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SYNTHESIS OF A STOCHASTIC TYPHOON MODEL
AND SIMULATION OF TYPHOON WINDS

By Takeshi FUJII and Yasushi MITSUTA

Synopsis

In the prévious paper in 1985, we presented the statistical specifications of the pressure
patterns of the typhoons through the analysis of the moderate and severe ones which had
made landfall on the Japanese main islands during the period 1951 - 1984, Basing on these
specifications, in this paper, we synthesized a stochastic typhoon model, and carried out
simulation of typhoons by Monte Carlo technique. Further, a series of simulated typhoons
was applied to the estimation of the design basic wind speeds at Akashi Straits as an ex-
ample. A series of simulated annual maximum wind speeds was represented as the double
exponential distribution, and the expected wind speeds at the site were estimated as 44, 47
and 50 m/sec, for the 50, 100 and 200 year return periods respectively.
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The smoothed coastlines at the East China Sea and north-western part of the
Pacific of the Japanese main islands and division of areas. d4 and d¢ denote
the widths of areas in the averaged direction of typhoon movement.
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dp>=45mb

Number of typhoons = 1§

Flp-e)w 48ka ( 1.87)
Fle) = ?lka ( 1.85)
Fln+sln 107ka { 2,03)
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Fig. 2(a) Cumulative probability fo the radius
of maximum cyclostrophic wind speed,
rm» in the logarithmic scale, for 4p=
45mb at the time of landfall. A solid
straight line indicates a simple linear
regression line. F(m) shows a mean
value on the regression line. F(m—s)
and F(m+s) represent smaller and
larger values by a standard deviation
from F(m) on the logarithmic scale,
respectively. The number in a bracket
indicates the common logarithmic
value of ry,.

4Sab>dp >=30mb

Nuaber of typhoons = 21

Fim-s)= 45ka { 1,65)
Fle) = 81ka { 1.81)
Fimss)m 146km ( 2,18}
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. Fla-a)u 74k ( 1,87}
Fle) = 100ka ( 2.00)
Flon+s)= 136ka [ 2.13)
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Fig. 2(b) Same as Fig. 2(a), except for the

group of 4p above 30mb and under
45 mb.

20 40 €0 80100 160200 300
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Fig. 2(c) Same as Fig. 2(a), except for the
group of 4p under 30 mb.
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I3, b OFEELCEBFELESL o7, UL, #ABICKDE, pICLBENEE LD T, LB

Table 1 The conditions of simulation of typhoon. F(m-s), F(m), and F(m+s) are
same as in Fig. 2(a), and the number in parenthesis indicates a common
logarithmic value.

Number of landfall per year

Frequency distribution ~—Poisson
Selection —Monte Carlo technique
Mean value —1.04 for Area A

0.50 for Area B
0.67 for Area C
uniform distribution in each area

At the time of landfall

Probability distribution —Log-Normal
Selection —Monte Carlo technique
Mean value and standard deviation
4p(mb) Area A —F(m—s)= 26(1.42), F(m)= 39(1.59), F(m+s)= 57(1.76)
B — 25(1. 41), 38(1.58), 58(1.76)
C — 24(1. 38), 33(1.51), 44(1. 65)
7m(km) 4p< 30 mb —F(m—s)="74(1.87), F(m)=100(2.00), F(m+s)=136(2.13)
30 mb<<4p<45 mb — 45(1.65), 81(1.91), 146(2. 16)
45 mh<<4p — 46(1.67), 71(1. 85), 107(2. 03)
C(km/h) Area A —F(m—s5)=19(1. 28), F(m)= 30(1.47), F(m+s)= 46(1.66)
B — 31(1.50), 47(1.67), 70(1. 85)
C - 31(1.50), 46(1.67), 69(1. 84)
7 (deg.) Area A —F(m—s)=42(1.63), F(m)= 67(1.82), F(m+s)=105(2.02)
B — 52(1.71), 72(1. 86), 100(2. 00}
C - 47(1.67), 60(1.78), 76(1. 88)

Time change after landfall
4p  No time change before landfall and exponential decay with the time after landfall

Decay rate Area A —  a=0.042
B — a=0.084
C — a=0.167

m No time change
C No time change
7 No time change




234 FOAB KBRS 2075 B-1 IH6L. 4 (1986)

D 4p DIEHS () 45mb LUE, (b) 30mb LIk 45 mb K, (c)30 mb KD 3 /v — FIHRL, v —
FIICHNERAERERSTE LT RETC &Lz, Ch# Figs. 2(a)~(c) ITRT, T O LEROD 4p
&> THREUI rp ORERHTRICUThi- T EBRED r,, 2FHIE B LT B, 188, rn OLERD
B LIZEZ RO EICT B,

TS OB BEDOHBOEHORMICOVNTE LB T, Table 1iTRT .

3. EEMEAOERCHESHBEDEEDHOHRE

HBRCKESESBET S & &, FEOHECENT, 20AMOHEAZRICAN, SHNICHRELEH
B BHEICONTIE, BEONONIIERERA D OSIRETH S, ST, HEOHEEEZINIRLT
H EVBEEOREVSRAT, BB LALFES»OHABRORERNL, ZOEESTHICOVDTENS
C &I UTzo BIMIDEMHICE VR U BEIT 2K EH 0 5 R E OB B OZ) R A EE U/ friction-free
wind ZHE L, CHAHBEICHERT 5103, UTICRNS LD BFHEEANS.

3.1 Friction-free wind (FFW)

DIRECTION
OF MOTION

29}5

Fig. 3 An example of the distribution of the friction-free wind speed
for 4p=60 mb, r,=60km, C=10 m/sec.
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SEBDANENEZ bt s &, TORERICHEL, HEEREEEZROROSMINETRDLN S,
z i3 friction-free wind (FFW L3 &IETN, ERIKBOLTROTHRZRICHELT26DTHELE
ZoNB. BET A EFSED FFW OB X3, Blaton DAREALTRESOBEOBIEETT > 7o
BEEE Vyy ELTRTCENTES, TG,

Veor® L BB
e V=%, 8

£ 2 Coriolis’ parameter, p REKOERE, r, ZESHOTIROHMEBLETH Y, CHRBRDHONS
DFEEE r & DRIT, Blaton DARICK D,

L(1. g

7t r
OEETREINSG, 18, « BRAOHLR S BAEHIT ZHF A OCREN Y MVvBSKEROET A
AT, ETHMEREE L, REETEDOICHS.

FFW ORI DOH & LT, 4p=60mb, r,=60km, C=10m/sec, p=1.1kg/m? f=0.84x10"*sec™! &
LB &ic DT, Fig. 3 ICRT, BARMIZFOD S BEEE 7, O A1 X OB km PRICE DN, H#T75E
O L THEBAE SR ORABEOEIETEEC OJEICIZZE L.

3.2 FFW »5BELORNDRE

BEBNOHEEE V, & FFW OHE V,, OBOLOER—ETRELT, SRBONETAE (X
D, BAESMEOL UNATRIULOBEERBECEIAHITEPANONTI B, HH LY (IFTFHH
BAB - 12 BRTI055 5 LUTI095ICDNT, BA OBHIBERIEMR LR, RABEHEDD LWHT
3, V, O V,, OA#EA, T15bb, supergradient IKIE->THRBLLERBL I T O CLIFBEA
HNOREAHEE T AHRBICEBOTERELRERTH S0

LSRR ORETTFIORESD C ORE#%E
ERL, B Vy/ Ve ORI 2=r/ry £ &
BIBLTEHDEL, V/V,r DEERDK 10
5 1EIRIE G(x) TEbTC E & LT

Ys'%| T7708 <050

k-1
G =G(eo) + 1Glap ~ G} (L)

'exp[(l_ﬂ {1_<xip>"” ..... f(s) sk

G(z) DER, FLHLSNITH->TzOHME

ELITEIINL, 22, ICEOTRAM Glep) % o8 % % 7s
LD, ZCHOMCASTe EEBICHILT W[ 77708 TToe
OCHTEBEL B, B FHOATORER | S oer

WBINT A= —Thb, LDOREFBRDOEM
77055 L 77095 DEESHICHA S ETHIH
B Fig. 4 ICHRTA LD, k=2.50DF5F
WIZIZ—HIR B ENTET, COKREES
ZCLT, SEE k=25 z,=0.5, Glz,)
=1.2 &Lt, E, Gleo) D& LTI, ¥ | |
L D & (S B O B & L C—RICTE S °° °® ' v
b T3 2/3%E 57, FFW L#iERED Fig. 4 The fitting of the wind speed ratio Vy/V,,

MOBADRAICINTS, —BICEL AN for Typhoons 7705 and 7709 by the func-
T 30° & L tion G(z) shown in Equation (5).
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4. BEICHSHBEDY 32bA4Yay—BRARBRICEITAHES

2EETHIHULRIICHE-T, T a4 vz L ORIMA10004EE L TEROKTESTE & RkAE €
FHRVEEICEDEBI L, DY T ab A s VEIRSERLN 100 EREICE L TEE L I REE
ZRBDICTITH B E I DIRFT B70DIC, SEORTIZZEZ 72 3 [0 run 24 VR U1z, BIATERD
34.62°N, 135.00°E DFFTAHIE LT, BELABEOHEBIZE 185 b EOEAMED HTLICHE - THE
Hlfc. CORDEHAEILOOLTIE, SADHOHMEEE T 2SR 200 km PN EFHY T a4
2z YHREBELUTOLIREHICENT, 105MBTITE-700 £OFHE, 1000F/MICE O TEAR R
HHT 2 L EOEAIE, run L&-T, EOBELHNE, SSE DEAbH -7, T, EAGIOEEDE
BATEH run Ik > TR ST, 351, FRAREL _ERNSHICLVERT 2L, BEOETG
EIREET, FERIR 50~200 42T, run ICLD 3m/sec REDEND »fco LT2i»TC, BHEDHIE
Tid, 1000FEHDY § 2 v Ay s v TREGTE, ESKELHMICOI STy T abv A v VETINBE
MHBEEZOND

ECT, vEalb4 e OHF% 10000 4% TEF LT 3ED run 217572, TOFEE, 10000 £
BB S~SSE THE Uiz, £/, A 20 m/sec Y LOEBORICONT, BEARIOEEEHIR
KERDRAMIIHLTND run ITBWTHEEIED, TORHD 1350~1370 K &I EA EFEMTIM - 1o
FERARBREE _ERPAFICL VLRI S L, Fig. 5 10RT &SI, HHRIL 50~200 1264 2 BIROF
BRI, run ICK 20 1m/sec UTTH D, 1ZIRRE LICEADPE SN

BIELT, E2EED run OH%EEE & .
5&, RDXHTHsB, 10000 ERDOFRHE L
foB AT 21820 FACERIFTIRGL 0~7 ) T,
CO5B, T2UEY T a4 v L RE !
BB L7, Fig. 5 {ORLIz RUN2ICEIT S et
FERRBRO-FHATCLS &, HED )
BREEER, FEEMS0E T 4 m/sec,
100 4T3 47 m/sec, 200 4E T3 50 m/sec &
550

EE 20 m/sec PLEDBRNEICDONT,
EIBIDIEHE L Table 2 TR & 5 1L,
AR ECBOTHEENES (ELHERL 55X
107%) T, 100004F RICHE 81520 53T b,
SECOOTDEED 9.6% TH 5 o—7,
R WNW ICBIDTERD (FIEHER 0.51%
107%) T, IE 267104 (RRFED 3.1%) §
ThHBo COERDMMMERET > 2 PUE e TN
B & B3R V, OIERE F(=V,) [Tk sl ‘3‘ X RUN 3
L, 160D 55, @O0 AN NNE, ESE,
SSW B LU WNW {220 T Fig. 6 ICRT x

I i L 1 ] I L | I

DT, A ESE BT, BE 40m 50 20 5000 700 500 T IO 5000 100
fsec BLEDEBIL 7 HEHD 5. éx 107 H Fig. 5 The double exponential distributions of the
D, T4 100 R ICD & 30 S MHICH annual maximum wind speeds with the
E- i ar- simulation period of 10000 years.
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Fig. 6 The exceeded probability of simu- Fig. 7(a) The track of the typhoon which
lated wind speeds. F(=V,) de- caused the maximum surface wind
notes the probabiiity of wind speed of 65 m/sec in the simulation
speed exceeding V. period of 10000 years.

Vs

(mis)

0 60 0 i i i 1
100 150 200
TIME (min)

Fig. 7(b) The time changes of surface wind speed V, and direction d, pressure
depth pw-p (difference in pressures between the periphery and the site)
and distance 7 from center, simulated at the Akashi straits with passage
of the typhoon shown in Fig. 7(a).

10000 £ COEEOFE(E 65. 3 m/sec DR XN AE (ITERICER) IL2VT, TOREZE Fig. 7
() ICFRT o T DEBI BB IC EBE (4p=79. 4mb) L, JtiLHICEHE 107 km THEITL, 4553181CE
ERRETY & 2 b4 & s VIICAD (4p=74.5mb), LFe2. 5 RERIBICHARERDOTEILR 50 km &iE 8
L, 4 E5ME2050 4 ICE b CRIANCH T B (4p=>55. 4mb)o BREDALAY T 2L 4 ¥ a YAAIC
B BEEICE T, BEEKTIONERATY T a4 b ENER d, BE V, KE (AZKE Pek
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CDBFDOEE p DE po—p TRT), BLUHLE TORERE » ORI Z{L%E Fig. 7(b) ITRT . KER,
BaEsEA L 12 AL 0 103ERNCHREE - TV T, HOKEL D% 50. 1mb Th -7, AR,
ESE 55 FOOBIERIFICS &12D, 510, WSWICEF TR L.

138, BREBKICET 2EH EOBEAHELILAEADY T 2 L4 v a L TR, HEOHMBOREEELT
WIS tohs, BEICESLOHENELET S EBDN, 4%, TOEALDPOTHRIH T BLEND o

5. & 3

AAkAFICKE L 2EOKHORE i) 2A0VT, ALICKEBT I RRAORESfiEBBET LT
B OBICE DHERIICERT 2 EF VAR Lze CHAFIALT, AEAREERNICHEEL, #lELTH
FHEHICBOTHERLOBRDY T 2 b4 s vEfTo7e 10000 ERICDIEY T a4 v Y OMBRITK
% &, FE 20 m/sec LI EQOBOENSTEET AHEIT 1.62X 107 FE 14199 55 T, EMFNICIZAME
TEAT, #0EEHEEIR 1.55X1075 (1359 /) Thoto. i, ERAKAEOHRIMEIL, HHRY
F95042C13 44m/sec, 10045 T3 47mec, 200 £ Tl 50 m/sec TH 720

o8, ATOEBHEIC B NT, 20BE O O ZEBEERIANT, BETIRES»S Kk
friction-free wind ZHIFREICHE L, HERODY T a1 4 ¥ 2 VEFIHEEBITAFTETH 5.

BHIC, ABRICEDTY T a A v s VOHBEREICHNL TORZO HABRTFHERAGH O/
#, PHEELBIUFRRZOZRICHEERT.
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