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Factors for an Abrupt Increase in Track Forecast Error of Hagibis 2019
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Synopsis
We have investigated the quality of track forecast for Typhoon Hagibis 2019 using ensemble
forecast data from four major operational numerical weather forecast centers, ECMWF, NCEP,
UKMO, and JMA. From six to four days before the landfall, the JMA forecast was the best
among other centers, but the error increased sharply three days before the landfall. Compared
to the forecast from 0000 UTC 9 October, the typhoon drifted westward about two days before
the landfall in the forecast from 1200 UTC 9 October. Consistent with the westward track
error, there was a northwestward bias of the environmental winds. The sensitivity analysis
at the verification time close to the landfall indicates a large sensitivity to a low pressure

disturbance located to the south of the typhoon.
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1. FL®IC

2019 EHB S 19 5 (Hagibis) (X 10 A 6 HIZE
BEOmMBLETHEAEL, FELAPSIELTI2H
D 10 UTC ZAHEHEIC EREL 72, RREEFZRIFEIH
MG R L, BHA D S # AT 1200 CREERIY
RARKMZES6 L= (RRITF, 2020).

AHFETIEETHEEE 19 50K THIGEZ T 5
Tt Z—MTHET 3. X2, BEORABLE
bR N7 T O ERE 3 HETO FHICIEE LT
KRR T OERICOWTIEN 21T 5.

H2 HITRAMETHW T — R 2@ FRIco
WTHAMN S 5. RITEH 3 B CRTRERIC DWW TR,
RIRICEE 4 Hi TR E LD 5.

2. TRUBRFE
ARMETRETHMEE LTHMNPHITHRE > X —

(European Centre for Medium-Range Weather Fore-
casts, ECMWF), KEEERE T > X — (Na-
tional Centers for Environmental Prediction, NCEP),
HEEKS)H (United Kingdom Met Office, UKMO),
ST (Japan Meteorological Agency, IMA) @ 4 D
DYWL R—DT7 Y TATHRT — &2V
5. 7YY ITNTWT —&E ECMWFE % 4 b
TR XN T3 TIGGE (The International Grand
Global Ensemble) 7 —&N—Z X Y HF L7z, 7KF
RGBT 2t > X —35E T 0.5°%0.5° (ET VDR
B ECMWE %39 0.16°, NCEP 23%J 1°, UKMO
23 0.6°, KRITHH 04°) THDH, X N—HZ
ECMWEF %3 50, NCEP 725 20, UKMO 28 17, IMA
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P26 THD. XDEMREDORERNTHE 7 >
BV ITATROFEETIIARRERICIZE AL ED
Rohghroll®, Tty x—Hoktig, R
2 IR R o b E 7 v v TV R W T
1195, ¥£7, BEERDMBITEIZKKTONRZ M b
F v 7 F—R%, KKEDMEATEIZ NASA (National
Aeronautics and Space Administration) D323 2 FH
f##T MERRA-2 (Modern-Era Restrospective analysis
for Research and Applications version 2, Gelaro et al.,
2017) @ 3 RefESEEE%Z W Tw3d. MERRA-2 O
IR 0.625° % 0.5° TH 5. 738 MERRA-2
D 3 BEEPEEMEE 00 UTC 225 3 B2 X Y] - 72
K [HIE T O FED 72, 723 ¥ TATRO TH#H
K%l (00, 06, 12, 18 UTC) T OfEIF AR DR D
3 REREIME 2 3 L TR TV .

2.1 BRAFPOOFERE
BRI FET — ZOBEHSE L KRTONR
A FI v I F—REHOWTUTO LS ICHRD 3.

[11 RA T+ FF vy 7 OBEFNTER S T WIHEBHE KT
DMUMEZIEFRT =X HRKD 5.

[2] RO MNRE ZORFO 8 fiz & 9 HDifE
HXEMEZFA LT, \BEXEL 2 XihHEcif
B3 3.

[3] StE SN 2 RhH O TEHA 2 BRFOMIE, TH
RTOEZHLREE T 5.

HLOEUEDS 1010 hPa & D &y, HUDOFEE D 40°N
kbdick o756, EROBMEK T T 5.
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Fig. 1: Positional error valid at 1200 UTC 12 October
2019 for ECMWF (blue), JMA (red), NCEP (green),
UK Met Office (light green). Error is measured from
the JMA best track data. The black line with white

circle indicates the JMA mean error in 2019.
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Fig. 2: Positional error of forecast from 0000 UTC 09
and 1200 UTC 09.
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Fig. 3: Track forecast from (a) 0000 UTC, and (b) 1200
UTC. Black circles indicate the best track.

2.2 FFEANFRG RS DHE

BEGER IR OERROEEZ R ZIT 5.
FEIATISNE SO EADIT FHRET & AEBE R
203, SRETET 5 EEEIE B RO S ITKFL,
B0V E R E R 2T S E D L
X% (Velden and Leslie, 1991). A2 TIXIEMA
KD 2 5 2 THBDIEDZEERVIBRES O
A% 570z, IEHFR R RS it E T 5. &
BIZH o TH LD ZzDI12, BRI
BT 2 &5 ICEEL RS % (Enomoto, 2019). JE
B2 AT o 728 E, IR RS E R e 2 D,
FEHN AR R, S 0T EFHEHT L2
TEoN 2. {BonIFN R Z B R HE L %
IR EZLNDEEHFATHETI L Dx
Mt e A7RT.

2.3 TUYVTILRERR
EREMNEDTIICEHE LIEBEIERET 272012,
7 %y T VRERMT (Enomoto et al., 2015) %17
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5. REEEMEMT & IXMEE OMEEREIEIC B W T, MEERE
NI D FEE T B EELICHIS T 2 FIHAETELZ ko,
TIREDHEA LTV E R E RIS Z HEE T 2 AT
FHETHZ. 7oy IVKERE T, EEEE

TNETTaAl Yy PETARAEL TELOFREEE
KRIREANZ PLiE (Buizzaetal., 1993) %27 >4
VINTHEACTGEM L TWS. RIFFETIIREE
RZE 12 H 12UTC & L, BEZFAET 2 20k
AT O H T LTS, FIHIRZ & R
FEREIR DR EIC DWW TIE 3.3 fi TN 5. FHfi 2 L
LU TOXTERSI N WHEL A LF - L
2 (Ehrendorfer et al., 1999)

- Hu ey 22

+ RT, (&) + eL—zq'z
Pr cpTy
PRAWS. 22T, DIIMIFEBOERE, o 3
ERETHSIL L 2 REBEE, u,v, T, ps,q EFN
FHHPEEHE, MR, SR, BEKE, HEE
EL, FvdaBoWTWBA3ZEHIZEE»5DF
hzeky. Aoz zheh, EFELR ¢, =
1005.7Tkg 'K~!, KR EH R = 287.04Tkg 'K !,
R L = 25104 x 10%)kg™ ! TH 2. ¥/, &
FAG O KR el ERE, BEMBAD T X — &1k
T, = 270K, p, = 1000hPa,e = 1.0 ¥ LT\ 3.
BB OMRIZE 1 E— FORBEI AL —18
B, H1E-FOERDERTT VP ITARX Y
N=ZBAHDF Y L 7S EBOBE O/ 71 &
LTRY.

(D
dodD

3. ®BR

3.1 FHRREOERLLE
L%FﬂuﬁmlzauLwc%&ﬁ Rl LT,
BGERZIT OB RHDMIEDOREE 4 DD Tt >~
&—ﬁfﬁ@?%ﬁgl]65#685® Y
Rar, [KEFOTFERIIML > X — XD & EHIIIC
HENRWZ e bD 5. EARTOTHRIZIH
00 UTC % T 2019 F DB R FH O FEIREE % K
2L k5> T, RHOKRT DR TR 72
DRIFTHo/zWx 5. LHL9HI2UTC I
ERZBICEL, 20Kk 2019 EOF & FEE
DREELR->TWVS.

ZITIZIhoDENTIE, SKRTO7 YT

NFTHRICESZYUTT, BEOEKREN Y2729 H
mNHCEINHC%%%ﬁUZ?é?W%wﬁ
FEER T OERICOWTER T

3.2 ERRLE

9 H 00 UTC ¥ 12 UTC @ 2 S D HHARZI2 5 D
THICE T 5, BRZIOBEHUDALE D% Fig. 2
12, 2 OO THGER % Fig. 312”7, Fig. 2 &b, 10
H 12 UTC %5 00 UTC TW#gEM E, 12 UTC T
GRS B AN Y, 10 H 18 UTC 2852 LT
2DODTHMTHENANEDS Zthbhr 5. Fig. 3
%R % ¥, 00UTC [Fig. 3 (a)] T!X 10 H 18 UTC #»
HAMEFIWCHEARR N T v 7 EIREFA T & 5 i
x> T3, —J 12 UTC [Fig. 3 (b)] T 10
H 18 UTC OER&IZPEH H T, ZOE FHHICTN
IBIC EREST 2 TP Ro TV 5.

10 H2 5 11 HiCBWT 285G O RO 51 % Fig.
4R T. 2 ZTERERPODEOME S (KIEE
%) 72 & AJED % 300 hPa (L & A7 L, 2.2 fiT
IR Tz R CHERRE % B 72 JE AR R % 850 hPa,
500 hPa, 300 hPa ® 3 DD EETD T — X % F\W T

BEIZEADIEE LA MZRLTWS. Fig. 4
75, 12UTC OFHTIX 10 HD 12 UTC 124k
TOMhDBRONZ Z bbb, —JF 00 UTC T
& 11 H 00 UTC i25\ Ik = ofihuai /o h, L
ZOMRENDE Z L EANTH 5.

3.3 RREMER

Z DHEITIE 2.3 Hi TR EMENTZ 9 H 12 UTC
ZOAREZI L 32 FHCH L CEA LR E R
T, BEFREBIIBRERANIC BT B RA NN T v 7D
BEAD (139.6°E, 35.6°N) & 7 > H ¥ 7L
oBEHD (137.5°E, 34.9°N) #Wii&T 136°E~
142°E, 33°N~36°N Ol ¥ L. f@thtiohi
H1E— FOFGRIZ 68.79% TH -7z, KHIFET
FEHli LA LTI RAF— 2 L AZHHL, i
SHETOFMAIZ LTWb720, H1E— FOIHKS
BETT7 Y Y ITNRA Y N—2EAITEE L 727
HHEE OB IEELES. ZOoBRTHBRO
MTiE, PHREIEAT 2 HAERTREZHA
LTW53.

R DAEER, WIHIEZNC B W CBE AT 0 EENE
BEAFD (139.6°E, 21.2°N) & Z DO KTEE
B (146°E, 10°N fHiL) IZEEZRL T\ [Fig. 5
(@] ZOREEENHET 2 TEOKR L IREICD
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Fig. 4: Vertical mean non-axisymmetric winds (vector, ms~!) and wind velocity (color, ms~!) of forecast from (a)
0000 UTC and (b) 1200 UTC, from 0000 UTC 10 to 0000 UTC 11 October.
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Fig. 5: The 1st mode of ensemble sensitivity analysis at the initial time in terms of (a) the total moist energy
(color, J kg_lm_z) and sea level pressure (contour, every 0.5 hPa), winds (vector, ms™), temperature (color, K),
and specific humidity (contour, every 10~kgkg™') at (b) 850 hPa, at (c) 500 hPa, and at (d) 300 hPa, respectively.

The black box indicates the verification region.
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Fig. 6: Perturbations from the ensemble mean at the initial time, at the surface (a, e), at 850 hPa (b, f), at 500 hPa

(c, g), and at 300 hPa (d, h), for the best (member 5, a—d), and the worst (member 26, e-h) members. Variables are

same as Fig. 5, and the ensemble mean sea level pressure or height is also plotted with black contours for reference.
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Fig. 7: Analyzed three hour mean sea level pres-
sure (contour, every 1 hPa), divergent winds (vector,
ms~!), and temperature tendency for moist process
(color, Kh™!) from 9 to 10 October. Divergent winds
are at about 200 hPa (43th model layer), and moist pro-
cess temperature tendency is vertically averaged from
600 hPa to 200 hPa.

BEZRLTED [Fig. 5 (b)], EBEzxL¥X—18F)
WREXNTWS, [J2D7 P TAX =%

B2y, EEMBOEENKENR oA AA—IZE
B RO FE S T BB IRARE 2 5 (R E 0 R
HREZoNTED, HEO/NIVX Y N—2idW
H] = OEFHHE 2 50 TW3 [Fig. 6]. EREMERZE
DOALPNIZPEA = DTRNHFET 5728, 12 UTC
5O TROBEERHVEF Z T BFEE L o7
EEZLNS.

10 A9 HoAEMEAlO KKSHE R 2 2, 160°E,
10°N T A B & b %) 2hPa DIKEEEATFEIEL, 10
HIZH ) CTHEICH) & 72 & TG Bl &2 1S F (b X8 T
W3 [Fig. 7]. 9 H 12 UTC KBWT ZDEET B
EDOBIIZFHTNY v IBFIEL TS0, FEEDE
WA YN=TIFZDY v Y OMNEIKTEEFHIEG 2
BRATVS. 20V v YOI &> THEOEER
OFFED R E D, LN TEG X h 3 PR A EE R
WHEPBZ2 L5 ko= EZON5.

4. Frd

2019 FERJERE 19 5 OMER THRKE 2 ETE Tt
YE—THR L. JRFOTFHIE EED 4 HAl
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F TR T ¥ X =R RTOFEF X D IEE
AR, BHOFHRIES o TW I ehibhr o
oo Lo L, BT oERTHRIZ EE 3 HElc 2l
WCHEBLLTEBY, ZOBERCOVWTARTDOY
Y ITNTEE TR 21T o 7.

FEE DHRffas ¥ 725729 H 00 UTC ¥ 12 UTC @
THEHKRT 2, HBEIELLK 12 UTC O TR
R EFER 2 HENZRZ B RS v 20 LTI
Th, TOEF EEMEDLEICTNG Z L bho
7o BEZIRTRESORZ NS i BEAD
WAL TIENM ROz /5 e, ERICHGL
T 00 UTC Tiddtim = offif, 12 UTC TiddbiEm &
DOMND A 5N,

ERENEDMEICH S L BEERET 5720, k
R 2 MREERF R, ERENIE O 3 h3 /L & 7z s
PRGEHER Y LT, 12UTC 25607 %> 7L TR
LT vy IVERERTTZ{To72. B 1E—
R CUEAIHREZNC & B o FE e B AL B 3 % K E B E)
WEEZRLTED, ZAUSIGL T T E DR - 1§
72 45E) 2 8 oL ¥ — BN D RELB AT
72, EBBICHEORWX Y N— 2 EWX Y N—0DF)
Rl oBE % [t s 2 &, KIEEESHOM B IS
BHDBENEZ 5N TWE Z e bholz. KE
BENAE S BRAUE AR XA PR & o i % FE ]
T 3728, 12UTC 256 D FHROMEE D FER E 12T h
DREA otz e BEZONS.

KT 5, B EER T 2 B BEL O E )
TN Lo L, BUREEL BREES CmEl s %
MADFENCOVWTIEHAL IR o TOVRV. Fiz,
KB figtT [Fig. 51 Tl3H#EEORKIE (150°E, 52°N
¥ 125°E, 50°N 131) 2 JHWEEERLTW3.
SRIE NS OBELYESIT 2 IR DWW TN L
TV TETH 5.
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