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Investigating Occurrence Possibility of Super-Strong Wind Speed
Estimated Using Width Records of Resin Freckle Left
along Annual Rings of ’Yakusugi’

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

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

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

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

ring, extreme value analysis, return wind speed
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Fig. 2 Yearly variation of measurement-based annual maximum and mean wind speeds at Yakushima.
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DEIS, Fig 4 1IMGBEAME & BA LIS yakushima and width of resin freckle on stump of “Yakusugi’.
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Uyai=3.355+17.49 (2)
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Fig. b Yearly variation of freckle-based and measurement-based annual maximum wind speeds over a period

of more than 1,500 years at Yakushima.

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

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

(473 4F) 23T D REMEIC DWW T O order | year period | year | U, (m/s) | U, (m/s)
BHIAERMTICEEN TV S, & 3ALEITR 1 537-552 | 545 87.0 93.5
AP m e, AT EY B Sz E 300 2 451-484 | 473 75.2 79.0
FoMOE ARERE B S5 182849 H 17 3 | 1819-1830 | 1828 73.9 77.5
Hoo—FL hEREEZ T, FAFREEL 4 | 1118-1156 | 1130 70.1 73.0
7. * ¢ this study, ** : Manabe( 1968)
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Table 2 List of return wind speeds estimated using measurement samples at 5 stations.

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

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

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

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

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

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

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

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

LA e R JBRL R BB L 2t

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

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

maximum wind speeds at Yakushima.

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

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

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

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

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

FEHEERELD | ms KxVRETEORS S oo | 3 =10

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

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

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

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

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

Yakushima.

170



3. HEERETIIZEDIKKER

3.1 Holland R I2ED < &5t

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

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

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

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

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

AICES S BEREY, FRATEREND,

e ]

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

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

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

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

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

4

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

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

) and surface wind speed

880 hPa DO HEMNEAE De Holland Myers

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

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

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

gmax

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

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

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

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

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

3.2 Super Gradient Wind (SGW) ETFILICE D &t

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

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

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

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

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

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

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

4, HERMERETILIZEASIaL—S3Y

4.1 Holland (& D < #&E4

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

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

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

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

20N,

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

1 1
20 30/3*5//7?\7’ 40

25

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

Ax=80km Ax=80km

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

technique(Holland type).

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

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

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

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

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

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

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

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

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

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

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

5. #&

anh
ju]

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

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

LR/ E Y,

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

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

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

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

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

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

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

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

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

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

69.7 m/s ICITVMEE 52 5,

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

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

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

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

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

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

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

AHh, ZOREFITEET D HIBLEORKEITKFETL2D1FF 9 ETHAR,

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