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Synopsis

Influence of the sea surface temperature (SST) and initial perturbations on track forecasts
of Typhoon Hagibis (2019) is investigated by forecast experiments with the JMA-GSM. Ini-
tial perturbations are obtained from the ensemble sensitivity analysis for the westward drift
of Hagibis in our previous study. SST has little influence on tracks except for accelerated
migration with higher SST. Hagibis develops deeper and yields heavier precipitation with
higher SST. The development is enhanced by the stronger secondary circulation due to in-
creased surface latent heat flux. The westward bias is consistently reduced by adding initial
perturbations estimated by the ensemble sensitivity analysis. Opposite perturbations lead to
asymmetric track change because of changes in convective activity, implying that the estima-
tion of peripheral tropical disturbances is a key to accurate track forecasts.
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Fig. 1: Infrared cloud-top temperature (K) observed by
Himawari-8/9 at 1200 UTC 10 October and schematic
diagram of the cause of the wastward drift of Hagibis.
White dots indicate the JMA best track.
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Fig. 2: Climatological SST (contour) and SST anomaly (left : EST, right : MGD) averaged 9-12 October. Black

circles indicate best track.
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Fig. 3: (a,b) Initial surface pressure (hPa) of (a) control experiment and (b) perturbations of EN— experiment.
(c,d) Initial temperature (K, color), specific humidity (g/kg, contour) and horizontal wind (m/s, vector) at 14th

model layer (around 850 hPa surface) of (c) control experiment and (d) perturbations of EN— experiment.
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POEDRRIT 7 V3 ¥ TILFWT —& (26 X > N—)
? 850, 500, 300 hPa [ D HPE - LR, U, HiE e
HMRKEZHWTHE L2, @ncHweE7 3>
7 VP GPV 1%, ECMWF 23424t L T\ % TIGGE
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WS GRP - rEAL)E, SR, MR e R &
MU THMEARCEEZMZ 5. 73y TVKER
IR TIT-oTWw3 2, BEMEEDOY v JICHEH
T 57D D K EREEDG S N THIEE I E
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BROWHEY EN- ray rao—L e oErrd. #
R5TE (Fig. 3ab) ZBREFEED Y v Lk 15 JE,
HRE 150 BEARE) Ak DBHICR o TWa. i
B RE (Fig.3c,d) TIXV v YD E2THERS - i
fbxEg28HP5 260 TED, FMEDSHRMEER
WA S B RJEUC & o THA S 2 IR ImE 2 &k & 55
BHDTWDZehbhrsd. EBEN LEORIED FE X
DHNZVEENZMEEEZ LTWS (RIIE).
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Fig. 4: Tracks of EST (blue), CLIM (red) and MGD
(analysis) experiments. Black circles indicate best
track. Positions at 1200 UTC 12 October are marked

by larger circles.
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Fig. 5: (upper panel) TC transition speed (m/s) of best track (black), EST (blue), CLIM (red) and MGD (green),

(lower panel) accumulated transition speed error (m/s) from best track; (a) meridional (positive in north), (b) zonal

(positive in east).
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Fig. 6: Central pressure (hPa) of best track (black), EST (blue), CLIM (red) and MGD (green).
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SST o Z1kix, BEEEOZE % E L ThKIC
bWER 52 %, Fig. 8 KR otz RY. L
Ry 24 WERE AT O REZK 774 (Fig. 8 a) & Yanase et
al., (2022) TR XN TV @D, AROIMHN:S
WEALTED, Rod <ALl & AR (outer
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Fig. 7: (a) Latent heat flux (W/m?) and (b) 10 m radial wind (m/s) averaged within 200 km radius from TC center.
(c) Azimuthal averaged radial wind (color, positive in outward) and vertical wind (contour, positive in upward) at
1200 UTC 9 October. Left panel shows EST experiment and right panel shows the difference of CLIM and EST.
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Fig. 8: (a) Rainfall rate from Global Precipitaion Measurement microwave imagery at 0938 UTC 11 October. The

image has been provided by the JAXA/EORC Tropical Cyclone Database. (b,c,d) Horizontal and cross-sectional
(north in right) precipitaion rate at 0900 UTC 11 October in (b) CLIM, (c) EST, (d) MGD experiments. White

lines with circles in upper panels indicate cross section lines.
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Fig. 9: 36 hours accumulated precipitation (mm) from 0000 UTC 11 October of (a) analyzed radar, (b) CLIM,

(c) EST, and (d) MGD. (e, f, g) Temporal evolution of precipitation rate (mm/hour, bar, left axis) and accumulated

precipitation (mm, curve, right axis) within regions shown in (a).

— 248 —



—H LTV, SMABERTIEE R & R L Tt
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BOETHERKEDBITEID bR DKEL Lo
TW5. fE g TR HEITHEDHETHRKD
ME DR, 36 AR ORAIZ LR 58
i (Fig.6) AL TWS. MEDrS, BKED
H A2 D L EARTROBERIHEHLTVWS
DIEFMGD EBTH D, BEKOFHENIZIEME R SST
NEHELBERTHILERS.

4. {HRIEENIRERER

iz, NE21 @7 >¥ ¥ T VKEfRNi» 515 oz
YIHEE % 5 2 72 FEBROFERE R T.

R DRRED A T 277 e L THEE S
7=8#1% 5 %2 72 EN- Tl&, EREMER 2> br—L
XD HHICHENE, EHRAMEICHK 70 km OV TW2
(Fig. 10a). ZAUIKEMENT L BBENLRZEITDH 5.
—HTHRHEDEE %5 2 72 EN+ Tl, EN- XD
bR ay b —VERLERDS TGS, EREN
Bldary tr—n Xk b 200 km TR TNS.
Z DFFSZALITH T 2 IERFREICIEE 7L D IR R 3
BEOIEMIBIEDEE LT Y, EEMHT 2 5132
LRRVRHETH 5.

HFLRIEORMZLE R % & (Fig. 10b), SST i<
X35 REREEER TR, MECEH F DA
Ronkw, AEOFEBRICEWT, SST 1ZHE L [FH
CHEEME (AifioEB T EST 1ICHY) 252 Tw»
B0, ICFREENBZE X D EW=o, AifficHoh
7o & 5 7R i KEHiE R EH 5 22 Twv. EN+
ERAPEICTN, aY PO —LEBRREN- XD D
SEIGHNC SST MmNz @il 3 2 720, bRERHR
TOBENRRMD 2 EFELD B F2oTWS. Z
D7z, BEDOETEBREZCNET2HDTHD,
BI#OEEZIHEhTWRVWE ARES.

BE OIS 2 IR B LT, HEjo
R ZE B O RE T % 500 hPa DFRARBIBUR 212 & - T
3 (Fig. 11). 27T 500hPa &, BEHOMN (B
JE AT U C IR R 72 SRS ) % B 7T TN S
L7l oZ b e AT MO ZE A R S K < Bt
LTW3EEL LTEATY S, FIHARZNCIZFR
IEDEHDS, 12 K% (10 H 0000 UTC) 1213 EN+
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Fig. 10: (a) Same as Fig. 4 and (b) Same as Fig. 6, but for control (red), EN— (blue) and EN+ (blue dashed).
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Fig. 11: Stream function anomalies from the zonal mean (10°m?2/s) at the 500 hPa surface in control experiment
per 6 hours from the initial time. Contour interval is 2 x 10°m?/s. Thick solid and dashed contours indicate zero

and negative anomalies, respectively. Color shades show the difference from the control of (a) EN— and (b) EN+.
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(Fig. 11b) @V v VAL ZORED» HHITH I T
BEPRELFBELTWVWS., D200 50RK
2 BENI T O BVHHEELIC D T % B O AR B EUR
ZTH LT Gz £ o TE D, BEILD
MHZPEICT S LTWad Z e &2y, 18 Bk (10
H 0600 UTC) 21 EN+ 2B W TEE & BV #ELas
BUoOE, aybo— L TRELFEITN
W E Y 2R 7> TWb. EN+ TH S -2
BELI G BEER I KT T X A =X 413, NE21
TOERLEAMNTHS. —J577T EN- THIRIED/N
WD O DOBHTEEL 2B A 72 XA 72 18853 18 RER
BIHATE D, BEEEITEICED S LT 28 =
Zaryitar—LXhdiiHILTwa. £/ 18 K
WZBWT, BEFEFEICIET 5 EN+ OEDOEE DT
'3 EN- OIEOEH & D IRIEAK Z <, BFETELD
IDFELTWB I bh b, AEBRTIINES
TR AKRES (iR BHEEZMATWS
7o, fERGIST TR MREEINIC S EVI R LN
% (Xig). BEFHEELOFEE SV DEWITIE Z Oxf
REHOZDES L TWb e EX NS, MG
B OZDERICRIZTHEBIC OV TIESHI HIC
FHICHABEL T DERH 5.

AT, 2019 FEEEE 19 50 FHRICHIHME
Y EFREM G 2 2 HBITOWT, KRBT GSM %
T, NS TH B SST 2 A X F2FBi ., NE21
D7 ¥ TNEERNT TR ONBEE N 725
BRIC & o TR,

SST 2§ 2 EKEEB T, #EKIIZFLALYE
LD 72 o Fo 23, RIAITR O MET T B 13 SEATHFSE T
X TWEED, BWSST 252 -EHEBRZY kS
Molz. BREFREICT LU TIE SST ZHDHEN K =
{, MW SST 25 X - EEF B FEL 7.
fEATE & KU ME % 5 2 72 FEBRC AR E O E D&
BCHERED DWRELTI o 1223, KUEETIZRIC
FREEROMEO R RS R L, ERERTRDREK
B O/ I D o T, BEREOHEEEZ
52 7o BT, THATETEW SST OFE %21
TRELENCR DAL VIEEZRL TV, HE
DFEBEHEEN, FEREOTRE & KRl LTz
ZOBRBOBILIZIE, BHD»LDEBRT Z v 720D
BEIMZHES 2 KEROBILDHF G L TVWE e EZ S
N5, FZBIC X D ERINRKEE, ZOEAD

OHBEEIZEND DD, A DRER T DK
JE % i/ NG 5 2 S L S A fz. — 7 THUDIE RS
DOREKEEIIBIH  FAREETH D, &\ SST 252
FEBIZ Y T L CW e, ERERZIHED HA
FIETOMANRE, BEzL 52 ERIRDHE
B EoTW .

7 VW v TV RN TR D F BB T R
FERTIE, NE21 OF5R e AN ERZ (LB R o0
7o, HERGOREREE?S, Vv OMEOEEEEL
DPENDBEHE A NE21 TOER L k0 ZL%
RT ZEDDh o Tz, ARWFZET R W 72 B AT A
5 1 BTNz k5, PIHEENREEr 3T
WO D CHIBICRHEFRET 2 L 2RELTWVWS
A, TS OREFIIHIGI TR 2 RUE U 72 R
WD IERREE DR VWRE O THIC D EHREETH %
ZeERTHITHEZEERS. EREBHO/REE
ZZBr, arbo—)LEFITN U TIEFRRER
ZMFE o, ZhFEREEREOBFEILL O
EEIOZ(LEES 2D THD, 20k REERED
DEHBEL O FE T B AR O FHE I
#5252 ERLTVS.

D k%NS, SST XAEGRE & KR THRIC,
BRESOOEISERIC X KehEEr52 3%
Zebhot. NNHEFCEESE SO EKkOT
WM ICHEET 5 e h o, IEHER SST ZHEREM:
ELTHWS Z 3B EOBR» b EETH 3.
AR T OREGEE O BRSO OVWTIE, £F
NOYEBREZFHMICHE S 2 e kv on .
FIHHEEN N S 2 REERD) 51X, B REEORE
LR IEHICTHT 3 Z e oEERICIZ, 7Y
TNVEERITIC X o TP HERAEHR ZRETE S Z
LHRENTZ. RFFETHW 7 V3 v TVRER
WRBFD 7 % Y TN THT — 25 b REZFE
TE53729, BROBEDTHMERELHEDIET LD
HEPICETE 2 R PRV, &2 OB ETFHICH L
T7 ¥ v TVRERNf 2 EH LT PR AER 2
LML TV 2T, HET2ERN e SERE
HATE2rHiffesh 2. £L2200EHLIS, 5
JEFMOKE L SST % IERE/REICAETE L7z b gD
THEEZ BT 270k t+oedEes, AEE
KOWHETOFERME Y EIF2 e PEETH S Z
Lbhbhol. ARBEOFEEMEE M EXE 251,
e RkBlil e mE R 7 — 2 Ak FEZHAG DE
OIHEER T EOLELRD SN S.
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