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Analysis on track forecast deviation in Typhoon Muifa (2212)
based on CMA-REPS
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(Shanghai Central Meteorological Observatory, Shanghai 200030, China)

Abstract The operational track forecast of Typhoon Muifa (2212) is quite difficult due to the complex
circulation, the large dispersion of the ensemble forecast and multiple adjustments of numerical models at
different initial times. Based on the CMA-REPS ( China Meteorological Administration-Regional Ensemble
Prediction System) , this paper compares the environmental flow fields and circulation characteristics of
the members with small mean track forecast errors verified against the best track (the easterly group) and
the members with large mean track errors (the westerly group). It is found that the easterly group
corresponds to a southerly subtropical high, which is prone to merging with the high pressure in the
southern part. The southerly steering flow is more conducive to the northward and eastward movement of

the typhoon. The pattern and position of the subtropical high are also the main reason for the adjustment
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of the ensemble forecast at different initial times. In addition, the easterly group has larger typhoon size

than the westerly group, and the typhoon and its surrounding circulations also contribute to the northward

motion as a result of the B-effect propagation. The land vortex has much more complex impact on the

typhoon track. The development of the vortex close to the typhoon is beneficial for the westward movement

of Muifa and has an “attractive” effect on the typhoon, while the development of the vortex far away from

the typhoon is not conducive to the westward movement of the typhoon and has little impact on the track.

The contribution of typhoon size and cut-off vortex to the track forecast is relatively small compared with

the subtropical high. In operational forecasts, it is important not to overestimate the attraction of high-

level troughs or vortices to the typhoon track.
Keywords

Typhoon Muifa; track forecast deviation

51

i3

AT 15 XU A TR 014 i 22 42 52 M0 XU 1R )
R RE | R ¥ 5 XU A2 M 55 AT ) o e e Dl
RER I, BT T3 B KIRGE R B
LERA AR XS PR I 2R GERN 2 R Wi PR UleA% 5l
BRI 3 A SCHEI 1 51T R 5 R A
WABERS SRR EE IR, 54 5 KUtk A2 131
AT 5 M T2 3 i B TE AR A de R i X A%
2, HASAF S G KRS i 7 1 n] DLy 2006 16 5
SPGB XURE R ATRCZE AR R R B Y
SR R AR Ge 2 7 A 5 = AL, R R U
FERGIEG RG] 2T, & XEA AL 7518
gl it . 5 PRI A AR X FR 45 Rt 2 52 i L g
PR LT Bk e i 1) 1 BELE B A2 4k, BV B
S80S 5 | R PR 168 R P IAL 2 [ A7 A 1A 38 XA 2 52 i e
R, WAk, R IR A I AL R 8 3 BOA T AR XS
PRESHIITE B . AEXERRA R R G e DA = 1
R R XTI R e, MR A7 45 i i B A 40
1B 15 XU BRI X R U I RR GE 22 1 38 i 5 AU A%
gl , 5 WA [l R R IR AR E KBRS sh iy a3, =
AR LA H 15 U B8] AN X BR 48 4 2 B
i 5 KBRS Bl , A6 1] 24 i o FEE e 18RRI 2 AT ) s 25
¥, ik 3 A6 KB s S I K T, 5 A
AR 55 B AR AL T EEIH

B B R R AN I A R BE ) f 4 g, 4
A UBE R AR TR A S B BUAEAR R BE b e B A
TR, B R ATHR 55 (20 ST JEAEE,
A TR S R Z BN TS 766 XS H 45
Jz UHORTE A KU AR DT T, R R
1 AR IR AR B TR TR 5%

CMA-REPS ( China Meteorological Administration-Regional Ensemble Prediction System) ;

P RESRAR B THRBCR A RO 1k . Hdh AT
HRABURNE 3BT 75125 7T LA o 225 I AR ) iR 34
BIYFZNR , LA 53HT .25 5 0 R ) 50 DI R ] 93
RPE 20 B R Hakim S5V 4R BRIE A Z
WFFEAE ISR BBURRAE 7 HE TR A 73BT AT TR A FAS B
FENE, 12 W 2% o =5 1R R OGBS IR 5, A0 Qian
AU AR A U VR AT TR £ XL B £ K
AU, $2 11 R AR 1) £ B2 55 500 hPa &1
FATER YRR, RS R FZ O 98 B Kkt
TRARGMBUENE AR T KA 1w i 103 B
J Pt AE RV A B BB VR B R R
G LI R R T AN B PR A TR, 8 s i A A Y
AR FINNTENT 2R T A 1Y 35 500

2022 45 12 5 B K MEAL” YO AR R IX IR,
BF BRI | XURR S LR, R G, AR
PURTIE & & SURTIE SR TR e S EN Y A
ZIRIER G EAE AR 223058352 00,9 A 11 H
20 Hf—13 H 20 WF(Jbsthf, TR 44 HiRpi £
IR R FEAR AR TR A B, T AR AR IX e % |
T3 DAY XU TG . SOk T e R R X
E4 TR & 4t ( China Meteorological Administration-
Regional Ensemble Prediction System, CMA-REPS) , i
ST AR AR T 22, ER R OCTE MR R S A
3 W AR, BIFFE SEMR A5 TR 3 KU 18 OC B
SO A7 ARSI SR S EE TR (10 1T IE B AR 734, Ry
BUEAL D55 AR R0 Fr2e 4 Tt 5 Kl 55 13
557K

1 #RFAFE

(1) CMA Pl =i fie A4 A2 K0 a4, I 1] 1]
96 h BBl KTE RS BT 24 h S AE TR i 7 2



CERE]

RS LT CMA-REPS [ & KU HEAE™ (2212) B4 AR I 22 B8 (R 437 25

SO0, e AR I RO &4 3 h — W (https://

tedata.typhoon.org.cn) /')

(2) BRPH A 3 KR A Fi e H o0 (European Centre
for Medium-Range Weather Forecasts, ECMWF) ERAS
BERE, B[R] 3 BRSO 1 h, KOF 43 BRSO 0.25° %
0.25°,337 2,

(3) AR FORL 128 I CMA-REPS Y%
A A, 14 AP PR A 1 A 4a ] B2 L,
KPR 10 km 3817 2, $21E 84 h AY TR
U, BEK 08 B AT 20 B B VGRS

(4) HARS RGOS H A T 25k S
T4t 24¢ (Japan Meteorological Agency-Global Ensemble
Prediction System ,JMA-GEPS) KM H 3 A i Ao
E45 TR R 4t (ECMWF-Ensemble Prediction System,
ECMWF-EPS) S [5 FE ZZ BRE F PO A BRAE 5 Tl
£ %% ( National Centers for Environmental Prediction-
Global Ensemble Forecast System,NCEP-GEFS) JnEX
KL JEA TR R SE (Meteorological Service of Canada
ENsemble System,MSC-CENS) J:ES 4 JmfE AT &R
%t ( United Kingdom Met Office-Ensemble Prediction
System, UKMO-EPS) | 5 WUWHFEIr &5 KUAEE A TR AL 150
i R 4t (Shanghai Typhoon Institute-Typhoon Ensemble
Data Assimilation and Prediction System, STI-TEDAPS)
PLK [ U4 )R 4 R AE 5 TR 3R 48 ( CMA-Global
Ensemble Prediction System, CMA-GEPS) | 4k [F] 1k
ik & 4t ( CMA-Global Forecast System, CMA-
GFS) | IX f & X % {8 #1 ik & 4t ( CMA-Regional
Mesoscale Typhoon Numerical Prediction System , fijiC’
H“CMA-TYM” ) ,

CMA-REPS ££45 Fl i A5 2 5 XU b0 2 i
850 hPa fry 437 ) {3 S e IR (EL AT A2 L A2, 225
SE R A BT TR L, AL RS
JS A AR 5 R AT B AR A AT — B, SR T A5 R ]
FEPE (1) o

B G RUREHT7 T AR 3N 1A M BER A
ST S ZEA TR ) R IX RN TR AN o e LA
JEPHEST R M AR LG B TR, RS T
it J X THAREA 5« BRI S HHEARXWT,

~ cov(Jy, %)
Svar ()
T ] A, 23 Bl R TR T B 1M AR A 0] B

(1)

G i DT cov AREMDSECZ M 7
2 var s 25 Gt X G FE HETARE
FRAb HR S Y SR | BT B T 0 o, YA OC R ELC,
HRAXWT,

cov( Sy, %)

C.= (2)

var(x,,) +/var(J,)

I SCHY R B BB SR AN S R Bt AT
2 BR“HERE”BRESRR

2022 4E5E 12 S HERHEE” T 9 H 8 H 08 B 7E
POILREPEPETE FAE R, 12 F2ERIE AR, HEAR
TS K B (R A & KGR, 14 H 20,30 LR &
K (14 D, 42 m-s™") FEFREHVTSHIEFE XL K]
BB ARG S A LA S H#EA BTN 15 H 0030 7E
VR BT OB B (12 94,35 mes™ AR,
IR HEATE NG 16 H 00 B 7E 1L ZR 5 5 067 10 28 =K
(9 9,23 mes™', B B R) , Z )5 ZF i1
TEEIE 16 H 1240 10T K3 4388 X5 DU o 2 bl
(92,23 m-s™' , Bl BH) . 16 H 20 B 585
KL SRE, RS B R A IR g
(E1),

“HEE” RS , KA T E I, 6 X HiT
m AR S e A, MR A R PR LAY, BB
VEAREPRT T, 7 BV AR BT B TS T R LR —
M RIAGT R H (LA R fRTRR Bl ) AR e R 1Y)
SRS A IS A O R PR 2 E AR S A2 fili
HARTA B RE R , 220 AH VR AR BE 3 25 A hn 1
“HHAE” AR TR B ANHA s PE A (1] 1a) Y

DL 11 H 20 BRI ES T V- AR i, 4
BRI PR S BEOR (18] 2a) , ECMWE-EPS ££5F
VTR AL BB B W7, 1 NCEP-GEFS #4544
MR 5 WU LA Bl B8 VL0 BBl B Bl AN
YRR, AR AU HRARK (K 2b) ,11 H 20 i}
) CMA-GEPS K ZE AL T “ ML J& A8 il
i), CMA-REPS A bt 13 4z % 42 K MR A P, T 12 H
20 WP B Y A BB R 38 L R ] I P A o |
LIS TRA RS (] 2¢ (d) , 5 H0E < L™ 2Rl 4
ARG (A A S ) KRABBKR (K 1a),
TRV A4 A 1) P R L CMA B AR S — IR
AR (& 2)  TETH G 25 B O i R R K
A ERERNEILT , AR R A R,




26 (R
50°N g 50°N

40° 40°
®© ©
R 300 R 300
20° 20°
110° 120° 130° 40° 150°E 110° 120° 130° 140°
2 2
(a) 11H 208} (b) 16 H20H
[ I I I I I T | PR o B XU o GRPAHT XL 2%
210 220 230 240 250 260 270 280 290 SR o B G AL o HEEE A KL
AL —S500 hPali & B, W0 egpm; EM—LIAM R EIZEHL, PARINK;
R S HT R S KDL
B 2212 S H R ML B2 K
Fig.1 Track of Typhoon Muifa (2212)
11 H 208t
-O- NCEP-GEFS - f r\: :t"[‘s\ members o
-O- ECMWF-EPS - STI-TEDAPS
40°N 40°N
35°
i} o
300 & 30
25°
200 I
115°  120°  125° 130°E 110° 120° 130°E
(a) HEG TR AT EI#$E (b) CMAZSAEA AR 1 A
12 H 208§
— CMA-GFS — CMA-TYM
-O- NCEP-GEFS — CMA-GEPS_members — CMA-GEPS_mean
-O- ECMWF-EPS -+ STI-TEDAPS — CMA-REPS_mean
40°N
35°
o i 30°N
§ 30° #®

25°

115°

120°
i

(o) AR TR T B A2

125° 130°E

b.
& 2

130°E

20°
110° 120°
£

(d) CMASAEGRAR 112

drp B 2k——CMARAERR AR

A TR CMA %5 B ) i 42

Fig.2 Averaged track forecasts by ensemble models and track forecasts by CMA models

150°E



CERE]

RS LT CMA-REPS [ & KU HEAE™ (2212) B4 AR I 22 B8 (R 437 27

3“1 BRETHRIREZE R AT RE R E

3.1 INEIBEFEXTEE

R T BRI R R AL B AR Ml 22 (R B
FERHASFAE #5 11 H 20 RHEHR A CMA-REPS 4
AR ERAR S AR A (/8] 3a) FMR PG 2 (18] 3b) , 23 5]

25°

115° 120° 125°E
ZIE

(a) fW#ARpEAE

FLATXT AL B AR PR D 22 50/ N R A W A28 i 78 114
4B L B BB R o TR A D P, TR
Mo, A 4 AR5 SO R, A% 1) D AU P 7
T6], 5 il 3t 5 i 2R 70 7 VLA LA 7 2 Y (TR
3a) i AR 2 G P4 2H B 08 3 R AR AT 0
LU, 3 HEAE” S AR TR Bl 22 14T R RE LA

—

115° 120° 125°E
£33

(b) ViR

A —CMARAERAR; KAOZ— 25 A P4 A%
Kl 3 CMA-REPS 4 FIRTE 11 H 20 WM AT 4 ol 75 AL FIMR VU 1 AS LS CMA S 4%

Fig.3 Track forecasts by 4 easterly and 4 westerly members from CMA-REPS ensemble forecast initialized
at 20,00 BJT 11 September 2022, and the observed best track by CMA

Bl 4 SRy AR 4 (it 2 ) R Va4 (£0 (0 2k ) Ak
AL 12~72 h (9 500 hPa 3 #8925 B i 37 ( LU
e O AR ) o ATRAER 12 h(12 H
08 ) , 20 & KL P I A i 75 XUA ) 2 5 P AT 4
it (&1 da) , Bl 7O XURE (4 %2 8 insik, 3 20 D) T K
TR BE RIS 7E 60 h( 14 H 08 B 30 i 35 24 5
(&l db—e) , BIVA 58 A B i R A9 K B AEG 3 %o iz 65
DR AR A, i D 553 R0 57 B8 1 P 40 08 52 T 4 i 15
HERPEFT, B R B IR I IR iR &R et
5 WUBAR P57 T8 43 A e o 0 B A G
FET AT EEANE . RIS ERAS SR U Wt
ARG A7 0 e B 2 7T 55 i G B Dk 423, R L A
N5 A N R N G Y (AT O Y VA [ o S 7 e
FEHEBMIEN,

A, PZH R 5 (5 880 gpm) AU B HLTE 48 h
(13 H 20 i) i 22 5 Ot AR 2L %) ) s o 2 S Al i
PR B My AL TE 3T (J 4d) |, BRI B R R B
DA 2, i A s A7 2 O b Xk 7 45 XU A i 1
DAAEVFZ200F5E 20 H4G R e 5 B X & KU A% 3h
BEKEMW, —BIA A BARICYT 5 2R 2 s A
R R TS A DGR ) | 5 R i tr” (2010) A& PR A ik

1812 R O S 1< 2 R U s o | B s [ =R A R 1k
AR & 4e ATLAES],60 h( 14 H 08
B ) PRZEL I e 0 5 B O A S 25 0, DR AR A1 RY I s
SR A I, P T I R — 4~ E i, W
SIFATEA R T e mAbE sh, AR m AR im
PR Va2 A Rl 7 B w A, B2 72 h(14 H 20 BF) 475
A SR R AT, R R e AR R Ak S (4
BeHb) 515 5 KR PR Sl (& 4f)

ST PR A D3 R 5 B Y 25 S AE 48 h Z AT IF
AN HHRAS R G KSR D 25 5, 248k
APt A A i 2R G s KA B BT, (R
AT | SRAUT R 5 0 20 2 50 T R il 40 T
M AR Ay X R 22 5, AR R PE i R 3L T
(Tke) , B4 Wil A 57 ) A2 B8 1R 5, 10 200 )
R R 2 ORI RN AR, B
A~ KA 18] B AR ARL =22 b &R 2 S F O ) sy 4 2
SEXT T T AR A R SRR T [R]BT YR ERAS WY
R B e 07 B IESE T 3% — 45,60 h(14 H 08
) ERAS TR R EIE S 5 W A AR AL, 2 2
TE I (36 h, 13 H 08 Bf) gt R 0 He i 2
ZH A A R RS



28 A S - S $45 6
20 20 20
15F 15 F 15 &
o 10f ° 10k ° 10
o s 2 s B s N\
& by & ’ .
T OoF T o0 ' of ¥
jusng juang juang g
= = = >
-5t = -5t -
~10 R R R R R X ~10 R R R SN ~10 . . ]
-15-10 -5 0 5 10 15 “15-10 =5 0 5 10 15 15 -10 =5 0 5 10 15
AHXTLERE (°) XL (©) AHXFLERES (°)
(a) 12h (b)24h (¢)36h
#ﬁi%i‘7 S
15 15 & \\ TN 15
—~ —~ N ~
o 10 o 10 \r [ . 2 10g
5o s s NS & s
T of = o AN\ (1';,“,’ ¢ —— T of
s oo QN /4 = m
= = NS~ ’ (‘ =
-5F -5t = 3 ‘@ -5
“1o s : . RNV s Vi 0SS -
-15-10 =5 0 5 10 15 -15-10 =5 0 5 10 15 15 -10 =5 0 5 10 15
AHXTLERES (°) AHXTLRRES (°) AHXTLRRE (°)
(d) 48h (e) 60h (f) 72h

SFHS— OB EE, A egpm, Hh OO RARLL, TEI9MITAL, BEIIERASTORL.
B4 D AL A P 2L A5 5 Y 500 hPa {4 o BE T4l %

Fig.4 Composites of 500-hPa geopotential heights by easterly members and westerly members

3.2 BRREXfEE

FH I 4 [RART LR 2 P4 5 KU R KNG Pir
25 FEHETE 60 h(14 H 08 ) UG WA &
KRR BARK, BT i b & KRB %A%
Fohpy sz, B 5 45 T PR UT IR (M) 1 10 m /5
JE-L B S50 22 (LARS Bl 19 165 i@ b0 Ay A A
RO, AR E O & G EI 4R  m L4 A
D7 -EHIAE (13.9 m-s™") BEES 1, A R A%
R 5 KURLEE 5 s S 5 6 AR CCE XU
BERFEL (220~260 km) o Hij 12 h(12 H 08 IK}) ,
HE RN E LA (K 5a) ,%) 24 h(12 H 20 i)
i A 2EL A £ XU O 6 26 4 s K, 4 1) s 2 P )
2V KU S () G2 BR (PR Sh) 2L TA] ) 24 5 R st
BB A, 78 72 h (14 H 20 B) 3k 3 & Kk (K
Sc—f) , I A 2H - 9 XUPE e O P 2 O K 24 60 km

B WA B RUEE W] DL i 5 8 A 5 | S S AR
HAERMIIZ G XEEE . BT B R, AR
G RIR I 25 RSO Tk , BV FR i e 1A E 2
PR H B RN AE £ RO X 2 A 3 5 RS 1)
B — A BRI A0 B RN AR R A K/

SEARIT A2 RS IR B B SN IR v ]
RIS T2 B 5, SRR A e T A
S ONY N S IL PN IR e

T8, Fang % WIBFGE R B AN BT RS
RIS E— A0 2 SRS 20 R I B 15
BB, B AT SRS S0, B R
LT A7 e KU 11 -1y T LR 2276
LSRRI ARIE I IR S L B X £ KBS i 5t
kRSN T3 A0 S TFIR U ERAS Yokt
F oAt T A1), 45 AR B 72 b 48 5 75 4 0
HEE , S0 P M N TR A L R T Ao )
LRSI 43, DR 73 KU B L B 2O HE 4 ]
LRSS RO TR T N T HABALAY
33 BEERAENESSBEN T

B0 S0 1 5 ER L A 2 KL R ER AT 25
IR 0 T I 2 TR R i S i
a(FE 6) W,

Ag—A,
- ] (3)

Po~P

Horfroa H @ Xt R AR A U (R A 0) AR I (T

a= arctan(



CERE]

SeERESE BT CMA-REPS (19 & XU ML (2212) AR TR I 22 B R 4347 29

br 1) G R IZ I, X4 NS TR K
B, o BOR X AR P AT, B T A T AR
FUB R A o 5 11 H 20 BHEHLE 500 hPa {7 355

BETUH Y (AR S i T i 0 D AR AR SR ) 12~ 72 h
AR R, DL B 5P 34 B 500 hPa {37 3 JiE
{7

4 4 4 o
o 2 o2 o2 ‘7
20 20 20 '
z 2 R=258 z 2 z 2 i R=255
R=263 R=232
—4 R=242 —4 —4 N =226
4 2 0 2 4 4 2 0 2 4 4 2 0 2 4
XL (°) FXFZRRE (°) FHXFZERE (°)
(a) 12h (b)24h (c¢)36h
v
4 4 4
T2 T2 T2
g DN g =
20 > JF 20 20
z 2 R=238 z 2 R=234 z 2
R=217 R=226
—4 R=214 -4 R=186 —4
4 2 0 2 4 4 2 0 2 4 -4
FXFLE (°) FIXFTZ S (°) FAXTZERES (°)
(d) 48h (e) 60h (f) 72h

AN, BN - s, KOO AR, 20O MIEH, BOSHERASTOR: R—ATIAY G KLE,
BIEXHLEZR, P, /. e Ir i -CEOARBE B 2, B D km,

Pl S D A< 2E R PG 2E 00 D3 45 A T () THT 10 m g BE LA B (E 2R (13.9 mes™")

Fig.5 Composites of wind radii of 13.9 m-s™" at the height of 10 m by easterly members

and westerly members

LAE B LERT 24 h(1& 7a.b) , 5 XEIR 5
DX E A AT BT S, &0 74 XU ) P L G R L
IEASCRR 2, i 5 KR 22 o A5G, 36 h LLA,
5 IR LA [ X3 24 0 A 56, 15 AU ) X 3 o
95% 1) b 3 PER 35 (] Te—f) |, B XUAS B K JA] [ 3
U SR o A 1) i A D5 1) R 2l 5 TR 2 B9 i AR
20 5 O R SR R B — 2, 5 KA FI R iR B
5 B KU A F BEBORAR SN, B G i S, K
RS 5 RURUBE T A2 A B2 i 22 OS2 R

(G142 V4 A6 00 6% DY JXURE 328 3 2 JR oot Ay
IR IR 5 W7 RS2, 5 P4 KU e b T i
FRGEA I TEAR G DX I iy 2 A8 4 7 7 XURE g D B A1
ARG PEAL N, 1R 363 AR DA IX 3 B R 5%, AR 304
FRGER VI FNA M X I8 1 95% 1) S & AR
FHORE Z B A R o 78S 7 (T R e 50

B KA A F T Mg AL PIAS (KPR o), X 6
WERGA W51 MR, TR IR S 5 KA T 6 KU
PUfFS ORI o) | TR ES B R 5 MU AR
HREHM, X 5UERE 2 il RIS &
DRI e , s i ook /b 5 A5 A 2R 4 ] 19U
BREE Ty AR RGN & WEAT WS IR —2, (3
I ERAS GEASH A I ARG 36 {57 5 M1 568 12 I 1 -5
[ E /S U N P 1R ¥ A 17 s SN i A
X 3 DR 5 | 007 (AR T B g ) B0 AT 7 AR R A
Mo FESEPmlL 55 TR, Ml 55 A B R TR &
DRSS ) PG 18] 428 U1 45 ) s ) 07 590 R sl i1 i
AR T, 2 it i AN o e il e JE A
iR R Gex & KI5 1R

J3h, B AR S — 15 AL R F AT N X
WHIRLAF BRI IE A SC R 2R, Hid i 95% 14 2%



30 N E SRS

%

PEREG , PR EIE T R S B L5 (1 7))
Al S RO A T W SR A A e A 51
A A TG K AL Bl (o RN o) | T
E B AF T MgAE” b B (R R I o)
3.4 FBWMELREEE
KRR I B VRIS RN 1,
SR AR FTVES ki g1 ) PR B R AN SRAR A (Mg R
JERIN(-EGAE A2 R 220 ~260 km ), /INR 4 %
A2 POUAR R A 2 X6k IXURR LR 7= AR AR K, &1 8 4%
HT CMA-REPS 4 Wit /£ 2022 49 A 11 H 20
iF. 12 H 20 B 13 H 20 i 3 TR R AR A
SR EEARLL R S CMA B AR AR X, v] L & 4%
SR SE TR A it S B SO0 MR 1, B A 43
KE 14 H 14 B8R, H 3 A BRI IRE ST
PAFAE/NIEREJERE 11 H 20 B E R 104 5 il b o5 75 Wi
TGN, 76 E T 4 11 BT 7T 5 W0 — 5 P 8 o
(BraZk) 1 12 H 20 BRI & KEEAR P T T
PR (B L) 213 H 20 WHEIR A Fopr AR A 11
H 20 BB (7R (SR 02k | IR TR BT PR a3

¥ 845 %
35°N
30°
il
£
25°

120° 125°E

2z

B —11 H 20 2215 H O8I “Hifk” CMARAESE;
LIRS — B AR (3) ARIRAK (F4R0)
BRI CFRRD) ARz difE; ke
R —RRITR G RO L L R
LR — AR YRR I 5 KU O 2R

Ko Ferm i o mBEE(PILT o WIE, ARILT o Hf)

Fig.6 Schematic diagram of turning angle a ( positive toward

115°

the northwest and negative toward the northeast)

20
5 5 5
= 2 2
£ Sy Sy
juung junng junn
= = = &
RIS
) SRS AR
~10 _10 RKEXRKLN - ~
-15 -10 -5 0 5 10 15 -15 -10 -5 0 5 10 15
AR (°) &
(b)24h
5 5 5
= = 2
£ § §
juung juung juung
= ES =

~10 £ X 10
-15 -10 -5 0 5 10 15 -15 -10 -5
AARFZEIE/ (©)

(d) 48h

HAXTEREE (©)
(e)60h

AHXFLEEES (°)
(f) 72h

-0.8-0.6-04-02 0 02 04 06 08
RO TS0 hPal SR B BT, 4 hgpm; GR—CREG FABIEE XISl 1195% DA DK

K7

BAEA LI AE o A 11 H 20 B 500 hPa {33 = B2 57 A5 R 8L

Fig.7 Correlation coefficients between « of various ensemble members and 500-hPa geopotential

heights initialized at 20:00 BJT 11 September



SeERESE BT CMA-REPS (19 & XU ML (2212) AR TR I 22 B R 4347 31

35°N +

25° ¢

115° 120° 125°E
231

SRR 1T H 208 ; B EL—RIRERCY
121200} ; SEEA—RMRETYCN 13 H 20005 HEL—
CMASR %2

K18 CMA-REPS 4 HUR7E 3 TR YGRS
AR LA S CMA S
Fig.8 Averaged track forecasts by CMA-REPS initialized
at 20.00 BJT 11, 20.00 BJT 12 and 20:00 BJT 13,
and the observed best track by CMA

B9t T 3 AR R &E A0 14 H 02
A1 14 H 08 B 500 hPa {3 3w B Wil ( LB sh i
WHET G AR FRIE ) . 11 H 20 IF—12 H 20 Afi
A AR PR PE R A, TR 14 H 02 BB R
200 F B IR R R (5 880 gpm) 1,12 H 20 B
AP RIER 11 H 20 B mdbm AR, 5 3.1
R AL E R AL R 5 RS AR IR P R — 3K, [
B R T R R I b i AR R RE | 5 KU Rt 1 A e
PR, E 14 H 08 B, &5 WK K UIWT 3= 50 1 i 2 5
INEET X AR VA TR AR 2 — e VR

K/ (m - s7)

11T20  12T20 13T20 14720 15720

I 2]
(a) FREETI AN

MM 12 H 20 Bf—13 H 20 B EHR 0 BR AR IR 2 1]
RVARY , PRI TR A DD W E A 5 IRURU L S Ay 4
(B A RS 22 7 AR BRI, S R A R L 0a
SRR AN, 13 H 20 B R4 9 ) s A0 R ) e
HEHH(E 9a), 10 AR T 3 A FHR AT IR E A
BIH ERAS kb5 | S, AL H] 850 ~200 hPa
T LA K2R K 300 ~ 500 km FROIR X 38 4 S
¥y, AT AL BRE A PR AR 5 KRS | SR R
MRS IR AR, 13 B 20 BHERIR & XG50
5 ERAS ZRHE AT, 14 H 02—08 I 77 1] B fi g
55 3.1 5 R v 0 g A I B < i
SIFATR N 5 K JE R s —2, Br LA fi AT
TIARI R A2 B At v U H | Bl v o 1 T s 42
)5 Z AR | AL £ IXURUE 25 R e 32 5 M, 2
ARBTG5 R GEAEAN R TR B U R B AR IR AN R

-10
-15-10-5 0 5 10 15

AAXTZRRES (°) AAXTZRRES (°)
(a) 14HO02m (b) 14HO8HF
FHA—NA L, B gpm, HrPat (L AR RN
LLH 20/, (2 X AR U 12 H 20, 58 (128 X 1
AR 13 H 20
B9 3 AR UGE A P48 500 hPa {3 B itk
Fig.9 Averaged forecasts of 500-hPa geopotential heights
initialized at 20.00 BJT 11, 20.00
BJT 12 and 20:00 BJT 13

TC15-10-5 0 5 10 15

SW

N

SE |

i
2]

12120 13120 14720 15120
i 2]
(b) FREEFFRIT

11T20

SO —EIRBTR 11 H200); B —EIRIT R 12 H 200 ; 20—t R v 13 H 208 ;
MLk —ERASHOR

K 10 B35S K/INFITT [H)

Fig.10  Amplitude and direction of environmental steering flow



32 A=

% %

545 34

4 HESHR

SCHRIH CMA-REPS & HUR K B 40 0 T &
KM AE” BEAR T AN o P AR 25 . CMA-REPS
ARG TR B3 IR 7 Pl B AR I v, TR A, 2
B B3 SR A T, B 1) SR A AR P 1), 2 fli
i AR AR W T LR TR A

“HEAE” AR T BB BT 1] AU AR AT iR B X
A 5EBAEGHEAER RS R, Hik, T H
PRI 5 B 5 XU AR %A% D 22 (0 AT RE DR AL, SCrp
PR TR AR 43 M IR AR 21 (AR TR R 22 57N
FIVRG VG 4 (B A2 TR I S O G ) E AT T L, 25 AR
7N AR AR AR GG I ) R A O R R R A
IF B AR E A R T 6 XL ol 542
AR (R 4 B 53t e 7 A ol 46K e 45 i i i
JERE, B REE L,

R T P IIE AR 1 A B S A T A R
H SRR Z B T RERR R , BRSO TR o 5
500 hPa {37 31 B U4 3 ( LAFS o B9 TR TE 0 R Ak b
JEAT) A R, AT AL B & XA B K JE BRI 25
Rl EE AR 1) b 7 A 21, ST AR 28 £ XU B
RRER R —8, & XIMRF BN & X e
PR M, A T S, TR IESE 5 KR
XoF BEAR AR B A 22 R 52 e, {HL[R]IHR ERAS BERMEY &
AR 500 P A O 22 00T, DRI O B 0z 6 < A4 1] A
RSB IARS TTRRALL T2/ N T AR BLERI Y

7 ol R0 %o 5 DAL A28 ) 52 Wi ok 5 2% , IR
ARG A WE A AT M”19 W B MRS
ACWEITVER, TR B & XORF T & KUn P fw
B MR B X 5 KU AR B K 25 m, (H [ B
ERAS FERHE IR 057 5 R 58 5 5 0 74 21 07 ok 42
T TEHEAE” A v Bt ARG i O 1 A 3 22 OC o
BV, 7ESE Bl 55 T4 Pt 75 T AN o3 = Ak
T 2 A R I R G 5 KUK S 1

AR TR R RS i (4 4 5 T B B AR AEAE /N IR
PRI B SR AR R i b e ) R R RO AR KL
“HEAE” RN, /NI BE 1R AR PR B 2 X6 XU
PR P AR ], 45 F- 1 B AR 26 [ 7 3 [ AR i
117 % BRI LA SRl sy, B #5225 F
TRBAERI S AL E L Al e de m AR AR s U
A AR I X s £ U BT 5 A R

FEVHSE BB R - p A [R] PR S U i A ) 8]
QT LU H B T 00 A2 14 5 S AR, A
B XU 2 P2 B2, Sl IR R GEEA
[ PR Y ) R A R AN, T i e SRl s T
FRiEZe mrir I b5 R e R B IR A S
TEF RS PG TE , DR 55 Bl Hh o 75 22
HAL A AR F LTI GOR A BT S T

BEXT 5 AL A DX AR 5 TR A 30 7S, A
O B W 2R GE B I S R A — 2 (i 22,
FERPASE 10 B I A 56 0T T X P 0 4 A o A
J350 M55 Tt B E A R A — R A EWIT IE
REJT B RBUE B ™ i B2, BAERE T B
FAEERAEB B, ik Z HA SRt R, 75 2 AE H
b 55 AR AR 58 o KU TR R T IESAR 7 B
HAREE, 6 XA AR BHRAR R S

SE Mk

[1] ELSBERRY R L. Global perspectives on tropical cyclones
[R]. Geneva; WMO,1995.

(2] BRERAT, T — I V8 K7 5 KRS [
HRRAE, 1979

[3] CHANJ C L, GRAY W M. Tropical cyclone movement

M. AE 5T Bl

and surrounding flow relationships [ J ]. Mon Wea Rev,
1982,110( 10) ;1354-1374.

(4] SOK, #imi46, 28 1 s, 46 30 [ & RS 12 58 28 B 5¢
R[] A% 8H5,2017,45(6) :1027-1035.

[5] BREEAE ORVEE, fit i, 5. & XU 50 8l B LAk IX #
FIAFE AR FRESFI IR RN [ 1] KSR ,1997,
21(1) :83-90.

(6] F#fh, P4, D22 4 HAF S E Meranti (2010)
SH AR B R 3 BT [0 ], R AR R A iR, 2015, 38
(1) :37-45.

(7] MRS 200 R BRARR, 45 R — AR AR b i B
TR )] RS % ,2022,42(3) ( 1-12.

[8] AL 4R & TR A BUR FIRT 5 [ )], 0 AR 24,
2002,13(1) :16-28

(9] W/ANEBEH T, kB, VIR (S M) #
AU BE AR AR IR 7T [ )] R R 2441, 2012, 28
(2) :204-210.

[10] #kArig, sk 2, w5 & KSR 4 A TR Y sE it
ITIEHARBEGE [J]. iy LR 2= 4, 2014,30 (5) -
905-910.

[11] sk, 5 Hh €, 5, % LT TIGGE %R PE K



CERE]

RS LT CMA-REPS [ & KU HEAE™ (2212) B4 AR I 22 B8 (R 437 33

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

SRR AUNE 2 AR SR TR T IR R[] R4,
2015,41(9) . 1058-1067.

TR B AU A PR AT TS HE R[] A AR
247 2013,29(4) :698-704.

ANCELL B, HAKIM G J. Comparing adjoint- and
ensemble-sensitivity with
observation targeting[ J]. Mon Wea Rev,2007,135(12)
4117-4134.

HAKIM G J, TORN R D. Ensemble synoptic analysis

[ M]//BOSART L F, BLUESTEIN H B. Synoptic-

analysis applications  to

and weather analysis and

MA;

dynamic  meteorology

forecasting. American

Society ,2008 : 147-162.
QIAN C H, ZHANG F Q, GREEN B W,

Boston, Meteorological
et al.
Probabilistic evaluation of the dynamics and prediction of
Supertyphoon Megi (2010) [J]. Wea Forecasting, 2013,
28(6) :1562-1577.

B R VAT IR AV | I S 0 R ) R A
PR A B A AR P R [T ] R, 2017, 36
(5) :1245-1256.

flu, RSP, 210 22, 4 464 UOur £ R A (2015)
LR BB TR AN B PERIFSE (0] U4, 2020,46 (1)
15-28.

YING M, ZHANG W, YU H, et al. An overview of the
China Meteorological ~Administration
database[ J]. J Atmos Oceanic Technol,2014,31(2):
287-301.

LU X Q, YU H, YING M, et al. Western North Pacific
tropical China
Meteorological Administration[ J]. Adv Atmos Sci, 2021,
38(4) :690-699.

YU H, HUANG W, DUAN Y H, et al. A simulation

tropical cyclone

cyclone database created by the

study on pre-landfall erratic track of Typhoon Haitang
(2005)[J]. Meteor Atmos Phys,2007,97(1) :189-206.
A ERA il HAR, S X AE” (2212) 9 =AY
S R AR A5 20 [0 ] T R 541, 2023, 43

[22]

[24]

[25]

[26]

[27]

(28]

[30]

[31]

[32]

(1):52-62.

LI'Y, GUO L X, XU Y L, et al. Impacts of upper-level
cold vortex on the rapid change of intensity and motion of
typhoon Meranti (2010) [J]. J Trop Meteor, 2012,18
(2) :207-219.

X2 =3 0908 5 5 XU B b v 7 S H AR M T
VS RIS T 2 50 R K B2 [ ] 3 P TR, 2011, 30
(2) :151-157.

PR 2R ORIEA AR B TU RS & KUY BRI AR B I
I AR By R B2 ma B % e Ay BT [ 1] A S 23R,
2012,28(6) :861-872.

TG AR, YRR, S A RO AE Y SRR ASUR
PRAETIAROE s A A [ ] B R 40, 2022,42 (1) -
83-91.

COLBERT A J, SODEN B J. Climatological variations in
North Atlantic tropical cyclone tracks [ J]. J Climate,
2012,25(2) :657-673.

VFIOE. 58 5 KU 0 B AR LR 07 (1] R4,
2011,37(7) :821-826.

TN, BRRLL, RAT, 552 T TIGGE %RH1 £ XL« fif
a7 A AU R 23 B [0 ] 30 R 22 41, 2014, 30
(1) :55-63.

BRENNAN M J, MAJUMDAR S J. An examination of
model track forecast errors for Hurricane Tke (2008) in
the Gulf of Mexico[ J]. Wea Forecasting,2011,26(6) :
848-867.

CHAN J C L, WILLIAMS R T. Analytical and numerical
studies of the beta-effect in tropical cyclone motion. Part
I: zero mean flow [ J]. J Atmos Sci, 1987, 44 (9) .
1257-1265.

FIORINO M, ELSBERRY R L. Some aspects of vortex
structure related to tropical cyclone motion[ J]. J Atmos
Sci, 1989,46(7) :975-990.

FANG J, ZHANG F Q. Effect of beta shear on simulated
tropical cyclones [ J]. Mon Wea Rev,2012,140 (10) :

3327-3346.



