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ON A STOCHASTIC MODEL OF TYPHOONS OVER THE SOUTHERN
SEA OF THE JAPANESE ISLANDS

By Yasushi M1TSUTA and Takeshi FUJI

Synopsis

Based on the statistics of 255 severe and moderate typhoons passing through the domain
surrounded by the latitudes of 23°N and 43°N and the longitudes 123°E and 147°E from 1951 to
83, cenral pressure depth, 4p, and velocity of movement of the model typhoon were synthes-
ized.

In this domain, most of typhoons recurve from northwestward to northeastward.
Although the recurving is one of the difficult problems in simulation of a typhoon path, this
model could simulate properly the representative paths of typhoons including recurving. The
synthesized translation also agreed approximately with those of the experienced typhoons,
but the values of Jp were synthesizcd somewhat deeper. This will be reexamined in the
succeeding research.
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Table 1. Classification of a generated typhoon in accordance with its initial position.

Group Initial position of a typhoon center Number of Prob-
typhoons ability

1 Translated into the region on 23°N between 123°E and 127°E 29 0.114
2 Translated into the region on 23°N between 127°E and 131°E 41 0.161
3 Translated into the region on 23°N between 131°E and 135°E 32 0.125
4 Translated into the region on 23°N between 135°E and 139°E 28 0.110
5 Translated into the region on 23°N between 139°E and 143°E 17 0.067
6 Translated into the region on 23°N between 143°E and 147°E 28 0.110
7 Translated into the region on the longitude of 123°E 2 0.008
8 Translated into the region on the longitude of 147°E 19 0.075
9 Deepened below 980 mb in the region between 123°E and 127°E 6 0.024
10 Deepened below 980 mb in the region between 127°E and 131°E 9 0.035
11 Deepened below 980 mb in the region between 131°E and 135°E 11 0.043
12 Deepened below 980 mb in the region between 135°E and 139°E 6 0.024
13 Deepened below 980 mb in the region between 139°E and 143’E 14 0.055
14 Deepened below 980 mb in the region between 143°E and 147T°E 13 0.051
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Table 2 (c).

Same as Table 2 (b), except for the
meridional components of trans-
lating velocity, C, (kmsh™')

Group

Regression equation

Table 2(a). Regression equations of a stochas-
tic distribution of latitude, ¢('N),
at an initial position. W indi-
cates the cumulative probability
taking the values between 0.01
and 0.99

Group Regression equation
7 ¢ = 100‘03W+l.37
8 ¢ =10V4%-0251 94
9—11 ¢ =103¢%+07€ 117 .0
12—14 $=10132%"0124 29 5
Table 2 (b). Regression equations of stochastic
distributions of central pressure,
Ap (mb), at the initial positions. x
indicates the upper limit of the
probability integration, and it
takes the values between —2.33
and 2.33, which correspond to the
cumulative probabilities of 0.01
and 0.99, respectively.
Group Regression equation
1 Ap=10°36x+141_3q 1
2 dp=—10"015x+181 1 140 2
3 Ap=100.29x+1.48_27.3
4 dp=10016x+180_3 g
5 Ap=100.24x+1.55_24.7
6 Ap=‘100.17x+1.73_9_4
7 Ap:100.19x+1‘70
8 Ap=10°'2°"“'”—28.3
9—11 4p=35.0
12—14 4p=35.0

1

~ 3 U AW DN

8
911
12—14

Cy = 100.06X+1.58 + 21 . 5
Cy: —_ 10—0.06x+1.71 +65.7
Cy = 100.24x+1.!9 — 1 3 6
C,=10%10x+156 4 18 g
C,=1003%*+086 19 9
C,=10018%x+130 5 1
C,=10%07x+1.22
C,=10047x+128__ 10 4

Cy o 100.03x+2.28_ 149 N 4
Cy= —1(003x+238 L 955 4

Table 2 (d).

Same as Table 2 (b), except for the
zonal components of translating
velocity, Cy (km+h™)

Group

Regression equation

1

bt B = R & 4 N SUTN o]

9—11
12—14

C,=10%#1x+152 39 9
sz 100.10x+1.82_ 73 s 0
sz (022 +1.56 _ 36.7
Ca= — 1070032041034 .8
Cx: 100‘26X+1.39 — 31 . 8
C,=10%1#+180 g3 7
C, = 10038%+1.09

= — 10010x+1.60 4 04 g
sz — 10—0.06x+1.97+ 89 . 0
C,=10%18x+188 45 9
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Fig. 4. Probability distributions of ddp/dpdt (hour™) for the six boxes in the zone of 25
~27°N, which is represented as a normal distribution.
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1 &k

Cy+ =ay Cy_ + by
Cit=ax Cx + bx
ELTRTZLIZL, Zhd 0RO ays by, ax B bx BR/N_RETRD 72, Z DE% Table 5 (a)~(b)

2
3

Table 3. Coefficients (X 1072), q, and b,, of a regression equation of dAp/dpdt approx-
imated with a normal distribution. The values for the boxes north of 35°N are
excluded from the table.

Longitude
Latitude 123~127E 127~13I'E 131~135E 135~139°E 139~143'E 143~147E
ap bp ap bp ap bp ap bp ap bp ap bp
23~25°'N 1,91 —-0.151.60 0.23 1.32 —0.27 1.63 0.04 1.95 —0.16 1.76 —0.02
25~27°N 1.89 —0.79 1.13 —0.54 1.55 —0.42 1.50 —0.43 1.33 ~0.69 1.38 —0.11
27~29°N 1.68 —0.46 1.05 —0.37 1.51 —0.36 1.34 —0.69 0.98 —0.62 1.22 —0.38
29~31I'N 1.09 —0.73 1.21 —0.44 0.85 —0.33 1.64 —0.81 1.33 —0.78 1.66 —0.76
31~3¥N 1.22 —1.28 2.48 —2.58 2.06 —1.88 1.10 —0.75 1.99 —1.27 1.30 —0.87
33~35’N 1.70 —1.68 1.68 —2.29 1.93 —3.18 2.56 —3.14 1.64 —0.53 1.58 —0.97
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Table 4(a). Correlation coefficients between C,~ and C,*
123-127°E  127-131°E 131-135°E 135-139°E 139-143°E  143-147°E
23-25°N 0.77 0.86 0.85 0.82 0.64 0.83
25-27°"N 0.77 0.66 0.85 0.87 0.90 0.88
27-2°N 0.85 0.84 0.80 0.86 0.77 0.88
29-31'N 0.81 0.72 0.89 0.90 0.90 0.90
31-33°'N 0.81 0.81 0.83 0.85 0.82 0.92
33-35°N 0.78 0.76 0.86 0.83 0.83 0.78
35-37°"N 0.61 0.70 0.80
37-3°N 0.32 0.61 0.86
39-41°N 0.63 0.58 0.79
41-43°'N 0.96 0.76 0.63
Table 4 (b). Correlation coefficients between C,~ and C,*
123-127°E  127-131°E 131-135°E 135-139°E 139-143’E  143-147°E
23-25°N 0.90 0.92 0.90 0.91 0.93 0.92
25-27°N 0.89 0.94 6.92 0.91 0.97 0.85
27-29°N 0.76 0.92 0.94 0.93 0.95 0.90
29-31°N 0.84 0.85 0.95 0.97 0.96 0.95
31-33°’N 0.88 0.86 0.91 0.93 0.94 0.92
33-35°N 0.86 0.76 0.89 0.87 0.91 0.95
35-37"N 0.85 0.92 0.85
37-39°N 0.92 0.94 0.67
39-41°'N 0.99 0.78 0.96
41-43'N 0.99 0.52 0.83
R,

4, dp CEROEENBROFIR
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Table 5(a). Coefficients, a, and b,, of a regression equation of the meridional component,
C,, of translation velocity approximated with a normal distribution. The
values for the boxes north of 35°N are excluded from the table.

Longitude
Latitude 123~127E 127~131'E  131~135E 135~139°E 139~143°E 143~147E
a by a, by a, by ay b, ay b, a, by

23~25°N 0.79 2.85 0.92 1.31 0.95 1.04 0.88 2.97 0.66 6.15 0.98 2.02
25~27°'N 0.83 1.89 0.70 4.41 0.98 0.98 1.00 1.60 0.99 0.95 0.95 1.54
21~29N 0.88 1.61 1.00 0.68 0.94 1.70 0.91 2.02 0.99 1.27 0.97 0.85
29~3I°'N  0.99 1.23 0.77 3.55 1.04 1.44 0.99 0.89 0.99 1.05 0.99 —0.19
31~33N 1.02 1.31 0.95 2.94 1.03 3.850.99 0.60 0.97 1.75 1.07 0.30
33~3N 0.81 5.95 1.11 1.92 1.29 —3.31 1.04 2.68 1.01 2.12 1.02 —0.83

Table 5(b). Coefficients, a, and b,, of a regression equation of the zonal component, C,,
of translation velocity approximated with a normal distribution. The values
for the boxes north of 35°N are excluded from the table.

Longitude

Latitude 123~127E 127~131'E  131~135E 135~139°E 139~143°E 143~147E
ax by ax by A by Qx by ax by Qx by

23~25'N 0.97 1.64 0.98 1.43 0.99 1.00 1.01 1.81 1.02 2.27 0.97 1.67
25~27°N 1.02 1.19 1.03 1.94 1.04 1.46 1.12 2.59 1.12 2.74 0.97 0.47
27~29°N 0.77 0.81 1.00 1.79 1.13 2.08 1.07 3.03 1.09 2.87 1.02 0.61
29~3I'N 0.96 1.15 0.97 3.03 1.10 2.78 1.13 2.00 1.08 5.08 1.11 2.51
31~3¥N 1.01 3.69 1.20 2.76 0.96 2.14 1.11 4.62 1.02 4.57 1.10 4.02
33~35N 1.37 6.27 0.88 13.44 1.13 2.62 1.10 4.02 0.99 4.51 1.07 3.95

(3) ZN—FT~14T, ¢<2¥N DL &
(4) ZFn—71~6T, Gy<KODE &
(5) ZV—FTT, G<ODL X
(6) IN—787T, CG>ODE X

BB, ddp/dpdt DEW DT, BERELULLEEEASHEEL TWARY 7 220 TOREESHIcETL
T, BB XV ERNCHEES® S,
STEP 4. 8§l t=idt (=1, 2, 3, - ) KBIFE dp, ¢, A DEOHEE

={E—-1Ddt2BF3 dp, ¢ ADEBIY, ThoDEDENERTH S ddp/dpdt, Cy, Cx DIEM S,
Wezlidt w832 dp, ¢, ADEERET B, L BEFHELERE 4t 268 -3 3,
STEPS. t=idt & t=(i+1) 4t $TD At D ddt/dpdt, Cy, Cx DEDOEH

(1) dap/dpdt — t=idi ZBWT, FULHBUBLTWBEY 2 AD dAt/dpdt DRERI i (FEH )
REDEABERCCRBASE S, 1720, FREANEES9%EBL T35, 1 BRBOBEC IELEE
BREIR D,

(2) G* t=idt BT, PLBMUELTHWERY 2228135 G & C, OEOBIER Q) 258
WT Gy DE»SRD B,
(3) G t=idt TBWT, FLBPNBELTWE Ry ZRARBI2 C & Gt DEIOBEERQ) 2 H

WT G DD SRD 3,
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VY YZYY T & CBRLHEHIEF VLD, HEOR
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RdT, EFAMMERO RO CEE L L33 EROR
[ ESCAPING FROM AREA OR p c2985mb ? = EOHEBOBEERE ZDEFNVIZ L B10004EM D >
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no = 5.1 FRBENRRET
ves HLONME, FORE, ETEERDOWT, ¥
[NEXT YEMR, K=K+1 | {EREDQIN—T7Flic, BRELLEREY 2V
e K>KMAX ] A b LI-BRDFHIE & EHER2 % Table 6 I2R T,
yes BEEBD OIS -T2 RFWT, dp RUE
[ sror ] THEE bic, THERUERERE IIZZ—BL T
Fig. 6. Flow chart for numerical simula- Wb, LicdioT, FHELEEREORTIE, B
tion of 4p and a typhoon path. EOBEBROEERN IZIZHERTELLEZOND,

5.2 Fv o RTEOEDEE

BERELEERLY S a2V MLERO dp DT L BEREICOWT, Ry 7 AT L OfEi% Table 7
WWiRT, 2T°N R Cit, EERESRAZIZIZ—BLTWw3, —F, 2TN BILTO dp OFIHER, 3 a
VA PLIBEROFB~10mb K& BoTWwaRY 7 ABE W, gTicHd 7 & 512, FIEETIIZIZ—3
LTWw30DT, dip/dpdt D% T ORI ORFEROME L I, iz dp L HELICHRL 25, 20K
ABH20TREVLEES IS, §%, ZhOoDHARXIDVWTRETAI LTS, £7-, HEREECD
VT, Y2avA FPLEBROABKEL, ZRIZIEORYy 7 AELERCZ>TwWa2EAEDHS, Ih
X, BRE LB ROHLKESIZEL A YDOBEI 5 mb BERTHRES N, O3 63858 O ddp/ dpdt
DEBOTHD, ZhSOEIZEPEMIEDY, ZODIEBREENNILS B0 TIERWHEEZ
b b,

Wiz, BITEREIC OV, BEOGRIETRON—TD LD CEEESH 2L, HEOERD Cy & C
OfEE, BRACLZEISESDEBHELOREADENBEVRITEHELEST, IhoDFEHES
RKDBLyIalvA e LBRDELD b/ANSS 2ERABD L, £F2T, G bk Cx 2R L IETEE
ZOLODEEDVTERELLEROELERL Tal. Ry 7 A Z L OYEHE L BEHERE % Table 8 i
R, EWEIZOVTRE, B NUBEEZBWT, B LILEREOHEEIZIZ—E]LTw3, Lrl, EEE
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Table 6. Comparison of mean values and standard deviations (S.D.) of initial values of
simualted typhoons with sampled typhoons. # denotes annual occurrence
frequency of typhoons.

Group n é A 4p o Cx
(N) (E) (mb) (km<h™")  (km<h™")
Mean Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.

1 Sample 0.88 23.0 — 125.1 1.0 65.2 23.7 16.8 5.2 —2.914.3
Simulation 0.88 23.0 — 125.0 1.2 65.0 27.7 16.6 4.9 —9.8 15.6
2 Sample 1.24 23.0 — 1289 1.2 73.0 20.9 14.5 7.0 —4.815.3
Simulation 1.23 23.0 — 129.0 1.1 76.1 17.7 15.2 6.7 —4.7 14.0
3 Sample 0.97 23.0 — 132.8 1.1 64.6 24.0 19.6 9.5 4.2 17.6
Simulation 0.98 23.0 — 133.1 1.2 63.8 22.8 19.0 9.1 4.0 18.7
4 Sample 0.85 23.0 — 136.5 1.0 70.9 23.1 19.9 9.1 -—3.8 14.8
Simulation 0.85 23.0 — 137.0 1.1 69.2 21.8 19.8 8.5 —~3.3 14.0
5 Sample 0.52 23.0 — 140.8 1.2 65.7 20.1 21.9 6.5 —2.817.2
Simulation 0.53 23.0 — 141.1 1.1 67.5 22.1 22.5 9.0 —4.2 16.0
6 Sample 0.85 23.0 — 144.8 1.1 67.4 21.7 21.2 8.5 1.117.7
Simulation 0.81 23.0 — 144.9 1.1 67.7 20.8 20.8 8.9 0.7 16.8
7 Sample 0.06 24.2 0.4 123.0 — 52.2 15.3 16.6 1.8 23.9 6.5
Simulation 0.07 24.2 0.4 123.0 — 64.0 22.1 16.5 2.2 14.6 12.2
8 Sample 0.58 27.3 2.5 147.0 — 49.3 9.4 9.9 7.9 —15.4 9.3
Simulation 0.56 26.3 1.5 147.0 — 48.9 8.9 9.8 7.6 —15.2 7.9
9~11 Sample 0.79 26.0 2.2 129.5 3.2 35.4 1.5 9.4 10.0 —4.3 14.4
Simulation 0.81 26.1 2.0 129.7 3.3 35.0 — 9.7 9.5 —4.4133
12~14 Sample 1.00 27.3 3.8 141.7 3.3 355 1.6 17.0 13.6 1.6 18.6
Simulation 1.00 25.4 3.1 141.7 3.1 35.0 — 16.7 12.8 1.0 18.1

DHiZ, BRELLEROELD b/AS W, Zhit, 36 HEOMBOATEL, ERER?SDIESD %
PERBCONTWRWILIRIZVDEEZ SN S,

6. “IalMiarafER

HIELOEREFMICEL DY T a4 v a v iIZ L VERLLEROEE L hLSEOR % Fig. T 1051 ,23
N XOEALLERDS b, ETHASIETH > 72bDIE, KREWH 2T, S hicEb->Tw X,
PHTEAL, LR, EALEDL>TVE, VO IRTBROEREH T VR, 0L > 2EED
BREBS TR, ThETEEALRAON TR L, 72, 23NBLL VIEECHDP > TEALT S
RERBIFEALRENEDS TuRL, 20512, SROEROMEAL b DMFIZEEIW TV &
3TH35,

—75, dp DIERZDWTE, fiRO LS, BHE LEBREOSRAOMEL D b BEEIBA X< 2 2 A1 H

» FRIDREIDVTRETHLELH 2, HRY 7 AOHRIZBVTERE 20 km BREBAL S
Z2WT, dp DFEBRREOHRYPMOEDOHHEERD 2 L Fig.8DE I 1% 3, ZORIZBNTI, B
BoeRy 7 ADMTOENKEL, %1, BRoLELTIEAOLY S 2 —v s iti 3D EDED
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K&, Zhit, YIalbAvayOMNEREILX3b0THY, HIBFEOHFOT LA
BT 32ER0BEXROFRFELIECT 2B, AL ETOY I 2V 4 v a P OFFLEFTL,
Table 7. Comparison of mean values and standard deviations (S.D.) of 4p (mb) for boxes
between sampled and simulated typhoons. The values for the boxes north of

35°N are excluded from-the table.

Longitude

123~127°E 127~131'E 131~135°E 135~139°E 139~143°E 143~I47E

Latitude Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
23~25°N Sample 64.7 22.9 69.0 20.1 67.5 23.7 66.5 23.7 66.5 21.1 65.7 22.7
Simulation 5.7 27.2 73.2 23.0 62.0 23.9 66.3 24.1 60.4 23.8 61.4 23.3
25~27°N Sample 62.0 20.6 59.5 17.5 63.7 18.8 58.8 18.0 55.6 15.9 55.3 17.2
Simulation 64.4 25.6 56.6 26.6 61.9 26.2 61.8 25.2 56.9 24.2 54.1 21.0
21~29°N Sample 52.0 17.2 58.1 16.7 56.1 14.7 52.9 17.0 52.7 14.7 49.4 14.2
Simulation 58.5 23.3 59.1 23.6 60.4 25.3 58.7 25.0 54.4 23.5 53.0 20.8
29~3I'N Sample 50.5 14.0 61.0 17.6 51.9 13.4 47.7 15.8 49.1 12.8 44.7 10.7
Simulation 56,1 21.8 56.0 22.3 58.5 24.0 57.5 24.3 52.3 21.1 52.1 19.9
31~33’N Sample 45.6 11.5 53.2 14.8 50.4 13.6 49.0 11.8 45.2 11.4 49.1 12.1
Simulation 53.4 19.8 53.0 19.5 56.8 22.1 56.2 23.2 53.7 21.9 51.9 19.6
33~35N Sample 38.8 6.0 44.6 10.4 44.6 12.0 46.7 11.9 41.8 8.8 44.8 9.4
Simulation 49.6 17.0 48.1 17.4 51.4 18.5 52.5 18.9 52.7 21.8 52.4 19.4

Table 8. Comparison of mean values and standard deviations (S.D.) of translation speed
(km+h™!) for between sampled and simulated typhoons. The values for the
boxes north of 35°N are excluded from the table.

Longitude
123~127°E 127~13I'E 131~135°E 135~139°E 139~143°E 143~14TE
Latitude Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.

23~25N Sample 17.6 8.4 18.0 9.1 20.2 10.2 20.6 11.9 22.1 10.8 23.3 10.5
Simulation 19.6 6.9 18.7 7.8 21.9 10.1 24.3 9.8 25.2 10.0 24.2 10.4

25~27'N Sample 19.3 8.5 20.6 11.9 21.9 12.8 25.9 13.5 25.2 12.8 20.5 10.8
Simulation 17,3 5.5 19.2 6.2 22.6 9.0 28.0 9.6 28.0 12.0 22.7 11.1

27~20N Sample 15.4 7.1 18.6 12.0 22.7 14.3 25.8 16.0 28.4 17.7 22.0 15.3
Simulation 15.4 4.0 19.9 5.8 25.7 8.6 29.2 9.3 29.8 12.9 24.9 13.0

29~3I'N Sample 17.5 9.3 19.7 11.3 28.7 16.3 32.3 21.2 35.1 21.4 28.7 19.0
Simulation 17.4 4.3 20.0 4.7 28.5 6.9 32.1 9.2 30.9 13.9 29.3 17.2

31~33N Sample 22.2 10.8 27.0 13.5 32.2 15.8 31.5 18.4 36.5 21.2 37.1 26.5
Simulation 22.0 3.4 26.0 5.5 32.2 5.4 35.2 9.4 35.1 12.6 37.5 16.5

33~35°N Sample 30.8 13.3 41.1 18.8 41.3 17.5 46.4 23.4 32.8 22.0 45.2 28.2
Simulation 30,8 5.2 37.3 5.5 38.7 6.4 39.8 8.5 40.5 10.4 42.0 13.7
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Fig. 7. An example of typhoon pathes simulated for five years. “6-10” in the upper left
hand corner indicates the period of simulation years. O indicates a center position
at the 6-hour interval, and bold and fine figures denote a typhoon number and
central pressure, respectively.

DO 210000 SV E TERXTLESD 2,
7. WhaE

HARRE FICB ) 2 6B MEAOTFRIZE LR UOEHEER B 8L O KEHE O ED T
WEELHETH 2, SEOBEEETNVC L VERLLEEAOBRICOWTE, BRMREAZAREN,
RERE 7 HEERHOIC X SR U7z, L L, dp DEIZOWTIE, VIHIEREEOSBROME L IZIZHFER LM, #
DBIIBWT, HEOBREDEBKELR>TV>kE3THD, 5, ZOHACODVTHREL, HED
BRED 4dp DEALBZRBERTES LS ICETNVORRT B L &b, BETcbhbhsidas iaA L ERER
DREBOFBITICE T FRLEAEIRT, ZOMAMEZED 246E8H5, ¥51I, EHESCBITS
BHEE EHWT, FLKE> S BEIHERD 2 HEEREKEL, EAELICES T 2 ERKEEOFEIRF
EOAFDWTHEN, LLEASHEELOET VL LTEKEE 5,

¥ 7z, KRR L WIT L THED T 28 i 81 2 HIRADHE IR D W TORE® 2RS¥, &
MEROEFNVZEDYIaAVAYarD7ulIALLBEEET, A, KEOEEOBFTCBLwTHE
AR FRTEL IS CRBERBLTFETDH S,
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Fig. 8. The annual maximum values of 4p expected once during 50 years for typhoons
passing through shorter than 20 km in distance from the center of a box.
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