT, 23R T,

QT NIMWEFNIEICB VT T T4216 5 & Fig. 1 Tracks of 5 typhoons.

400

Table 2 List of names of SDP pressure data points and names of measurement-starting typhoons.

Seto Inland Sea(T18-Jul—) Ise Bay(T21-Sep—) | Kanto s. a.(T11-Jul—=)
Shionomisaki Fukuoka, lizuka(T4216—) | Nagoya Choushi
Wakayama Oita Tsu Katsuura(T17-Oct—)
Osaka Miyazaki Irako(T5313—) Tateyama”
Kobe Uwajima(T3412—) Hamamatsu® Tokyo
Sumoto(T3412—) Kouchi Owase(T5028—) Yokohama
Tokushima Murotomisaki(T21-Sep) Daiouzaki(T5313—) | Ohshima(T4910—)
Takamatsu(T4516—) | Himeji(T4902—) Mishima®(T32-Nov—)
Tadotsu Matsunaga'(T4216—) Ajiro”(T38-Sep—)
Okayama Shimizu(T4216—) Shizuoka(T4910—)
Hiroshima Houfu” Nagatsuro”(T4910—)
Matsuyama Shirahama(T5915, T6118) Omaezaki(T32-Nov—)
Shimonoseki Niithama(T3412) Miyakejima(T4910—)

s.a.:seaarea 1)Matsunaga—Fukuyama, 2)Nagatsuro—Irouzaki, 3)Tateyama—Nojimazaki,
4)Houfu(T4216, T5029-T5612), 5)Omaezaki(T3412), 6)Numazu(T17-Oct), 7)Itoh(T3412)

T5029 B-LLWE T5612 B £ COE 5 7y — 2D ERAREERI 2 EHT2 = & 2%,

O@UT NIPBEIZ BT T3412 SRHTE R D2 WIRIR O O ISR O & 2 6, RT
NF B AN IR I T T17-Oct BRI ERIAG S0 =B 00 0 ITBHEOE R &, IR
MIF UL T3412 BRSO b 0V ISP HROGR ZHEH, 352 L 28%KT 5,

@O N B W TREANE OB OWT a2 AT 5,

Table 2 23”3 X 91T, dT VR R OB BRI IXFIH T 2 SDP KUEE BHBL LR O R D72 < T2 B
7o & 20X, WA NMETIEL T18-Jul BJE & T21-Sep A&, (FE9E Tl T21-Sep A & T3412 75, BIHIR
FEEICCIE T11-Jul BJ&, T17-Oct BEe EA a4 T 5, & <AZBEAIA SRk C I3 bl 72 KUE 5540 O HE
FERERIE, R AL LA O FIERIC B T 2B RN DA BEL 2 BESH DWW IX T ATz T
T32-Nov B /f, T3412 %, T38-Sep BJEAD 5 BMDEH, HIE & DN OWHIZIRE I K 5,
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SDP KU EHIIE, HUS Z &2 4 FEFHRE (&2 WAoot ¢ 8 REfINE) & 1 RefRHIE
DHLEOWH Y, HORHRIZ EREEIFR OS2 < 72 503, B BIRRE S 2 W I E BURERAR KT
1210 3% 2 VX ZE N FOBMOARIEZ THOE N TH D, Liend-> T, RIRKEHB A 121347 <
E D AR R DOKEBE IO AFRFIREIC /2 D, £ 2T, FBHHA CRIRREER 28D -KEE
Bt 2774 HfifET 5 2 212k - T, 10 HRORIEE R A VERR Lz, S0 LS/ 2 #HEE 7
L7, Ee UTEUEHROBEABERICER T B8 oA, #=T%HETE p.,=1013 hPa & 3% Myers 7
WCEVHAELEKIEEE AT, Myers BT, Wb EREBMHE ST XA —X THEO 0L
B (., y), TOLREp, BREFERE THD,

T3412 % (BFHE) & T4216 = (APEEER) LBEOKA BRSOV TERBEME T A =234 T
IRk HN TS, LarL, REAST A—ZREo T o RO EICH LTE, KRR
MLRGEE, SHSOKEBRE R 2 WENICRA L CEOHEEZIToT-06L, ZhbD/RT
A—H & ANTE & T D Myers R K 2 KUEFHEME & BLAE DR R A g2 S HEIEEZ M2 T, /R
IRT A —Z e BRI E LTz,

RIEDZEM AL, Fig 2 1R XEBHHA (@FD) LB - TERE Lo s (TF)

17 2 3 4 5 6 7 8j9 10 11 12 13 14 15

1 T
2
Himeji
3 Matsu—+Okayama j-—e—~— Kobe
4 ety
Shimonoseki :
5 i — \ adotsu matsu ~&—
e # Niihama
6 lizuka Matsu— |
2| e yama ¢ Kouchi
Fukuoka | =
7 = Y
j1 A4 . i
o Muroto— misaki
misaki o—
.--;. N
o o O 11x15 O L9
| Miyazaki ‘ Ax=40km ‘

11 2 3 4 J 5 6 7 1
2
2 .
3 Tokyo
\ ° K3
i o Nagoya ‘ 7 ~ Choushi
3= = : 4 Yokohamasz— =
E L | Hamamatsu 5 Numazu Mishima| i< % Katsuura—|
4 Tou % S L =, Shizuoka /| % ‘.Aljll’g &l Tateyama
3 [of . b b 1 It
T, e drako Ormaezaki 6 | Nojimazaki
5 4 T B 7 o *| onshima
- AT N > ® Nagatsuro :
4 | Daiouzaki N % 7 Omaezaki 1 i
Owase | . f i
Miyakejima
6 5 gl 9x10 o« N B
il 7x7 Ax=40km %
Ax=40km i . ]
7 : ‘ 9

Fig. 2 Locations of SDP pressure data points and hindcast pressure data points on the Seto Inland Sea, Ise Bay

and Kanto sea area.
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B 5 10 SHROKIEER, B X OERFLAFEENICS 2551213 O0RE (p) BEHIINE 1
/kfﬁﬁf'aﬁ/f[”%\:ﬁﬁﬁ LT, 2 km MO - ETRDZ, Fig. 212525 X 912, Myers RIS A
JED A ST H AT HEF PHE T 7 H, (PEAE T 2 MR, BB R T A S TH BN, BEE A
BT DHEN G, BB RORKBFELZEZE L CEHTIK[UEATIMEOHE TE 57215072 L,
WS NWECIIRMIBER O 3 ~ 4 Hisd, G CIIm sl o 1 MR, BISRIN R CIk TS811 5-LAKE©
R PEA 1 HiAS (T38-Sep LARTO BB DGE, &4 45 Tho,

3. TIHWHERNC 2 7 — AT OO HE BRI OV THERRKE L L ORIRKRIEDO MM (SRR A0)
DOFEZ TR T 5, MAPIIEAR CHERNOEROH.OLE & A HRE 525, AR X 912, B
BRSNS E B2 VB RIZSWTIE, Fig 1 %@ff_ftﬂ%fTﬁ‘ B, FHRIZB T D% R
JEVRE 0D f5e KR 0D Z2 [ A3 A Bl L ONE & A 8 O R BIA O 3 eI I 1T % G - LA 00 22 [ 43 A )
I Tz LT o,

3. ARBREIEDZEMS M

1 HEFNEIZCEITARES
(MT18-Jul ERE LU T21-Sep && (Fig.3)

T18-Jul BEUE 1918 4 (KIE74E) 7 H 12 H 6 r~10 BRI &% AKEHHIF T E~t E L7, &
JE D H LR IT B Z AKGE O H R T 953 hPa Th b, HARKEIFAALATITD 960 hPa 7> & J& Bl -
C 970 hPa, J%#C 970 hPa, #EE#E T 980 hPa, KIRIE D &AL /KIE T 985 hPa # & V), ZEJEHRIL N-S
HNZED, wNEARKEE & DR LT 2 B RS 2381 U722V O3B RS O RElER 2R & 7
T R X D

T21-Sep BJEIT 1921 4 (KIE 10 4E) 9 H 26 H D 0 B~ 3 BREE|Z 2> 1) THIFHE B O~ & 45 H I

HEfME 2 E L, RO FLEET 965~970 hPa TH 5, BEMEKIZIFig 1125 2%, KIEX
JEVE KRB & Fndk i, I 25F T N-S 1 975 hPa, #EEEHEVE AN D %17C 990 hPa, A NifEH
s (52E) T 995 hPa, MW PNTEVE SRS 98T 1000 hPa & & 0, W HIIZKE <725,

. so 0 J 1 a0
\ T18~Jul Pmin .
$7/12,11:00 - SR

509

50

100x210
#3 Ax=2km

- L ~ L

100

100

Fig. 3 Spatial distribution of the lowest sea level pressure induced by either Typhoon T18-Jul or T21-Sep on the
Seto Inland Sea.

Q134125 (F B) 8&UT3706 5 (Fig. 4)

T3412 5 (7 Dﬂ) T 1934 4F (HEFn9 %) 9 H 21 A SIRFEH=E SOV IZ FFE, 65, WKEZ
Mo T 9 RHZEE T ~E NNW~NW HAZH#T L7z, BROF.OLREIX 910~950 hPa TH D, =
JHIFC 911.9 hPa O FARBIRIRE & fldk L=, ARBEIL 3,000 4 &3 3EE - ITH RAAE DL S LHER
REENS, BMMO=ZKEER, +7h0bb T3412 & (EFHBE), T4516 (BiFHE), T5915 5 (&
BEE) O1oEHE5ND, KIEKEIZEFIRIHO 910 hPa % H.0xZ 950 hPa #AY 50~60 km D#i
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AN THELDFRICIEDN D & & B2, 950 hPa D% FEMEOEE RALH2 DR E O FITIED D, fifF
KB D N-S J5 7] F SR04 BE i 58 & KBRS 2412 960 hPa D2 [EARALAY 5, 970 hPa 28 [EAR T ALt
KB R & REEEME P 56 (Z AL D, 980 hPa O EMLOH TN 70> H B4 7KIE, 985 hPa EHR LA
5 HUER 2 NNE-SSW HANZIEN S, W T 4UZ LA, 950 hPa LU T O B 1T AR B AR AU 3k 3 5 77l )
DRI CORRBERZE Y, ZOHA L ORRED 2D H/ NN IRRIEON B & & R -
DORBEFLOMEIZIE, & < ITEFMETELOMENS 5,

T3706 1% 1937 4 (IFEF0 12 47) 9 A 11 H 6 R ZFAIRAHIIC B, NE FRICH#EITL, 9 RetEA
AT 28> CHAMEICHR T 72, BEOFLAIERK 950 hPa &7 DKV, BARAUE I Sk ok
HHE G 2> D (i REME T 0D 965 hPa S5 E#R A& 0T, A PHIZ a0 CRR e R0 & #R BE BV U C 970 hPa, &35
W O TG, R KIE O N-S J7 A Jefit s KX O ES o © 975 hPa, Tl 6 E1%
KB ALV B & FREE AL HURE D & A0 /KGE P9 £ C 980 hPa, J& Bl 5 & fL Ot /KIE 9 56 C 985 hPa D25 [E
FRIGI DU T N D, WA MO TEER, HEs, BB D 5 5, 737 0 IRWIEEKIZ 980 hpa LA T D&E
WAYEN B,

4 ‘ 50 100 j 150 200 4 ‘ 50 100 J 150 200
73412 Pmin 5 ; -

%) 100X 210

500 50F Ax=2km

990

100 100

Fig. 4 Spatial distribution of the lowest sea level pressure induced by either Typhoon T3412 or T3706 on the

Seto Inland Sea.

(3)TIBS FH LU T4216 5 (AMEER) (Fig.5)

T3805 51X 1938 4 (MAF1 13 45) 9 H 5 H 10 RplZ=FIRAFUT 2, 15 BEICHRESVE 5 2 N H IS ELT
L7z, B EOHLEIX 953~960 hPa Th 5, HAXKEIT DUV TIX=EFIRJE & #5143 T 970 hPa
DFERE, /IMAEATL T 965 hPa OSEEMMN A DL, TNENDEDVIZ 975 hPa O LM AT
%, 980 hPa DS ERRITALGAKIE & KPRIE D N-S J5 [f] 19 ds K ONE EE#E O v {1 & LMz, 985 hPa @
SEERRT PR O PR ICE b S, B 5, N i & >T-ERRKO E FHB LW Ffic
EIEROIER Y (BRFLLSDOKIED ERH) BRALNRD,

T4216 5 (JEBLG#EEE) 13 1942 45 (BEF 17 45) 8 A 27 H 15 EE 5 28 H 3 BRI/ THMALTEER

/1l 80 00 J 150 200 41 g0 100 J 150 200
T Fg\z// T4216  Pnin ,
’ e

50 504

100 100

Fig. 5 Spatial distribution of the lowest sea level pressure induced by either Typhoon T3805 or T4216 on the

Seto Inland Sea.
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D L5, 1LEETh A2 NNE G2 HETT L7, SR O HOREIE 950 hPa Al TH VD, B RN @IS
N 200 IZIEF IR, Fig 1122 ORI A2 73, BB B K 0 JEBG#Eo 1L 0 RIR 5T 700
D EZ DIEE - ATHRRABE DT, BARKE QAR LE O 1L 1 RIREICI T 5 965 hPa % H
DT, JEI BT 970 hPa & 975 hPa, (¥~ BINFIE C 980 hPa, (T # U 7> & 74 /K1E T 985 hPa,
R HEEE PG () C 990 hPa, #EEEMEF T 995 hPa S YL - TRV, JABGEE T VIRV,

(4)T4326 BH KLU T4516 5 (¥iFER) (Fig. 6)

T4326 =1 1943 4= (BFF0 18 4F) 9 H 20 H 13 Bg~16 Rl B FEIRAF YT 2> & 48 (AT~ NNE F i
HEAT L=, BEOHLREIL 970~980 hPa Th 5, SEJEAFITE % 7KIE D N-S J7 [a) Hr i & DU [E] 76 Fe i
“C 980 hPa, B, T AR, 2225k & iSRRI C 985 hPa, J&I Bk H 6 & 5 BE ik #1990 hPa
L, 2L L TREEEZERL 220,

T4516 5 (fhl-&JE) 1% 1945 4 (BEF0204E) 9 A 17 A 14 FE@E X2V & RA I EREL, Jul
ZAET, 21 RED 6 22 RpICJE B 2 NE F ST LIZERBRTH Y, BEOHFLEIET 21 K
T 954 hPa % £ %, AEEUIIEEBRZMHOAEFET 3,756 4 DIEHE « 1THARHBECERREER - Bb5
EEAL, BRMO=KRERD 1 >ZHET 5, RIEKETHIFEED 950 hPa ik 2 O FEHR:E~
Ve FH %38 2 B 1% KB 0 C 960 hPa, JEBGEED O T, S%AKEMIIMZ T, IR SIS
C 965 hPa, JEPS#EALES & ek iz C 970 hPa, REEEMEVE (T 975 hPa, KB HEH &kt KE
T 980 hPa & 72> Thk V), PHEBMRE D A7 & ek, GRS 5 F TP N2l Tk
RRIER D2 VRN End, BERBEE LTO T4516 5 OB ORMN L < Bbh T b,

4 ‘ 50 100 J 150 200 4 ‘ 50 100 J 150 200
: ; y T4516 Prmin ;

50 507

N 950/ 955 e
£ TN :
,"9/1(,20.-00 :) X

100x 210
AX=2Kkm

100x 210
AX=2Kkm

~ | -~

100 100

Fig. 6 Spatial distribution of the lowest sea level pressure induced by either Typhoon T4326 or T4516 on the
Seto Inland Sea.

(5G)T4902 (FSER) BLUT028 5 (Pxz—r&R) Fig. 1)

T4902 5 (FZ7BM) 1319494 (124 4) 6 A 21 H 23 RRZEEIRESZE Y, JUNZHEk LT 22
H 3 RRZAE LTI D XAk T =B R Th Y, ZoRoEROFLAITEIL 970~974 hPa ThH 5,
REIE Fig 1ICRT, REEFICIZEZAKE COMRMOMEE & - 177 RPE 106 4) OB
R R CORMILE: BEE 134 44) 70 EWEHEN B LD, SARKEIZ DWW T, JEREERE ) D
S KA P ULER D N-S J7 AT 985 hPa % HEAR S, HEHEIE a1l 45 & OV B VE 1] C N-S 7M1 990 hPa
BRI I LD, B ARBLRIKE 1248 [ T 980.0 hPa, il T 977.7hPa TH 505, *IEMEEPIIC 980
hPa S EMITB DNV, BT 5, WANEBEROREZEIT I5hPa T, L2rbXELHE VIR A
[/\

T5028 5 (Y =—rEM) 1% 1950 45 (BEF0 25 4F) 9 H 3 H 9 RFEH=EFIR{TI 5 12 RFEIZ A )

T % @i L7z, BROHLRIENL 955~965hPa Th 5, KBKSCTEIR 72 & PRI B -C I B 7 i 5
EPA U, BARKEICB L CiX, AT 2 .0 & LT 965 hPa 7> 5 980 hPa D% ERELAY 5
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Fig. 7 Spatial distribution of the lowest sea level pressure induced by either Typhoon T4902 or T5028 on the

Seto Inland Sea.

F 7o, REEEBWALED 965 hPa 76 KIRVE, #EEEHEEAH O Z < —#, #OtKEALERIZ 970 hPa, #&EE
WP 2> DAL AGE S - FEESIZ 980 hPa 5[ EMMIENN D, X HIT, FEEEHEVEEIC 985 hPa S5/ EAR,
HER IR D AL 990 hPa, PEHERIC 995 hPa, G+ TEALAIA~ H BIFFE T 1,000hPa D5 EMEA I B D,
PV CII KRB AL AE AL, #EEE A C 975 hPa L F IR WK Z R L TV 5,

6)T5029 5 (FTT7EE) ELUTSI15F JL—XERA) (Fig. 8)

T5029 5 (F 7 HJE) 1% 1950 4F (HEF12542) 9 H 13 H 9D 14 H 3RFICHNT TR E G
FUM & fEwr, FRIZ R CHAMEIZH -, BEOFLRIET 965~975 hPa TH 5, #EFILIE A AICEF
L, BRRIGETIEERBE O D D IR RS K ENEC T, REOEE - 1TTHAAEIT B 4, 2
KBEEIL 12 THIZOIE D, FARREX L A RBIRF A 5 R4y B8 & BT T O E P #EH o N-S
J716)7C 985 hPa, {F+T#H#5C N-S JHF1A1IZ 990 hPa, FHEBHEVE &5 C N-S J7 16112 995 hPa, 5 # v i
T 1,000hPa TH D006, T LKL 220y,

T5115 5 OL—ZBE) 1% 1951 4 (BEF126 45) 10 H 14 H 23 K5 15 H 2 B2 TG
% NE HIAICH#E T L7, BJEO F.LAEIL 960 hPa Hif: Th 5, FEHIRLT A T 65 m/s Z# 2 5 i
REGEUAER S iz, REBRECHOK « TR EENAE Uz, W - T ARHE 943 4, 12KHEE 14
THRIZET 5, BARKUEIZRIFE O 960 hPa ik 2 H.00S, FEBGEERER D & G T8, 5% /KE T 965
hPa, HEBHEEL PGS (S AT 485 N-SHE) T 970 hPa, FHEEHEEIE T 975 hPa, KBRIEHHE S AL
FKEALE T 980 hPa TH DD, RIEIT AR THove DKW,

100

4 ‘ 50 100 J 150 200
15115 Prin, ' -

50f% 508

100x 210
Ax=2km

1005 |

),

;
To132200 wuy
: : o ‘

100 100

Fig. 8 Spatial distribution of the lowest sea level pressure induced by either Typhoon T5029 or T5115 on the
Seto Inland Sea.

(MT5415 5 GRFHAER) XU T56125 (Z<&RE) (Fig.9)
T5415 & (GAFRALEE) 1% 1954 4E (BEF1294E) 9 H 26 H 45 6 ORI KR4 L mEE6, A2 H il
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PG O ITT O JWEIEAFT 2 DE LA 288 L C A2 b L, bEEICE L, REO LR
JEIX 960 hPa fiith CThd 5, BEEHHE CITIFFR I OB ITLE D FEE 1,139 L OKRBENE LTz, WANE
Th 1 mAEBZ 2 EHNRA Lz, sAKEEIZBIFZE O 970 hPa 8 % H0I2 A (L E 2 O #EsE T 970 hPa,
JEBG#E R S AL AL, RS, P ESHEE T 975 hPa, JE B E S & RE EE#E R T 980 hPa, KRR
BB ROKIEACES T 985 hPa & & D005, T NIERIR TRITIE 2 e KW,

T5612 %5 (=~ HJE) 1L 1956 4 (BEF1314) 9 H 9 A& ~10 AT T TIUNVE ik (R
W) 22O E AR CHAWEZ NE FICHETT Lz, BKILFig 1125 %%, BROFLAIEIX 950 hPa
THDHNEG, BARMEIEREEHROUHEKICRE L-REE L CTEIne DRy, geErm, uill cRE
W, FEFE - ATHAEIL 434, BRAREEZ LI TR TH D, RRKEZE#EEEE O 985 hPa, HEH
S B IZ 23T T 990 hPa, HHFEEK D 995 hPa, FEEE#EH R S ALK IEALTEERIZ A T D 1,000
hPa & 720, N-S FHICIZIE EMHEE L VN D E FAICHEKT 5, R LHSHL TS0,
RIEKEIEZH 0 IKLS e,

4 50 100 J 150 200 4 ‘ 50 100 J 150 200
’ i Fg\/rsmz Prmin
— + Y.

e
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5017

100x 210
4 Ax=2km
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Fig. 9 Spatial distribution of the lowest sea level pressure induced by either Typhoon T5415 or T5612 on the
Seto Inland Sea.

(8)T5915 5 (FBELEA) LU T8 E (F2EFERA) (Fig 10)

T5915 5 ((FENEHE) 1% 1959 4= (BFn 34 4F) 9 A 26 H 18 REMIM O PERIC e, g%
NE HRICHE#EITL, A FEOEMZ@EE Lo, &KX Fig. 1 1277, ZOMOBEROHFLEET 930
~940 hPa TH v, FEME W2 PLICEBKER EORTHORKEL LD Lz, FEHIT 5,098 4
IZDED, AERTEFAER, MIFEEEZLATRMO=ZKREED 1 2Lz b d, RIRKEZ
FO O KE FE AR O 945 hPa, KRS HUF: 2> B AL 7K3HE O NNE-SSW J5 [ H 4L C 960 hPa, #7525 1
T 970 hPa, P55 C 975 hPa, HEBHEER HUHS C 980 hPa, 2235k~ b g6 L OV 1% /K1 B &K T 985 hPa,
JEI B i BEES 5> © RIS C 990 hPa % & 1, Ao =52~ & EBL#EvE R A1) C W A NS RUE RN I3 %
ZEMEAE B2 D, fAOtKE, KB, BB D 7 2 W07 N FGE R O R AR KUE LR 1SR,

T6118 7 (BE2=EFHE) 1% 1961 4F (KEF136 4F) 9 H 16 H 9 Rpla K IZEF IR 512 kb, 85,
RIS 2 #8C 13 Wil X (2SRl -vE s IS i BRE L7, 2 oo B RO AT 925~935 hPa & FEH
ARV, BRI DUE - s & I 2RI LY, KBRS —# TS T B R <@l & i
PEDBRENAE Uz, RBEIIIERE - 1T RIHE 202 44, IRKHEE 38 T W) KEBKELZ L6 L
7o BAERRJEIZ= A IRE D D 930 hPa & HHMT 950~960 hPa I AMEA 5, F£7-, FOtAGEILFERTO
935 hPa 5 2 HCMZ RIS Hs,  REEE MRS SO, A KB ALHERIC 945~950 hPa I3 A H 41 %, 960 hPa
SR B SO BB RIS IE S B A%, KB TlE, ZALL T OWEHKIZ /25, 965 hPa 3L H1ET
R AL, 970 hPa J5k i3 H Vi mc va AR & B8 KB H YL, 975 hPa S8 3A B 1 70~ & J By e R 2 8% T a1l
JRBLZ, 980 hPa I/ JE BhH EVEIC 2 BV D, WA NS 930~980 hPa O FiFHIZIZIEE i
D05, WENEBICBIT D RESKEIZEARLE LTrRVENZ EbD,
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Fig. 10 Spatial distribution of the lowest sea level pressure induced by either Typhoon T5915 or T6118 on the
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Seto Inland Sea.

(9)T6420 56 &£V 16523 5 (Fig. 11)

T6420 51 1964 4 (BEF1 39 45) 9 H 25 H 3 WA D 5 KEZ 2T T H ek Y =10 32 0 37 e e A 3T )
DIEREATTE A2 NE Fci@is Lz, BROFLKIEIL 970 hPafeEThH D, FHHAREZH.OL & LIZEW -
Pk - LRY - BB FICIN X T, KB —H CRE @il & 2t S sEN -, 5835 - 1T AW
H 56 4, 1RAKHE 3.5 THIZOIE D, RANKEIZEALAKE D B REES#E H ~ Ot AKE LT 3 L OV 3E
WD ST, B KEILVEERICE S 980 hPa, KBRIERITH LA © AL /KE th sufitds K OVE Bh
WD 985 hPa, FLTH/KIERTHNE L OVEBLGEETER D 990 hPa & HL728 5, PN TIROT T3k BLER 2> & #75 Bk
HREE G AY 980 hPa LL T O LLER IR IR & 72 > T B,

T6523 751X 1965 4F (IEF1 40 42) 9 A 10 H 8 Ifild X2 & W PEIIIZ B2, NNE~NE JFalZHEfT L
T 10 FEEEREEEMEAGH 20 L7, 2 OO B RO FULRETL 940~950 hPa TH Y, 2»72 DKy, [T
T T AL E T A REUKEICINA T, KIRETERIZE D REEENE T, HE -ITHAR
B 73 44, 1R/KHEE 5 FHICET D, A RRUE T BRI & 72 2 = JE0 2 Hi & L7z 950~970
hPa 3k D 1E 7>, FLPHKEALPEE D 955~965 hPa $#3s & UK BE 418k > 960~965 hPa 3k A HIZ2<, K
BRI Cld A ¥ 0> 970~975 hPa 7> 5 B0 980 hPa 99 ZHA K T2, PH Ik C 122 25 0 B 14 /KGE 3
H > 980 hPa 2> & JEBGHEHES, O TR, E%/KE O N-S J71H i 9efiod 985 hPa % #% C AL
FESCHIFIE D 990 hPa |IZ K& < 725, AF/KEALTEE-CREE# O A2 i & LT, fkE, K
B2, s B e 0D VE IV S 0D T 7 & T R Rk oD RN T AR AU 1T 970 hPa LA T O RWEZ B2 %,

4 ‘ 50 100 J 150 200 1 50 100 J 150 200

16523 Prin oA
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Fig. 11 Spatial distribution of the lowest sea level pressure induced by either Typhoon T6420 or T6523 on the
Seto Inland Sea.

3.2 FREBIZETHIRERT
MT21-Sep ERB LU T42 5 (EFEE) (Fig. 12)
T21-Sep RJEIZ 3. 1(1) TIE~7= X 512, 1921 4 (KIE104F) 9 H 26 H O Wb 3 REZ 2T Tl
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MoAb B UBE A T AWl Lz, FUDRIENEL 970 hPa Fitt Th D, Fig 1 ITRKEER~T, FEMi5 T
SHKE, LHEBRTEMEENE U, BIEKEXN-S FalcZb 593 E-W FlcZe L, BAao
977.5 hPa 7> & F1Z - 55- 5P D 987.5 hPa, (B3R FE T 992.5 hPa & K& <725, FEBN TRIEIE
B2 980~990 hPa TH LD, HE VKL 2,

T3412 5 (FEFHE) b 3.1 Tk 51z, 19344 (BB 94E) 9 H 21 H 5K~ 9BFIZ=ET
W2 5 NW 5 ST LB AMHIIZZE Lo b, dekE - b 238 > CTRIEFEICH -, PoRER
FE T < D 910 hPa 2> 5 & ILITA D 960 hPa Th 5, BHFIHIXK CTREENE L, FEBENTEH R
HARBRE AR RE L7, BRI N-S T C —4EC, E HAICHATIT D 975 hPa 7> 5 H1 % -k
2B 0D 982.5 hPa Z % CIEE B T 985 hPa IZHA KT 5, ARSI EIZHEE N T 975~982 hPa &
RSN

41 20 J 40 41 20 J 40

73412 Pmn

T21-Sep

Prin 5= okm

20}

40

Fig. 12 Spatial distribution of the lowest sea level pressure induced by either Typhoon T21-Sep or T3412 on Ise
Bay.

(2)T5028 5 (P> z—rER) KU THI3IE (FRER) (Fig 13)

T5028 75 (Y =—rHE) 1£3.10) TR X912, 19504 (HF1254) 9 H 3 H 9O 15 KF
W CEFURE D DRI, P 28T 15 Rpia IR & o B REIZEAT, Z OO LRE
1% 955~968 hPa Td 5 A%, FEE~D RS TIE 960~965 hPa Th 5, FALEIEIE N-S HFANZIE
EAEEDLT, BAHTD 992.5 hPa 2> BB} E O 1,000 hPa (2 E FANZEEINT 5, 4R TRE 7
BN U, RBAKWEICIIE S b o T, PHE T 992.5~997.5 hPa & 5 hPa FfE D7 L o
DRV, 35 m/s (ST D IREAMKE L7,

T5313 5 (7 AHJE) 1% 1953 45 (BBF0 28 45) 9 A 25 B 15 By &2 5 17 BpEEEEY BT ks,

41 20 ] 40 41 20 J 40

75028 Pnin

20

40

Fig. 13 Spatial distribution of the lowest sea level pressure induced by either Typhoon T5028 or T5313 on Ise
Bay.
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P, =B 2 i L, NE FAICEIT &R 72, P CoFLAIEIX 18 RFIZ 945 hPa Th 5,
SHERBRES SIS - EEEEBREO A EWIC L BN S EEZ T, RIRKEXFEE N
UL < &2 HLME NW T3 K OVE FH1Z 950 hPa 2> 5 960 hPa, 965 hPa % & C{HFEWE B ClX 970 hPa %
& D, ABRFFZITIEEN T 945~970 hPa, —Ji7% T 950~965 hPa & W\ & 2372 0 K\,

(3)TH915 & (FBEERA) LU T8 E (F2=EFERA) (Fig 14)

AR D = KRB B DIRBEINES T B s T5915 5 (FEERE) 13 3.108) Th~7= Xk 51z, 1959
(B34 4) 9 A 26 H 18 IRFEEHIZHAROVE I B (.0 %UF1E 930 hPa), Ao 2/5 % NE A it
TL, 4 EOEM (F.OAJE 940 hPa) A48 C, 27 H 6 BFREE IS ICHkT 72, BEIXFig 1125 %
Lo RERIIFBBICREFOBBREL L6 Lz, BE - (THAWEIT 5,098 4, 205 LE#H
IZ X DIEHTZT T 4,000 4 28z 5, HRAKKIEIEN-S FhcZEd, E KT 5, HTIL 945
hPa, JHE4E 0 N-S J5 16 O H e #2C 955 hPa, 15 10 C 960 hPa, —{i[i& 0 HHA> 5 IR FE 25 1 H#5T 970 hPa
Th D, WRNORIEKIEIL 945~970 hPa T T5313 5 (T AGM) L FRRE TH DA, BEEE%
KL, FARRIEONLE % 5 D CZEM AR ORI FRET 5,

T6118 & (FF2=AHRE) 1%, 3.1(8) Tk 51z, 1961 4F (HF1364) 9 H 16 H 9Kl X
FEFURYE I B (PUOAUE 925 hPa), T, RIS, JEMRTE S AR T 15 RpCBRMRIE LT,
Z O ETHHLEEIT 940 hPa & o) TRV, BEUC K D KB e SEFE DT - Abheh s 2 Ji
(AU, BB VTS 35 m/s 2z 2 Zm3kt L2l £ B Gl KELIHISUE 971.7 hPa
ZEER L, BFET2 mitWEElRZED A Ule, RRKUEITEATT O 967.5 hPa 72 SE ANCHIR L,
75 111°C 977.5 hPa, EAMEE G T 985 hPa & & 5, A O HER X 0 LS =¥ CTRUEIL N-S s
b L7y, AREREREOJHEAERN O RIKKTEIL T3412 5 (B HAE) FEL D 5~7.5 hPa K\,

41 20 J 40 1 20 J 40

75915 Pmin N 76118 Pmn

Jum—— Ju—
0 10km| 0 10km|

20t

40 40
Fig. 14 Spatial distribution of the lowest sea level pressure induced by either Typhoon T5915 or T6118 on Ise
Bay.

(4)T7220 5 (Fig.15)

T7220 51X 1972 45 (BEFn 47 4) 9 H 16 H 21 B 5 23 BRI /T CEEEYE 2 6 A T 2 2 NNE
FHINZHEST L7z, DAL 965 hPa T 5, H CILRAKBIIIAUE 966.2 hPa, 441l/& T 974.8 hPa %
R L72, Z ORI G OFEE T 35 m/s A D BREARDE LS, 44 R IR B T RS 3 AL
H7=5 196 cm O ERZE AL Ue s, WL & T Cniziow, ERAEMEEFEICEL o T,
ARSJE T HEN 0 967.5 hPa 705 E S IAICIE 1 C 972.5 hPa, — Al i E5<oHf 8 B0 C 980 hPa (ZHE K
T 5, WIEEZIED N-S T OZEALIT/IN S WA, 972.5 hPa D% EFITIE LAl & B T8 4 Bic
%o BARKUE DMK & 22 5340 ORBUT R G I 5 35 m/s LL R & 5 BEOREE L 4 6 R
BT 2 2mE W) @iliEZE%Z £ Uz T6118 HiFD b O L FER T 5,
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Fig. 15 Spatial distribution of the lowest sea level pressure induced by Typhoon T7220 on Ise Bay.

3.3 MRnEERICEITAREDH
MTH-dul ERS LU T17-0ct &R (Fig. 16)

T11-Jul BJEIL 1911 45 (BHR 44 4F) 7 H 26 B 1 B~ 6 BRI CTHEMI D NE FHAICHE RO
P07 %38 0 18 & 0 B KPR IS H 2 O RUE 1 960 hPa, BURT C O e KB &UE (X 969.9 hPa TH %,
BRI G 2l & 3 2 5 « SRIESKEEITINZ T, BAUE CHERR M ENE Uz, 5 - 1T AH
FR K FEICB T D BRI 22 BUE I E BHI R S TR0, iR RIZSEEE L7 T11-Jul A&,
T17-Oct 158, T32-Nov HJE, T3412 5 (FEFHJE), T38-Sep BJAD 5 BEIZDOWTIE, XUEBHIE
BF2FIHCTE 2 AN ZE R B OFBICRE IND Z &b, BEEOESWRIES M OHEER RS
HHE & 2 OFHEOWIHIZR O 5, RARREIIABER ) SfEELOFRIZHR U, BUA0E Tl N-S
FENZIEIE—E T, RO HA O 975 hPa 2> 5 B O 980 hPa Aiifi~& E FANCE T 2 5,

T17-Oct BEUL 1917 45 (KIE64) 10 H 1 B 1 RERTHZICBEAITIC ERE, NE J7 A 2 4 %
THALHLT 2t L 7=, B R O HULRUE T 945 hPa, s K OV T O R ARBLAIUE X2 24 952.3
hPa 35 L (N 952.7 hPa TH 5, HEH G 2> & HALHL G THRBIE 2B A E D, A THEEB CREHOE
HRENAE U, EH - ATHARE 1,324 4, RAKHEE 30 THUICET 2, RIEKEIZOWTIE, Hi
T 2 DS MR AT T 5o BRI CIEAL A C NE-SW J7A1IZ 960 hPa DL A 5 A%, FEH
¢ & &UE 965 hPa Kiifi & 72 > T, BHNAEOKENRD72 DR,

" 25 50 J 75 " 25 50 J 75
80x91  pmn 80x91 /101,200 1 3960
Ax=2km /,f’m AX=2km Do 0

251 T”_JUI// 0 N| 25 T17-Oct &

0 25km. %
= \975/ "~
980
501 72, 0 5§ /s
985
0 J (965
990 - 975
75 o~ | 75pr Sone .

Fig. 16 Spatial distribution of the lowest sea level pressure induced by either Typhoon T11-Jul or T17-Oct on

Kanto sea area.
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(2)T32-Nov BERE LUV 134125 (EF&RA) (Fig. 17)

T32-Nov B &L 1932 45 (BAFN 74E) 11 A 14 B 18 BRI E G4 NE Faic@y, 15 A SKE
BAE T O T 15 B IRMUAMIZE T2, BEOFLEIEL 945~950 hPa, I BT X
T 952.9 hPa, #k+ T 952.3 hPa & IEHF IRV, BAH - HUALMLG CTIXE KRR BKENE LT, JEE - 1T
FARBAFE 235 44, 12R7KHEE 6.5 THUC K5, HAEE TR N~NNW O 40 m/s % 8 2 25 Fm A K%
L7 AR O SRR 1 5 e 2 I S B 57 DMk D 950 hPa Z Hutaic, & PHIC A CHEIN9~ 2 4y
A%~ BEE TIXFEH RIS T 965 hPa OZEEHELS NE-SW A2 AE Y, JLFEF T 970 hPa A,
A M C 965 hPa Kl DE % & 5,

T3412 % (BFEE) X312 BELU3.2(1) T~/ XL 51T, 19344F (BB 9F) 9 H 21 H 5K
~ 9 RFIZE IR O AT A NNE IS HEDT, deke - 37 208 > CTREFEICH7-, BRI
WX Fig 4 MO AT, FOLREIX 9 A 21 B 15 B (L EE A TIZB VLT 967 hPa ThH 5,
BRUE T B BRI SBER TW22S, 30 mis 2z 5 S 0 oA KL LY, £EOEHE - 1T
A 1E 3,036 44, RAKMEE 40 THIC L5, HRE TOFHEITVRNE S THh L5, HIRKEITE R T
992.5 hPa, AP TIXALVEMIT 992.5 hPa LV /hE <, FFHMHIT 992.5hPa LV K&V, WFhiZ L Ak
IRAUENE 990~992.5 hPa DHEIPHIZH VD, B F DKL Z2vy,

25 50 J 75
80x91 9695

AX=2km Prin
T32-Nov
25} N
0 25km
50}

Ng
11142200 (.~
75[ 970 "\ X950

Fig. 17 Spatial distribution of the lowest sea level pressure induced by either Typhoon T32-Nov or T3412 on

Kanto sea area.

(Q)T38-Sep BERAB LU TL10 5 (FT7+E5E) (Fig.18)

T38-Sep &= JEIE 1938 4F (HEFN 13 4F) 9 A 1 H 1 BFplC =il ic Ebe, #ik, BEOWEMZ N 5
FHZHEST U7, WD RUENE 965 hPa, FiE T DR RBIHIKUEX 970.9 hPa TH D, HEHKIZH 7o o 72PHH -
FEEL - BbH T CHERZRBUKEN Tz, FATE T 40 m/s [T DA LI, 200 cm 1< O
WRAEDAE U, RISz o722, EgE I R0 oTc, BBF - THAAE 245 4, 12K
BETE 16 THRIC KRS, HRARRUEIEHEE N CIIBRIEAHIT O 975 hPa 725, F 724N TIIE R B Je b i
B D 965 hPa 7 b ZNZENEFICIT TRELS 2D, 2F Y, HARKEITEN TIIMIE IS ENE
TN HEIN, A CIRER N B e B BT b B~ NW FEICHEM L, 250347 —2 )
HHID,

T4910 & (7 « BE) 13 1949 4F (FEF0 24 45) 8 A 31 H 17 BpF SO H BN S 19 FraiE s
I EEL, £OFE N FHF~OETERIT -, EREREOFLAIEL 960 hPa, AR IXHE N
T 966.2 hPa, Hi{%T 981.3 hPa, B AT T 985.9 hPa T 5, FEHMIT 2 i 2ikk « SEgE, |aE
TR EN T, EF - AT ARPE 160 4, BAEE 14.4 THIZ K S, RARKIEIX0E 5 =R o
950 hPa I8 % HF.0M C E il 2 N-S 1] &4 B MR O & 52 5, BT TIXiB SR 980 hPa 7> & 45 1
@ 990 hPa (T[T T NE FAITHMNT %, HAUEICHIT 2 KEIZEROBEBEDOENAL L 203, JEHE
13 30~40 m/s ICEET 5, 722k, 1WA - AHEPIIRE G 80 km (ALig A EPERMEM) & 5km (B
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FEEIR) @ 2 BP0 - THERET VR EZ A SN E T D RIBRIRHER 217> C, HHEE L 20
B DB & A DR T T N D,

Fig. 19 1 T38-Sep HA\RF D 3 FZNZ 1T 2 KL D ZEM A & T, ZAUIARRE T W CTREIE A
B2 5M—0pITh b, BRHFOLAERFEEMNICHD 8 H 31 H22KEE 9H 1 HOKIZIZEZ ZH
RPN CREDSIZIERL PRSI 202~ L, |E@Em%EO 9 A 1 B 2R3k odb
PRI T 5B EFLOFIEE 5 hdbE b L0 RZERGME 525, HAEETIE8 A 31 H 22 KF|IC
95 11 7C 980~985 hPa, ¥ HLC 1,000 hPa 550 N-S F &4k, 9 H 1 H ORFZIZIESL T 975 hPa, &
BC990hPa 5% & 5 S 1 HIFFFE o 0 IZ SE ~DZERIZEAL, 2 RRIZIIFRIEAT T D 975 hPa > BB B0
985 hPa °¥5 4k 980 hPa % & 0, HEDA N THERI S 5 oA % 5 % 5.

25 50 J 75 " 25 50 J 75

80x91 1,300
AX=2km \
25F Prmin  T38-Sep

AX=2km 31 \‘. Prrin -
2000 : T4910

975 |\, 7970
980[]/ 970}
;09

\ ‘ \ /9651
8/31,21:00 &
ol | Vi o

Fig. 18 Spatial distribution of the lowest sea level pressure induced by either Typhoon T38-Sep or T4910 on

Kanto sea area.

1 25 50 J 75 1 25 50 j 75 1 25 50 J 75

80x91 T35-Se 80x91 80x91 ‘ 08
Ax=2km p P AXx=2km P T38-Sep Ax=2km P T38-Sep

| 1938 Aug.31 22:00

A A (.

Fig. 19 Space-time variations of the sea level pressure at 3 points in time induced by Typhoon T38-Sep on

| 1938 Sep.1 0:00 | 1938 Sep.1 2:00

|75

Kanto sea area.

A T5811 BH LU T5821 & (Fig. 20)

T5811 51 1958 4 (WA 33 4F) 7 H 23 H 6 RERTICANANIR O FE 512 EfE, NE Gk, T80
7p il L7, FORIEIX 975 hPa TH Y, BARH CRUKENAE U, BRI TH 100 cm &8 x
LEEAINEA L, B ORBECIRKOWEEZIT -, H - ATHAPAE 40 4, RAYEE 46 HHTH
%o HHS TIX 25~27.5m/s D S %0 OIRENKRE L2, Z 0B EULFE U XL 5 ik a 7= & o7 1958
D3 oDORE (T5811 %5, T5821 4, T5822 &) DOERAYIDHDTh D, HIKKIEIZ DV TILMHE FTIR
£43E > 980 hPa 7 & FE#A - F 10D 995 hPa F THEEREDS NE-SW FIZHEDY, E FIZKEL 8D, K
FOE TIXALPEMI O 985 hPa 587> & F B D 990 hPa S ORIIZ & 5,

T5821 1% 1958 4F (MEFI 33 45) 9 A 18 H 6 M~ ORIt G B a0 O 8 a 1T & NE i
1T L7z, FULRJENEL 960 hPa, SB35 T 962.6 hPa, HAHC 9653 hPa Th 5, BAFHIF T
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25 50 J 75

80x91 S
AX=2kmy/( Prin T5811

;723 [

25 /8w 0 25km

s ]~

Fig. 20 Spatial distribution of the lowest sea level pressure induced by either Typhoon T5811 or T5821 on

Kanto sea area.

FENIC X B KENA U, B T 25~30 m/s D W I OFREANKE L7208 3R o miEliE 80 cm
DIFEHF Y RE L2, BH AT HRIAEF 712 4, RAKEES HHIZOIE D, BARKE X RN 1
WRA{KT 960~970 hPa |27 V), HEREEIZ & 7= D 58Ik CHAUE 2 & O TRV,

(5)T15822 5 (EFIIEE) HLU T F (FEBZERA) (Fig 21)

T5822 75 (FFEF)IEJE) 1% 1958 4= (WFFN 33 45) 9 H 26 H 21 Kf 30 43 H0LAUE 955 hPa TR E 5
RS2 2398, 27 B ORI 7 BfFmic kR, R4 #&C 1 KRR A NE J7mcim Lz,
B AR &UE 3R T 968.5 hPa, AU T 970.7 hPa Th 5, AHJEIT E < (PO T HT OFFER) Ik
(28R DOWAK « TS FEE 2D Lz, HAE T 27.5~32.5 m/s O S %70 QAR L2V, &
WRZEIX 70 em BRE L HE VK& 2L, FFRFOEEUEEIC LV S E IR DIcmz biiz, 38
FATHARAE 1,269 4, RAWE 52 THICET S, BARKEIXFE RO 955 hPa & 2 HE
ey, SRR, BETVETEMIT 975 hPa (SHIINT 2 HERLC PR3 A6 A2 7”97, BTSN CIERRIR AT
T 970 hPa, HHIT975hPa TH Y, JrafEEmOMEL & L TEWTAE S, HxHEE LTIz
RN

T5915 5 (PHEAEHE) 1XFig 12 3.2Q) T/RL7ZL DT, 195949 A 26 A 18 BEtEA &1 |
B2, NNE FIZHETT L CAFROEMZE Y, dbke - FALHT G 0 B AW b F 2R IR 2 Bl L TK
SRR T 7o B RUIBIRIA R D 72 W BEIL TV 22 b 30 53, HUEIE T 25~30m/s D S
20 oA LT, 100 em ICET D EilRZENE Uz, £EOEE - 175 RHE 5,098 44, =K
BE 36.4 THUIC R SKEEDORELZ o7, BARKUEITH AT HAH T 987.5 hPa, {FFE 45T

25 50 J 75
80x91 Prin ;o

= 927 | &3
Ax=2km 75822 0004
I

251 0 25km

75

Fig. 21 Spatial distribution of the lowest sea level pressure induced by either Typhoon T5822 or T5915 on

Kanto sea area.
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992.5 hPa, #5514 T 995 hPa & E JFHIZHE %2 5 ARFEE CIIyE B 554 C 990 hPa 85700 5 992.5
hPa, HI{E T 990~992.5hPa % & 5, KEEITEAKLE LTHE VKL vy,

4. ¥

anh
Juj

ARWFFETITWE TN, (P08, B0 %2 5 LB 3L Rl O B [ E B TR AR 100 42 H72 b
B3 &N T & 7= SDP REBMIE K S 1911~1972 4200 35 /7 — A D FE K E BEED 10 7@ SDP &+
TEERDD L L HIT, I RREIROTER EEE A T Myers B T%{&Eﬁ‘éfﬂlﬁﬂﬁ#%%fc
FHRSEERHCZERMmEZEA LT, 3HRICH T 2% 5RO 2 km BIFESE A& R 10 53
b CHERK L7z, B ARSUEDZER A0 DR & SR OB R I S ITHRE Lz 2 A, b\ﬁ‘%w)mﬂ_o
WTHREIEEREBIEICIR - 7o/ N &E & LT, HBEORESIZ X 520 02BN Z 72
25, JEBEZET THERLGPRIRIZEEIN T 2 9Bk E & 2 2 EnbroTe, ZOHARIIEE 2 D&
BNOKIES A2 RET D EFHHRNCEZOND Z LD, NilE - NBOEBFHREICBT 2@ IE2R A
TGRS 5.,
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Trend and Jump Characteristics of Season-Separated Data of
Sea Level Pressures, Wind Speeds and Wave Heights
in the Inner Bay Areas and the Inland Sea

(L IERE™ « Bprpyh—** « i E 5
Masataka YAMAGUCHT*, Hirokazu NONAKA** and Yoshio HATADA ***

This paper presents the results of season-separated trend and jump analyses for 45-year data of measured sea
level-corrected pressures at on-land meteorological stations, pressure-based wind speeds at coastal and sea
stations and hindcast-based wave heights at sea stations in Kanto sea area including Tokyo Bay, Ise Bay area
and the Seto Inland Sea area. The main conclusions are as follows; 1) High pressure-related mean data in winter
at all stations indicate a statistically significant increasing trend, while the other mean data show a
non-significant trend. 2) Strong wind speed-related mean data in summer yield increasing trends at the eastern
stations and decreasing trends at the utmost western stations. 3) Large wave height-related mean data in both
summer and winter at some stations of the Western Seto Inland Sea give either increasing or decreasing trends
station by station. 4) Statistically significant trend in each data may be substantially replaced by jump putting a

turning year on around 1986-1987.

Key Words ; 45-year data, sea level pressures, wind speeds, wave heights, trend and jump analyses, summer and

winter, whole year, Kanto sea area, Ise Bay, the Seto Inland Sea
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% SDP (VA 1F) RTEEEHIFELEMEZIZE AL LR NO T, SDP ZEEE S HEE U 7= 15 -
EEE, N EANSKEE T DHRER L IIFEEEOMEZ AN EEZ LN, 29 LIEBLAND
ngwmiﬁm S5 Lo B SRIR BRI, YRR, MRS PN OD 3V O R BB AT E S A KA
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Fig. 1 Input points of measured atmospheric pressure on a 40 km-distance grid.
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Fig. 4 Time series of monthly-grouped highest 1/3 mean wind speed U,; obtained from hindcasts and

measurements at Keiyo sea berth in Tokyo Bay and those of monthly-grouped highest 1/3 mean wave height

H;; at Sadamisaki fishery in the Seto Inland Sea.
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Estimating Return Values of Wind Speeds and Wave Heights at
Measurement Stations Using Hindcast Data Samples in the Inner Bay
Areas and the Inland Sea of Japan
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Masataka YAMAGUCHT*, Hirokazu NONAKA ** and Yoshio HATADA * * *

Hatada et al.(2011) and Yamaguchi et al.(2012) conducted a shallow water wave hindcasting for each of more
than 100 intense storms in the past nearly 100 years from 1911 to 2005 for the longest year period
independently in Tokyo Bay, Ise Bay and the Seto Inland Sea of Japan, and then estimated the spatial
distributions of the return values of wind speeds and wave heights. Input wind distributions were made by
applying a method developed by Yamaguchi et al.(2009) to the SDP(Surface Data Product) wind data acquired
at on-land meteorological stations around each concerned sea area. This paper discusses the characteristics of
the return values at the measurement stations in the sea areas extracted from data samples of the original
distributions. Main findings are as follows. 1)Annual maximum data samples of not only the measured storm
surge heights but also the hindcast wind speeds and wave heights indicate the occurrence of their largest values
at earlier years in the data period and the resulting non-stationary decreasing trends. 2)The return values of wind
speeds and wave heights estimated using both the hindcast data samples and the measured data samples are in
overall agreement. 3)A year period of the data samples should be taken for as long a period as possible for a
proper estimation of the return values. 4)In spite of their strong area-dependency, very rough estimates for the
100-year return values of wind speeds and wave heights are 40 - 45 m/s and 4- 5 m in the inner sea areas

respectively.
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Fig. 1 Domains for wind estimation in Kanto sea area, Ise Bay and the Seto Inland Sea.
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Fig. 2 Domains for wave hindcasting in Tokyo Bay, Ise Bay and three sea areas of the Seto Inland Sea.
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Fig. 3 Yearly variations of measured annual maximum storm surge heights at Tokyo point in the bottom of

Tokyo Bay and hindcast annual maximum values of wind speeds and wave heights at Tokyo to-hyo.
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Fig. 4 Yearly variations of measured annual maximum storm surge heights at Nagoya point in the bottom of

Ise Bay and hindcast annual maximum values of wind speeds and wave heights at Jounan.
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AHERE (T21-Sep AJE) KFD 38.1m/s
B ANEIEE 2 = AE (T6118 #)
REOD 37.8 m/s, 5 5 NfEIE T7220 5K
D 36.4m/s Th D, 1921 FFLUEDOF
RHEREEOE 1 L~% 3N fEIZ0r
BRI (T5915 &) KED 521 m, 5

2FFHE (T6118 &) HED 4.81 m,
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m CTHHND, @R, B, HEOE 1 AEITO T L FRE SR (T5915 5) B4 T, &<

ZEMRZAZ DGR T 2, WEEICIIHEORENE END DT, G2 b AKRI LT ER
B2 & DM H D, 1950 FLARED 3 BHROF 2 (Cff & 5 3ALEITE 2 =7 RJE (Tells &) K&
T7220 SHREDOWT NN THA L, 1950 4FELIATO 5 KJEGE « 1 O EALEIZ 1T T21-Sep B RAREF &
JE (T3412 %) 3o %,

(FEEVE M T b i BALICHE 2 5 B EIXIEIE 1972 AELARTIC AR L, 2R UBEOET, LKy
Il EED2ens, FERNIFER REERm AL,

Fig. 5 1T RIRICI T B 4ERR K &R 72 OBLENME 3 X VKBRS 75 B2 381 B AR R i REGE - I
B OHEBE ORREZL (1902~2005 4£) 2T, Table 31X L5 E TOMEEE 25, KK TIX
R B R ER 2273 25 em DL EOBIHIE RS 1902 FLARERS DAL TV D, milR A O H 1 A EIX=EF &
JE (T3412 &) BED 292 cm, # 2 (ifEIX5E 2 =AM (T6118 5) FFD 245 cm, 5 3ZfEIL 1950 4
DY x=—raE (T5028 %) KFod 237 em, 2 4 (BT 1965 4D T6523 5D 216 cm TdH %, 200 cm
A DEMIRZAZZ O 47— 2R ET, Wb 1965 FLARNCAE LT\ 5, RARIZ, 5 50
1% 1964 40 T6420 S KFD 182 cm Th 5.

®© | T5915 345 | T5915 40.1 | T5915 5.21

T6118 197 | T3412 38.4 | T6118 4.81

T7220 196 | T21-Sep  38.1 | T21-Sep  4.57

T9019 167 | T6118 37.8 | T7220 4.51
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T9426 152 | T7220 36.4 | T3412 4.42
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Fig. b Yearly variations of measured annual maximum storm surge heights at Osaka point in the bottom of

Osaka Bay and hindcast annual maximum values of wind speeds and wave heights at Osaka (Port Tower).
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1918~2005 DR fx K HEF R Table 3 Five largest annual maximum values of measured storm
DOF 1MEITEFTHBE (T3412 %) K surge heights at Osaka point in the bottom of Osaka Bay and
D 40.1 m/s, 5 2HLHIZEE 2 =7 B A hindcast wind speeds and wave heights at Osaka (Port Tower).

(T6118 5) Wi 36.2 m/s, 5 3{IfH
Y =—rBm (T5028 &) KD 33.5 Osaka
m/s, 55 4 AEEIE T21-Sep 5 A0 29.0
ms, 55 fIE 1953 £ T A G order

(T5313 5) KD 28.4 m/s TH Y,
3N E TOAE B EIL SR Z D %
HERLTHD, HREEEOHE 1
I RE (T3412 %) FED 4.92 m,
52N 2 =B E (T6118 %)
FFD 4.64 m, % 3NIHIX T6420 SHFD
435 m, HANAEIZ 1944 FF£D T4416
SRFD 428 m, H5AMEITY =— R E (T5028 5) KD 4.0l m TH D, Wb 1965 4ELLHTCTh
AR KO BALE USALET A BFEMENAE L TR Y, FhlRkKRMEITZNLETHE D REWEL
DR,

B Z E0n, RAEE, GPENE, KBRE OSBRI S CIIsliillmmlimzs, HERE, R SOE
BIBRKRAEIRIZ E A & 1972 FELARTCH 1AL H B3 ~ 4L ETOME LV, 1972 FLUFETIT L VK
VMETET L TWDZ ER3ond, LLEDOEEFHRFELEOFETZ Z TR HITF 72D ng
NOBRHFE T A LD, WERFHENICH WS LSM E7 /0 TIHERRKIEO R E S L Z DA
DIHPDATERIZI2 D DT, FRlR KEOARFEL AL FIIMRITICE Eny, 7205, EAD
IFEEMETBE SN,

obs cal cal
typ : 77'71(1)( typ * Umax typ * Hﬂl(lx

name cm name m/s name m

@) T3412 292 | T3412 40.1 | T3412 492

T6118 245 | T6118 36.2 | T6118  4.64

T5028 237 | T5028 33.5 | T6420 435

T6523 216 | T21-Sep  29.0 | T4416  4.28

@ ® ||

T6420 182 | T5313 284 | T5028  4.01

3. 2 HEERELED R

RO G AT (2 VB B R A 24 5 2 B 36 L TN 1961~2005 4F 45 A OAFRIRR (HEF) R
BEENDIE D>, HATE T 1932~2005 4F 74 43 L O 1911~2005 4F 95 4R OB e KEGEE B, JF
BT 1950~2005 4 56 RIS KON 1921~2005 4= 85 4FM O &L, WHS NI T 1933~2005 4F 73 4/
BB LU 1918~2005 4 88 FERIDOEE A H D, 7272 L, 1961~2005 =D& R DOFT 45 FH] 45 # (45
FEZEL, 1960 FLLRTOE B OBIT IS T 1932~1960 4E D 29 4R 15 HIS L T 1911~1960 £ 50
AR 17 8, FEME T 1950~1960 4F 11 4FfH] 9 il 35 KT 1921~1960 4F-0> 40 4] 11 {8, W= N <
1933~1960 4D 28 4] 20 {E, 1918~1960 4D 42 4[] 22 fHTH 5, T TILEREEFRFIZIRE S
72 1960 £ELLAT O & kL 2 & Lo 2005 4F % TOEEHI A L TEEHRIRE L2 v =1/3, 1961~2005 £ DEFE
BHIR L Tv=138LWv=1&72, £z, BHEBHROEEHIF L Trv=1&792%, LLEDOSM
TR KRESERHZH LTHRIUTH D,

Fig. 6 1ZHEUTERIZIIT D 1961~2005 4 45 4F[# -5 i K ELUE & BHS KO 1932~2005 4F 74 -
& 1911~2005 4 95 4= ] O A Rl e KRG BH I3 2 Feii /04 D & TILOFERZ Q-Q 7 rw MY & L
Ty, BEHRREIZENZENLv=1/3THhH D, HHFPDU e lEFEERK (AM) BUEME, U . 35
15347 A N TR 72 A NNV 24 3 2 A2 51 i KRG 2 2% 97, #HBAFREL p, IFNEIZ 0.971, 0.990 35 L O}
0.994 % 5.2 %, 95 FFMEE 2 BRWTHBIREIZO/N S WA, FERRITIEIE 457 B LIS/
Do

Table 4 (345 EGHE BB L OBLIEGEE RE (R FD) 125 < 50 48 - 100 EfeREug (UK, UK)
EEND OEHERZE (UL, ULy) B8 X OHBERE o, , KERIMP OE LAEUS, L8 260BUL

max?2
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Fig. 6 Quantile-quantile plot of hindcast- and optimum distribution-based annual maximum wind speeds at

Tokyo to-hyo.

1961~2005 4D 45 FHERHI XIS 2 100 FREREHU Yy (v=1/3) 2oL T 5, FERMMOE
BHIR 2 100 FEfEREEH U, (v=1/3) Dk 75100(= Uk, /Ufgo)%ﬁ’ﬂﬁ%{ﬁlﬁ (EEHYIMH, ERHE K,
FAIREEE N, BEHRER YY) & & bIORT, FEBO EUORFITERHMER, TORFIIFHEIY
[, ZEWT 5, 1058 X0 ek U2 BURE BN RS < e EUE o HEUIIIE 50 £ &7k T D,
SFG MR 25 AR DL B oo ifp b EBLIEDEL 315 5 41 2 SO TS B o0 URUAT A, (R BiEE 3 2 =B o
TA 1 (220, 144), REGEWNO MT J&, W PNE 6 sk = B a5 o X B o & 5 4 1 B0 H
RCh %, REUTERC I T 2 R e K BOE R Ot i3, OBLRIE BHIITHR Y 7 2 HES 2RI
1970~2004 4£ 0 K =35 4F CHER G RHS L OB B O B 120 L Cv =1(N =35), @ 1 BRI kR o
TEHEFEERIAME B D 1961~2005 AEDOHEFEEHAR K =45 4ECTv =1/3(N =15) B L Qv =1(N =45),
@1932~2005 FEDOHEFEEHY K =74 4T v =1/3(N =24), @1911~2005 4FDOHEF B K =95 4F
Tv=1/3 (N=31), OFMHTITH, O 3HATHD 7 A 1 (HEFEEEHIM 1950~2005 4D 56 -3
F U 1921~2005 4E0 85 4F), MT J&j, Ml (W90 b HEREEHYIM 1933~2005 40 73 435 LU0 1918
~2005 D 88 ) IOV T HAIRETH 5,

FRUTEE T 35 EROBIIIER E HEFERHC X 5 50 EMEREUS S EERAUD, TThth
30.3+1.0 m/s, 30209 m/s THY, MHAEIZHRVIEVELR &5, £z, 45 FHEE CIrImeRmEHIC
FOETERIE ORI NS, o 3 A DOEEHZ SN T HIRIZAKOBRRIHEONDH DT, L
T CITERHRIRE O BIIR 2, —F5, O35 FMERITU,=31.1m/s (v=1), @45 FHERT
U=323 m/s (v=1/3), @74 FHELITU,=38.7 m/s (v=1/3), @95 FRIELITU =412 m/s

(v=1/3) Lo X o2, BEMIMOYLRIIfMEREFERHEEEOFELRENZ b6, KA, 454
MRS Ul 20, 74 GRS L OV 95 FEME RN RS UL, 201 &35 100 i
BELIFMELZ y)000 =1.20 BE DYy 100 =1.28 TH D05, 100 FFRESRIE EIZZIZE I 20 %38 L VY28 %D
MRHHID, 72720, EEHIRH 35 F0 5 45 F~OPLRIZ LT 100 FiE=REm 0L 4 %

(v=1/3) 72136 % (v=1) 2L LD, LR, EEHHM ORI 45 O & EHIR
TH IAE &5 2 MEICH 725 314 m/s (T6626 5), 302 m/s (T6524 75) <° 74 EOEEMIM T 1
P~ 3{fE%E & % 38.7 m/s (T38-Oct H/A), 37.2 m/s (T32-Nov HJE), 35.0 m/s (T4511 &), 954
DEEHYIM T 1 A8 43.0 m/s (T17-Sep B RV, 25 2 (7fE 38.7 m (T38-Oct B JE), &5 3/ 37.2 m/s

(T32-Nov 2 Jf\), %% 4 AfE 37.0 m/s (T11-Jul B, %5 507K 35.0 m (T4511 %) 2T HENFRR
KRIEHEENZ MDD Z L2 X D, FHiZMb 25 1AESCS 2 (ifli7e ERZNLRTOH 1A (Rl
R) MEEL TR LML L 256100%, MeREE HEEM) bk b PHEERAS RE< D,
B, WMEREGEICE L CEMMENERD L, DXDZENF 2D, b, H2MEOHRNKE
722856, MEFRHEITOMINL, SE¥EETBDT 5, 8 1AMHEF 2 MERED L RWEGE,
e R R & AR ER 22O W E DA BREEICRORBAD T 2,
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Table 4 Result of extreme value analysis for annual maximum wind speed data sample at each of Tokyo to-hyo,

Buoy 1, MT station and Kanda.

K K K K K K
USO UO'50 Ul 00 Uo’lOO U U

max max?2

location | period | Kyrs. | N 14 P ]/K
v m/s m/s m/s m/s m/s m/s vt

11-05 95 31 10330994 | 385 2.1 41.2 2.6 43.0 38.7 1.28
32-05 74 24 1 0.32 |1 0.990 | 36.6 1.7 38.7 2.1 38.7 37.2 1.20
61-05 45 151033 | 0971 | 31.5 0.7 323 0.9 31.4 30.2 1

61-05 45 45 1 0.989 | 31.8 0.9 32.9 1.0 31.4 30.2 1.02
70-04 35 35 1 0.984 | 30.2 0.9 31.1 0.9 293 28.8 0.96
70-04* 35 35 1 0.994 | 30.3 1.0 30.9 28.4
21-05 85 28 | 0.33 | 0.995 | 39.6 2.4 42.6 2.9 433 39.2 1.04
50-05 56 18 | 0.32 | 0.991 | 40.7 3.1 441 3.7 433 39.2 1.08
Buoy 1 | 61-05 45 15 ] 0.33 | 0.952 | 36.1 3.8 40.8 5.0 39.2 38.5 1

61-05 45 45 1 0.979 | 36.0 34 40.4 43 39.2 38.5 0.99
91-04 14 14 1 0.994 | 294 2.7 313 33 27.7 25.1 0.77
91-04* 14 14 1 0.991 | 27.9 2.8 26.2 23.1
18-05 88 29 | 0.33 | 0.970 | 43.2 2.5 46.5 2.9 45.0 44.9 0.97
33-05 73 24 1 0.33 | 0.962 | 44.2 2.6 47.5 3.0 45.0 449 0.99
MT st. 61-05 45 151033 | 0977 | 43.8 4.0 47.8 4.8 45.0 43.0 1

61-05 45 45 1 0.985 | 43.6 4.1 48.6 5.0 45.0 43.0 1.02
79-05 27 27 1 0.982 | 31.6 1.5 329 1.6 30.1 29.5 0.69
79-05* 27 27 1 0.993 | 28.1 1.1 27.8 27.0
Kanda 18-05 88 29 | 0.33 | 0.995 | 349 1.4 36.6 1.6 37.3 33.9 1.07
33-05 73 241 0.33 | 0.993 | 353 1.5 36.9 1.7 37.3 33.9 1.08
61-05 45 151033 ] 0.990 | 33.1 1.2 343 1.4 329 325 1

61-05 45 45 1 0.987 | 33.6 1.5 35.6 1.7 329 325 1.04
81-05 25 25 1 0.983 | 34.3 2.1 36.3 2.4 32.9 30.4 1.06
81-06* 26 25| 0.96 | 0.980 | 33.4 33 32.6 28.8
example of year period 11-05 : 1911-2005 W : Weibull distribution * : obs.

Tokyo
to-hyo

FEEIC e < ZAED T A 1 Tl 1991~2004 4F 14 ERH OBLAIE RS K OHERERHI S Uy +
UM IZZENZEN 279228 m/s, 29427 m/s TH Y, HEERHIES UL BOSKRENL 0D,
HIZEWVMEZ 525, DWW, ERMIMOILREOFET, Lito®14 FHMEEHIN LT U, =31.3 m/s

(v=1), @45 FBEEHZX L TUY =408 m/s (v=1/3), @56 FEMEEHIxH L TUy, =44.1 m/s

(v=1/3), @85 FMEEHIxI L CUN =42.6m/s (v=1/3) THDH05, BUAEEIM 14 00 &k
AR 45 FEOPEBRIC KT U CHESREGHE OHEEMEIZ 372 0 OB H B D, ZHUEEE 1AL 2 frfil e
E DAL BN K 2, LA L 457005 56 -~ O WIHLIRI K LT, 100 il 5 BUE L 1 p 5 =1.08
& EE D, 45 EOEEHIM TIIE 1 AEIX 39.2 m/s (T7220 %), 2 (0fEiE 38.5 m/s (T6118 &),
56 DG EHM CILE 1ACEIX 43.3 m/s (T5915 %), 25 2 7fiiX 39.2 m/s (T7220 B) &, Wi A3
FTREL RDFHEE KT 5, 70k, 85 FMERHTR LT T21-Sep HJE & T3412 = RED i KJFEGH A EH
4~ 5D EAEICIND 2 FRETH D DT, R OILRITFE 100 4R EE Uy, 138 T

128



L (r500=1.08 225 000 =1.04 12), HHERZAEUS S 2.9 m/s & —J@/hE< 785,

RIGENO MT 7Tl 1979~2005 40 27 RN 31T 2 BUHIE R & #HERE RN RS U] T U2 1%
ZhE 28111 m/s, 31.6E1.5m/s Th Y, HEREEHIE D FEREHN 3.5 m/s KEWV, i
B AESH 2 I A DD K DI, HEREEESBRAER L O RE WD LIk D, 20T, O
27 R EHI X L T U, =32.9 m/s (v —1) @45 FHERHZR L C U, =478 mis (v=1/3), @734
BIERHI L CUR =475 m/s (v=1/3) L 7257C, 274D D 45 -~ RHY I 0O FE5E 13 He 5 Rk HE
EEICRE RN AE 7263, LaL, 13 FRERHIES UL 13 45 FRBERNZ XD Uy, L13E A
EEDLRWEE ([l =0.99), TOMUERZEITUS,=4.8 m/s 22D UL ,=3.0 m/s (2 L, HEHEE
HHEEMEOAZHENMER M B 2, 24X 45 FOHEITR L TH 1A0fE 45.0 m/s (T6118 %5), 5 2 ffE
43.0m/s (T6420 5) 72 E3 27 FMOEEHIMD Y, HEEEGED N2 OMME 72532, 73 F0
BRI CIEE 1AMl 45.0 m/s (T6118 5), 25 2 (7fl 449 m/s (T5028 %) &\ 95 K 51T, 2 (ifi (44.9
m/s) BWETFRELRDIZTTHLDT, 73 FMELNTELS < HEREH T 45 EREEHTHES S b D &
FEAEEDLT, EHEREIIUS,=4.8 m/s 1D UL =30 m/s [IZ/h S <725, [FERIS, @0 88 41
EEHZ S L CIEH b 2 FEJIR RBRE S Z T ERE L RN LD, 100 FeRBEUS &iE
WERAEUS TS DIZETRDT 5,

XTH Tl 1981~2006 4 26 FEM OBLIERHIHS < Uy & U2, 38 J T 1981~2005 4 25 4R [#] OHER
ié*ﬂr&:%fx UZ L UE IXZENEN 334133 m/s, 343521 m/s THDH, ERIGEICH E 0 HEITR20

, EEFEEIIENEER OSSR E N, 0, 025 ERHERERHCH LTUE =363 m/s (v=1),
@45 FERERHIR LT UG =343 m/s (v=1/3), @73 EMEEHIXI L TU,=369m/s (v=1/3) TH
D05, 25~73 FOHIMIxE U CTHERITGE U S, DZAIE 8 %LAN (77500 =1.06, 7[5 =1.08) IZ& &%
b MEHEMRAEUL X 24ms 205 14m/s, 1.7mis ~E 2B 0L, HEFMEOEEMERM S5, 81 AHE
EH 2 AEEIE 25 AE O IR T 32.9 m/s (T9119 ), 30.4 m/s (T0418 &), 45 FED AR T 32.9 m/s (T9119
W), 325 m/s (T7010 %), 73 53 KON 88 GE DI T 37.3 m/s (T4216 %), 4 33.9 m/s (T5522 %)
Thd, T70bbH, 20 DOEITERBIMOILRICHE TR LIEEMERI NI Lnb, 458
5 73 HAsOERHAM OERIZIE O #eRIUEDZEL (7/75,=1.08) bHEVREILNEEZIBND,
3¥, @0 85 FEMEEHIKT 25 100 R EUE ULy, & FEWERZE U OWIHILERIC X 52/ S

(70100 =1.07)

Table 4 (T XAuiE, AHEBUCIST 2 RR M OB BHT EE-S < il 238 R HE I 0D K FE A3 FH BRI OAE
RADEN S AT, L0 EWHI OGRS SRERORE L RIRRED, L0 &nREa R Sh

HZINEL, TREN2UE RRBORFUTIE), 2944 (ZWEBOT7A 1), 154 (KRB MT 5,
WP NS SR OXT ) OILERII O 722 Th 370 2 HOFEREKE LA L TR 57, RN
21X Z oMM O EAEZ R¥ET S RS E VY, Lo T, SR OHEE RS R OF ISR
S 25T 2 L2 n, 2 2 CIESHEBICE T 2@ ERIMIC T o RICESSBLEELFEL LT
795

Fig. 7T IZH0E T 74 M, (FE50EC 56 [, WP T 73 4 [ OHER RUSREEHZ F-5 < 100 F-f
KR US, (AH) &ZOEHERZEUL B L4 FRERHIES UL, (v=1/3) Z55FF, 1960 4
PART OB R A B de 2005 FF- £ TORMGEOERHIES S U, 2501 & 7 25 100 Ffe R R y [0 (OFD)
BROBIEEHCEES < S0 FE=Rml UL (kFD) SAEMERAEUL,, BLHIEEHARICH Y T R E
B kS < Ul (OFD) SEHERAULS, 273, BERAUS IIRAITHAZ RS, £72, BT
95 R[], OHEAEC 85 ME[H, WUT NI T 88 FMIOEEHI T2 100 Ffe R mIE v [, (@FD) b5
2D, AEHIR iﬁﬁ‘@f@ 6 M LR CREUTEE, THEMBUNES, MR, &6 2WtE, 7ok,
BeR), 8 (EWBEET) o5 Ea (A4 A 74B, 741, >—_"—2, ¥H) B
O N 6 /f&iﬂﬁ,ﬁ (MT J&j, #7, KBk, ERIE, K5y, XiH) ThD, EITITEHEE O W
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Fig. 7 Alongshore location plots of return wind speed-related statistical quantities.

M, 72& 2 IEHFTEETIE 354 (K=35 yrs.), 74 A TIE84 (8) 2522, HEE TIIENOWE
RV RN S < fEsREGE 23S DA A HUSIT R UTEE D 1 SICR DD Z L inh, fillod 5 HiS
(BT DBHEEHC RS < MERBUEE 5 2 TRy, E72, S CIImeE O L REBLAIE B S 5
FUTUNZRYN, Y PN PV O Ve FE 2 55 e i L AV i 2 e IR (KT 5)  CIRBL RE B 4 g 1R
BEEE BT LT,

F9, BUHEE (obs) BT &R U OHERERE (cal)
nbHv=1) 22V Tx25 m/s UNDZ%E (UK SUL  O84A, IEOfE) TR X <ﬁé.\ﬁ”%.’>ﬂ£m
BRUTHE (0.1 m/s), 74 A 25m/s), 74 B (19m/s), 74 1 (1.5nm/s), #i7 (0.5 m/s), &

W (-1.9 m/s), XiTH (0.9 m/s), 2.5 m/s BLEDZE (fExHE) ZoRmd#aids— =2 (3.9 m/s), jtﬁ}i

(28 m/s), MT /& (3.5m/s), K53 (62m/s) THY, ELITKRGTENKEZY, I B
I B AN 6t 2 HEFL R Ol REFAM 7, %EJEJZ%*% TBIT D E— 7 R RO RANAE S i/ NI OV
TN ED k%&/ﬁﬂéhé LrL, MTRZEH1Z, FEEREL SOV EEHTEED < fes JE s
VIR O RS THEIZIZIERST D EE R LD,

DUNT, KU RV ( FVEC 74 4 [H]) OHEREEHI IS < 100 AR R Uy 13 AUE N it
IR0 37.5 m/s, TEEHRBLHIEE D 382 m/s 7D B EUTHED 38.7 m/s DFFHICH VD, BB O FHUAT
ETRRRE W, EHERZEUN TE RO 2.0 m/s 2> 6 TEEEEHE O 32 m/s & 1.6 (50O LEEHA
% b D, THEPRBIIEE CIdffe s B |2 B~ CTHENER 22 23 eI R 2 0 W44 Tl 100 AR U U Ty
1340.6~425m/s LV, BHNLY 3~4dm/s KXW, FERIC, BEEFREUL, S 3.5~43m/s EIBENO
Bx ELEbs,

M (ZWEZETe) T 56 FMEEHIE-S< 100 FreREGE UG 1XES DT A4 A, 74 BT
45 m/s, ZIED T A 1 T4dm/s & RE L, FEBILH O — =R LIRF T 39~41m/s &V, 5m/s
FREE /NS, fEHEfRAE USRS & ZIE O M T 2.9~4.8 m/s, EHNALET 1.9~2.1 m/s TH D
D, AR ZINENOHUE CHYRIICRE W, T72b6, BEfREC nREW, <1, 74 B T
11 %% & %,

WEF NHED 5 B KBGEN T 73 AERTE RN RS < 100 R EGE U5 1370 A= D KPR T 38.8 m/s, #f
JFT343m/s THLHDIZX LT, HEIZHD MT JHT47.5 mls EIEFITREV, ZHIEMT FIZHBIT
LR RIEGE O 12BN 45.0 m/s (T6118 75 ;3 55 2 WA RE), % 2 (7fE2 44.9 m/s (T5028 75 ;

(ZH5< 50 EHEREH UL (W
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Vrx—rRE) LW R R S, PEEREECH XTH T 36.9 m/s, K45 T39.0 m/s T DDITxt
LT, ST CORSGOIN R OB A HH5 T DT 494 m/s L EDOTRE, ZHUELE 1
NI 55.1 m/s (T5115 5 ; v—RAEBR), % 2H0ED 43.4 m/s (T4516 &5 ; FulEERE) 2357~ X 912,
R L7288 TAMEIC K D, L3> T, 100 Ffle = EOR O UERR 22 U Lo (IR T 6.5 m/s (ZEEHMREL
C,=13 %) EFELIREWEZEZ LY, EHEEKBOBERIEFITIEV, FERC, KKTUL,=3.9 m/s

(C,=10 %), MTJ&TUL,=3.0m/s (C,=6 %) LIRS OMOMR FF, K5y, XilH) OfF
EHERTRE W,

PLEd X 51z, 100 G mGE 1T BN O C 38 m/s Bifk, 5T 42 m/s Riitk, JHEE 0EH
DAHIBA T 45 m/s AR, FFENEILHET T 40 s Fitk, WP PO T 34~39 m/s, RIRIE NS0
W C 48 m/s B DfEZ & 0, & AT CHUTE OS2I PE S IR 2 H L D, ARUEIR 221X 100 4
fife 32 JELE DA 5~10 %D FEFHIZ B 223, FEHIFTIL 13 %IZET 5,

100 R EGR EL y [ oo (THEOE N TIE 74 FEHEENC 1.19~1.21, 95 FERHIE RN T 1.21~1.28 GRAUAT
) &, HAUTEIZBW T 95 FERMER T8 % REWVDIZH LT, ZTDESTIX 74 FEMEET 1.36~
1.47, 95 FRIEEIT 1.31~141 &, T 4~6 %35, LnL, WTNIZ LA 45 FRERHI S
HERICHAT, X0 RWHIMOEETIE 100 FEiEREGE U, 1£20~30 % (BH) & 25N E 30~50 %
(BH) LD EINT 5, FEENTIE 56 FHEET 1.03~1.04, 85 FRHEET 1.05~1.06 &%
FHWNDOTMCKE L, B TIES6 FERMERT 1.07~1.11, 85 FEMEET 1.03~1.06 &, H%ENHIC 4
~5 % T D, KBE TIE 73 FERIEEFC 0.99~1.13, 88 FEREEIT0.97~1.11 &, HBH T 1~2 %/
S 2%, EHIRTIE 73 FMERT 1.20, 88 EMERIT 1.19 & 1 %/hx <, W= PSS oD X
H &R TIEWT LD 73 FEEET 1.08, 88 FMEEIT 1.07 & 5, T b OEIHEIL 1960 4 LLHT
D 1NAERE 2 (A 1961 FELIBEDOZN 6 2 EORE EEb D NITRIFEL, & IZHAEBE DN
REBERIFETREVEZ L5, T7bb, BRI OS5 2RICHE, 281 L7258 1A=
(ZHN40 2 BRCKT AR Tl 100 4Rl S BUH Uy oM R EIREL y 00 DB R E < 2D DIZxt LT, 8 141fE
EF2NEN L L WAL, 2D OfEIZO0RD 35, BLE RN Y 3 2 B o HER
BEHZFE-S < 100 MR EGE L 45 FRE R ED X EWHIB OB RN FE-S < 100 FFe R mUE &
TN ENZ &0 D, HIRIEORWERHI S < MR EUEIL 72 0 O/ NHliZ 2> TW\WbH Z &
WD,

72 ¥, Rk Je 22 82 TR S Av72 1952~1967 4 16 A2 16 {8 OBl 5 R B B EHT k13- 2 fifghr ©
I, 50 FERESRIRE & = OEWERZE UK = UL 15 35.6£22 m/s, 16 DA b — ARFE — 7 JGEOE
BN =30, BEEHRE N, =64~256 & F 215K EOREEHT 9 2 fEdT TIREELIM 50 42126 LT 36.1+
26 mis ThHHND, HEREERHIES FERITEW, BIERHZE S ZoMOHE 1 AEIE 32.5 m/s
(T5313 5 ; 7 ABRE), % 2AEIX 304 m/s (T6118 5 ; & 2 P HRJE), 5 3 (EHIX 30.0 m/s (T6524
7)) ThDH, BEFEEIIRHTHLR, 5~10mE BN, #ERHEE L TIE5~10 %kE W
AREMEN B 0, FEREGE G FRREICKRE L 2D, LoL, HEHFOBENBRAEDOLO LR D Z Lo
5, K VEIERFHEO 72 DITIEREG ORFEOFED B L ZE T HMERH D,

3.3 HEES D

Fig. 813 1961~2005 4F 45 FE[# DR e K = & Bhds LT 1932~2005 4F 74 4Ef#] & 1911~2005 4F 95
ER ORI KL R ERHI R T 2 il i 12 255< Q-Q 71w b & HEUTIEIZ DWW TR, BRHER
FiTv=1/3Thsd, MR p,=0.984, 0.995F L TN0.994 NIEIZRET D L 512, 45 ERERI DL
B OEEHEA 457 EMROEDLVIZETIELDWTALET HDITK LT, 74 FHIEE L 95 FRIERT
IRIEIFE 45° BER BTy hEnbd,

Table b IZMMEFFHARHT L 0 15 537 50 42100 FHeRIE & (HS , HY)) &2 6 OEEREZE(HE,,
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5 5 5
4 | Tokyo to-hyo 4 | Tokyo to-hyo, 4 | Tokyo to-hy
E%T1961-200 & %T1932-200 &£ %T1911-2005
g3t g3t g 3t
s s S
< 2t < 2f < 2f
T v=1/3| T v=1/3| T v=1/3
r p=0.984 r p=0.995 T £=0.994
% 1 2 3 4 5 % 1T 2 3 4 5 % 1 2 3 4 5
H AMdata m H AMdata m H AMdata m

Fig. 8 Quantile-quantile plot of hindcast- and optimum distribution-based annual maximum wave heights at

Tokyo to-hyo.

Table 5 Result of extreme value analysis for annual maximum wave height data sample at each of Tokyo

to-hyo, Yokkaichi, MT station and Kanda.

K K K K K K
H50 HUSO HlOO Ho’lOO Hmax HmaXZ

location | period | Kyrs. | N v Py e Sloo
m m m m m m

11-05 95 311 033]0994 | 393 | 0.18 4.17 0.21 4.20 4.13 1.05

32-05 74 24103210995 | 3.89 | 0.20 4.12 0.25 4.20 3.81 1.04
Tolo 61-05 45 15| 1/3 10984 | 3.79 | 0.20 3.98 0.23 3.81 3.79 1

61-05 45 45 1 0.995 | 3.81 | 0.20 4.04 0.22 3.81 3.79 1.02
69-04 36 36 1 0.991 | 3.56 | 0.25 3.78 0.29 3.79 3.12 0.95
69-04* 36 36 1 0.996 | 3.63 | 0.29 3.69 2.93
21-05 85 28 | 0.33 | 0.981 | 442 | 0.16 4.68 0.18 4.44 4.21 1.05
50-05 56 18 | 0.32 | 0.987 | 440 | 0.19 4.61 0.21 4.44 4.21 1.03
Yokkaichi | 61-05 45 151033 | 0989 | 424 | 024 4.47 0.27 4.21 4.15 1

61-05 45 45 1 0.993 | 430 | 0.27 4.63 0.30 4.21 4.15 1.04
77-96 20 20 1 0981 | 3.94 | 0.28 4.18 0.31 3.54 3.53 0.94
77-96* 20 20 1 0.975 | 3.70 | 0.64 3.75 2.49
18-05 88 29 1 033 1 0993 | 418 | 0.29 4.56 0.35 4.69 4.18 1.10
33-05 73 241 0.33 |1 0.989 | 426 | 0.31 4.66 0.38 4.69 4.18 1.13
MT st. 61-05 45 151033 | 0989 | 3.81 | 035 4.13 0.45 4.08 3.42 1

61-05 45 45 1 0.993 | 3.83 | 0.31 4.17 0.36 4.08 3.42 1.01

to-hyo

78-05 28 28 1 0985 | 3.14 | 0.19 3.31 0.22 3.04 2.92 0.80
78-05* 28 28 1 0.994 | 341 | 0.22 3.33 3.17
18-05 88 29 1 0.33 1 0980 | 474 | 0.14 4.95 0.16 4.81 4.73 1.06
33-05 73 24103310979 | 476 | 0.14 4.94 0.16 4.81 4.73 1.06

Kanda 61-05 45 151033 ] 0960 | 4.54 | 0.15 4.68 0.15 4.51 4.48 1

61-05 45 45 1 0.995 | 4.67 | 0.18 4.87 0.18 4.51 4.48 1.04
80-05 26 26 1 0.981 | 4.61 0.20 4.82 0.21 4.12 4.02 1.03
80-06* 27 26 | 0.96 | 0.968 | 4.04 | 0.40 3.76 3.64
example of year period 11-05 : 1911-2005 W : Weibull distribution, G : Gumbel distribution * : obs.
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HE o), FHBIREL p,,, 45 FRIEEHI IS < 100 FReREE @ Hyy (v=1/3) 1233 2 & HIMEED 100
EMERIL 5 H gy DIy 100 38 K ORMTSAE (ERHYI, ERHMEEK, BRRNEEHA N, EEHRIRE )
OB BRI ORI, SO AT, KBRS MT &, W7 NS OXTHIZOWTE 2
Do BHUTIZI T 2 EEHIRI O 5ENE L Table 4 DA LR L TH D,

FORUTAE TUE 1969~2004 47 36 47 ] 0D A7 J51 e AL e B ek d6 X OVR) U 91 oD 4 ) e RHE R v
BHZFES < 50 e i HY & 2 OFENER 2 H )5 (XEIZ 3.63+2029 m & 3.56025 m TH Y, HiH
HRERAET D, E7o, 45 FEHERE RN IS < MEHT CILme R I @ HEE RIS RIE T E BRI EE 0 2%
IEHER AL SO TNS W, BRI OIIROE L 75 &, 100 Fhe=ik s & 2 OEER2TO L
iR U7z 36 4EFTERNC Hiy = H,, =3.782029m (v=1), @45 FMELTH b = H5),=3.9820.23 m

(v=1/3), @74 FRERTH] = H,=4.125025m (v =1/3), @95 FEMEE T Hy = HY =417
021 m(v=1/3) Th %, EEHHH OILIRI LRI & 13 THIN L, 74 SRR OGS 1) 00 =1.04,
95 FERTE R DA 100 =1.05 & 725, 95 A& R Tl 36 AR EHI H~T 100 F-FESRE H 28 10 %1
4%, EEERETSBLRBDT 5, 45 FELL LGB THNIE, 45 FERERIOS 1 A0E &
95 2 A7MEIX 3.81 m (T6118 %) & 3.79 m (T7920 %), 74 FRHERDOZN 51X 420 m (T3412%5) &
3.81 m (T6118 %), 95 FFME K CTIL 420 m (T3412 %) & 4.13 m (T17-Oct B/R) T 5, thE D T3412
BHED 420 m DARK I RORREVEZ & D DT, 45 FER-EENE D 74 ERIEENT X 2 ek @ HEE
EHETHENT 5, £72, 74 FHERE 95 R RHT X 2R TS 2 (0fE (4.13 m, T17-Oct &)
OEEIMIAEVFERE & ITE HIC0R0KRE L 250, HEFEEITNEL 25,

PEBOM AT 20 ERMOBLIE BN IS < 50 4EfERIT & & MRS HY £ H2, 13 3.70+0.64
m, [FU 20 EMOHEFERNIH LT 3.942028 m & 525, ZOHAICITHEREFEDOZEIZ 024 m T
HoHN, BHEEHI S SHEMERZAEN MR KREWV, 20 EREB L 45 FE/M20 D 56 FF L85 48
I~ DR O PLIRIZ LY, 100 4EfERIE R & & OEMERZTO HYy) = HY),,=4.18+2031m(v=1),
@H, = HE,=4472027 m (v=1/3) "H@ Hy = HYS, =4.61=021 m (v=1/3), @H} =
H}0=4.6870.18 m (v=1/3) (2813 5, BUHEEHIRICST 2 OO R 2 R CHER I & O #2213
HEVRELBRVD, FHEREITNSLSRY, MEREEHEEHEOEEERM L35, 5 10MHE &5 2
PO 45 FEMEET 421 m (T6118 5) & 4.15m (T7220 B), 56 EMERICT4.44m (T59155) &
421 m (T6118 &), 854 EMEEITRIL < 444m (T5915 %) & 421 m (T6118 &) L Wil & /3 L
ThoHN6, EERHIR ORI 100 FMER & 2300 L, AFHERZITED T 5, 100 Fhfss
e LR IE 56 FETERE T y2000 =1.03, 85 FERIE R T yd ,=1.05 TH Y, 5 1l & 5 2 M DOFE T D8
IS U CHERE @ b HE 22, ZOHIZEVENS%EHE Y K& 20,

KRB 0> MT J7 Tl 28 A OB RHI B < 50 FreR @ L AEERZE Hy = HZ 1% 3.41£0.22
m, [F U 28 ERIOHEREENI KT LT 3.14+0.19m TH 5, BHEEHI IS < MR E2Y 027 m, HEYE
fA7Z£H 0.03 m KX\, 100 MRS & & AR HER 213028 FF &R C HYy, £ H2 =3.312022m(v=1),
@45 FHERITH,y = HS),=4.13£045 m (v=1/3), @73 FMELTH], £ H,=4.660.38 m

(v=1/3) ThHE, & ATEEHHR 45 05 73 F~OHLIRIZEV 100 FME=R3E 528 0.53 m BN
U, FEYER AN 0.07 m BT 5,45 FHERIOH 1 (ZEIX 4.08 m(T6118 7), 5 2 (i fili% 3.42 m(T7220
), T3AFERERIOS 1 AEIL 4.69 m (T5313 %), 2 200fHIX4.18 m (T5915 %) ThHV, HBEOHE
MDA V) R E RS R s HEE IS Sk S D, 88 AR EF Tl 100 e 5 & 2 DAF HE(R 24
@ HS = HS =4.56+1035m (v=1/3), & 1AfEIX4.69m (T5313 %), % 2ifH1% 4.18 m (T6118
) THO, 1B AEMERNCEIMELSETVEDLT, L LANIL 2%, 100 FREeRH T 73
FERTERN Tyl =113, 88 FEMEEI Ty, =1.10 L5 1ALl & 5§ 2 A EOREZE K L T
10 %L ER&E L 22203, 10 RWHIF O 88 FHIEEHT L DR R TR T3 % hE< b, 2D
X, BELEHBMEREAGL7-OIE, BEOH 1EErE0EROMEA TE 27217 E< L
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DMENDH D Z L H T D, BIEDE 1 AELIRT O &R & & 72T CIR iR B =R 4 8 KR,
BEFE DB 1 ALl 2 5 & 70 WEHT CIE i B 28 2 8/ N 9~ 5 rTREME B 5, 7eds, BLRIEEHEIRHIC
Y42 28 4/ (v=1) 76 459/ (v=1/3) ~OEEHIM OILIRIZHEY, 100 FHEHREE & D)
D OHEM (0.82m) NHEHILD,

VR PN Y S S Y S B 8 0D X FR T, 27 AR O BLIATEERHT D < 50 R R i L AR VEIR AL HI £
H 2y =4.0410.40 m 3 L ONTIE R U H ] (26 1) OHEFEBHI ELS < 50 4RfER M & S IR ER 2T Hy
+ HX,=4.61£020m T Y, HEF GRS e iS5k LT 0.57 m R&EWMEZE, AR 12%F LT 0.20
m/NSVWEEZE XD, ZOHREITHE 1NEEH 2 S BIHERNT 3.76 m (T0613 %) & 3.64 m
(T0514 =), HEFEEET4.12m (T8513 5) & 4.02m (T9119 =) &9 Bpik 23 fe SR rm HEE 12 BL
Divd, 26 FREEHZ X5 100 FreRM S & AEERZTO HYy, + H2,=4.821021m (v=1), 454
IR L 73 MG RN K D 100 FReR & L IEERZEILO H iy + HY\ =4.68+0.15m (v=1/3) £®
Hly £ HLy=4.94%0.16 m (v=1/3), @LQ@DOEEMIMIZIIT D5 1 A0fE & 5 2 (A EIFNEIZ 451 m
(T7010 B), 448 m (T7119 5) & 481 m (T4216 5), 473 m (T5522 5) ThH D, 26 FEMND 454
BEOA5 D 73 4 L0 D BRI OYLRICHE O MR mHEEME DR & BMMANER A~ B D, 88
AERE RN TIE 100 AFRERIY & & R 2ZIT@ HE = A =4.95+0.16 m & 73 FEREERHI IS < HE R
CIFIEFAET D, ZOMOE 1IAIEIL 4.81 m (T4216 =), 2 A0HIX 4.73 m (T5522 5) & 73 4E[#]
BEOGE LRI TH Y, WIMPEIRICME O MR & SR ERZOZITIZIEAR DRV, 100 FHEH
Wb 73 AERE BT ) 0 =1.06, 88 AEFIE RN Ty, =1.06 TH Y, HIMILRIZ L > THE 1 (ifEk
L O 2 (A & RIAR SRR st B b Ly, £72, XTH TG EHI IS E-5< 100 4FHe
R %G O TERHYIM OYLRITHE O MR mHEEME OB/ S v,

Fig. 9 1ZfeFEGEICxT 25 Fig T L RO RZMEREEIZONVTE X 5, xSRI REHE
BERE DTV 2 BRSO 6 HiS (BN O HUTATEE, THEEBLAILE, I, 70 0% 2 s,
BHOT VI, AR, FEENON AT, WENEO 6 s GRS : KBGENO KK, MT
B, ARE, VR BERAENOEEBIR (R, BUMENO KRSy, FEBEEEOXNE) Thd, Z
DD HERHICET D BIEROMMIX 7 E LB L b, Brxtg e Ly, THEBRBIAE C
HEBHIMIZ10FE LRV, £, ANENDOIROEELZ T DMLY VI 5, ker, HH
W (k) o 3HETH D,

FF, BHEEE N ER CHBORHERERNCEK S 50 FMEREE HE o0\ T, WFOE

2,0 T T T T T T T T T I T T T
151 <— 95yrs. (@) —> 85{f8- «~— 88yrs. (@) — |
[ 56yrs. ]
0.5F <« 74yrs. (o) — () +—— 73yrs.(a) —> ]
0.0 f f f f i f f f f ] f f f 12
- 74yrs. (a) 56yrs. 73yrs. (4) .
100 = > (a 410 €
E B K + K T
< 8F &cal. HsoXHss0 18 S
B 7 e
L 6] Eobs. HsotHobo /§ 16
H r (18) 7 1
3 4 (1) O} % % 14 <8
T © %gw (31) (20 27 1, T
21H(K=36yrs.)(10) * (20) (28) K x 12
- (18 % cal. Hio0xHos100-
0 f f f f : f f f f | f f i 0
Tokyo to—hyo Daini—kaiho  Yokkaichi Kobe Kanda
Chiba obs. tower Ashikajima Osaka Sadamisaki
Wan-oh  Hamakanaya Mt st. Oita

Fig. 9 Alongshore location plots of return wave height-related statistical quantities.
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(HE, ,>HE,, OGS EOME) 23103 m NICHE 2 AT HEFENO B UTE (007 m) & T4
PEBLAES (0.01m) @ 2 HuS, FERENOMABT (024 m), KBKEBENO MT J& (-0.27m) &= (-0.04
m) O 2HE, ZENE0.5 m LNOHLEITRIK (046 m) ERIFENO KRS (048 m) O 2HATH
%o ZOATHIEMER AT TEERBIAES & U AT BIER OB AICKRE N, VT, HAEN
OB IRHF T 0.60 m, 50O 2WET 0.6l m, EHOT > HET0.68m, EEATO0.72m, AN
T VG S Mk S B P R O AT C 0.57 m &, HERHELZ LC 0.6~0.7 m D2, B4 /KiE B o> Ve Ik ©
1.66 m DFEZE /R, EHEREZ G DIV, 5 2 WS & Ve IRk 2 bR < H TR m O #BH X E
BICEZRD, LnL, #HAERSERNIE TN EICA T, BHEEEERO b4 Ol (Bl
RERREIRE, B REEOREEOR BRI L) 2L - T, MERNIIES < FER O E e LB IR S
TZRUN,

ol 20X, AR TR ALY 7 ADOPENE CT1TT 0 T7920 SRICH ERBIE RN S 5N T
WRWODT, T8506 FIZfE9H H I MiENZEH L-faL /e b, ZOfEE, BIHERNTEED < MR X
KD OfE, FEHEREIIIEFICREVEE & 5, e B EE CIX R RIRREO KD 72 < 7200 T,
BUE RN EE S < FERIE SR D OFHI & 72 2, 5 2 Wk TITIRHER 2361 T 2 HIBMRIG E OR 2 D
72, HEEENSKEOOME LG X H5AEENRS D, £z, Ko TIHBIIERHCH LN S 2 LT25E
IR HERER CIHED OB E 2> TWD DT, BN IS S HERI & O A7 & T HEHE R 22
HHEF RN LS AR LR TRE W, BLEICHIR U7 2 0 S T R 78 2 BUHE BEO RpiE-OHE H
BRI OIS U Tl ORI s EEICEZNEL D B2 005, 29 LR EBET D
&, BERENIITHER RN RS < MeR I S 3BIE BHZ RS MR S & S D BRELL Eoxtis & 5 2
HEEALD,

DUWT, HEUE T 74 4E[H, PHEAE T 56 41, WP NIEC 73 M OHEF G EHI -5 < 100 FiEk
wHE, LR Y, OHEEMZ 2D &, HEUEOBREH N HER, B0 T4 maitk, EEAGT
T33m, EATISmAi%KE LD, BHNTISmEE/NSW, FHEEOMNBITIX46mE2 5250,
KEDOHIKIZZ T TR D E 2> TWD, KIEOREWIHTEHLETIEZSm 2#IC EEb D, KKE
WD 3HIE T 47~49 m (4.8 mAl#L), KO EAHTS mATETH Y, EEHEHE TOLRE W, 100
AR R AR L CRIIBN O MT B TROKTH £ 0 372 0 KREWERS LA, B EIERkEE
HEORIN A= T2 2 Lan, BURIR U2 ESOBIMILT LA TRy, £, KPEFEICERT 2
B AGE R TR EORM CREPERD) (SA0E 3 272 BRI IIINED DA T 2RO R %
EHEZTDHZ LD, 100 FEfMEERE Hp 1399 m EHEEIND, ZOMHEIINMEBHO 5 m & TR
2MHCETHITINE D, BRAKENOAYMATTHIEOREICL Y, BHIGERERCBIT HE L R
T3~4m/hS\W, HEHERZE HE 13100 R E H S, O 5 %Hith & 5 VT Z A LL T OMsL CGRETT
B, TIEPBLNGE, WoHuR, daess, WMHT, M5, EHEIE, XTE) B0, F2iEsron
BERIOKSE MT WT 75 %aitka 52, & <ICHE TAME L5 2 M ERZEH LIz i & 2 KTl
9%xR D,

45 UL E OB RN HS < 100 FRE= @ HYy, (v=1/3) D 45 FRIEEHT IS < 100 F iR &
Hiy (v=1/3) Oltyk g, &m0 &, BERMIMOILRIZ X o THH 1AESCE 2 MHICZE LA 7 Hl
SRS 2 ACES RN T H R (e ay, A, PEHEIF) T 0.96~0.98, 5 1ALE &5 2 (I ESR
NG 2 AL CRAEUTAE, FIEMBIIES, W, MAT, KB, XiH) T 1.00~1.06, 5 141
&5 2 NN A BB CHM T 2 M (7>, MT R, K47) TLI12~1.14, H1fEEFE 2
PEEZNE L BN 2 His (5 2918) T123 2L 0, BRI OIERICEE O % 1 AESCH 2 (1 iE o
BACDORRE DS HER P S HEEMEICHERE M S NS, 72720, & SNMELLFOZLIEE TIEH LT
0, TORBEITE INEE 2AEIZE TRV EHN I D, BEERZE HE,, (X ORIV
LT3 20, HMLTHZOREIZAEE TR, LML, MREEWLyS o DN OBIMAZ S
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WIF2MHE (y1=123), T¥hE (yle=1.14), K5 (yP,=1.12) TITHERRE LA ELRE
I L, MR EHEEEOEHEEOKTAEL TWS, 221, MT & TR O & 2N
(Voo =1.13) EIEEREDD B ELT TNV D,

BRI 2 S HITIRE L7ea (HEUE T 74 005 95 s, FHEME T 50 005 85 FF-~, WHIT N
WEC 730D 88 FE~), BB OB RHSIZIIT D 161 (] =1.02 25y, =1.06 ~HE) % BR
W, 100 ERERIZE L p K RHIREIRIC X o TEE A CHIIM L 22y, e LAE L T2, Bk
HiRCC I RE AR IRV 1A & 5 2 AR AN A B R BB ICHIIN 2 D1t LT, oo MR TIdsf 1
AABEDN A U T 2 AAAEDEINT 57, 5 1AE & 5 2 (BRI CIEIC & EE D, 20 ORE R
Bty K ICK S5, BUEEEOLE & B0, FEOHAITIIKEOHIFI 72 £ X 23 m OH
FTHRAELD0T, BIMIERICEE 9 6 1 AECH 2 (72 & OB, L7z > THESRIE dHe e o1
IR EGE DA X0 B S A EMICH 5, 7ok, BIAMEEHE Y IR 2 5 45 FER~O G R O kR
WD, XTHZBR< 2 < OHLRT 100 4FESRIE ST A B R REICHEMT 2 2 L b, MEREEHEIC
Br L COBERIM OILED LENEDN R S D,

WTIUT LA, EEHPR OIRIRICIE S & BACE (55 1 A0E) 05 2 A EA K E < B S5 lRetk
DEOHS CI R S HEEE b B IR S D O T, RIS O E 2 ED I, HEERF
ZEOHIMZE D FEHEEOR FOMEEEZMES & LT, TR TRVWHMOEEZ AWV 250835
P

4. % &A

AFETHELNT-MAITSEDLSICE EHbND,

DA, (B, KBRS O B TIE 1960 4= LART O EK 5 JERE I Z BLE &R 22 0O 70 & T HER
JRGE - W% LAMEASERE L, Ai2E (S22, BOE) SR L TR LEMEE S L i, &
BT < AL E T D ERIRKEO KIS B 1972 FLURNIAER L TWD Z D, 2D DERRK
EERHIIEE R 2RO 2 1 D

)R e R EGH + 7 i O BB RIS L ORER RN KT UC, REHEE & e/ 2 VBT K 2 it
fEMTET /L (LSM E7 V) ZiH L CHEE L7 BGE - 3 & O BB R EITEERZ 2 8 0 EZ < o
WA TENZENHR LIS GET 5D, L, BEERTIEY—"—Z, MT &, KoL, EaE
BFCIXEE 2¥E, 70, Ber, XM, EHRIEE S, WFICHEREHEN AL OHE S H
%o ZAUFHERMEORBAESCBEEO A (BHFFMMR, v— 27 EOXRHBERL) 22X 5,
72720, LSM E7 L TlE, FRHIRRMEORE S LIEMLOABBATIERE 2V, HEARDIEEFIEILEIE
SN,

AP DRI E - T, 8 1AL &k EACE T OB T 258120%, JEE - a0
B R S A YER IR E < 2D, T ORREIXE 1 NAERE 200, & <A 1 AE o W REEIC L
O BENNRITHRATFT 2, W E 1 AESCH 2 MEfiE 7 EISZE S 72 WA, BRI 1345 T L,
FEAEfR TR E W5, WIMIEIEO FEIIH B IR T 2 MR RGECH AU 0 O 2 s &
BAOT A F7 BB MR SIS L TRE, RESOHEICE, DRSO &N KIE
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Measurements of Impedance of Lead-Acid Batteries
by AC Impedance Method and Phase Detection Method

Il R, JNEP e, PO fE T2, S !

Keita Kaji', Kazuo ONO!, Kenji Watanabe?, Hiroshi Sakata!

abstract : Lead-acid batteries have potentiality of storage equipments for small-scale electricity, for ex-
amples, from electric vehicles to smart houses and communities, since they are low cost and can supply
high surge currents. We have measured the impedances of lead acid batteries which are expected to
characterize the capacity of batteries such as the SOC ( State Of Charge)and the SOH (State Of Health).
Impedances of batteries have been measured by the assembled measurement system for the AC impedance
method and the phase detection method under constant resistance discharging and normal charging con-
ditions.

keywords : Lead-Acid Battery, Impedance, AC Impedance Method, Phase Detection Method, Battery

Management System
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A Study of an Electric Motorcycle Using Electric Double-layer Capacitors

BREVERT NEPRIMET JEBE T EER—T O WEET

Yasuyoshi KAMADA*, Kazuo ONO**, Kenji WATANABE*** Kouichi TSUDA**
and Hiroshi SAKATA**

We have assembled a small-scale electric motorcycle with a power source consisting of the electric
double-layer capacitors (EDLC) to study its practical implementation for short range vehicle. A dsPIC 3012
is utilized for obtaining the data describing running performance such as current and voltage in the circuit
comprise of EDLC and DC-motor as well as speed of motorcycle. Measured data are compared with those
calculated from the simulation model of an electric motorcycle which is described by the system of
equations of the electric circuit and the equation of motion. Experimental results and therefore the

simulation are in good agreement.

Key words: Electric motorcycle, Electric double-layer capacitor, Running performance, dsPIC
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