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A research on subtropical cyclone in Western North-Pacific and intensity
estimation for them.
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Abstract
In subtropical Western North-Pacific, tropical cyclones with extraordinary cloud
patterns are sometimes observed. A research on features of these tropical cyclones is
carried to reveal their strucutre.
The extraordinary cloud patterns may bring wrong intensity estimation by Dvorak’s
method. Therefore, an applicability of Dvorak’s method to such cyclones is also
investigated.

Following points are revealed by this research.

(1) Cumulonimbuses are seen in areas of far north and east of their centers rather
than their centers.

(2) Some of these cyclones have cold cores around their centers and some relate to
fronts and troughs of short waves.

(3) According to satellite derived low level wind, many of these cyclones have
their maximum speed, not near their centers, but at the distance of 400-600km
from their centers.

(4) Dvorak’s method underestimates the intensity of these cyclones.
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Typhoons which were generated at north of the latitude of 20°N and had extraordinary
cloud distributions during the years of 1984-1992 are selected. Typhoons which had
extremely extraordinary cloud distribution are also selected even if they were generated
at south of the latitude of 20°N.

Table 1 Selected typhoons for research.

Typhoon Date of Location of Date of Minimum Date of down-
generation generation upgrade to TS pressure grade to TD or L
T8507 7.21.12 19.0 146.5 7.22.12 970 L 802 12
T8615 7.28.06 24.0 160.0 8.02.06 992 L 8.04.00
T8810  8.05.18 26.5 174.5 8.10.12 994 D 8.14. 12
T8811 8.13.06 26.0 127.0 8.14.18 998 O 8.15.12
T8813 8.13.18 24.2 122.8 8.15.18 1000 TD 8.16. 07
T8815 8.26.06 30.0 141.0 8.29.06 970 L 9.03.18
T8816 9.02.00 26.0 133.0 9.02.21 996 L 9.04.18
T8912 7.28.00 21.5 129.5 7.29.06 980 TD 8.04.18
T8917 8.23.18 26.2 123.2 8.25.06 975 L 82812
T8920  6.07.00 17.0 148.0 9.09.00 985 L 9.14.12
T8922 9.16.06 19.5 126.5 9.17.09 970 L 9.20.06
T9112 8.15.00 22.0 153.0 8.16.00 965 TD 8.24. 00
T9113  8.26.00 27.0 138.0 8.27.21 992 D 8.29.03
T9118  9.14.00 15.0 144.5 9.15.12 980 L 8.20.00
T9208  7.26.00 25.8 158.0 7.26.12 996 TD 7.28. 00
T9214  8.14.00 15.0 128.0 8.19.06 996 TD 8.21.00
T9216  8.28.00 20.5 128.5 8.27.18 975 D 9. 02. 00
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@ : occlusion type ® : extratropical type

@ : partial type ® : bridge type

Figure 1 Satellite imagery of selected typhoons.

Symbol ”@” shows center of the typhoons.
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Figure 2 Schematic cloud distributions of classified cloud patterns.

Numbers show the type of cloud pattern, shown in Fig. 1.
Symbol 6 ” shows that centers of the cyclones often locate at symbol’s positions.
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Table 2 Intensity of typhoons

(a) Minimum sea surface pressure, maximum wind speed, size of gale area and size of
storm area of selected typhoons at their mature stage. (b) Same quantities as (a) of
ordinary typhoon at its generation, developing, mature stage and just before downgraded

to extratropical low.

Typ. MSLP MWS Gale area Storm area
Num. hPa m/ s k m k m
T9112 965 30 600 150
T91183 992 18 60 —_—
T9118 980 30 650 190
T9208 996 20 110 —_—
T9214 996 18 110 —_—
T9216 975 30 750 60

(a) Selected typhoons at their mature satge,

Typ. MSLP MWS Gale area Storm area Stage
N um. hPa m,/'s km k m
T9119 990 25 110 —_— Generation
970 35 220 90 Developing
925 50 460 220 Mature
970 35 700 390 Before downgraded to ETL

(b) Ordinary typhoon
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(b) 2600Z

(d) 2800Z

Figure 3.1 Visible imagery of T9113 taken by GMS-4.
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“@” shows center of the typhoon.
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Figure 3.2 850hPa surface analyses around T9113.

(a) 2512Z and (b) 2712Z, 1991 Aug.
Solid and dashed lines are contours of geopotential height and isotherms, respectively.

“%” shows center of the typhoon.
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Figure 4 Upper air analyses around T8920 at 1000Z, 1989 September.

(a) 300, (b) 500 and (c) 850 hPa analyses at 1800Z, 1991 August. Solid lines are
contours of geopotential height. Dashed lines are isotachs for 300 hPa and isotherms for

other two levels.

“Y” shows center of the typhoon.
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Figure 5.1 Visible imagery of T8811 taken by GMS-4.

(a) 1306Z, (b) 1406Z and (c) 1506Z, 1988 Aug.

Symbol “6” shows center of the typhoon.
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Figure 5.2 Upper air analyses around T8811.

Figures (a), (b) and (c) are 500 hPa analyses at 1300Z, 1312Z and 1400Z, 1988 August.
Figures (d), (e) and (f) are 850 hPa analyses at 1300Z, 1312Z and 1400Z. Figures (g), (h)
and (i) are 500 hPa analyses at 14127, 1500Z and 1512Z. Figures(j), (k) and (1) are 850
hPa analyses at 14127, 1500Z and 1512Z.

Solid and dashed lines are coutours of geopotential height and dashed lines are iso-
therms. Thick solid lines in (a) and (b) show trough lines.

“¥” shows center of the typhoon.
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Figure 5.3 Time-height cross section of temperature deviation.

Temperature deviation means deviation from average temperature during a period
shown below at each height. Solid and dashes lines show contours of positive and negative

temperarure deviation, respectively.
The contours are drawn every 1°C.

Figure (a) shows temprature deviation from 1300Z to 1500Z, 1988 August for Naha and
Figure (b) shows that from 1400Z to 16127 for Shionomisaki.
Arrows show the time when typhoon approached nearest to observatory.
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Figure 6.1 Visible imagery of T9112 taken by GMS-4.

(a) 1700Z, (b) 1800Z, (c) 1900Z and (d) 2000Z, 1991 Aug.
Symbol “@” shows center of the typhoon.
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(a)

1/

=7
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(b)

Figure 6.2 Upper air analyses around T9112.

(a) 300, (b) 500 and (c) 850 hPa analyses at 1800Z, 1991 August. Solid lines are contours
of geopotential height. Dashed lines are isotachs for 300 hPa and isotherms for other two

levels.

“%” shows center of the typhoon.
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Figure 6.3 Time-height cross section of temperature deviation.

Same as Fig. 5.3 except that observatory is Chichijima and that time is from 1600Z to

1900Z, 1991 August.
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igure 7.1 Visible imagery of T8917 taken by GMS-4.

(a) 2500Z, (b) 2600Z, and (c) 2700Z, 1989 Aug.
Symbol “ 5” shows center of the typhoon.
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Figure 7.2 Upper air analyses around T8917.
(a) 500 and (b) 850 hPa analyses at 25127, 1989 August. Solid lines are contours of

geopotential height. Dashed lines are isotherms.
“%” shows center of the typhoon.
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temperature deviation.

Same as Fig. 5.3 except that observatory is
Naze and that time is from 2500Z to 2700Z,
1989 August.
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(a)

(b) (d)
Figure 8.1 Visible imagery of T8912 taken by GMS-4.

(a) 2900Z, (b) 3000Z, (c) 3100Z, 1989 Jul. and (d) 0100Z, 1989 Aug.
Symbol “g” shows center of the typhoon.
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Figure 8.2 Upper air analyses around T8912.

(a) 3000Z, 1989 Jul. (b) 0100Z, 1989 Aug.
Solid and dashed lines are contours of geopotential height and isotachs, respectively.
Symbol “%” and “L” show center of low and upper level circulations, respectively.
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Figure 8.3 Time-height cross section of winds at Chichijima and Naze.

(a) at Chichijima from 2800Z to 3112Z, 1989 July.
(b) at Naze from 3000Z, Jul. to 0312Z, 1989 August.
Arrows show the time when typhoon approaced nearest to observatory.
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Table 3 Classification of selected typhoons in a viewpoint of their cloud distributions and

satellite-derived low level wind.

Selected typhoons are divided into four classes owing to whether their cloud and low

level wind distributions are the same as the ordinary typhoons or not. Numbers after

typhoon number in columns of typhoons of extraordinary cloud show pattern number

shown in Fig.1.

extraordinary cloud pattern

ordinary cloud pattern

extraordinary T 88 16 (@) T9223
wind T8912 (®), T8917 (®)
distribution T9112 (@), T9113 (@
T9118 (®)
T9214 (®), T9216 (@)
ordinary wind T8920 (®), T8922 (&) T9012, T9125, T920
distribution T9208 (@) T9205, T9209
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Koba et al. (1991) OILHEKRFHEDOBREICE T 5
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Table 4 Differences of CI numbers between Dvorak’s method and JMA'’s intensity for

selected typhoons.

Numbers of the cloud pattern correspond to those in Fig.1. Symbol “X”

shows that

the comparisom is impossible due to its large distances from meteorological observa-

tories. Values of CI number defference, less than 0.5, are shaded.

Typhoon T8811 | T8813| T8815| T8816| T 8912 | T 8917 | T 8920
Cloud Pattern ® ® @ -3 © @
ACT .2 | X 0406 08| 0
Typhoon T8922 (| T9112 | T9113| T9118 | T9208 | T9214 | T9216
Cloud Pattern ® @ ® @ ® @
ACI +0.3 “08 -0.3 X
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Table 5 Detail of analysis of Dvorak’s method for typhoons with extraordinary distribu-

tion of satellite-derived low level wind speed.

Rows above and below wave-like line show values for selected and ordinary typhoons,

respectively.

MSLP and MWSV are minimum sea surface pressure and maximum wind speed,

respectively. T, DT and PT are indeces wihch are determined by Dvorak’s method before
determining CI number. CI (O) and CI (N) are CI numbers which are determined by
Dvorak’s method and by proposed method in this paper, respectively. A CI (O) and A CI

(N)are differecnes between CI numbers mentioned above and CI number transformed

from MSLP.

Shaded area at the column of DT or PT shows that DT or PT number is adopted for

T number.

Typ. Date MSLP  MSW Cl ACl T DT Cloud PT Cl ACI
Num. hPa m/s 0 pattern GO GD)
8816 090300 996 20 2.5 0.2 2.5 2.5 band 2.0 2.5 +0.2
8912 073000 992 20 2.0 -0.6 20 3.0 shear 2.0 2.5 0.1
8917 082600 985 25 2.0 -1.2 2.0 2.0 band 2.0 2.5 0.7
9112 081600 992 18 2.0 -0.5 20 2.0 band 2.0 2.5 0.0
9113 082800 996 18 2.0 -0.2 20 2.5 shear 2.0 2.5 +0.3
9118 091800 980 30 2.5 -1.3 2.0 2.0 band 2.0 2.5 -0.8
9214 082000 996 18 .5 -0.7 1.5 25 shear 1. 2.0 -0.2
9216 082900 985 20 2.0 -1.2 2.0 2.0 band 2.0 2.5 -0.7
9223 101400 992 20 .5 -1.0 L0 — .0 1.5 -0.5
9012 081600 980 30 3.5 0.0 30 30 shear 2.0 _
9125 110400 998 18 2.5 0.5 2.5 2.5 band 2.5 — —

— 929 —



METEOROLOGICAL SATELLITE CENTER TECHNICAL NOTE No.30 MARCH 1995

DT B oW CRF - LWEEEFE 2 5. 2l
BISEME - DT $ & OBR2ZEE T 2,

«PT #2 DT id Hebert and Poteato (1975) 2%
o7z & 5 AT ESHEEROE Y — v HM%
%,

L Lo, ZOHATRHIEMERRN T 5123
HERRE Tl & 2B TN EF 2 5D,
L7zht o T, S0k ¢k BN 2 ABmFR T
FTWHEAOEE RO L L LT,

B, #5506 PTHIZTHE L CORAOWMMAI
FboT. ACIH—0.5~—1.0L—~EL TV HEL
5. PTHUCHIERMAZ b D% THE LU THRAL. &
B CIE R RO B L W BELRHIEAENHZ S
hz, FEOHCHS LREORERENGESNEET
BZOHEBFHTELTHS I, £5WIEPT H
0.5%MzsztcivGonlzClfeACl%Cl
(N). ACI (N) OfficmLTH 5%,

10, £&8

ZORETRAFEATETHE T 2 HEEHES T &
B 2HIICOWVT, ZOHEECRESOR . &
R — R ZOfEE. BBUE L OBR. 351225 w
S 1HEAD R R T v 7 HEOEHADRIFIC DWW THAE
L7ze BEE IO TRERLEELCME T 5 2 &8
%, T—IRROIOTFCHAT LI LiZTER
dotze L, B8y — 0B DR & BV K
QEDZFNREDEVWHPBETE, —EHOEELICDOWT
IEBEBIREATIC X OSSO IR S IR o Tz, R0
FRZ v 7w T b EETHESE & Bbh 5 #EL
AT A LTI TR » I R Eh, 2O
EofEREEREL,

HEEHESIE & Bb 2 HELO B9 O Rl TR
ESHFEOZFNEES SIZ, 1) dulfhime Ch 3% <,
2) Fuhodby s H Iz dulh & HEEEE L T Cb 2377
T LI HRRERENS, 1. ESMOH»
WD 5 AR DDENRY — VI ENARETDH S,

TREEER» SR, ThoDEELD% LD n»T,
e & 272 D BN AT R 23 D 5 & v 5 530
BRI SN, BRI S P LOESE 2R -
TWiz D BRSO N > FICFAE L 7L
BHoT20 9 v SRR EER IR AT
THRET2HEAFRJEORFHE—HT 2D TH %,

KRB RS £ BN 2 BELIIE Y — »Hh@
HOBBMERL>TWELDIL, FRT v ZIETHE
UIBRENRA N b T v 70FN & D0.5~1.0FEE(E
ST, MEHECRARA Ty 722D AV
FHEYITR W Eb oo T,

72T, BAERSIEROMEREERE LT, PR
Ty 7 hERRT EEL HEERE L, ZhiET
LU TPTHERAL., Bohi PT H120.5%00
ZBHETHB, TV BEETIIRL. IR
KRR ENDLETH 5, BB TR EFHE»+
STRWOT, BEFHERHED & D FEL WAk &4,
SHBOBHIOER 2> THO THEOLENH S,

BT

Ak L2, HRBPE LGRS &
Ute. SEST P T HEROPTEEHAT CBS O R &
ELET,

SE3Tw

Cochran, D. R., 1976: Unusual tropical develop-
ment from a Mid-Pacific cold low. Mon. Wea.
Rev., 104, 804-808.

Dvorak, V. F., 1984: Tropical cyclone intensity
analysis using satellite data. NOAA Tech.
Rep., NESDIS 11, 47pp.

Erickson, C. O., 1967: Some aspects of the devel-
opment of hurricane Drothy. Mon. Wea. Rev.,
95, 121-130.

Hebert, P. J. and Poteat, K. O., 1975: A classifi-

subtropical cyclones,

NOAA Tech. Memo., NWS-sr-83.

Koba, H., Hagiwara, T., Osano, S. and Akashi,

cation technique for



ARMELI— BWHEEENS

S., 1991: Relationship between CI number and
minimum sea level pressure / maximum wind
speed of tropical cyclones. Geophysical Mag.,
44, 15-25.

Ohshima, T., Uchida, H., Hamada, T. and
Osano, S., 1991: A comparison of GMS cloud
motion winds with ship-observed winds in
typhoon vicinity. Geophysical Mag., 44, 27-36.

Simpson, R. H., 1952: Evolution of the Kona
storm, a subtropical cyclone. J. Met. 9, 24-35.

Simpson, R. H. and Pelissier, J. M., 1971: At-
lantic hurricane season of 1970. Mon. Wea.

Rev., 99, 269-277.

Spiegler, D. B., 1971: The unnamed Atlantic tropi-

cal storms of 1970. Mon. Wea. Rev., 99, 966-
976.

WMO, 1977: WMO Technical Note, No. 473, 67-
72.

— 31—

1995 3 B



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10
	page11
	page12
	page13
	page14
	page15
	page16
	page17
	page18
	page19
	page20
	page21
	page22
	page23
	page24
	page25
	page26
	page27
	page28
	page29
	page30
	page31

