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Abstract The Korea Meteorological Administration (KMA) National Typhoon Center has been
officially releasing reanalyzed best tracks for the previous year’s northwest Pacific typhoons
since 2015. However, while most typhoon researchers are aware of the data released by other
institutions, such as the Joint Typhoon Warning Center (JTWC) and the Regional Specialized
Meteorological Center (RSMC) Tokyo, they are often unfamiliar with the KMA products. In
this technical note, we describe the best track data released by KMA, and the algorithms that
are used to generate it. We hope that this will increase the usefulness of the data to typhoon
researchers, and help raise awareness of the product. The best track reanalysis process is ini-
tiated when the necessary database of observations—which includes satellite, synoptic, ocean,
and radar observations—has become complete for the required year. Three categories of best
track information—position (track), intensity (maximum sustained winds and central pressure),
and size (radii of high-wind areas)—are estimated based on scientific processes. These estimates
are then examined by typhoon forecasters and other internal and external experts, and issued
as an official product when final approval has been given.

Keywords: Korea Meteorological Administration (KMA) National Typhoon Center, Best track,
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Cha et al. (2016)2 2013\d 3HlE JIFeHZ H|2E

Eelg A Ak ol ), B F4l0] SIXE 7
SAo] 9= A7 (potential interval)S A o]slar, A
Ao &&He #SAE] Al wet A3t
WHAE FHa(FA)stshe WHT Ao Al=T3E He
el BF 2E dAs= WS LMkl o F,
71747 =7 el SAE & 20149 e Z ol i3k W AE
Eolg AR, 201595 SAHEgel BEH
2E B v ARAE A A 5
A MAEEYe BFoEg, FEARE, ST}
AR, ) EolE e, ot AETkET B
Wi ARE A1 5 FAHoz wEHn ok w
A, o] MAEED AR $elde SR EAE ] %
A AAAZRE AEE FAE 243 O3
wsoha & Stk

EA R FAAN S BEl tg WEEEAS
Ao wHsle F8 F9| 7#e v=5¢ Joint
Typhoon Warning Center (JTWC)2} dE-o] Regional
Specialized Meteorological Center (RSMC-Tokyo, RSMC)
7} A olt). v 194537, dB-e 1951
AAH o2 BF WEEEHS R ghrh(Ying et al,
2014). o]&]ol] Z=29] Shanghai Typhoon Institute (STI;
Lu et al., 2021)9} $-7-2] Hong Kong Observatory (HKO)
$o) AR WAEELS AN FESL Yot
Ying et al. (2014)& o]/3o] 47} 7|#e] W]2EE 2}
5 ARE kbl 4w o glek o] AuEe A
717¢717-(World Meteorological Organization, WMO)7}
FH3E= W 2EEY xg o F2] v X% <] International
Best Track Archive for Climate Stewardship (IBTrACS)
oAM= & 4= Jck(Knapp et al., 2010).

A HAEEE A8 7 7|85 AR T S v
nAFE olfzi(Wang et al., 2008; Song et al., 2010;
Tran et al., 2022), efF 2 29} @A 715 A7 5
da] AFEEo]A gtk (Moon et al., 2019; Zhang et al.,
2020; Pandey and Liou, 2022; Utsumi and Kim, 2022).
et o} AR 7t FAE o] M AEEY 2tg = 7
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A heAle] mo g EFuEA] gyl witol, Kim
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=7 S AE A= Y= 0~90°N, H%= 100~180°E
oA A AL, ThE A GoflA] o] Yo F Hol
WA 71 (EHAGF E eF)ol s 4 S8k
Jon, HE A= dEdd duA |t dis) A2
A AL AM WMEEEDG kst Qo). BlFe A
Aol Al AREAS Bli= 7132 HAY Z7] aTD (analysis
Tropical Depression; ‘AT AUl AY" 24 S H
thEZ0] 11 ms™ o] o|v], 2447k ool BjF oz
23t 750 vre TD)E A|9Jstal, fTD (forecast TD;
‘RG] AL 2N FAHHES0] 14 ms! o]
ZFolwA] 244171 ool HlF LR wad Vel =
< TD, £+ HjFo| TDR ¢Fsl= i o}, o33 TDZ
o183} 7|AERYE 2a F¢l 7%, National Typhoon
Center, 2013)%8 ®=F, Oz]1 27|t s HA
e TDE oFsl== AlA7EA o|tHFig. 1). 71E 6AI%E
HHo 2 FAs, et JFeZTE BT
Y(28°N o], 132°E o|uf) o] FHE 3417k 2HA S =2 A
H218 =3 3lt}(National Typhoon Center, 2013).

4 9 AR dUATIgY 9A, AE, A7)
sl o]Foizitt. gFe FAAAE 0.1° T2 74
Hi, B A4 999 A7 (hPa)F SRS F

F&(ms (1082 FFFS)ol thaf £ firk(National
Typhoon Center, 2013). FAR-Z HYF&4S 71F0 =
EREE HF 552 A% B4 AR A ARt
= @A 2ol ok ddAGF(TD)= FL3HA &
FEI AR, 2 o)t AR = AFEN(AEA)
oM+ 2}z <-(Tropical Storm, TS), ‘%’(Severe Tropical
Storm, STS), 73, ‘vf-¢- 7, ‘%742’ (Typhoon, TY)S
2 EFHH(Table 1), A7 o2 HAH A A
£ 5Ys L 389 "] 271 15 ms' o)
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Fig. 1. Period of forecast and reanalysis during the life cy-
cle of a typhoon (aTD, analysis Tropical Depression; fTD,
forecast Tropical Depression; TS, Tropical Strom; STS,
Severe Tropical Storm; TY, Typhoon; L, Extratropical
Cyclone).

Table 1. Intensity scale and categories of tropical cyclones.

2
N,
L/

Sustained wind Real-time Reanalysis
speed analysis (best track)
< 17 nmvs TD TD
17-24 m/s - TS
25-32 m/s Normal STS
33-43 m/s Strong
44-53 m/s Very strong TY
54 m/s— Super strong

TD, Tropical Depression; TS, Tropical Storm; STS, Severe
Tropical Storm; TY, Typhoon.
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Bavie] &+ A]-S Table 29| #7]|8}ch. 18],
201595 E AHgE MAEES o) 7 gl gt
Ael, faEA Aels, B, NF F5, 99, 4,
AZgh 5 ARARRE A5 Aelshel o (Table 3),
20134 FLUF WEEEDE AW AT we]
3 gebal 4e e WAISHITH Table 4).

ARA e A Aapel met vhd SR o o]
oJdIthFig. 2). HF #He 99 A ARE wF
AHgatel A MAEEY 2ol #4 2AAEE o
&3l 3497 BFRAE] WARE, 597 W - 9
B ARIIEe B AES A ARAIEE 53] 4
FRHT ARA 7 Aol 2 AelEe 4 2AZ A

E

:
o

3lar, ZAdA ol gk oA A AEr} oA
Jst = 797 HxE WAEET] FAHT). 7|4
BHE7e 7 EAE, SR d, 71713414
B, 717deEolg e o A}, oF A&7 A9
Z B8 A7AE =it g3 FaE AX AAkE
AE] G Fol A AR HF2 HAEEZL 0|53 6
947 71733 35 5 o] A (http://www.kma.go kr/kma ]
2B G- BT/ S ALY ESEH TR E
T =EEH) AFEHIL Q).

i A A w20

3, HAEER] Mt

3.1 ElZSYA|2E(Typhoon Operation System,
TOS) EM2E

I7MZAEE AA EE EE3 9125 (Typhoon
Operation System, TOS)S ©]-83}¢] EfZ9] £ 4 A
N2 @tk TOSE HERH % oA 28Ty
phoon Analysis and Prediction System, TAPS; National
Typhoon Center, 2009a; Chang et al., 2013)¢] R &
I gF AR =T o] BARES F3F TR A
o 2015dol= FHRES SAREC] FhE AR
of AAZF A=A, A& RS S EEH 0
A AASE IS A sk Aek(Fig. 3). HF

Table 2. The format of the best track data produced by the National Typhoon Center, and an example for typhoon Bavi,

which occurred in 2020.

Date (UTC) Position Intensity ISRE?/ISUSw;fds ) SRan?/ISuSW?If ds

Serial Maxi- irecti irecti
Grade s mum  Central Direction Direction Name

Year Mon- Dav Hour Lon. Lat. sustained prossure Longest Shortest of  Longest Shortest  of

th Y (°E) (oN) Susamed p (km)  (km) shortest (km)  (km) shortest
wind (hPa) ©) ©)
(m/s)

TS 2008 2020 08 22 0 1228 234 18 1000 200 120 3150 999 999 9999 BAVI

Atmosphere, Vol. 32, No. 4. (2022)
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Table 3. Summary of the typhoon best track format of the National Typhoon Center.

Category Format Description
™ Tropical Depression
Maximum wind around center < 17 m/s
TS Tropical Storm
17 m/s < Maximum wind around center < 25 m/s
Grade 3 chars. STS Severe Tropical Storm
25 m/s < Maximum wind around center < 33 m/s
TY Typhoon
33 m/s < Maximum wind around center
L  Extratropical Cyclone
First 2 digits: Last 2 digits of the year
Serial # 4-digit int. Last 2 digits: Sequential number amongst the systems that were
stronger than TS in that year
Year 4-digit int. Year
Date Month 2-digit int. Month
(UTO) Day 2-digit int.  Day
Hour 2-digit int. Hour
Lon. 5-digit real Degrees
Position number in
Lat. XXX.X format Degrees
Maximum >-digit int Maximum sustained wind speed around center (mv/s, 10-min. mean)
Intensity sustained wind & ' Missing: —9
Central pressure 4-digit int. Central pressure (hPa) with 2(5) hPa interval > (<) 990 hPa
Loneest Longest radius for winds greater than 15 m/s (km),
g in tens of integers. Missing: —999
4-digit int.
Radius of 15 Shortest Shortest radius for winds greater than 15 m/s (km),
m/s wind in tens of integers. Missing: —999
Wind direction il?xflirrizl Direction of the shortest radius for winds greater than 15 m/s
XXXX format (16 directions with 22.5° interval; 0.0°-337.5°) Missing: —999.9
Loneest Longest radius for winds greater than 25 m/s (km),
g 4-digit int. in tens of integers. Missing: —999
. Shortest radius for winds greater than 25 m/s (km),
Raﬁzsvzi d25 Shortest in tens of integers. Missing: —999

6-digit real

Direction of the shortest radius for winds greater than 25 m/s

Wind direction number in L . o PR N e
XXX.X format (16 directions with 22.5° interval; 0.0°-337.5°) Missing: —999.9
Name 20 chars. Upper case English

A=714ste 7]

A32A 4% (2022)
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Table 4. Year-to-year changes in the format of the best track data produced by the National Typhoon Center.
2013 2014 2015 2016 2017 2018 2019 2020 2021
Typhoons
Typhoons to Typhoons affecting the Korean  affecting the All typhoons occurring in the
reanalyze Peninsula (tentative) Korean western North Pacific basin
Peninsula
Intensity TD and extratropical cyclone : Extratropical cyclone : —9 All typhoons

-999

Direction of the shortest radius

Direction of the shortest radius written numerically (0-337.5).

Direction of the shortest radius for TD and L: —999.9

Size written in English.
TD and LOW: —999

When the shortest radius is equal to the longest: Only the longest radius

is written and the shortest radius is —999

Grade Extratropical cyclone (LOW) Extratropical cyclone (L)
Fic Confidence level, information No provision of confidence level, information code, existence of header
’ code, existence of header line line
2014 2015 2016 2017

‘ Data acquisition |

l On regular basis

‘ First draft by National Typhoon Center ‘
l Jan. ~ Feb.

| Examination by typhoon forecasters |
l Mar. ~ Apr.

‘Comprehensive review by internal & external experts‘
l May

‘ Final approval ‘

Jun.

Fig. 2. Timeline of decision-making for the typhoon best
tracks.

AEAA| 2] APREA oRE o] &G o}, TOSS] 74
REe AFEATEH AH7MA BE EAAEE )
o] AlxdloA e £ Jles §F AwEstE
[Korea Meteorological Administration (KMA), 2019].
BEXnEL ‘g A8 w77’ (National Typhoon
Center, 2013)°lA] 279 B4 Aaje} AL FYP3t=
E A=At gk, A3t 7]9kgk g (smooth-
ing) S Z8&F F U=E EEHATY. AT
dPoz A=A B AT £98 L3t BAYS
o B Fe] FAol YA 7HeAdol w2 F otk (Cha

TOS (Typhoon Operation System)

Reanalysis
system

Forecast -
Forecast--| TAPS || module // =<
; Statistics \

Analysis >( Analysis

module

Statistics- -~ >\ module /l
AV
oo Training .
Training -~ " 5. 91 . Trainin
raning system . modulg

Fig. 3. Timeline (years) showing the development of TOS
and the components of TOS. TOS, Typhoon Operation
System.

et al., 2016).
BEAme] B4 WAL B JBe] ABAe 44
a17] glete] e e FAEE A8 A

AR 242 WMO H5-&dvll72(WMO, 2015)%
Faskar glon, 7FAI A (visible channel, VIS)3} 2] 9]
A d(infrared channel, IR) 97 2AF7 9] 242 3=
T2 EA S £33 Dvorak 3% (Dvorak, 1984), w1}
o]|a 23 (microwave, MW) A5 2] EA2 nlo]=
23 A GGES 283 diA7IY 4 (National Ty-
phoon Center, 2009b), #o|tjd4 =3+ ot 7]yt
E]Z 37 2 7}A|(Weather Radar Center, 2010)2 3=

3.

Atmosphere, Vol. 32, No. 4. (2022)
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32 BEX=Z

28 BHo) ALGH ARE H]E31e] o]F Azl ¢
A vlo| Azt @ 5 AUE we ASARI AR
Ag S A, % 2o Y #5335 #359

4 Table 59 z|s}rt.

HEF2 e dAS sjdedr 27 nitol &
285 T AAA=ART SFA=HE AE WS- F
83t AAA LY THA/A LGt FHE =R
2} 1 (Subjective Dvorak Technique, SDT; Dvorak,
19840} FoIRe BET D AL AT
GgEe], FARIAe vhol Aot SEAR
€ 3Ecd B4 o B §olatAl 221tk FAlEA o
F2 ASHE £59 vjolaz} slge] Foee A
£3}+= AlA o we} tt=y, DMSP (Defense Meteoro-
logical Satellite Program) FA]2]=o] ©A1® SSM/I
(Special Sensor Microwave/Imager)e] 739, 37 GHze}t
85.5 GHzolt}. YAAE R SIS £43 uj= vt
EA] AR F(parallax error)S L@l ofof st} A&
ol YA AAAT 0] T 75 A5 o
= T 1%, 489 A F w7 e &

AAZE bR ARke R B ¢ o (Lee et
al, 2011), =58 vlo]a 23 YAE #= Fuld u}

2} Al 77 BAE] wfEo|tH(Cha et al., 2016).
g gol gt Ao H2S o deolde 83
#EAg ot F=3 T, AR 5o dolHE FAT
g7 - d WA AR, S dlold o] wkAbg)
AEE Fol BE BA ¢ &8Hn. 91433 dolv=
o] 23k FHEEE AAT 5 dvke Aol A
o, Fe - sksol ElEe B AHEET} sol
A TAER Fgstus felust A A 35
F RISl dofur] whzell, @

ot A& FHAl o] H& sz Aol Fasith
B 24 T2 2ol A sjFaSAE] &
2 71 FHolt. HF FH A5 £ FX
w54 AR AAldE HSEH HANETIY F
Qo olgHct, BEAgE FAR} A7 ER
(Global Telecommunications System, GTS)S 2 4] ==
FIARE BFE 5 Aok shgel BE BAole 29
A7t 88 W, Feletl gt YEshs
Bl tslAE ABTE A3t ot AT BAE

Table 5. Observing systems used to reanalyze typhoon best tracks.

COMS VIS, IR, Short wave IR, WV (Water Vapor)
Geostationary satellites
GK2A VIS, IR, Near IR, Short wave IR, WV
Passive MW

[DMSP F-15 (SSM/I), DMSP F-16-18
(SSMIS), GCOM-W1 (AMSR-2), TRMM
(TMI), GPM (GMI) etc.]

Polar-orbiting satellites

Brightness temperature, Sea surface wind

Active MW

(ASCAT OSCAT etc.)

Sea surface wind

Composites from Korea, China, Japan Reflectivity
Radar
KMA Reflectivity, Radial velocity
Land GTS-SYNOP, AMeDAS from foreign
. ASOS, AWS from Korea
Synoptic (land, ocean) GTS-BUOY, GTS-SHIP from foreign
Ocean Buoys, Light beacon, Ocean research station,

Ship from Korea

COMS, Communication, Ocean and Meteorological Satellite; VIS, Visible Channel; IR, infrared channel; MW, Microwave;
DMSP, Defense Meteorological Satellite Program; SSM/I, Special Sensor Microwave/Imager; SSMIS, Special Sensor
Microwave Imager/Sounder; GCOM-WI1, Global Change Observation Mission 1st-Water; AMSR2, Advanced Microwave
Scanning Radiometer 2; TRMM, Tropical Rainfall Measuring Mission; TMI, TRMM Microwave Imager; GPM, Global
Precipitation Measurement; KMA, Korea Meteorological Administration; ASCAT, Advanced SCATterometer; OSCAT,
OceanSat Scatterometer; GTS, Global Telecommunications System; AMeDAS, Automated Meteorological Data Acquisition
System; ASOS, Automated Synoptic Observing System; AWS, Automatic Weather System.

F=7)ets) U] A7 45 (2022)
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QG £ I AF7dHE=AE (Automatic Weather

System, AWS) 5o = jzt57t o 83ttt

T2 Adelr st FAHE Al=dlol7] o
o, g A5 ARLAFE B9 AFwr) =t
(Cha et al., 2016). webr], AAA=AA R FAES
A4, ARET QRS AET EEA o & 9%
n ek 2gelx Eekal, AR A =] 7%
#HE3AE dHoly vholagm GG £ - AE
AlRbo] ol &-857] ofg Fert B, d 23] 54
A& Ave SAEEe] #59 o] HFIGH &

A3 eFe AR Bk webi] AR 22 7}
AIAS) e AEET, 25 A AREe] AR

Ao o]&FtH(Chang et al., 2013).
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_/": .
o2, vlolmZ=2utdd A&, Metop (Meteorological
Operational satellite)2] ASCAT (Advanced SCATtero-
meter), OSCAT (OceanSat Scatterometer) 52| 3=
2k:, GTS, AWS, dlojt] A7 & &4 ARl A8t
= 0 A5E T3 TS BA8kaL(Fig. 4 stage 1),
TS 245 "ok FA9A9 AlEgke Al

BErt S ARdM 22 AR £oR VISAE F
A=)
RS

TS F43 W BAes BA3it(Fig. 4 stage
2). dlE B0, YA - AWS & 2 F &7} =& A4
#EAET e AT, o] Axmdl 4 THeAE 7P
= Foh AR BE S FYst] FAAA
E gAgtt olwl, BF-2] ol EAET} 6AI3F ool X
Fo 2 RY FAA HEHA &5 Aolgk= 7H

stoll, A 4713k AAA A= wstel wet 7 A

3.3 SAAXET=) Azl IARE AR, A= JF A=
BEe] FA9AAE 31N dRd AL 3 ol AXFES ArhFig 4 stage )
Ao RAEE, AREAT AR BEATD B BE) B D A4S, SEene] B4 @ ¥
2ARel olvt g B, WAL A A whAlel  FAHol 2 Holtk o]R FFN TF 35L& T4
A= A B3 Aokl gl AAAESR hAde] Ao BEs SR ] 2 o gEE A%
FFE o83, SDTS F3For TAHAAE 4 A M= T4 E4 0] HS o] Jrh(Kim, 2014; Jeon,
At SDTE Blgold Pael 283 A8, 3% 2016) meb, AR Awst we 2t B
9 5L /Iwto g g A9 FEE BAs= 7 Az ol asitt o & Eol, WA 4l Wzket
otk e el o e &g ot I MER A5Ste] 75 UlRe) 728 24E 3l
7] oleleme, 0% Vg e B Wl & FARNA Folth oMY ARG FHHE
BEAsle] B 9t 27] AHTE FAEG 2 ARREO 2= A EA o] ol & ok, AlEA ol
Define PI Find optimal Pl Smoothing
o N |
S T T /.//
12UTC P Xy 1 N
' \‘::_, "’t . ‘9_:.;{__,’ {j/
/
‘f
06UTC X IX ) e iy 1 4
RN Nyt L
,"n’ N \ , ( “\ : 1’.
oouTC § “‘X b | ., \
e e \
Potential intervals (P): ©._: Radar ‘-:._i,"MW ':::,"VIS/IR Optimal PI @Estimated centerof typhoon

Fig. 4. Schematic diagram depicting the procedures for locating the

center of a typhoon during the reanalysis process.
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HE HgE AREol AN S, AT e 4
25| 2837 & Qo] Bk Aol A7ke FHo] 7

.

34 SAUFUIE A SHVIREE)

HE Aes AR)HE 94 g4 Communication, Ocean
and Meteorological Satellite, COMS; Geostationary Korea
Multi-Purpose Satellite-2A, GK2A %)< 53 SDT=Z At
2% CIg(Current Intensity Number)E 7j¥to g #2
dot. SDTRE Zrg w4317 flsiale= WA 337 oA
Aug SAA FHo] A= olof atn, o]F T-E
Hlgo] o]gx]o} gt} SDTE o] &3t e 42 o
A7 e FEES] Y ERE 3 A=
o} #dHE 5HES FE3te] CIF= Azl sle =
1.0~8.0 77te] 0.5 9] 159AIRZ FHFTHDvorak,
1984). 2t& 9 Cle 3R s AMgste] 714 342
Z gaten, 714 oAl RSMCe] Koba $H:1E (Koba
et al,, 1990y &3} 3Urh.

BEE ARG AR AF R e AR
e 22 A5 M2 E43 WA, He g delA
AES CIFERE iE 24718 SAEUE 4%
(SDT-reanalysis)= Ej3<] ol 2E7EAe A 7]
Zroll el AlAIE ez = vERdtt. olu), 312 B
F(Cooperative Institute for Meteorological Satellite
Studies, CIMSS; Regional and Mesoscale Meteorology
Branch, RAMMB 5)9] #42}5¢} d&7]737g oA o
X3 SAREP(Satellite Report, Kunitsugu, 2012)¢] CI4=
= ZagthFig. 5). weF, B4 AH AR nlolam
5 914 BEAEt Flel A4 - SnSAEst
W, B2 g weletel FAV FHANEES =

Atk GTS (X%, Al o] ), AWSSt ASOS
(Automated Synoptic Observing System), AMeDAS
(Automated Meteorological Data Acquisition System) &
o A4 - A BEARE $AR9} WS e An
oln®, HF HA ARE-Hrt. oful, FAAA| M 71
2HF BE29 Gtk FANGS A, AP A
HEE2 Ao 243 oA | Aw AlEed wet
FATH 2 ARE VMo R FA F, 7P AR
28 o] AAGe] 2 F U=E HYFTEI A
N9ke AFH o2 AU Figue S5 FERYL 9]
& AAE 2o dr, =Rt o g YEATE 7]
232 o] STD-reanalysis, & 2]7]3#2] 24218, SAREP,
GTS9] AAIGH HFA oz ARNE bF SIS
HojEot

g, SDTE Assist Adz =He 247
(Advanced Dvorak Technique, ADT; Olander and Velden,
2007)& &3l A Clee 24l Fashal gl
ADTE 394 elel duelEe ol &3 AEE
o], dAl, Mt d 2A5(GK2A)ol 27l 7iRt
3l dl=13 ADT (Korea ADT, KADT)%= 7= o] A&
zoll ok

> @

5 UE - EZuHEI))

158 ARl BE - 2F wAel 22 gas)
bRzt 57h714 9149418 o ADT Al29 & 7]
Fo 2 AT 438 RAMMBeIA #1338k )
+ MTCSWA (Multiplatform Tropical Cyclone Surface
Wind Analysis)o]CHKnaff et al., 2011; Olander and
Velden, 2015). MTCSWAE A7 vl F4317] 93k
G294 B AR 27wl 40] AiAE B

% o
N

o

¢

% Nearby GTS (SYNOP, Buoy)
1005 SAREP
—— SDT reanalysis
1000 e Real-time
3 Reanalysis —
< 995 /
@
2
§ 990
[a
985
980 e 4
97‘: ! 1 1 1 1 ] i ! ! 1 ! I i 1 ! i ] 1 1 i 1 ! 1 1
04 00UTC 0500 06 00 07 00 08 00 09 00 1000
Aug. 2021 (hour: UTC)

Fig. 5. Intensity (central pressure) evolution for typhoon Mirinae. The blue stars represent the GTS data, and the three lines
show analyses of central pressure (intensity) in the typhoon. The final reanalysis is shown by the red line. GTS, Global
Telecommunications System; SAREP, Satellite Report; SDT, Subjective Dvorak Technique.

F=7)ets) U] A7 45 (2022)



A4 -

OE

A~
gl - 4

o] &ell, &4 A5l GTS, AWS,
}fi ol EARGE A% A9} vk RE F
- Z2Z Gl ASs HAS)

1% 4 }ZH‘:"“H“‘ @_ﬁ 94 7o) BFEF
A4 o] o] 2
ok SIS A, A ) A el B g
Bl SR A o] JNle g =72 BHYsit)(Fig
6). olw| AFg-H= vlo]amst Y F5E B
2] DMSP FAlg]Zo] &Al¥ SSMIS (Special Sensor
Microwave Imager/Sounder), TRMM (Tropical Rainfall
Measuring Mission)2] TMI (TRMM Microwave Imager)
(Hong and Shin, 2013), GPM (Global Precipitation
Measurement)®] GMI (GPM Microwave Imager),
GCOM-W1 (Global Change Observation Mission 1%-
Water)e] AMSR2 (Advanced Microwave Scanning

Typhoon SURIGAE

_g_ .

ok

29l T

Radiometer 2), Coriolis®] WindSat

o] Metopd] ASCAT So|t}. thul,

Aol EE B8 BT A
o AR EARHE AT 9F 218

5 - 2ygskel 2Rk ok e

7344_ ZZ A (P A)S BalEha, 0]—‘?

Foh, T
H B

RalE,

=35

E

RSES

L mlo

AEEZH

===

4, |

AF7A FAARFAE A Fete M iEEE A
Ao Arshenh. SeluetlE Ao W
EEYS Y3l 7] Wi, Kim et al. (2022)9] 9
T} o] FIEAE o] W AEEAS TIE B Foln

——=5=

H|

The fgngest radius (25 ms -1}

- 1400UTC

“\\ The shortest radius {25 ms~ 1

SSMIS.GMI AMSR2

F

e ASCAT"

Theshortestmdms(iSms T) A
The fongestmdms 15ms-7)

* K * % * * * * *k *x * * * k * K *
400 : .
g z o
E o ‘“ﬂ—“ﬂ/‘““m*\\-——»—m-
T 200 T ;
& ' ' Real-time analysis
' . ' ! The longest radius
100 - : ! - = ~Theshortest radius
T . | Reanalysis
| . | The longest radius
0 ¥ ¥ L ] - = ~Theshortest radius
T T T ¥ 1 T 7 ] T
14 00UTC 16 00 1800 2008 2200 2400
Apr. 2021 thour: UTC)

Fig. 6. Time series of the longest and shortest radii (size of the typhoon) for 15 ms™

winds around the center of typhoon

Surigae. The sky-blue triangles and blue stars in the middle denote the times of the data from the satellite microwave sensors
used to determine the radii. The upper part shows the confirmed longest and shortest radii superimposed on ASCAT images
at corresponding times. ASCAT, Advanced SCATterometer.

Atmosphere, Vol. 32, No. 4. (2022)



390 71747 =7HeEAE 9

71#e] A vaL B8 B o] o] Fojxjof & Aol
2 7ErEdX e H2EEY HiHA S
S F 5Ho=Z 3 ojA, I FE
s et 23] vlwste] a7hEhe Ao s, Bt
A1 v He 5 AFelA ZYst== s
o] olXe FAEHHYS A GoA HEEAS 4
Abslal glE 719 & RSMCSF JTWC, 5 7|33 KMA
o] W2EEAS vu3}glt}. 717> KMAZ} SA e
Follr EEst A HFol vk vAEEHS AYike)
7] A= 2015932E 20208717 0|tk B AEE o
7134 zpo)7t glo] BE @A FEHE AN A
3ttt ol & £¢], TDY] - KMASL JTWCE F45
= HYEES B4t v, RSMCE 24311 1A
%2t} wghd RSMC7)F TDE 243 A 7|-e 4
B2 HUEE vaolA AlLstar, KMASE JTWCH
A& TDE A3l RSMCE TSE EAs A9E 1)
ol EFeFATt
Figures 7-9% 217} 9%, 4714, S4%<2 A0
&5 71HEE vug Aotk 4 $1X] Aol i)
A B, Al 713 3] AR Zfolrt 1° o) e
AbdlE BA] 23toHFig. 7). RSMCE KMARLT 92
B£o2 Aoy TY 55& At $5%o02 243}
© Ao vEhter, F 7|&e] £4 Ao|7t 1° o
U Al F2 839 d=rt oFg TDs} TS 5+
Al dEABEESITE. JTTWCE RSMCeF Zo] KMAXRTE 9%

=1
He
i
rlo
o,

of

HE HEEEY

RARAAA 2270

2 zpo|7} ZA Y= AHdlE RSMCS} vE7HA |2 Bl E
o] %7} oFgk TD, TS 534 F2 et d
Aep).
A AodE Hste] FA719HS 5 hPa T@9l&
she] v wal9Ich(Fig. 8). WA, RSMCS} KMAE 7]
b Aol 2 Afolg KolA| gkokrt. viulk, B F ] A=
73E w= RSMC7}F S417195 Al #2418k Akl
FA A8 AHEY Hol JEhsdth KMAe}
JTWCE] H|aoM= Autd oz JTWCE S47192
S B Ehs Al B Ao vERsith RSMCe}
JTWCe] Z9-e= JTWCZ}F o] A E43te Aol
yeRstth. ok, KMA©A] 905 hPa o]k #2413k Al
o] iz} RSMCe} JTWCHA & S47I9HE Bt =4
A A7 Wk

npARto 2, SN HfFSol sl Akt
JTWCE KMA, RSMC¢} €8] 12 JFZF&S Algst
L 9lof(Table 6), m] arollx] REAFRZ Agah=
0.88< #3te] 102 T4 2 18k {TH(Sampson et
al., 1995; Kruk et al., 2010). 2] 9= knot(kt)=
Tdst & 5 kt E9I2 FF3FAKHFig. 9). FA719
np7EA 2 RSMCSF KMA 9] F4-2 frAlstA Rl KMA
7} kA e 2 sk AEFol UERdth JTWCS H|
wls wf BFe ot oFe A KMAYZE 3455 4
A, Zek A ksl EA e AbEIZE okt 53,
70kt o]e] e E JTWC7L F2 Za61A] B41819

SN2 e

N

g Bzog BAMaE Abbrl ul ®gtew, ZwE th JTWCSH RSMCe| 24 do| M e F0] TY o2
KMARE A%o 2 Boshs 43S Bl 4= & & m JTWCZL ko s #4dhe Ae=
a) RSMC - KMA b) JTWC - KMA <) JTWC - RSMC
4]Total=3,716 N i 3 |
en<5
e5=n<40
24 2 24
= |e40=n ) =
L v ()]
ER 2] ER
k] ’ kS 5
G Qe =0 ; = 0
o o o o |,
a-14 ° 8-1 | .| B
-2 -2 -2
-3 3 -3
3 2 4 o0 1 32 3 3 2 4 0 1 2 3 3 2 4 0 1 2 3

Diff. of longitude (°)

Diff. of longitude (°)

Diff. of longitude (°)

Fig. 7. Scatter plots of the difference of typhoon positions between (a) KMA and RSMC, (b) KMA and JTWC, and (c)
RSMC and JTWC. The green, blue, and red dots indicate occurrences greater than 0, 5, and 40, respectively. KMA, Korea
Meteorological Administration; RSMC, Regional Specialized Meteorological Center; JTWC, Joint Typhoon Warning Center.

F=7)ets) U] A7 45 (2022)



AXA - Fged - AEF - 248 - T
a) b) 9]
KMA vs. RSMC KMA vs. JTWC bP RSMC vs. JTWC i
(hPa) [Torai=3,715 (hPa) ] P T
10001 o pes 1000 eiexs | 10004 Rt
ceegese coegene
9804 e 5=n<40 0804 980+ teceedesees
° 405” esssnsdescee
0.0)/.‘000 o‘olooo-u o ssegecsse
9601 coosvesce 960 ceesooe oo 960 cesssgececce
u - ..“... . U .::':::.C U ::::/::::I.
= . = Lo =
£ 9401 . E 9401 = 940
920 s0] .0l 0] f i
9001 Corr.: 0.97 %001 | % Corr.:0.96 900+ ,/E" Corr.:0.95
Ve RMSE :5.71 RMSE:693 | ./ RMSE:7.31
880- BIGS 0. 33 880 P . Bias :-1.77 1 ° Bias :-1.44
850 900 930 940 960 980 1000 880 900 920 940 960 980 1000 880 900 920 940 960 980 1000
KMA (hPa) KMA (hPa) KMA (hPa)

391

Fig. 8. Scatter plots of typhoon central pressure between (a) KMA and RSMC, (b) KMA and JTWC, and (c) RSMC and
JTWC. KMA, Korea Meteorological Administration; RSMC, Regional Specialized Meteorological Center; JTWC, Joint
Typhoon Warning Center.

3 KMA vs. RSMC b) KMA vs. JTWC 9 RSMC vs. JTWC
(kts) | Total= 3,125 A (kts) (kts)
140{ o n<5 ’ 140
® 5=n<40 e
120 o 40=n vt 120
U100- U‘[OO_
% 801 E 801
601 601
40_ segeecee 40-
- Corr.:0.96 e Corr.:0.95 Corr.:0.95
204 7 RMSE:5.92| 20 eite RMSE :9.74 RMSE :9.24
Bias :-1.29 Bias : -0.65 Bias : 0.64
20 40 60 80 100 120 140 20 40 60 80 100 120 140 20 40 60 80 100 120 140
KMA (kts) KMA (kts) RSMC (kts)

Fig. 9. The same as Fig. 8 but for the wind speed. KMA, Korea Meteorological Administration; RSMC, Regional Specialized
Meteorological Center; JTWC, Joint Typhoon Warning Center.

Elgth. o] A7 Song et al. (2010)¢] 17.2 ms' o]&}

5. H

o

[

45 43 w43

9] oA JTWCHT RSMCY} 542 7
3, TYS 32 32.6 ms' o]iol|A] ITWCY} 743l B4

Arhe A3 A STWCS} e 7)de] 8% 7
T BA Agko] TE AL 7t 7|Hox EERoT &
uet BN sy Qlw, BEEST (5% B
3ol ZFel7t 9l7] wliEsl Aoz FAEch(Knapp and

Kruk, 2010). JTWCOA] ARg38le =X ikxel

x| % 7)FBoA] A}835= Koba $4FF ] Z4S v
3] 2, 1.5~3.5 CI5= F1tol|A= Koba $Hbme] 34
o] 27, 40 CIF ool =ret st o] Fo]
A b= ok

20201 A3 SAE(MOIS, 2021)0]] wh=H
10 ZAAfE 2 Qe T H o] 47%E

2

DR
A, B

Id 449 AP ST B dowA Tt
& A A S sholtt. webA, Sl el A 7

HolA s Ao BF B 2 AR A3

=2 Qs A E

)v] t!] oﬂi 7]

0}71] o FoA|aL Qlet. o] I A B

T =7hEst

&dto] HFe

oitalal, T FRE HAsEHE AL
EER AL glth. o2 glste], d AAH o B

_Q.

T’:
P77 A% BFT A7 B
BAEE 9

Atmosphere, Vol. 32, No. 4. (2022)



392 71737 7V EAE S BE HEEER PAAA 200

Table 6. Summaries of the differences in the best track data formats from three tropical cyclone forecasting centers, for

the western North Pacific basin as of 2015.

KMA RSMC

JTWC

> 990 hPa : 2 hPa
< 990 hPa : 5 hPa
(Ono et al., 2019)

Pressure > 990 hPa : 2 hPa
interval < 990 hPa : 5 hPa

1 hPa

Wind
speed 1 ms' (10-min averaged) 5 kt (10-min averaged)
interval

5 kt (1-min averaged)

>15ms’, >25 ms. > 30 kt, > 50 kt.
The shortest & longest The shortest & longest > 34 kt, > 50 kt, > 64 kt
Size radii: km. radii: Nautical miles. Each of the 4 quadrants listed independently
Direction of the shortest Direction of the longest (Nautical miles)
radius: 16 directions radius: 8 directions
TD, TS, TY, ST (super typhoon), TC (tropical
cyclone), HU (hurricane), SD (subtropical
Grade D, TS, STS. TY, L D, TS, STS, TY, L depression), SS (subtropical storm), EX

(extratropical systems), MD (monsoon depression),
IN (inland), DS (dissipating), LO (low), WV
(tropical wave), ET (extrapolated), XX (unknown)

Etc

TC number assigned independently from RSMC.

Numbered typhoons arriving from the Central or

eastern Pacific maintain their numbers when in the
Western North Pacific.

KMA, Korea Meteorological Administration; RSMC, Regional Specialized Meteorological Center; JTWC, Joint Typhoon
Warning Center; TD, Tropical Depression; TS, Tropical Storm; STS, Severe Tropical Storm; TY, Typhoon; L, Extratropical

Cyclone.
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