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Abstract: In this paper, four multimodel ensemble methods, namely ensemble mean (EMN), weighted
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ensemble mean (WEMN), bias-removed ensemble mean (BREM) and weighted bias-removed ensemble
mean (superensemble, SUP) have been constructed based on TIGGE datasets, from which four single
model forecasts of recent three years from CMA, ECMWEF, JMA and NCEP are selected to conduct multi-
model ensemble combination and comparison. Single and multimodel ensemble forecasts on the tracks and
central pressure of tropical cyclone over Western Pacific with forecast lead time 24 h, 48 h, 72 h, 96 h and
120 h are evaluated and compared. The results show that different single models have different forecast
skills, The CMA forecast has the worst performance during the three years, and the best single model
forecast in 2010 and 2011 is ECMWF while NCEP is the best one in 2012. Generally, multimodels have
significant superiority over the single models within 120 h forecast lead times. As the simplest method
within all the four multimodels, EMN shows limited superiority. WEMN has better skill than EMN be-
cause it can give different weights to the member models, while the BREM exhibits superiority for the sys-

tematic bias is removed. Because of considering both the weights of member models and bias elimination,

the SUP has a better skill in general.

Key words: TIGGE data, multimodel ensemble, tropical cyclone

51 5

o TR R 22 AR R 22 SR AR IR TR A%
5 10 B — B TR AE S B 5 2 1) 8, Leith (1974)
Bt A0 A 5 AR S AR DA e R R AR AN 1 1P ) R
RAE T A MTB. HETES B Z T
B AR 1 25 A I A5 AR PO B 2 R
B 5 TR O vk Ok 4 & BB B £ 75 (Toth et al,
1997 ; Molteni et al,1996) , JL HJE XT3 0 , & MEE K
TR R A AR TR A AR T A T O R (R i
45,2005 ; TRMESE , 20105 R IHIK 45, 2014)

TRl A TR R ) AN 1 15 R B2 T
4% 55 Krishnamurti 5§ (2000b; 2007) £ H T # 2%
B PR B A . % B REORE 8] 8 43 Sy B, — B
SN GRIT , — B TR A 3 aek 7 U R A [ 8
AR 5 92 0 14 [0 A 7 oA Wi B A% A = 0 AR 4 15 15
B IR X U0 B R TR 4 N 2 AU AR R AT 4R
A% . Krishnamuriti ¢ (2000a) %1% 5 i T S fx
DR R ABAE AR A IR 50, 3R W AR 5 TRk 8075 1
T AR I L L fa] 50 10 £ 5 - 2 AT 4 2R
BONUERG . HJE . — R BB 58 B0 g A AR
DL N 2o i AR T 1 O ROR R AT 1 Bk R By 6%
2014), Hagedorn Z£(2005)f#i i DEMETER % %},
HEAT B — A5 ST A 22 A AR T 8 % B 3
AFEASHE G 1) A B8 T 3k T 20 5 AR T 5 00 T B
L FR AR, Krishnamurti 28 (2003) 3% FH #8 9 4E
B R TT X 500 hPa w8 3 047 73 # 45 2R 8w

R 2 AR A TOUARONT T A% e JBE 7 2 K ) b IX A A
WY 4, JF 4R 1B A G R AR T B P AR
(2009) 3 F TIGGE B2} b 2 BR Hp 26 B X Hh i
SR BT AR A WA IR I AT 3 I k4
Jrik P T AR T s MRS (2009) H T TIGGE
TR R B R AE G 2B AT 24 R0 T B i 2 46
B 1 4568 U A Hc T AR TR AT AR L A R 3R
B 2 B 5 R Bk O 22 3 5 - 2 AR A T T4
22 BUARBCR L T I b 1y B b O R i 2 4R 5
VA X TR K R 28R T B —
E AL #, Krishnamurti 28 (2000b; 2007) #| f1 £
G- A R G TR R G AT T R K AR G
5 o 3R WY G A A TR AR B T W s TR

PR SO B AR Mo B AR, — R IR AR R 1 —
ANBIFFE BT N 20 4t 90 AF AT i #A AOIE AR
FARCRAT B T RR B . K 24 AR T
FH T #1758 IR, A A B2 PR B 75 1) — D RA
HEHER  Krishnamurti 28 (199938 N H B £ 45
T X R ) T A B 3 AL TR T . Goerss
(2000) 5 H 30 2o % 22 > 452 2 iz 45 A 47 4R A AT
DAAS 30 T A o A 0 A SOBE B A2 T4l . Williford
Z5(2003) %5 1999 AR PU M AT 1 Bl sl e, 3
WIFE 1~5 d il 200N 2480 208 9 4R 4 T4 %
IR I A28 R i B A A R 25 /N T — BT AR . Vi-
jaya Kumar 4 (2003) 45 2k F 2 0l 55 90 4 58 R
X R IX ARG SCE % 448 0 i J3E R A 7 e 2 B S
i . 38 WY A A TR 4 R AL T R — 8 X i
DYSE e



1060 A

% ERNEC

PR V- 3t DX B U 22 A X 3 T Ak R
SR TG B R A M L e A B R Al 2 A
AUBE R T H R R O™ AN R AR A I R L O 4
I 5% 2 B BORIAL 23 B8 18 17l ok B R R I It
O & V4 - 1 s IX A e 5 A A1 58 182 2 A o g
PRI R R BE R BA BRI . SO AR (2012) %
A TIGGE BERLXF 2009 4F P4 K - il Ve 2E 47
2448 1 72 h F L 2 A AR IR L R W] 2 A X
S BT 119 2 BRAR 210 T o i 19 BB ST I S i
Ty Sy Tk 2 TR 22 A AR T I AR
AR SCHE RN AR JE A L R AT SE 3 4R TIGGE
GERR AT VY - 1 s DX A “GE 5 A AT 8 88 A 7 2 A
AR BT - FH PR I AHE I 2 120 b DL T iR 2
i 3R RT3 125 1 T TR I 288 A 28 5 [ L 51
VU i 22 485 AR U7 VR AT S L o A G HE 45 2 A
A2 T BRI 22 48 A - 33 DL RO A B i 22 £
TR GRS o I AN R 1 56 180T 58 1
Ao AT AR TR A 3t A PR 2 45 X 4 BT 58 8 5 11 it
DR 8 AR A i e R B i 2 £ 18 7 X 22
B QAR T R R

1 BRIk

L1 FERHEE

TIGGE(THORPEX £ H X KE4H5) 2
THORPEX 3l H 1) 32 24 B0 43« % 4 Bk 1 9 BF 5%
HHEERAE 1 KRE 2 E N R KSR,
TIGGE a4 40 & 2Bk 10 ME B PO S
TR E A . AL 2006 4F 10 H R4 HAY . TIGGE %4
50— RIVBL2E 5T (R B & TR R AA] TR 1
DA B 5 KA TR A AR 90 436 1 — 4> o A B8 ok
U5 (Zhi et al,2012; XK f45E,2013), 4575 WMO
PO S [ BRI 2 B2 0K T A 1 AT SUE A DG 1Y
B TR LA AR A TR o 55 B WE 9
FAFF T 22 00 B0 A 9 45 ol o R /<0 T4 B Al <
JEWH . TIGGE BE Rk & R Bl # BF 58 $E 43 1
Fl A SC D% ) TIGGE %t 4t CMA ECMWF,
JMA L) NCEP pU4~ .0y 2010,2011 &% 2012 4F %
Sr 3 AR A A T 35 IO BERE 6 7 RV HL X B X
PEAR B SR AT 2285 AR B, TR B R
24.48.72.96 fil 120 h, LM ER-RAXLEK A &
K T 2 d7 . (Joint Typhoon Warning Center, JT-

WO B Bl 4 .

AR 2 A5 XA G K 1 X 4 R 20102011 K&
2012 4 58 A A E I 6 42 R R B 4. Lk
1013 5 &5 AU il f1 (Megi) hy 48 3 £ X0, A4 iy 0 K Gk
11 d, HE A A oD B e K138 72 m» s,
AR E R 895 hPa, H DL V4 f /6 % 12 B A B it
J5 s AR L 3X — 2 AR 4 M 55 TR R T AR R Pk K
(VP IE . 2011) , g AR SCHY T S0 55 4> 4

1.2 FEEN

1.2.1 3#XE£EHFH

A S e SR S LRV (S
ARG R BV G BA W E S Bk
MG e X T 2R U8 R IR T 5 f T B
95 T v i & 2 B U B F- 2 (ensemble mean,
fiiAr EMND R A F

N
1
Frouy = NZF (D

Kl Fouy RSN 255 iy B R4
Fy 5 — ol B — B 4R 51 2 AR .
1.2.2 MmRELFH

BTN ) e 1 B X TR BE A A ) O
JRF 520095 5 [ 46 5, 2011) , 4 SR ALR H i 257
B, B A% PR TR S AR 1 L AR S A R O R A
I AR X T B ) Y 25 s DRI AR R i A L T LA
308 3 R A [ A T 3 AN (] 9 A 7 3 — S SR A
G2, O T BT AR ACE R B 2R R
AR R A SCTE S G B e Al 5l A — Fib
IALEE V-4 05 vk o %07 8 Sk 8] e 51 3 R
A3 I R 0T A0 A L I 2 300 b A A R 2 B
PRV GETH AR S, R TS 2 2% 45 U AR 80, T Tl
1 1) 20 455 XA U A o X R PN 1Y O 8, FRATT R
N A B A Y (weighted ensemble mean,
WEMN), AKX T -

N
Fyeuy = E%Fi (2)
i=1

A Fweun AR G20 a; o #5485 AR I R3]
PR RCE L F, O 458 2 BRI i BLdl . N 8 2
5 H MR AR

R R B a; BB E S I SR (2012) 197 1%
RIVE 5675 2 I 2530 25 oA Tl R 22 G LR P
LR R 2 OB R0, B — 5 2T 4 2R 22 480 M e
JIr A A R B R 22 B 2 AR R L A O AR



LR

WA - 2T TIGGE BTk T R 1 1 P U 20 B B O i LU 4% 1061

%ﬁ a; s R
ai = (1/E)/ > (1/E) (3)

S E, 4 A B 522 « th U160 B A 1T 2
S X522 A R

M
_ 1 _
E, = MZ | F, — O, | (4)

A M OB REA L H . R IR RE AR 7 51
T Fy WA L DR A REA R B O,
H g DREAS LA
L2.3 Hikihz2&eTH
Krishnamurti(1999) 45 4 #5% =0 A A A7 76 [ A 19
RG22 . 0T LR 9% U1 25 300 00 4 X 3% B AS 1) 2% A
A 2205 8L I A2 TR 7 AT BR o 6 5 1 B A
2] L5 2 TS A 1 £E & F- 2 (bias removed ensem-
ble mean, BREM) , Il | = ;

N
Fuen = O+ 20 (F, —F) (5)
=1

2 Furen 4 TH B D 22 48 4 - B B4 O S 25 4
ORI AE (7 2, Fo A i 5 45 A =X 4 1 1 - 3
F o & S m i, medori 586 %%
1 22 5AXAE T2 5 4 Uy 155 X I 4 2 JC O 1Y BT Ik
05 T LA BRSO R O 22 0 AR AE 2 B AR I
YEH .
12,4 UK et 2 %6 F %

L5525 I8 T A TR 2 ) A AR G 22 1 G
H I 5 0075 21 &% 455 =X A9 AR 28 5 () i 75 30 301 25
DAL o A5 X T R T T 0 T 4 A 22 ) Bk SR FH A A T
Wi 22 5 v A B IASCIH B i 22 46 57 34 BIVER 9 4
4 14 (superensemble, SUP)

N
FSUP :6+ Za,(F,_F,) (6)
=1

K Fap OB BRES DR, HRZRE W
o MXFFHEA TN E PG T s 5
VAT T T AL A B, SO > 45 B AR 2 4R AS [
P R A e b Ry e (BT 45, 2013)

2RI RR

F A Y (EMN), il & 4 F 1
(WEMN) . 74 B fii 22 4 & 7 ¥ (BREMD il 2 5 &
(SUP) PUFP J7 %, 2£F 2010.2011 % 2012 4F 3 4F ()
CMA .ECMWE ., JMA  NCEP P44~ TIGGE H.0> fi§

Pl BB AR A P O SRR A T 3 WU GRS AT
B 24.48.72.96 F1 120 h (&R Wl i die . JFR
SE A 45 %f 1% 22 (Mean Absolute Error, {4 ¥z MAE)
Hlfi 2= (Bias . {8 FR B) R FEAT AR 45 R 5

X YRR 2

71 M B
MAE—MJZ;IF] O, | )

M 25 -
B, =F, — 0, €))

KL F N5 ) DMREAR TR, O, HE ;] DA
9 WL IEL MO AEAS S

R VR A R, FL TR B R K 9E R R
Z A 2 U ORI B R AR A B A
A JiE— 2 A E S U ZR I RE AR 2010 4R 45 14
A G WA T 7 ASER I GRIIREA 5 7 AMER
TRIAREA ;2011 424 21 4> & XA, AT 11 4
VER IR IIREA  J5 10 AAE R BRI FE 4 5 2012 4F
A 234 E WAL MET 12 S ERS UGB, J5
11 AMEN BRI FE A

3 g g Rt

3.1 Bl BRI

XA O TR R ) AT AL . B LT
CMA.ECMWE, JMA & NCEP Py 4~ & .0 2010,
2011 F0 2012 443 4F v A A AR A A2 B4R 1) 7 2
da%f i 2= NIEHa] DL AN [ i Ao S e ) A
FEARTE 2010 fi1 2011 4F ,ECMWF H 4 # & 1) i it
oI5 45 A B AT 158 25 B 4k T BAR K, 2010
A 24 A8 F1 72 h [ TR IR 2248 9K 82,155 1 219
km i T HAl =4, i CMA FHA 2, 1 2010
A 24 48 1 72 h B AL FAR . CMA Y- X 46 % 12 2% Oy
147,256 F1 365 km, B W i T H A =4~ rposs 10 3%
2t ECMWFE & #f 65,100 fl 145 km, 2011 &
2012 FE TR LB 2SRl 53 Ak X F 2012 4F,24 h
i B A5 22 AR 1) B4l iy ECMWE Al NCEP, 48
~120 h T4 i 50 A BB S T 4 o NCEP 15 2%
HEFLF ECMWE, 1] §8 J5i H /& 2012 4 NCEP Xf
HAE AT T TR et B 4R 3 7 R4 15 .

K2 5K 1 RPLERPORERHR, &
DL 2010 4F £5 S =0 T4 1% 25 K F 2011 Al
2012 4, JE P AT BB 2010 4F & B SUAE A 10 3 Y



1062 A

% ERNEC

548 J3E A A 553 D 2R G M A 22 T B A% R0 X%
QI e HE AT 2 45 2011 A 2012 AR IR 25 A It
/N o XL AR LR 2010 42 ECMWE [A7] 4
B BN (Y T R 2 0 R X T K TR I 28
ECMWE AXF HoAts ipoc i L HE B . 96
h ECMWF (%25 26 hPa, i Z X F H fh =4~
PR T TMA F1 NCEP JUJ 2 3 H 85 K ) 14 12

700

24,96 h T4 B A 152 25 4300 A 36. 7 Fil 40 hPa,
Xt 2011 Al 2012 4R, PUAS v (1 6 B 22 K K
H T TMA B4R 5% 22 0% K.

K 34 T CMA.ECMWF . .JMA J% NCEP [y
A Hp X il 407 AR TR A R JTWC S5 4 % 12
(OBS) , i B 5043 3 Jy 24.48.72.96 Fl 120 h, i
A2 5 i 1E] TR) B A 12h, i T BE TR B S AY HE

£ 600 (a) 2010 schhwE 2o LeMAwE
o 500 A IM
f§400
}; 300
= 200
£ 100

0

2 48 72 96 120 24 48 T2 9% 120 24 48 T2 9% 120
PR 2/ h PR 2/ h TR 2/ h

1

Fig. 1

CMA,ECMWE,IMA 1 NCEP A~ /0 X P8 - 7 Hl X B ASE 3% 428 41 OF 1 4 %o 1% 2

Mean absolute error of Western Pacific tropical cyclone track forecasts for

model forecasts of CMA, ECMWF, JMA and NCEP

jo
£
=)
<
#
jrud
&
8
N
B
24 48 72 96 120 24 48 72 96 120 24 48 72 96 120
TiiRAF /D ToR /D TR/ h
B2 S5E 12 AR Fe S R
Fig.2 Same as Fig. 1, but for central pressure
30°N 30°N
b
126 134 142°E

14

130

138°

15
E

108 116 124 132°E

K3 CMA., ECMWE, JMA #I NCEP U4~ tfr.Cobof * fifi £ ” B A2 U4l LA K JTWC FefE 42 (OBS)
FiAR R4 B9 () 24 hy (b) 48 h, (¢) 72 h, (d) 96 h K (e) 120 h
Fig. 3 Track forecasts of Typhoon Megi from CMA, ECMWF, JMA and NCEP and JTWC Best Track (OBS)
(a) 24 h, (b) 48 h, (¢) 72 h, (d) 96 h and (e) 120 h
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