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Synopsis

Currently, the Regional Specialized Meteorological Center Tokyo applies the satellite-based
Dvorak technique using the relationship developed by Koba et al. (1990) for one of the
important sources of tropical cyclone (TC) intensity analysis. To improve TC intensity
analysis, we revisited Koba’s relationship used for estimating the minimum sea level
pressure (MSLP) considering case selection, aircraft data treatment, current intensity (CI)
numbers, and additional explanatory variables. The root mean squared difference (RMSD)
of the MSLP between the aircraft data and the concurrent estimates based on the original
formula of Koba et al. (1990) is approximately 13.0 hPa. The RMSD reduced by 28% to
9.3 hPa in the revised regression model that used CI numbers analyzed through modern
methods and additional explanatory parameters (development rate, size, latitude, and
environmental pressure) with careful treatment of the aircraft data. The signs of the
coefficients in the proposed model suggest that the actual MSLP change lags the change
in the corresponding CI number. The large TC at high latitudes with lower environmental
pressure has a low MSLP for a given CI number. Cross-validation results supported the
superiority of the proposed model. The current approach is simple but substantially
improves the quality of the TC intensity analysis, leading to improved TC forecasts
through TC bogus, wave models, storm surge models, and forecast verification.
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Fig. 1 Number of samples used to construct a

regression curve connecting the CI
numbers to the MSLP (reproduced from
the numbers in Fig. 2a om K90). A
standard deviation of 12.99 hPa from the

regression curve is also shown.
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T%. & oo, 1980FEMRUITIE, FLRETFOLR
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B F 185 (Judy)]. ATERALFLRED950 hPa
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AH. FEENDL, KOEBETIOICHWL N
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BoERE SO, FITIT48E LriE#E S
T Wnoix, ZANHEEE RS> TWVD AR
NHD. 12720, ZbD2oDFREIZIKIODFE2E
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NERLREERDDIZDICHNSN TV ZEH
FEDOR)L, UTOLDOTH-o=(ALE S 2018).

P =634+0.1194x (1
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Fig. 2 Number of samples from Fig. 2 in K90
(red) and our count for the 12-hourly best
track data (blue).
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Fig. 3 Anomaly in the converted MSLP from aircraft altitude with respect to the dropsonde-based MSLP.

The conversion uses (a) Watanabe’s equation and (b) Jordan’s equation.
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BSOBHR[/ELEZEZ DTNV EEZRLTND
(Bai et al. 2023; Courtney and Knaff 2009; Knaff and Zehr
2007). HULARE & CHEROBTR Z2 5 2 TWHKI0D
FAIZBNT S, FLOKEDCIHELS DT X —&
EEDEORBMBRL TV ERD Z LITHEK
Thsb. CEUTHOMITOEOREICL Y IES
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TWH2HDOTHY, |E, X, FOoMrEoKR, $h
B 7 % KB LTV 5 (Velden et al. 2006). —J5 T,
CHUT B RO Y A ARk, BRSO E < E DN
WIZHEVEFEL TR, DRI, BEOY A X,
HE, BEHOBRHKILEEFOLREDIEL X%
423 E LTMA5 2 &%, BISE-> TV
5. ZROOEEITMA T, KOTIEFLRE L CEK
DORRRFERIKGFTDZEHRLTWVEE. 20
¥, REREMALKIINZDZ LA ERD
FHEMEDS D B .

Tk &2 BT 5 [EFE X IEKnaff and Zehr (2007)<04th
DFZHEDRERE LT DITELTWADR, W 27D
EWLH D, AT TIE, BROBENMEE L ERE
LTWiz, Lo L, \BET LRGN CTITERELBIC
o> TR Wz, RIEOBENEE & i KJEED
FEIZIT VT WA, 2, BELREY A X E
TOOMNIRPHEKE L TEXDET AT TR
<, BELRRYA XOEE —>OMHEKLET D
EFALIRETDH. L, RODEND, WHD
ENPLDREIZ L VBEENREN ER G057 T
H5D.

4. FLREDETIV

4.1 @RARTT—2 DR
INETOELRERE 2, Table 11ITRTI>DOX %
MEET B Z & & Lz, £, KOOIZ L VIR S iz[Hl
JRR A CTRLE 9%, CTRLIZE W TIEMRITE & &
DRIEICHEET ZEICELOXE A E M, Zhbl
S EIFERIZB W T, Jordan® EZERZE H WS, [
S ZJORDANII G FE D FRAT i BE AT K3 D K A7
M EMRTB7-HOICHWS. CIOPTIM X fE % &
(2009)DCIEIZxH L, — kB CReiifb L 7 [Blm T
& 5. DEVELOP, LAT, SIZE, PENV® £ [allz =i

CIOPTIMIZBICW A A, i, FER, A,
4 X, BELOBESKEZ R ANTZLOT
5. BURATESTUICHE, ZEE, HE, REY A
R, BELOBEKEEZETEELEZLOTHD.
EUETEST2 1 FERRTESTI L IFIE R U723, i

BREDT A X &2 DDA E L TEHA
FTAHRDOYIC, HELBEROY A XOFEE1>DHH
EHELTHRALZLOTHS. ZAS5ORIFHD
a2 B L, CHROER, RATHEEDSPORES
DO, 3AHTER LML K oBINC X5 T,
mEERE S OMERBR(Fe vy 7Y T E20X
FATE b OEH)OFOKIEBRNICK T2, Pl
SUE OIS EE R FIc DWW TR D = 3 Fkx 0 H
MTHD.

Fex L, 198147 5 19864 O MU A FERAX O R
JENR950 hPall T & 72 o 7= B RUC, 19824FH AF 185
(Judy)Z N2 7=SHENZ B9 2, 6 & Dt zeikEl
WHESROBR T —22FH L. ZZTHW-AR
OHFEFNIL, FHITMZ D72 19844FE & B 55275
(Doyle) &R\ T, KOERI LY I ThdEEZ
b5,

CHLIZ IR 5 (2009)D b D % FIH L=, [EIT D
BUEEMATIC R W CIE, TE O R KB LIX6RER T £ 1.0,
12FFRTE1.5, 18FFR] TE2.0, 24FERi TE2.5L 70 D
EOZHIEESN TS (JLE 5, 2018) . 8% 5(2009)
OO RHIEALERVEED2OD =T g
VOCIHEERD TS, Z O B0 ClEE v
ToiH, BT IR ZE(RMSD) 300 /N & 93 o
7272 ®(TEST1 TO0.4 hPafR &), LAf:, Z Oy 3w
BHEIZOWTRRZRT.

32HI TR LI AN MEEEAHEHLZODL,
6 L O LREE Fu v 7Y 5 £ 13T
EENSEHET S, L, RTEEZ 0BT 3R R
MZEBLI T — 2 BDEET 25 HICRD. Fey >

Table 1 Regression models tested in this study. @ is latitude in degrees and R is a size parameter in

km.
name equation for P, altitude-MSLP conversion
CTRL —1.53CT* — 3.03CI + 1010.01 Watanabe
JORDAN —1.53CT" — 3.03CI + 1010.01 Jordan
CIOPTIM a,CT* + a,CI + a, Jordan
DEVELOP a,CT" + a,CI + a,8CL, + a, Jordan
LAT a,CT* + a,Cl + a,® + a, Jordan
SIZE a,CP’+a,Cl +~a,R +a, Jordan
PENV a,CT + a,Cl + a; + P., Jordan
TESTI a,CT" + a,CI + a,6CL, + a,® + a;R + a, + P, Jordan
TEST2 a,CTI* + a,CI + a,8CL,, + a,®R + a, + P_, Jordan
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Table 2 Coefficients in the regression models.

name equation for P,
CIOPTIM —1.95CT" + 2.64CI + 994.12
DEVELOP —1.98CI* + 2.21CI + 2.885Cl,, + 995.91
LAT —231CI + 6.41CT — 0911d + 1001.66
SIZE —1.97CI” + 4.09CI — 0.0282R + 999.39
PENV ~2.00CT" + 3.01CT — 14.13 + P,
TESTI —2.17CT* + 543CI + 1.735CIL,, — 0.367® — 0.0227R — 578 + P,
TEST2 —221CI" + 5.68CI + 1.395CI,, — 0.001130OR — 1281 + P,

VT ERAT R BE O 5 3R T RE R A (444 F ),

ZOXEHEAEPOLREOEHNBEE Lz, Fry 7Y
VT ERATEE R RO PO RIEICETET DRREIL A
WIZHTHEHE LS 5 FTREMEDR S W20 Th D (1 : 444
& AT, R1ZHAHTESTHZ BT HRMSDIT K
oy 7Y T BEE P LDREICERAT 5 £9.60 hPa
ThHsbH. — KT, ALY, Fay 7w
TR & TRAT S D OHEEMB O 2 H v 5 &oxt
J&9 HARMSDIZ9.55hPat 72~ 72) . b L, EEOM
ZE RGN AN FEAT IR 2 O 3RER LLNIC & 2 555121, iR
AR bIEWS O T 2 AW, £, AEF
DB E12EER LA 50.1° LINICAFE L
HAaE, T2 EAWhot. BITEEND
FLRE~OELIZEIRDERGOEHNTWND.
Fox NENR R ORERIE - 1= DT 25 CT877H T
H5b.

A E L THOWDMEIZIIRBITIA N T
v 7 iz, CEOZEAL(SCL)ITIFBAEDCIH &
24BFIATOCIHE L E V7. b L, 24BEfRTOCHE A

Table 3 RMSD (in hPa) is the root mean squared
differences between the model outputs
and reference data that are not subjected
to the rounding, while <RMSD> applies
the rounding to 5-hPa bins. The number
in the parenthesis represents the number
of cases in which the deviation from the
aircraft-based observation is larger than

25 hPa.
name RMSD <RMSD>
CTRL 12.54 (43) 12.62 (46)
JORDAN 12,29 (44) 12.28 (39)
CIOPTIM 11.86 (36) 11.90 (31)
DEVELOP 11.39 (20) 11.45(19)
LAT 10.63 (30) 10.69 (22)
SIZE 10.46 (20) 10.55(19)
PENV 11.38 (29) 11.42 (32)
TESTI1 934(7) 9.44 ( 6)
TEST2 932(9) 943(9)

WG AL, CIEOALIZosL Lz, &R A XD
HEEIZEA LT, 1981~19864F D 30kt/ml i -2 (R30) i
[RRETRA NN v 7 ICEHINTEBY, BEAWN
TRV AXERTORELTWVWDIEIICHEDLND.
7272, TOR30IE, MEE, AL, - 740
B, MESN, ZoFRICESHTHRD AT
7203, FLRECHEE L TO(RET, 1990). %
D=, XA N7 v 7 OR3I0ERALE L LTNZ,
EURR ORI AT D 5 2 LIX@ET Tl ewn. £z,

BIORE & LT, RI0ODHEE B DO MEE A% il E 44
TRELEboTERLEZELET LS. R30E Hb»
RIEOMHBRE A FHHET 5 &, 1981 ~19864F Tlx-
0.61 TH-=DIZHF L, 2016~20214E TIE-0.40 & 72
L. T, BEEORGTRANNT v 7 OR30% A
WCRE(LEITY &, BROBFEMARE L UIRN
FEREZTRESRNENWI ZLERIEBLTNS., 20T
®, B2 IZERASIZHIT 2 AR A X3 EEAIZH L
REICEBEI N TWRWI & 2 E %2, ERASICESD
& T R B AR EE 2320 kt & 72 D 8 (R208RA) &
BEOYA XL LTERHAT2Z2 &L L7, ERASICE
F A BRFLAEZ, 3X30 27V v RCBEITTEL %
NI BHRES ICB O TRERIELZ R LS
L, ZOH0ITx U CHN AR ERREZ 515 L
7o DTN U T B R O fie KAE 2320 kL F &
72585, b L<IE, R20eraZ3100 kmPl FOHEIC
1%, BEY A R1X100 kmE L=, BREZE OWEREXE
{ZR20erA+100 km7> 5 R20ErA+300 km E T D BN -
WEE L7, 528iTiE, RBEITRXA NI v 7,

JRA55(Kobayashi et al., 2015) 0> J5 {7, £ - ¥4 5 JL 5
20 ktLh E ¥R, b AMUOM U EERO SR
(ROCHEZNEFNHT A X E LEEROFERIZONWT
N

4.2 #8
ZnZ O EIFAOLEE % Table 212, il Z2HBLHI

T — X 2% D RMSD#% Table 3 & Fig. 4lZ/R LT\ 5.
Table 313 2FEMHDORMSDZ 7R L TW D23, Tk, #i
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K90: 12.99 hPa

Case: 12-hourly best track = 6-hourly aircraft observations
CI numbers: K90 = Tokuno et al. (2009)

Neglecting rounding error

¥

CTRL: 12.54 hPa

A

JORDAN: 12.29 hPa

CIOPTIM: 11.86 hPa

Replacing Watanabe’s formula for the altitude conversion formula with Jordan’s one
Y

Re-optimization for CI numbers by Tokuno et al. (2009)

Considering 6ClI,y

Considering @

Considering R Considering P,

L

DEVELOP: 11.39 hPa

LAT: 10.63 hPa

SIZE: 10.46 hPa PENV: 11.38 hPa

| Considering 6Cl4, @, R, and P,

TEST1: 9.34 hPa

Considering 6CI,y, ® X R, and P,
Y

TEST2: 9.32hPa

Fig. 4 Relationship between the regression models and their RMSDs.

ZEREBLAl O L RE L EIRRICE T 5 FOKEL R
JERRMT D5 hPaZ LA HD T2 A DRAZEDEEIZ OV
THRBT=OOHLDOTH D, FLREES hPaHALIZ
FLDOYLAONOBEEZ X T-DOIE, KIODH2K
IZB W TH B TZRMSD(12.99 hPa) & %25 (2 ik &
1TH972HTH 5. CTRLICE T D5 hPalifific £ & ®
RN E ORMSDIX12.54 hWPaTh - 72, ZH, 2fi
TRZKODHERMSDE W H/hE < 72oTD. &
DFEWE, FHRIRCCIHELDEY, HOFREITER
T 5, ZDH 5, 0.08hPalt & DN AS hPaALIZ
FLHDHI L THMBTE (Table3) . EEF 5 (2009)
DOCHLIE, KOODCHKIZHRT, MIEOKLEFHRYE R
NI v 7 ITIZIENE T 5 &, BIERKT v 7 T
TKIOE V5 Z EIC X0, &R EMRAT A E % %
LT nwoltZ &iFs% 5 ThHhs. JORDANIZE
WX, RMSDIX12.29hPaTH Y, CTRLE D H/hE
<o TWiz. ZHZ, Jordan (1958)% HW A Z & (T
£V, Fey 7Yy orFick3 PRt & RITEE

MOWE Lo h DRENEEIIC RS T272DTh D,

CIOPTIM /%, RMSDI{Z11.86 hPat 72 ¥, CTRLX
JORDANL Y H/h& < o iz, T, fEEF5(2009)
B, CIEERELS RO Licky, T—201%
LOEINRMAONIZZ LEKBLTWE LD L b

nas.

R, HBE, BRI A X, BREEOHERAED WV
TN EFHLH L LT 72 4 (DEVELOP,
LAT, SIZE, PENV), RMSD/ZCIOPTIMIZ bt~ T, 0.48-
140hPafR F L72. Z 0 Z &3, CIEOMICHAZLSK
ZIBIT 52 & T, MSLPDIES D& O — 2 Hi T
XHEWVWIHZLEERLTWD, 2T, Knaffand Zehr
(2007) 23 g K EGE & L KE O BRI DWW TR L7
DEREETHD. B, BESY A X EFALH L
LTIAHmEI1TE, REREENIRD L.

TESTUE, YA XL Z B2 DML L LT,
4O THEBAEK L L TN TZbDTHSD. TESTI
DRMSDIZ9.34 hPaTdH - 7-73, Z 4%, CTRLIZH A~
B LE255%/NEW. Z0Z EE, BAMNRTETRD
LNIZCHEE b &1T, Hl-RdlA AR A BB LIk
HWILIC LY, FOLREMITORE 2 W LI, RAT
= B & HULRUE O BEAR A 8 OIS R U 7o i 2 A
CELEIEOLNDLEVWIZLEBEKRLTNS.

Fig. 51%, MUZEMEBLINNIC S < PLREICK L,
CTRLE TESTIOEF iz kv E SRR LS ES
g LEZbDTHD. ZORPE, ETOREICE
W, TESTIR KLV EANTHD LV ZERHL
NTHDH. WEMITRAZENE L K 2556 0%
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(a) CTRL
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(b) TEST1
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Fig. 5 Comparison of aircraft-based observations and regression models for CTRL and TEST1.

1%, TESTI TKRIEIZHEAD L T2 (Table3, Fig.5) .
25 hPall EOFT N2 R 5 372 6] O £ X CTRL T43

WP oDzt L, TESTI TIXTEF DR TH - 7=

KA LFEFRELZDIT<WEWS Z LIk, TESTIO
EIRENEELTCNDHZ ETHD. 7272 L, 900hPa
K OB EFRE Z WY HFRTHZEDTELHET
NN —=DHE Do T2 HIREENMLETHD. 2k
MR B, MR T RERES VW LS. 2o/
REICIE, CHRB8.O0DE AR —1 )y, FFE S TR
ZERBEBRLTVAEEZLNS. KOO L
(20092 BT HCHEITHR AR TH7.5TH Y, 900 hPa%k
KELLTHEZ LI REBEROFLREE RART v 7k

Table 5 Experiment set to check the dependency
of the skill of TESTI1 on the definition of
size (R), environmental pressure (Peny),
and dataset. The subscripts R, J, and E
respectively represent the data from the
JMA best track, JRA55, and ERAS5. An
overbar denotes an area average. Dataset
A is the same as that used in Section 4.

dataset R Py
A R20; Pp (R20.+ 100 < r < R20;+300)
B R20, P (R20,+ 100 < r < R20,+ 300)
C R30,  Pg(R30,+ 100 < r < R30,+300)
D R30, P, (R30,+100 < r < R30,+ 300)
E R305 Py (R303+300 < 1 < R305+500)
F R30; P;(R30; +300 < r < R305+500)
G ROCI; P, (ROCIL) + 1
H ROCT, P, (ROCT)) + 1

THAHZZ LI TETWRY (F: BEOKRTHE
RART v 7T TlX, CIEE8.0LTHZ LAHD) .
FHEIBIL L IZBR NS DD, T O IR E R
MNEETDLILOTHD.
TESTHUZRBW T REREEN R ONTZFHF D S H
32001 19834E B A5 105 (Forest) I T2 D TH 5.
Bl Z 0%, 1983459 H23 H12UTCIZ R 1T A TH & CI¥x
ZNFhN55L6.0CTTESTIZ936hPaz R LT 5. L
NL, Fay 7Y TN X - TE B A7 812902
hPaCTH 7=, i, MEN/NSZRAEERDH 24
DN oTZ LIZE DOt LitZen. EE6~
ANDNE R OIRMPAETE LT Z & Bz X
DEEINTWD., —FT, fEE 5 (2009)1%, 2
BIZES X, TORFZNZHB W T, "ragged eye", T2
b, BEFRL TWDHLEOENSRHAZRIBIREZ L
TV, £720F, FIHIOEEZEA TS HO &)
AMLTWD. b L, MEBEBGBRIRED LS ICHEAT
Hol-biE, CHIT b o EEho2hd L/,
B OFRF L L TIL19814 58285 (Kit) D 19814212 H
1I9B0OUTCO HFANFETF b D, Z oLk &, M2
BLHITIX975 hPaTh > 7278, ZHULTESTIO H I
(946 hPa)lZ LT 2272 b 550, 85 5(2009)1L 2 D
LEDCIHEEZ6.0L L=y, JTWCIECIE 2458 LT
W5, ZOWE, CHLDOFREDOH L I BFITFRAIC
R AR D D.
TEST2IXTEST1 & K< LTV B A, A X &k
BRI 22D E LT Y o TidAel, A
REMEEDOFREEMNIESHE LI-b D THDH. TEST2
DRMSDIZ9.32hPa T 1V, TESTIORMSD (9.34 hPa)
WIEEIZIEWMEE 2> TW D, B EOEER TN
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Table 4 RMSDs (in hPa) in the K-fold cross validation for CTRL, JORDAN, CIOPTIM, TESTI, and
TEST2. The category “all” was calculated as the square root of the sum of squared errors in all

years.
year 1981 1982 1983 1984 1985 1986 all
CTRL 12.99 11.08 15.35 12.37 10.49 12.40 12.54
JORDAN 12.75 11.03 14.79 12.10 10.20 12.22 12.29
CIOPTIM 12.10 10.65 15.26 11.95 9.26 11.35 11.99
TEST1 10.10 7.80 11.59 10.97 8.97 8.90 9.69
TEST2 088 790 11.42 10.57 8.95 8.73 9.54
samples 119 256 139 175 47 141 877
B ATOIRB AT H VD, WEITIXIRFE BN REEHZL, MAKTESENFHTL. Q& 2MHEK

HDH. T, MEOKRNPKRE S LbbRRWNWT &
W7o RROOEDEEZE X BND.

5. &

5.1 RERSL
TESTIRTEST2 R B W R Z R L7 DX, #HED
WRT A= THAEZRAT IO E VDBV D.
TESTIRTEST2DEF ANERDOH DL LD TH D Z
L BN D DT, K-foldiEIZ L AR EMIEEIT - 72,
ZOFIETIE, 1981~1986F-D 5 5, &b 55445 % 1]
IRRORERICHY, B OVESEBRFERICHA VD &
WIHEREZM YKL T . Table4i, RMSD% % L
TUW%. TESTUHICTRLIZHE R TREZEN22.7% /N X <
2o TUWA. TEST2DEF /LI, TESTLI L ¥ &R0
RN EN 5 TN DH(23.9%). L, TEST2IZEBW
T, DRV ZEE CTESTI & FISREICEH DI
LOXEBRHATETWAENLTHAS .

5.2 YA XABLVREFZOBERENESIC
g HIRFM

BETNOBGED, BREOT A XSRS O
RIEDEPFIZED L IITEGFEL TWENEMRAEL
Too A RIZB LT, FAA TR L 7 iR m g 23
20 kt& 72 5 R R20) & B AMUICH D U7 E M+
FRROCHZJRAS5 EERASHHEEL, &HiT, A%
JTRA N NT v 71281 5R30H V72, R20°ROCI
WZOWTIE, 7V RAF—LD ) A4 ZDEEEK
BT 2720, 3X37 0 v FOBEIFEYZ2 T -iEE
R[REHERAETS. T LT, BBHEHENTHO
AR E A RTAEZ B RO T LAE LT 5. ROCIO
HEFHXIIUTOLEBYTHS. (DERP LMD
PEIFEIC km, FALA T RIZ0.5° T LI FHEKT

FEIZEET A EE (BRIITPOKIEEZEY RIS
5) , OB ERFENTHOT-T20608 ET, *
neENn, ToWmEREE BB S5 S NHIOK TR %
WETDH. Q)R TCIRDIEHTRESRS L IITEE
WMEBIWZ L&, HFEBOLETHOE SITHAT,
BEMAMICENE W) FHERETOHY &M LT
72 S TWDEE, FEERBHALTWD L RRT.
@GFEEBRMBAT TS L X, 1hPaZ N TQR)D 5
EEMVIES. b L, FERPKALTWARNGAIS
X, BHIMUOPRA U FER O F LS O D
YIEZROCLE T 5. (5)F#%IZ, ROCUZ I 1T D <
JEIZ1hPa% B Lo fEZ BRIESOWmKESL T2, b

L, R20°ROCIANI00 km & D /S WEAIZIE, &R
DY A X100 kme Lz, KRETFTRA N T v 71
BT DR300, RIOVOERLBMEOHEMYEL L L.
INHDOREIITable 5ICF EHTWNA.

Table 6(%, LAT, PENV, TESTI, TEST2 D % [al)7 =
IZOWTORMSDZ R L TWA. LT, I A7
My —%t%y hORBEIZIIEEFEL TR o . &
GFFRAN NI v BT HRIOEZFAVEEAGD
RMSDIZ, BT 7 — Z TS < R20E A W54 D
RMSD &SEVMEIZZ2 > TW5. FBRC, D, E, F& ik
T5E, BT NVOMERITRESOHRKIEEZ EXT
DHRIZEHEVBEINV. ERASIZEEAN—H
A %@ U7=MSLPORI A% L T2z s B 59,
FERAZ W GE OMERIZR V. ROCIZ HW =5
A OPEREIL, PENVICOWTIFRWE O D, DT
X, BETHRENES RoTWVNDS.

6. F&HEKER
RGT L, CIE % 1 LR B (i KL 0 L AU ) IS

BT B BRICAS) 5 (1990) DT & I T X 2.5
EORIREIL, A5 OERIBFITHIT OV TIIRY
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Table 6 Derived equations and RMSDs (in hPa) of SIZE, PENV, TEST1, and TEST2 for the experimental set

in Table 5.

name dataset equation for P, RMSD
A —1.97CT* + 4.09CI — 0.0282R + 999.39 10.46

B —1.92CT + 3.74CI — 0.0359R + 1005.06 10.35

SIZE C,D,E,F —2.07CI” + 6.17CI — 0.0437R + 998.38 10.26
G —1.89CT* + 2.69CI — 0.0169R + 1003.10 11.17

H —1.87CT + 2.45CI — 0.0190R + 1005.74 11.20

A —2.00CT* + 3.01CT — 14.12 + P, 11.38

B —2.00CT + 3.01CI — 1443 + P, 11.37

C —1.98CI* + 2.72CI — 13.15+ P, 11.19

PENV D —1.97CT + 2.57CT — 12.59 + P, 11.26
E —1.97CT + 2.62CI — 14.33 + P, 11.36

F —1.96CT° + 2.50CI — 14.04 + P, 11.37

G —2.06CI* + 3.75CI — 16.39 + P,,, 11.23

H —2.06CT + 3.68CI — 16.27 + P, 11.23

A —2.17CP + 5.43CI 4 1.736CL,, — 0.367® — 0.0227R — 5.78 + P, 9.34

B —2.13CT* + 5.12CT 4 1.6556CT,, — 0.366® — 0.0279R — 1.88 + P, 9.32

C —2.19CT + 6.35CI + 1.385CI,, — 0.309® — 0.0317R — 6.65 + P, 9.31

TEST1 D —2.19CP + 6.27CI 4 1.385CL,, — 0.315® — 0.0323R — 5.98 + P, 9.32
E —2.20CT* + 6.49CT + 1.375CT,, — 0.363® — 0.0320R — 7.36 + P, 9.34

F —2.20CT + 6.38CI + 1.385CL,, — 0.364® — 0.0320R — 7.06 + P, 9.33

G —2.17CT + 5.43CI 4 1.795CI,, — 0.463® — 0.0153R — 331 + P, 9.61

H —2.19CT* + 5.24CI + 1.765CI,, — 0.487® — 0.0173R — 0.580 + P, 9.60

A —2.21CP + 5.68CI 4 1.395CL,, — 0.00113®R — 12.81 + P, 9.32

B —2.22CP + 5.67CI 4 1.275CL,, — 0.00118DR — 11.46 + P, 9.37

C —2.23CT + 6.04CI + 1.226CT,, — 0.00122®R — 13.32 + P, 9.41

TEST? D —2.22CF + 5.94CI + 1.226CI,, — 0.00124®R — 12.78 + P, 9.43
E —2.23CP + 6.12CI + 1.226CL,, — 0.00128®R — 14.54 + P, 943

F —2.22CF + 6.00CI + 1.245CL,, — 0.00128®R — 14.25 + P, 943

G —2.23CT + 5.59CI + 1.595CT,, — 0.000808®R — 11.92 + P, 9.57

H —2.23CP* + 5.59CI + 1.505CL,, — 0.000845®R — 11.02 + P, 9.58

FLFMEiLTEY, ThE TORERTLTHRICE
KpDEBRERZ L TEZ LiTmE B2V, L
ML, EFRdRRE @B OFLERIET —& & ORICH

%9 IUE I 7 AR 7% 22 (RMSD)IZ L T 13.0
hPall b7 b LHERE SN D, Wz, XV BVEREMRE
MaEATHEODOETNVEFET L LHRD S
NTEY, TOXLIRETARTENE, THRSOT
WREORAED EMEIZ/RD EEZOLNE. ZD XD
RBURFER B E 2, Fox 1IIARS S (1990) D€ T L4
Lo AEFRHFL, FHIEER, MZEREN T —
2 O, FEATCHERORIA, ALK BMOE

RINOWETEDARERHINE I NEFE L.
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P =-2.17CI* +5.43CI+1.735CL,, —0.367d —0.0227R
~5.78+P )
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P =-22ICI”* +5.68CI+1.395CIL,, —0.00113®R
~-12.81+P,,. )
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5.
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EONWTHRD bz, HIIICEE T 0N
HbThDH. AEOHEALZEBEX LM, hoFiEL L
T, AEPEREEICR T DB B OAE DR RGPS R
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CIERCMZEWBLN O T — % & THREVWZZ N
RSMC Tokyo s CNJTWCIZ b E#f L 72\, 7eks, AHF
TITFEZOMIEE BN E L TIThLcb D TH Y,
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Table S1 The derived equations and RMSDs with respect to the RSMC Tokyo best track data.

RMSDs for MSLP and Vmax are hPa and kt, respectively.

The units of

metric name regression equation RMSD
MSLP CTRL —1.53CI2 — 3.03CI+1010.01 12.29
CIOPTIM —1.89CI? + 2.40CI4-993.79 11.63
CICHANGE —1.92CI2 + 1.88CI+3.406Cly4 + 995.01 10.95

LAT —2.25CI2 + 6.30CI—0.944® + 1001.60 10.27

SIZE —1.90CT? + 3.84CI—0.0282R + 993.33 10.20

PENV —1.93CI2 + 2.76CI—14.46 + Pepy 11.22

TEST1 —2.10CT? + 5.05CT + 2.275Clay — 0.3610 — 0.0223R — 5.90 4 Poyy 8.95

TEST2 —2.15CI? + 5.30CT 4 1.946CIyy — 0.001110R — 12.80 4 Py 8.02

Vmax CTRL 0.09CI2 + 13.49CI + 8.38 11.42
CIOPTIM 0.558CI% + 6.63CI 4 28.97 10.50

CICHANGE 0.591CI% + 7.13CI—3.325Cla4 + 26.90 9.78

LAT 0.834CI2 + 3.70CI4-0.709¢ + 23.11 9.66

SIZE 0.560CT2 + 5.42CT+0.0235R + 24.58 9.40

TEST1 0.697CI* + 4.80CT — 2.285CI,4 + 0.276® + 0.0184R + 21.84 8.76

TEST2 0.732CT + 4.72CI — 2.036Clay + 0.000869P R + 27.36 8.81
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