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An Explanation of the Revised DVORAK Technique for
Estimating Tropical Cyclone Intensity using
Satellite Cloud Imagery and Some Results
of its Application to Two 1982 Storms
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Abstract

DVORAK technique for estimating tropical cyclone current intensity (CI) was rivised
(DVORAK, 1980) to include the use of enhanced infrared (EIR) imagery and further
modification has been made recently (DVORAK, 1982).
the technique and is intended for use by new comers in operational satellite tropical
cyclone cloud imagery analysis at Meteorological Satellite Center, Japan Meteorological
Agency. The rivised technique was applied to the entire life of two typhoons, 8210 and
8213, and the performance of the revised technique was studied in some aspects.

(1) Estimated storm intensity (CI number) agreed well with that from JMA official
analysis in 36% of total 74 cases in EIR imagery analysis and the difference between them
fell within 0.5 number in 90% of whole cases. The range of CI number was 2.0~7.0.

(2) Previous technique (DVORAK 1980) showed better agreement between CI number
and official minimum central pressure during the storm’s development stage (CI number
5.0~7.0).

(3) Eye adjustment procedure gave lower estimation of CI number by 0.5. Independent
application of the “eye features” or “vertical depth of cloud features” adjustment procedure
yielded better results.

(4) During the storm development stage, the deepest central pressure was analized
in retard of 6 to 12 hours after the most developed cloud pattern observed.

This article is an explanation of
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"EIR" ARALYSIS DIAGRAN

Veraon F. Dvorek [Hay 1962)
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EHETCREShE: T & DT ¥, DT #& PT Ko

HEDBFER LD DT, THERDOEXOBEEMFS -
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Fig. 11 Comparison between T number, DT
number and PT number determined opera-
tionally at MSC in 1982, T number was
determined following DVORAK (1980).

BARTEDLLE, ¥ T % DT #Huz VIS EHig,
EIR Eifg & b 1260% OHERT—HK LTS, ¥ 0.5
BLINTIL 85~95% T—HL T35, FREFETIR
DTHABIBRLC TEERET S, WirsEer¥®
BT 5L TRREFEOETC L HHBIPIIVLEEL
%, LML, VIS @izt 5£M EIR @ T
KELeh 0, VISERTO DT BivEoBL
X, DHVCRMITOBMAENE LTV ERELBR
%,

—7 DT $ & PT BoH#E Tz, LOEOK 5% bt
+0.5 BLATH B, PT Kk~ DT Ea@HR
EEhPFVEANREORS, SR L PT i
DT X b b 0.5 BUES REIhTV5, T OFEMIZ
DVORAK  (1982) T EIR Efgic 515 PT HOAKEE
EREESRE -6 IS8 - L:—HLTVD, L
»L VIS EgTbAKOEANRLR ST &1, PT X
BETDESAZ2—~vEFARBFHRCRDOATVWEZ &
HEzZLbh3b,

5. CIEOmE

-Table 1 ;3 DVORAK 2‘)373 L7 ClE & thieshnd
HEEEIEORKREE MWS) 35 X 01k
B 5HL8E (MSLP) 0Bkt 5, Cl & MSLP
OB DVORAK (1982) TtE®#H xhi-0T, =D&
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Table 1 DVORAK iR L 8 /ESEOH
E ClE LEABHE MWS) BIvHtk
PR FIT B PLKE (MSLP), & 0Bl
o H LA O&EVE Sheuchuck and Weir
(1980) X »C #®xhicfi (DVORAK,

1980, 1982).
CI MWS .MSLP (mb) .

Number | (Knots) [in NW Pacific

, New O1d |

1 25.
1.5 25
2 30 1000 1083
2.5 35 997 999
3 45 991 994
3.5 SS 984 988
4 65 976 981
4.5 77 966 973
5 90 954 964"
5.5 102 941 954
6 115 927 942
6.5 127 814 929
7 140 898 915
7.5 155 879 900
8 170 858 884

LTy T

TRIEREEY Old CHREEY New TR LI,

Z OFEHiz Shewchuck and Weir (1980) iz X -
VIS Eigco Cl HOMEMIL s Sh, TO&R, It
AFHEHIC R0 5 WHEREOBARE (Vm) &b
KE (Pe) LDBAFKE LT, Vm=6.7 (1010—Pc)®*
SR (Atkinson and Holliday, 1977) #4383 hicke
BTHD,

Fig. 12 3 5R 823 ohLREEL T, ClHOEL
¥ 6RRBRAL LD THS, TH, ClEux EIRE
@MHic k5 b oc, EIREfE LT Fig. 5 Rl
oA v 7Y v x—HARE BV,

Fig. B Wt TROFIEZ RS &, fOLRENE
E&en bR T FzaEeid Ltky, Cl #
BDFE TR LEBHESEOHLEEDOE T H L B2
F—~vORPLOFHE (B 52— OREELOET
%) 2R/IF T B, —HZORGIBEPTI VT
Bbh, REITRELEL D b ORENRIE & 7o 5 128
M TR K LT\ %, EAEoC Lz
HRBOWENTLE LS, TROLLEBHOARLT
RAEMCB VT TEA 2~V OBRKEALETL, Fik
MNETHHEEOHEHZIBBCRLA T3,

Fig. 13, xR &, 8210, & & A 8213 wis\T, EIRE
BB CHBLEYED ClEE, PLRELXEL1OH B
RARCLIOTC CLBERE LD L DEDOFIEIHE L
BETHEHE (RMS) %, SRORBENK L OHEEH
TERRLIESDTHD, e\ T New 3 FREE,
Old RIBRBEERC I BBATDH S,

Cl D v ZEDEDPIHERSL L, WFhoR
BRTLHEFEMEBRV-TE 0.5 LN TH 2, 2D
SPISME M) i L ofiErnR, HETOM K
w35 RMS 12 043 =, Cl HovarzZ o RMS
LIRERABFOMEE > T B, ¥HFHECKITZEDE
BoATiL, £02% 36%, +0.5 3 54%, +1.0 22 10%
Thot, TOZLRIY, FETHO ClYE 05 0
BEETIMETE S, LhLRENO CIH5.05:5 7.0,
ThHbLEHEKED REMHETOROTSE 5 X O
RMS %612 1R% & ORIEH R

i, WThoRTIMHESENEE T3 CMH-T
BENKEL LTV AN, ThIBAx—~voalti
R st s Cl Bopehkc bMER B 0 + 5

. ® Central Pressyre }

& Recon. Pressure

a T-number

O Cl-number

TD I_T;S LTyphoon

bay 19 20

Time Q0 12 00 12 00 12 00 12 00 12 00 12 00 12 00 2 00 12 00 12 00 12z)
21 22 23 24 yi:] 26 27 28 29

T8213 (ELLIS)

A

S R

A

|_'r;s Low

o

Fig. 12. Evolution of central pressure,

number and CI number case of Typhoon 8213 (ELLIS).

Black arrows indicate the rapid development and mature. stage of the storm.
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Fig. 13 Average and root mean square value
of the differences in CI number derived from
cloud analysis and from official surface ana-
lysis. M and R are the mean value and the
root mean square value of total cases (74
cases) respectively.

Ko AROZ LR EERBECOVTLE LB, — T,
DVORAK 0}k TEH T h T\ 5 EIR B O RFkk D
Hktx CLEM 0.5 EL BN, BROBRIC L 25
BIBRAC IS (oKL 3) #%y thrhi
MRT - EENRRBM 5T,
TChLOHEMR2EOBBR LB LDOTH Y, BRD
BOoBEOHMC X584 % 2 b h 5, DVORAK
(1982) TR FMARVHR I TV B, BERFEDH
BEEDILSBIOIBRHLTT BLENDAH D,

6. BERTORS

CTIREAZ— v TESRS DT Hieouw g,
DB HIERT, ok, BESZX—vORNFICORE
B2 1K TH5DT MET o rELTERV2, PT
Br L4777 2DEEAZ~VvEFALLEBELEET S
CELRWEETH B, i Cl BGREDEBE L LT, 3
ESEOBROMBRR LZEFREDOHLIELY RT,

6-1. MBEL7=/> k) RNy—

Fig. 14 = EIR B TOHifleR~"T, =2 v~Fr L
12 DG U Fo& iR, WEToBWHEHRTR
IhB75A%—a,bifFEL, BHE LAy FE2ER
LC\wb, 27A%—a,b0bBRBCHR-TEAVID
BiE#< (®Tik 10°log R34 F A%y FERCEHR

B

95 1984F3 A

in EIR imagery analysis, 00Z Aug. 20 1982,

Typhoon 8213. (Curved Band Length; 0.6
(white) Spiral, DT =3.5, 985 mb ; JMA Official
Surface Chart Analysis, Development Stage).

TR, AV IFHORIRIWORHED (RHTRT) &
XTH 0.6, FDA Y FRIOIERE Lo DG oEFHORE X
128 0.9 Th 5, DT iz, WThoEHasd 3.5 Lk
Ihan, BEGE h D BFEKE © f.ORHE R 985
mb, 7r¥k CSC iz BHINLBECREI NS,

6-2. TL7—] NFg—>

Fig. 151 > 7 —] &2 —vofxirt, CSCItTF
BEIIC X - CREIOMBIRIRES RS, —HIERALN
FIROBL BB T, CSC I HEREDOEMS 0.5 &
G&E) e, DT Huz 3.0 27 s, & OBBESE

Fig. 15 Example of the “Shear” pattern in VIS
imagery analysis, 03Z Aug. 13 1983, Typhoon
8306. (CSC; <1/2° Lat., DT=3.0, 994 mb,
Development Stage).
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T REAR CHEN BEIRETH -1, POREX
994 mb,,

6-3. [ER) X9—>

(R % —v 2 EIR @ & VIS BRI 51T 5 4T
flx xhZhmrd, ¥3, Fig. 16 i EIR B oOf% R
e

CSC # XHITHRT, B> A F A TORELE LR
BWThHarn, CSCHr—ELTVigLw, CSCH —EL,
AT 75 AOKELRRT BT LG T, E Bk 5.0
Licn, BITAKT, BRL3M4E GEE) RETHS
DOTHAC L 5RFABLTS, BROMERE WS, Br—
BLTWARLALVHEFAIBTHS, RFAREC L -
T +1.0 8 bh, CFH12 6.0 L7cn, BVAT LD
MG L Fod i\ TR s T Fig. 71wk &h 5 BF
BROhVDOTBF 20, X -7 DT #ix 6.0 & iE
Xhp, BEAZ—-VvOBRBRIHECTHY, BHESER
HROMOBRCDH B, POKER 915mb, 12 Kl fif
PERBHTTHRL 70 TH -1,

Fig. 17 = VIS BB OGN TCiRT, £A4AT 75 A
C#iET % Central Feature  Banding Feature % &
HTHEL, Thth CF & BF TiR$, B o BRI
Ragged TH 5 CSC RO EMC ARE T /E Xh
%, CSC of/MNEERERIN 1.0 E BE) < EXK

Fig. 16 Example of the “Eye” pattern in EIR
imagery analysis, OOZ Aug. 24 1982, Typhoon
8213. (Surroundig Temp.; Light Gray, E=
5.0, Eye Adj.=+1.0 (Surrounding Coldest
Temp. ; Black, Eye Temp.; Warm Spot), CF
=6.0, BF=0, DT=6.0, 915 mb, Initial Decay
after T7).

4 &r'

Fig, 17 Example of the “Eye” pattern in VIS
imagery analysis, 00Z Aug. 23 1982, Typhoon
8213. (Embeded Distance; 1.0° Lat., E=6.0,
Eye Adj.=—1.0; Ragged Eye, CF=5.0, BF=
0.5, DT =5.5, 945 mb, Development Stage).

13 6.0 L7t3, ¥4 Raggedeye CE ¥=45ThsrD
CTHRFEEE: —1.0 &7 b, CF ux 5.0 L rEZR
%, —7F BF #uz, 1.0 & (RE) BOE- v FAE
2/4 ALT5%, Fig. SREhHBEE - Tl ic
Vo X oT BF #u2 05 & h, DT Bux 5.5 &7
b, TORBIIREEBBCHY, PLFER 945mb ¢
BH5o

6-4. [CDO| NNy -2

‘CDOJ %~ v TO@ENHI% Fig. 18 iiid, CSC
a2 v=BE2 Lk 2@Oo}ME?SA2— A Brl-

Fig. 18 Example of the “CDO” pattern in VIS
imagery analysis, 00Z Aug. 21 1982, Typhoon
8213. (Diameter of CDO ; =2.0° lat. (Irregular),
CF=3.0, BF=1.5+, DT=4.5+, 970 mb, Deve-
lopment Stage).



KEHRe v &~

TRATRTMBECRESND, 75 A% —ADHEHD
B RRZZ SR~ X B THD, 2D T AR~
X TRAEEIh S5 55 R LT 2T, TCDOY
R E— v TOBAVEALLEE 2 OIS, CDO 22 @D
SHHE 7 5 A % —CHREh, BNERITY 2 I GRE)
THh, LrLED CDO DFRBIW TR, £A47 7
7 &L Irregular & LT &h, CF 3 3.0 &7
%, —J CDO %E{rE - v Fix 1.0 & (BE) @hn
CDO ww#TaHT2/4EEL, BIDEAS v Fiz
5LEFEFE1IEELTVS, 2DZ &b BF Buz 1.5 &
#eEXh, DT B 4.5 LrEIh5d, CORBILRE
BRCHY, PLRER 970mb THs,

6-5. ML) NF—

Fig. 19 & MBE Lichl) -2 — v CORRHIx 5
T, TDEASA %~ % Fig. 18 o VIS B IET 3
EIR @ Cchs, VISEGLYEE T 5 L EIR BT
o CSC BRI E _EEZIhS, CF iz 547
75 2DEELFHRT HETE, W (AREITLDOR/IME
#RT) L 5T 50 ¢REZR S, Banding Feature
@D LRI DOT BF Bz 0, X - DT ¥4 5.0 &
5,

6-6. TCCCJ )Xy —>

Fig. 20 iz DVORAK 24R L% [CCCJ % % — v iR
To R E—vOBIENBET, EROBERTHEY
AT A TBM LAY V] 2~V Thoh, £0%k
CSC fHitiz &tz { AR T HUZIRCBHh (CCO),
FOKEOES P IV, AWOE R T2 CSC ik
B { SOHOBROBANEKSh, BAx— w0k
FOBMBEAR LTS, $RABCPLRELEE T

SRl

7-3.5 993 T-3,5

Btk

¥T§E!;‘?ﬁ 0800z $7§EE75 1430z 27SEP76 2030z 28SEP76 0200z 28SEP76 0800z 28SEP75 1430z
-3, -3.5 T3,

#9%5 198443 1

Fig. 19 Example of the “Embeded Center” pat-
tern in EIR imagery analysis, 00Z Aug. 21

1982, Typhoon 8213. (Surroundig Temp.;
White, CF=5.0, BF=0, DT=5.0, 970 mb,
Development Stage).

W5,
7. &bYIC

DVORAK D TOBERITIE, B % — TP
BRBAECETFIHOBH SN D, BTEELIAR )
WA, CoRETIE, REHEELY X~
TOEBEOBITFEDORE Y &% T DVORAK KD#H
FEHLICH, TOXEXTOHEL B ENTELIR
#THs, DVORAK DFEOBEMY, ¥ T HREICHN
FEERL->TARBI LHRDETH D, FLd, [ABHE
v X —FETORBERE (B8 2%5) iz DVORAK ©
FHETOEIRBEZFERIR T35, Z OWMENEKD

28SEP76 2030z
1-3.5 9%ma(17372) 1-3.5

295EP76 0200z

T-4.0_979wa(10212)

Fig. 20 Example of the life cycle of the central cold cover (CCC), (DVORAK 1982).
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