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ON THE STATISTICAL CHARACTERISTICS OF SEVERE
AND MODERATE TYPHOONS HITTING
THE JAPANESE MAIN ISLANDS

By Takeshi Fupi, Osamu Tsukamoro and Yasushi Mitsura

Synopsis

For the forty-nine moderate and severe typhoons, which landed on the Japanese main is-
lands from 1951 to 1984, the Schloemer’s type pressure patterns are fitted to the observed sea-level
pressures. At the time of landfall, cumulative probabilities of 4p (central pressure depth), 7,,
(radius of the maximum cyclostrophic wind), speed and direction of forward motion are re-
presented by a normal distribution in the logarithmic scale. And, the distribution of number
of landed typhoons per year is fitted by the Poisson’s distribution. Further, the distributions
of a mean time change rate to a value at the time of landfall is investigated for 4p, r, and
speed of forward motion, and the distribution of a mean time change value of direction of for-
ward motion is investigated. These investigated results will be applied to a simulation of pres-
sure field and track of a typhoon, and the wind speed in a typhoon will be estimated using a
relation between the pressure pattern and the wind field.
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Fig. 1 Division of the western part of the Pacific Coast of Japanese main islands.
The solid straight lines indicate the boundary of the area. The broken
lines represent smoothed coast lines.
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Fig. 2 (a) Cumulative probability of central
pressure depth, 4p, in the logari-
thmic scale in Area A at the time
of landfall. A solid straight line
indicates a simple linear regression
line. F (m) shows the mean value on
the regression line. F (m—s) and
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ger values by a standard deviation
from F (m) on the logarithmic sca-
le, respectively.
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Fig. 5 (a) Same as Fig. 2 (a), except for dire-
ction of forward motion for Area
A. The angle is measured coun-
terclockwise from the east.

BOBEENTEIL Fig. 6 DX 51CE 5, MEMENHE
DIESHERICRRT 3 C OXHOHDOEAENE DI
TBEDIC, TONHEDLSIT0BLU 0 ICENEE
HD A% & B BEOBBNEEIRORTIC X { b
N3 Poisson PHTHAZIETAI. THbhH, &M
BB 0 LILBHEE ¢ 1T,

¢ = lnn"l_" .................................... 2

LFEbEN, TORT R 1Z Poisson HHEDEHETH
Y, DEOHERET 5. 2 DEICOVTIE, BN
BICE BDTIRILL T, Poisson NHTHESIEBH
AOMEBRO AT BB HHIICE O TERO LR
BE—HTBMHE UTHRELK. T72b B, Poisson
T & BIUERDOEET LR, AtbEics1T20
{@, BiuicEWTITE, CHiicBWCI2EEL 83
&I 2 OEEBHIRELICHE L. ZOEED 2

98

w0 @
=

15

EIR=)

PROBRABILITY (%)

=)

T R Y, B SR
=) =)

o

CUMULRTIVE

©

w

1

(8) SHIKOKU and KINKI
Number of data = 17
Flo~sla 52{deg.)
Fim) = 72(des.)
Flmbe)= 100(deg,}
20 40 60 80100 180 200

OJRECTION OF FORWRRD MOTION ({deg.)

Fig. 5 (k) Same as Fig. 5 (a), except for Area B

99

CUMULATIVE PROBABILITY (X)

{C} TOKAI end KANTO

Numbar of dats = 12

/

Flm~e)n 47(deg.]
Fin} = 60(deg.)
Flnes)= 76(deg.)

20 40 60

80100 169200

DIRECTION OF FORWRRD MOTION (deg.)

Fig. 5 (c) Same as Fig. 5 (a), except for Area C

Offiid, AHiEA0.59, BHiHs0.50, CHiRA0.35&750, FHURICH W TIMEROER LR OERES
HICHE LT, CORKOMEBRTORVTRLTH . COFMERATIE, MEROE X ER
BOLEER ERE & —HEET, AROMBRIMEN EBEYCEREMCERT 5 C LHETH 5,0



B - B4 - H  ARRLICRET 2 BEOHEIEE I DVT 469

30 30 30
(Al KYUSHU (8) SHIKOKU end KINKI (C} TOKRI and KANTO
7
1
i
© 20 22011 @20f !
A 1
& & \ I y
< \ = | &
w \ w w
s 5 5
@ \ a d a i
b & \ i |
& \ a \ H
= = = \
=10 \ =10 =10
v \ 3
\ k !
I \
\ \
\ \ \
%, \
=
Neal o L Lo Sal

0
0 1 2 3 4 5 01t 2z 3 4 s a1 2 3 4 5§
NUMBER OF LANDED TYPHOONS R YERR

Fig. 6 Distribution of number of landed typhoons per year. Squares
connected by broken lines inidcate the distribution fitted by
the Poisson’s distribution,

3. LE#ORMHELORES

RO ONRE LIAYROBEESED > b, LS RgE chOooESEL FicdD, Lad
985 mb LIFOHOLREEH#EE LTV (V0T Schloemer Ric X 5 [HEBOMFICES ) STHOBRE
% B ORENELOFHTHBEONRE L Lice Thb0BEE FBHSICE D HIREICHIET 2 &, A
319/, BHisRiz13/E, CHRiZ5 ETH 5,

BB ORHNELORESERROKL S TH S0 4p, 1, BEIRES XUBEHMICOOT EBERLD
5 B[ % D Schloemer ORI L ZREFOIEFBRICESNT, TRED/T 2 — 2 —DIEDEER
WEPSBRILIK—ETH S & UTR/NRIBIC K O PR RERD 12 S5IC, 4p, 7. BLUB
BREEICDOVTR, oD PERHELRO LEOMEICHT 2 HOM, b, TERHEILE (%/
bour) ZR®, ZNOEEEAHTED Lice COHOMHI LEEREOHEDS | KEH: DIIBOHATEL
Liepr EV D T EERBR LTV S, —7, BEGMIKOVTIE, FEREELROEEIFCO W THE~
fzo THNOOBENMIL, FHBICOVWTEMBICOVWTRD L, ZORMERE . E12, 4%, 2R
K& BRECREOHBNEINDY L 2L 1y 3 VEIRE, ThoD 7 2 — 4 ~ ORI EEE
CANZRERHEHE S, £, BT I HBEREE0LESIDITONT B L.

3.1 dp OBREBEIL

LR dp OEICHET 3 40 ORIGHERZE LKL — 18~22% /hour DEFIC KA TOT, ZOEENT
it Fig. 7 KRTED DTH B0 BRI OWTOHEENHICBOTIE, THRAD S BITREDS v 7 —5~
—10%/hour OFIEARICH B0 T, dp BWALKLBRRB4BEOATHY, 205 b3 EiZ AR, 1
B3 Bz LB LT 5. HIBRISMICBOT, RO#ERIZE 4p OVERREIRRI LD /NS 3
BErsd b, ZOVEHEILA#ER—3. 6%/hour, Bl —6.2%/hour, % LT CHilfhs—11. 3% /hour
THbo ki, CHIRICB VTR, 5 BRTNTH-5%/hour UTFTH5. 2OLS T, LREHEEIcSs
53 4p ORFENELRRIBERTECENTEROBERIVLOTHD, T/, HREICBNTHESR
EBNFELEL TS, LEd-T, AL EBERRBOSADY I 24 Y s YREVWTRIN OB REE

__7__



A o o [ 4 Rt . o i
470 CYRADIRBIAAER 28881 (B604) Y
15 1 fLL ARER
AL ARER
16 T sp - P AR
1 14
12 7
16 19 r——]‘
i
8 5
| SERRE
4 | ¢ T
2 i : i | ‘
i L — [ |
. n| oL -
w10 {R) KYUSHU n 8 Y(F‘l RYLSH
E — s
O 6
o P
= st I
5, o B, 1_
8, - i O SN NS SO Y R
! g
g o r ! N 1 2, L {8 SRIKORU and sIne
g 1 (8 SHIKEKU and KINKI s \
4 N H
|
2 [— l 2
0 ! v
o o (0} TEKAT and RANTE o 100 TOKAT a2 KaNTE
N i 2
=l e e e
s 3
20 -0 o w2 N 20 o 20 40
TIME CHANGE RATE OF Ap (%/h) TIME CHANGE RATE OF ry [X/h)
Fig. 7 Distribution of a mean time change Fig. 8 Same as Fig. 7, except for a radius of
rate of central pressure depth, 4p, the maximum cyclostrophic wind, r,,

during five hours after landfall to its
value at the time of landfall

BIRANZFIITIZ S0,

3.2 », OBRBEIL

FEEED 1 OIEICHT S 1 OEOKEZLET —6~+28%/hour DEFHIK RATNT, ZDEEDT
% Fig. 8 ICRT o SHBMIC DO TOEEDHICBNOTIE, 3TEEMD S HI6BRAM +10%/hour DRIFEARICH
D, ¥, tm BROULARIZIVETH 2. HERIIOFEESRICBOTR ST OHEESERZ RONE L,
HIER B D I A #ihs 6. 9% /hour, BHEAS 7.0%/hour, & LT CHillHs 5. 7% /hour TH 3., D
Ko, PHMICIE EBEEIC rm OB ML TOEABRSNSH, EREEBBOSED Y 3
AVA Yz VEBOT rn ORBENELROHRBICE ) 2ZRZBR L TLVWEED N 3, L b
T, BREOY I 24 Y 3 VEBOT, rm OB SIS —8IC 6~7%/hour < SVOHMELE
ZhEEVEBbhd, UL, BEKE - TRIFENELEAEELT—BLAB L TOAIBEERED
Lnhd LhiEn,

3.3 BEEEOHMAZLIL

LR O BEHE O T 2 B EIHE O PR HE LRI —12~+34%/hour OBBICRATNT, &
DHEFHE Fig. 9 IURT . FHRICOVTO FEIRICBOTIZ, TR S BB EH+10%/hour
ORHENIH Y, Ei, MELUABRIZVME, BELLBBRRZITETH 5, HHENFEIFicE LTI, 10
% /hour LI LI UcBRD D 2HERROMIZE L VKR EL LTV B F iz, BEHE DR
LR ORI TS S A #iiH3 2. 8% /hour, BHuRAs 5. 7%/hour, £ LT CHitEAs 10.8%/hour Th

— 8 —



HSE - BA - ObH  BAFLICRET 2 BROSEEEIC DV T 471

15 3 ALLBAER
14 12 ALL RRER
12 m.
10 F 8
B8 6
3 — 4
4 i o 2 1 ‘
| g, Tl =1
2
2 — = (A Krushy
g 0 5,
= 8 - ICHEACE -
2 e g
£ £’ e M
R 2L : -
5, 1 6 - (B SHIKOKU and KINKI
= —
g j
@ 2 ! 4
2 -
Srors 1l
5 o 18)_SHIKOKY and KINKI 0 i 1
1€} TOKAI and KANTO
" 4
LT s
2 | — —
‘ rr ! 0 -
0 -12 -8 -4 0 4 8 12
A {C) TOKARI end XANTU TIME CHANGE VALUE OF DIRECTION OF FORWARD MOTION (deg/h)
2 r - Fig. 10 Distribution of a mean time change
(e S pos W value of direction of forward motion
TIKE CHANGE RATE OF SPEED OF MOVEMENT (Z/h) during five hours after landfall. The
Fig. 9 Same as Fig. 7, except for speed angle is measuerd counterclockwise.
of movement

D, HOMBIZE XD K&, HBHAOEGEETHS. Licd->T, LEEMENOBED v b 4
Y a YRBOTIE, BEEEORENEILEZERICANS L EDIC, £OHEDOMESELEBICANSBLEDS
H0, HOMBFEMEBKEOE LRGS0,

3.4 BHSROBMOEL

BEFRORBNEILICOWTR, 4 BEC OO TEN LI B ERROBICITaEE 5 LR E
WSS, 2T, PHRRZELR (deg. /hour) 2D b DIC DOV THN . BETOE/LE KRR EHY
WKEE LTAEZRS &, i >0 TOYEHIL 0.5 deg. /hour THY, FHENTH%E Fig. 10 i[RI
ZORICk B &, SHBICONTIZ, WI0HICH 7 B I8BRDE/LED £2deg. /hour LANTH 3. 72,
RS M 28X LBRIIIMETH 5. FEREZELRICOOTIE, A#ERAS 0.7 deg. /hour, B
Hibkhs 0.2 deg. /hour, % LT CHifAs 0. 8deg. /hour THY, HBEOZEREETILIEV. LA-T,
At FEERRHEEOBROBBEOY I 2 LAY 2 VIRBOTI, 7, HASRLLEVTE -3 Sttt
zEEL, HBELERBLELTIOLOTREOAEEbh S,

4. & B

BESMERIC BAELIC BB UAEOBEESRICOVNT, SRABBOBEKEOBIEC Schloemer
DRESHREHEG S ET, AOREETR 4p, BREEEEESE 1, T LTHOOMBEOBEID SBEIHE
EEBRERD. BROKEDHEBRERZDTINS 4TD/5 4 — 2 —1T20T, ¢, BRAOHL
O _EBRICE T 3 RO REHESERE IR ERAHTHAS YL ENT R T, HHEIER
EESOBERENTEZ I Poison HHETEBET L EMTEN . LT, 4%, COBELFALT,
HSHIICEN EBREHRENICERS Y, Cho0BROEZNENKDNT, LBEO 4p, r, BEHE S

— g —



472

FHOBEZHERNCERI TR C ENAMRER S, 72720, ThH4ED/7 4 — 2 ~OMICIIBEICKR

HAPIKRRETER 288 B-1 (H60.4)

Table 1 Statistical characteristics of severe and moderate typhoons hitting Japanese
main Islands (1951-1984). The number in parenthesis shows to a logarithmic
value, and S.D. is refered to a value of standard deviation.

Time change rate
after landfall

Unit F(m—s) F(m) F(mts) Unit M0 D Remarks

Parameter Distribu- Area  Statistics at the time of landfall
tion

Central pressure Log.- A mb 26 39 57 %/hr -3.6 7.8
depth, 4p normal (1.42) (1.59) (1.76)

B mb 25 38 58 9/hr -6.2 4.4
(1.41) (1.58) (1.76)

C mb 24 33 44 9%[hr-113 46
(1.38) (1.51) (1.65)

Radius of maximum Log.- A km 46 74 120 %/hr 6.9 9.3 Little
cyclostrophic normal (1.67) (1.87) (2.08) g;‘fs;';nce
wind, 7, B km 61 91 135  %/hr 7.0 7.8 areas

(1.79)  (1.96) (2.13)
C  km 46 83 152 9%/hr 5.7 10
(1.66) (1.92) (2.18)

Speed of movement Log.- A km/hr 19 30 46 %/hr 2.8 106

normal (1.28) (1.47) (1.66)
B km/hr 31 47 70 %/hr 5.7 95

(1.50) (1.67) (1.85)
C kmhr 31 46 69  9%/hr 10.8 11.1

(1.50)  (1.67) (1.84)

Direction of Log.- A deg. 42 67 105 deg./hr 0.7 3.8 Little

forward motion  normal (1.63) (1.83) (2.02) change
B deg. 52 72 100 deg./hr 0.2 3.0
(L71) (1.86) (2.00)
C deg. 47 60 76  deg./hr 0.8 4.8
(167) (1.78) (1.88)

Number of Poisson A 2=0.59
landfall per year B 2=0.50
G 2=0.35

F(m—s): The smaller value by a standard deviation than the mean value
F(m): The mean value in a log-normal distribution
F(m+s): The larger value by a standard deviation than the mean value
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