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Abstract Taking the forecast bias at short lead time and latitude forecast at target lead time
(referring to the lead time required to be corrected) of typhoon track numerical forecast as the
predictors, the bias prediction equation of typhoon track forecast is established by multiple linear
regression method, and then the typhoon track forecast can be corrected in real time. In this paper,
taking 12 h as short lead time, and through the application of typhoon track forecast from
ECMWF’s (European Center for Medium-Range Weather Forecasts) deterministic prediction
system (ECMWEF-IFS) and ensemble prediction system (ECMWF-EPS), the following
conclusions are obtained. The results of experimental forecasting in 2018 show that the mean
track error of corrected typhoon tracks forecasted by ECMWEF-IFS at 24, 36, 48, 60, 72 and 84 h is
reduced by 7.3, 9.3, 8.9, 6.5, 6.9 and 2.6 km respectively than that of uncorrected typhoon tracks.
Generally speaking, the correction effect of strong typhoon track forecast is better, while strong
typhoon refers to the typhoon intensity observation at 12 h >32.7 m/s. Firstly, the typhoon track
forecast of each ensemble forecast member from ECMWF-EPS is corrected, and then the
integrated forecast is carried out. The typhoon track forecasts obtained by the following five
methods are compared: “corrected deterministic prediction”, “ensemble mean of all ensemble
forecast members”, “ensemble mean of selective ensemble forecast members”, “ensemble mean of
all corrected ensemble forecast members”, “ensemble mean of corrected selective ensemble
forecast members”. The results of experimental forecasting in 2018 show that for the mean track
error, “ensemble mean of corrected selective ensemble forecast members” is the smallest at 24 h
and 36 h, and “ensemble mean of all corrected ensemble forecast members” is the smallest at 48 h
and 60 h, and “ensemble mean of selective ensemble forecast members” is the smallest at 72 h and
84 h. If it is applied in a targeted manner in business, it is expected to obtain an objective
comprehensive forecast result of typhoon track with excellent performance in each lead time. At
24, 36, 48, 72 h, the mean track error of “ensemble mean of corrected selective ensemble forecast
members” is reduced by 13.3, 11.7, 10.0 and 7.6 km respectively than that of “ensemble mean of
all ensemble forecast members”, and reduced by 0.7. 2.0. 3.9. 2.4 km respectively than that of
Central Meteorological Office official track forecast (the corresponding lead time is 12 h, 24 h, 36
h, 48 h).

Key words Typhoon track, Numerical forecast, Correction, Integrated forecast
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W (YFBORsE, 20100 o BFFRE, X THAS SR G RS, 24 AR TR 2 2 BN L km
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R R EIEA PR L3810 T (REAE, 2017) .
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FHAMTHE, 1998). a5 TRz HEL, VIR, Pk, YIGH LK 5
ARG TR, SR G PR AR TR R Z27E SRR S/, (R T B A =T
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Qietal. (2014) . Dong and Zhang (2016) 38 %4 A AR Bk 53 11046 I 4 I 5% 25 E A T VP A
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TEAHIRIG R, T 53T DA FH R 208 T4 s 22 A Aty v S 05 K P A0 A M 22, 4 T o L A
R IR ATIT IE. Qietal. (2014) . Zhang and Yu (2017) . Guo et al. (2018) . FE#¥4E (2019)
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SERS LT IEVE T B, (VT IERICR — AR, R AN 0T AR 225 45 K B RICTRU R AR 22 576 4— BU IR
WAL T E A I NER X PR s A A

A AR, BRI AR A R 0 (European Center for Medium-Range Weather
Forecasts, ECMWF) £ XUF& A2 HAR TR P o 20k T4 s 22 5 B F A A B RCTRUAR Al 22 5
MIIEAHSG IR 2R, SIS A PR 20 PS5 T 5 12 I 204 PR 20 1) T s 22 A 50 ) BRURE SRR 3R o AR SCHUMR
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VIR, 3T I J5 B & T0UR 8% 1 03 T e SR i TR 52 s o F 70 285 S 4 i 3R 5 ROV 55 A2 T
KPR SRR FE By 6 95 % B T I i o
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ARSI TR GO 2013—2018 FiE BN T PHALACFE CRAERGIE) FIFTH & R A0
FH BRI A 8% A PR o s PE TR SRS CIntegrated Forecast System, ECMWF-IFS) 4
A TR (Ensemble Prediction System, ECMWF-EPS) )& KR TRk gkl M ES
%5 g G RS BT E 77 Pk http:/www.sti.org.cn [2020-10-04] F#k, #24RINHAE]A 08:00
F120:00 CIERLHF, NED, SEETHRMIERI A 51 A & XU B RIHRE 1 SR e 4
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J7 W3 http://m.nmce.cn [2020-04-23] F#%. BT AHF 7L EEZE N & Kok &5 kAl , Fitk s
AN B SEBLAE R R SR G G XSERT e AL TR, A i Ry e s AR TR
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ARICAE & R AR TR 22 7€ SO & RO IR AL B -5 0 DI B BRI B B 22, & KR AE
TR A 22 P 3 i R s e SR A 22 AN 22 [ PR R 22, ATl BIA BN I 4N Wi
AL B R Jor AR Wo, T 1A TR AR 22 8 (Ir-Jo) R €0S(Wr) /180, £ [r] Fid A 25 A
(Wi-W,) R-w/180, H:o R AhERF45. 2013—2017 4 ECMWEF-IFS & X127k 24. 36.
48. 60. 72. 84 h P4 A Tt 2 73 W H-12.3. -14.4, -14.8, -13.2, -10.3, -10.7 km,
PG iR 2 4> B8 1.7, 150 2.6, 2.2, 1.1, 0.6 km, UiHH ECMWF-IFS & X412
RAE 24~84 h AELELLSEHUm TG« ImALR RS2, H A 1m0 R Gt 22 HL 2 1) (9 R Ge e
EEREZ .
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M 1 AIHT, ECMWF-IFS & XUERAZ TRk 12 h 43 1) TR fi 22 55 B i 80 BT 5 2 1) Tl A
ZEA B IEAHIR R 2R, 12 h B 28 [ T Al 22 5 I J 5K 2580 448 1) T s 2 A7 e R LEAH
KRR, RIS ROEK, M RE/ N . ECMWF-IFS & XU AR TR I 20000 24 B Tl 5 1%
IS 280 PR 26 1) T Al 25 A S ) A DR OG 2R, B BE TR iy, 68 XU PR A7 B LG S 100 Al 7
PRI FER 2 . 24~48 h HHOCREZE AR, 48 h 2 Ja HH 5 2 80 48 0] {8 B S ) o

1 2013—2017 £ ECMWF-IFS & KU AR TR 12 h (124 1) TR 22 55 B8 i 550K B 25010 245 1] TR0 A 22 A
REH RPMRRE D 12 h B2 0 Tk i 22 5 B 5 I R 28 1) T i 22 AR S R B CRIPAHSE &R
K 2)\ FEI RO A L TR 5 12 RO 26 1) TR A 22 B AR 5 R B GRS R 80 3D R HIMH R R 8k T
S Ah A B 959615 BE KT 1 3 Mk B

Table 1 Correlation coefficient between zonal forecast bias of typhoon tracks at 12 h and at following lead times
(corresponding to the second column in the table), between meridional forecast bias of typhoon tracks at 12 h and
at following lead times (corresponding to the third column in the table), between latitude forecast of typhoon
tracks at some lead time and zonal forecast bias of typhoon tracks at that lead time (corresponding to the fourth

column in the table). The typhoon tracks are forecasted by ECMWEF-IFS from 2013 to 2017. All the correlation
coefficients in the table, except the one in the bracket, are statistically significant at the 95% confidence level

TRk 2 Ch) XA TR A% 2 MR FEL3 FEAL
24 054 0.46 013 1199
36 0.41 0.31 -0.15 1079
48 0.30 0.25 0.14 954
60 0.17 0.20 -0.09 838
72 0.14 0.15 -0.08 738
84 0.08 0.11 (-0.06) 626

H1 P& 1 FHE] 2 A7 %1, ECMWE-IFS & XU A2TidR 12 h 1940 7] Tk 22 5 24 h 146 R T
Wiz 12 h AR TR ZE S 24 h MZ R TR ZE . 24 h (4 EETIRS 24 h 14 0 TR
TR ZE B LR I RME S R o IXPPERIESC RAIE 24 h 2 JE AR AT (R B0 CPEImg, MG R
R D, HBEE TR BE K, etk RIZHTRIF A . FAT LIRYE ECMWF-IFS
BRERAETIR 12 h AT mZ . HARR R (AT RRIT IEMIET 8, D (R4 BE TR
2 1) RG22 TG E AR 200 A 1 i R 25 n] DUREE 12 h (2 [ B 2 A E BRI
RN E ) R ZE , 22 T0U4 B AR R0 2 R TR R 22 , 410 & B4R TR AT IR 2237 1E.

300 300
200
200
100
~ = 100
g o &
5 j}g
< a0 = 0
= =
= E
hed =
§£ -200 kY
S S -100
-300
-200
-400
>
500 300

500  -400  -300  -200  -100 0 100 200 300 -300 -200 -100 0 100 200 300
12 hefii T i 22 Ckm) 12 hZE i T i 2 Ckm)

5/13



Fl1 2013—2017 4F ECMWF-IFS & KER12 TR 12 h (4 (220D FidhimZE S5 24 h 26m (21D Tk
WZERBUR B FEARSCN 1199, R N Lk

Fig. 1 Scatter Diagram between zonal forecast bias of typhoon tracks at 12 h and at 24 h (left part), between
meridional forecast bias of typhoon tracks at 12 h and at 24 h (right part). The typhoon tracks are forecasted by
ECMWF-IFS from 2013 to 2017. The number of samples is 1199. The diagonal is linear trend line
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Fig. 2 Scatter Diagram between latitude forecast of typhoon tracks at 24 h and zonal forecast bias of typhoon
tracks at 24 h. The typhoon tracks are forecasted by ECMWEF-IFS from 2013 to 2017. The number of samples is

1199. The diagonal is linear trend line
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i 2 A 7 AR AT IR T 7 :
M. =a, x M, + b,
Z,=c, xZ,+d xW +e
wi =W - (i,/R)x (180/z)
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FECAHRIN TR f s a2 N A Ak RS SBSOHR FD SE L BV IR, IR X F R IR T 4T
HH BT (180 YR A S 1 2 s 22 UM 7 RE AR R S 8, T IERCREmARe . B 3 4 T
2016—2017 “F1T IE 5 ) ECMWF-IFS & XU A TRAR K 1T TR 4 X B sh I ZR A E N (19738
16, 1T IEH IS HR T IERT P8 0E B R 220 21T IE R PR &R 22, B, HiI5K-F
o FIBAEH, 24, 36, 48 h [T IEFIIHEE N B et sl X, 5T iaoE,
60, 72. 84 h [T IERIIBHAE N 13 R Se Podzh G K. 83w e U a2 . 24,
36. 48, 60 h N H 450, 72 h N HY 430, 84 h N HL 375 B 5 i &L AT 1E 4% I5 04 B sl i K
KL E 24 36 48, 60. 72. 84 h HEMIE BN IR IREAE 73]y 450, 450. 450, 450.
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Fig. 3 Skill score of corrected typhoon tracks forecasted by ECMWF-IFS from 2016 to 2017 changing with

number of samples N in moving training period
3.4 2016—2017 F[EIIRLER D4

2016—2017 4E[IHREE R LT (£ 2), 24, 36. 48, 60. 72. 84 h ECMWF-IFS & A
RTRIRAT IERT 19 T PE B iR 2240 5N 62.2, 79.3. 105.8. 145.8. 193.2. 236.8 km; R
XA TR m ZE EAT 1T 1E, 1T IR J5 P24 B B R 22 25 il EEIT IE BT 7 4.4, 3.5, 2.0, 0.8,
0.5. 1.2 km; w05 PO R PR M ZEHEAT T 1E, 3T 15 Ji A P48 B0 B35 22 43 Sl AT IE ATk 7
2.0, 04, 05. 1.2, 1.0, 0.3 km, SAKTE 4 Fidi i 22 (11T TEBOR L2 m) Tl A 22 1 1T 1E
RORIF s G T 28 1) FHAR s 22 A0 26 1) TR Al 22 BEAT 1T 1E, 3T 155 1 P38 BE 2SR 22 43 3 HeAT
IERT/NT 6.6. 4.3, 2.8, 2.0. 1.5, 1.6 km,
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% 22016—2017 4 ECMWF-IFS & KU AR TIARAT IE TS - FIBE B iR % (km) o LI B A A Tl
RN R /ME
Table 2 Mean track error of uncorrected and corrected typhoon tracks forecasted by ECMWF-IFS from 2016
to 2017. The boldface text indicates the smallest number for each prediction time

TR 2 (FEAR)

& KUEEAR TR
24h (402)  36h(358)  48h(307)  60h(262)  72h(228) _ 84h(187)
TIERT 62.2 79.3 105.8 145.8 193.2 236.8
LT 2 1 TR O 22 57.8 758 1038 145.0 192.7 235.6
ST T2 16 T O 22 60.2 78.9 105.3 144.6 192.2 2365
S 1AL i TR AR 22 60T L 55.6 75.0 103.0 1438 191.7 235.2

3.5 2018 FIXIRER 77

N T IRAIE B R AR BE TR SERT IER R T IEZCR, % 2018 42 ECMWEF-IFS & AU
BIHAT T BSIAEAIT IE R . 25 R (38 3), 24, 36. 48, 60. 72. 84 h ECMWF-IFS
& XER A TR T IE T 1 T3 BE iR 2240 %08 63.5. 85.4. 109.2, 131.9. 162.1. 195.6 km,
I IEJE P2 BE B8R 22 20 i LT IE RGN T 7.3+ 9.3. 8.9. 6.5, 6.9, 2.6 km. i F#
ITIEEXS 2018 4 ECMWF-IFS & R4 T #EAT1T1E, 24, 36, 48, 60. 72, 84 hiJ1E)5
()P40 P B R 22 4 I LLAT IE R/ 7 3.1, 3.84 4.5, 1.3, 0.1, -2.9 km, “PRITIELMITIE
ROCRA A ST H R T 22 1T 1EVE

% 32018 £ ECMWF-IFS &5 XU A2 TR 1T IE AT J5 T BE B3R 22 (kDo TR B0T RS TR 2L
D=2 e
Table 3 Mean track error of uncorrected and corrected typhoon tracks forecasted by ECMWEF-IFS in 2018.
The boldface text indicates the smallest number for each prediction time
TR (REA%)

B IR TR
240 (268)  36h(245) _ 48h(220) 60N (196)  72h(171) _ 84h(150)
TTIERT 63.5 85.4 109.2 1319 162.1 195.6
P2 VT IEVE 56.2 76.1 100.3 125.4 155.2 193.0
FRATIER 60.4 816 104.7 130.6 162.0 1985

B AR HUE TR ST TR R T IERCR RARAN 12 h & XU A2 TR M 22 1Y) v S 2%
PIAHOR, T 12 h & REEAA TR R 22 1 AT et S th SR & G SR 8 A7 R 25 K/ N3 D)
M. —Mekit, &XEGR, HAEMRERBRA. BE, w25 5 HilkLy,
BRI S8 AL R ZE BN 1T 24 6 VESRS, HT Hm RS MRHE AR B &, A TR0 i e
Hebuofr B, FlEMIRZER K (/g 2000, FFLLAELS Bk, wEsRe X, A
JITH H 1 2 IR A2 500 TR SE T IE B AR BT IERCR B 4T . R4 12 h & KU A0 f KRG
(R SEHLAT 2018 4EMIFEAR 238 & S LA I 5 B R iy X e S DA SIRFE IR, IS AE &% iR
IR IRE AR A 2 . 0 TG X LL BRRAESR, 24, 36, 48, 60, 72. 84 h i IEJ5H T
PR RZE AT I ELAT IERTIR/N 7 19.9%. 11.5%. 6.8%-. 6.7%. 6.0%. 2.2%; XfT-5m#vis X%
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JUARSREESE, ITIE G M PR B R 22 40 AT IE AT kN T 6.5%. 10.5%- 9.0%- 3.7%-
3.0%. 0.7%, FR7T 48 h4b, &R LA EGREEAIIIT IE AR B AT T s Aty A28 2 B 5
FEHAT IERR

4 ZAEE G TR A G I B RO,

MR 5 AR AEAN e 03 1K g L DR N7 % B 10 5 KGR A TR S VT TEASERY, 4k ) 24
TR % R ) & RERAR TR IEATITIE, 05 T AR A TR I & AR AR Gevh-20) 1 5 Tk 7 i,
FEFAT IE 5 SRS TR AT g 2 LEIE 3T IE AT 1048 & TR S0 4 (s R

Berriess (2014) WHFURIL, MRAE G XSERAE, EfEEH ECMWF-EPS %1 & X
BRAR R AR R ZE RN M SRR T RO, MREIITIERE (RIFCh “HRik g4 Tk
A7) 24, 48, 72, 96 h [P B IR E D HILE “ B &4 TR RS &1
W/NT 15%. 6% 10%. 8%. N TAHMFFCHS M {E 24, 36 h B 15, 7F 48~84 h L 20, R
i ECMWF-EPS % i i1 f5 RS /2 Tl 12 h [ E% A2 1R 22 K/IMIEIE M SRS TRAR BRI, X iE
) A R A T AR BN & AR TRIFRA . “ RIS & TR i R B 6 13 7, X AILIzE t 1 e
GGG HAT B AR TIRAT I FRHUE & P 25159 B & RS A TRTAR A R S & TR A 0 61T 1 4
A7 X ECMWF-EPS B4~ i 1 6 B A2 TR Se 4T 1T 1E, R0 BT A i o1 LA &7 34,
1R & REEARRFCN “BTE 86 TR S R ST IE AT,

2018 fERIRLE HEW] (K 4), 24, 36. 48. 60. 72. 84 h “fRikEA RN ALEST
57 ePRE R ZE S AL “FTE SR A TR SE AT /N T 1030 103, 6.4, 7.2,
4.9, 3.1 km, Ui A IEFEMEM RS INER TR TR IR &S 7%, RIS (2014) .
Qietal. (2014) . Dong and Zhang (2016) f3H 251251 24, 36 48, 60 72, 84 h “f
AEATHA ST EHES T M RES At “ PS4 Tk R E AT
W/NT 12,1, 10.8. 10.9. 8.1, 4.4, -1.4km, T IERCREEEMN B EZE 72h 2K, 84h
BAITIERSR . 24, 36, 48, 60. 72, 84 h “MRIELE AT K AT EHEA T 17
PRERZE I ORI & TR AR5~ 1/ T 3.0. 1.4, 3.6, 0.4, -0.9. -4.8km,
Eer S R G BT PRk 7 070 2.00 3.9, 2.4, -1.4, -5.6 km, T IERCHREE M B
BAE60h 2N, ZERAIERCR. BERE, “HRGEETHURRAES T “IAEs
TiAR R 52 ST IE ARG T34 A “ARIE G A TR A B 1T IE AR G387 I TR SR 4 T

“HTA S A TRR RS AT B G IR E e IR 7. Rz [m LA, 24 h Al
36 h “fRIESHEA TR AL JeiT IEFAE AP M FRIBE B R 2 /N, 48 h F1 60 h “Bra e
TR B A ST IE TG (P BE RS iR 22 /)y, 72 h 1 84 h “ARIEHE G TR LA S &
87 (PR B R 2 /N
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# 42018 fFE & AR Z M FHRA AR G B 7 Bk FF R EER R 22 (km)o ITHLAO B T AN Btk
I 230 O LA P /M
Table 4 Mean track error of objective forecasts and Central Meteorological Office official forecast in 2018. The
boldface text indicates the smallest number of objective forecasts for each lead time

TR 2 (FEAS)

B KA TR
240 (263)  36h(240)  48h(213)  60h(188)  72h(163) _ 84h (142)

T IE S B 5 VE TR 56.6 75.8 99.8 124.2 151.1 187.2

BT S TR % 0
fea T 63.0 836 107.9 1316 155.7 186.8

PRI 44 TR B IA
AT 52.7 733 1015 124.4 150.8 183.7

IEGE: SeRititnanl
seif s A 50.9 72.8 97.0 1235 151.3 188.2

I TR A
e B e 49.7 719 97.9 124.0 1517 1885
PR R A E B 50.4 73.9 101.8 126.4 150.3 182.9

T R AP RTRE BOE AR AR R B, BT A R IR A T SO, R TR S R R S 12 h S
M TRIRATEL, B 24 h X R ARG E T TERAE 12 h, 36 h X RFR RS R G T TIRZE 24 h, DAL

5 4w 518
ARSCHR T —F0ll 5 bR B X i P TR A TR % AR 5 1) KU A% TR S

ITIEROR, @i % ECMWE-IFS I ECMWF-EPS & KUK A2 TR IR, 5 EILLT JL A4S
we

(1) ECMWEF-IFS 5 R A% TR R0 s 255 Tt s 22 5 158 s A IR 2803 A 22 A 500 1)
ZRIEDCER, SIS R 2 FE TR 5 12N 280 28 1) TR Ml 2 A U IR R DR 3R o AR I RICT AR A
ZE 0 H BRI R 26 FE TR A R K] 7, SR 22 TR [N TV R 5L 1 6 R A2 TR 11 0 22 T3
TR, AR & KR A TRHRGEEAT W ZE 1T 1E o R I B I ZR U 2R 22 T fs 75 F2 (M AH S 24,
24. 36. 48. 60. 72. 84 h LIS INZRHIFEA 7)) 79 450, 450, 450, 450, 430. 375.

(2) 2016—2017 4E[HlH 25 KW, 7 24, 36. 48, 60, 72, 84 h, ] IEJ5 ] ECMWF-IFS
& MUERAT TR 1)~ S5 R B iR 22 20 Al BT IE AT/ 1 6.6. 4.3, 2.8, 2.0, 1.5, 1.6 km, HZ:
17 TR 26 PR VT I 2080 B8 1 TR O 22 RO TT IR 28R A 2018 4EIRIREE KW, 1E 24, 36.
48. 60. 72. 84 h, IIIE/G1) ECMWF-IFS & XUER A% T -1 S5 0 B 4 22 73 ) BE 1T TE R ek )y
7 7.3. 93, 89, 65. 6.9, 2.6 km, i EXRIRATFRITIEE. SR, BiRE X
(5 12 h 196 KU SZi =32.7 m/s)  BRAZTHR BT 1E R SR B 47

(3) 24 T Jext ECMWF-EPS % i it 1) 5 WU AC TARGEEAT 1T 1, FRgEAT SR i Tidle, JF
ST AR 5 RO RS2 & MBS TR “ITIEJG MR TR 7 “ I $6 & iRk i 4
G RGBS TR RS, “ A S Tl A e 1T IEH ST f “fik
A TR R ST IE A TH47, 2018 FRIR4 R, 24 h F1 36 h “HRikHe & Tk A A
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ST IE A7 PR BR 2 /N, 48 h F 60 h “ Fr 424 TRk 72 2T IE PR &F
57 (PSSR B R ZE BN, 72 h R 84 h “ARIEAE A TRAR B A SR 61357 [~ 35 BE B iR 22 e/,
UNERAEN 25 A B R EHEAT R, A B RAS —NE & TR B R AR AR 7 1) & AR AR %
MEFETARE R . 24, 36, 48, 60 h “HUELAE G TR 7 61T IEFHES T PR &R
ZEAILE “PTAEA TR S A7 N T 13.3. 117, 100, 7.6 km, RS %RE
B GRS 120 24, 364 48h) /T 0.7, 2.0, 3.9, 2.4km.,

XF AR, #B T BEARE P sk GORE SR S ZE TG T R IR S S, TR FRAE N
Intel(R) Core(TM) i7-4790 CPU@3.60GHz. W%y 4.00 GB 1) &5 it AL Hig B — Ik i KHE
AL 15 0. RS R G RSER A — R RS 30 20 N T LIRS, FE3RS 6 K
SR B LG HEAT & RS2 BE TR ST TR A 518 B R A 1T 1EJ5 1 £ KU AR 250(E T
A DL R TR E & TR 77 7ES IS G F IR R

ARSLLL 12 h TR AR ZE 4 R SO R 22 g 37 T & AR AR B TR S 1T IEASE A,
55 I P T AR 4R 5 SR AT FLA B 200 10 TR s 22 41 g J I A TR AR 22 o %o ik TR S TR 1 65 XL
BGiit-3) 1 PR T, AT RS A A TR S A AT e 25T IE,  F AT R SRR i ik
B B G2 B, ARG 2 BB AR A R AT IE AUSE & TR B A B AT IR . A T4 R
FETRHRO 5% H A B 1 52 P PR AT AE ) 0 {E
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