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Abstract A multi-model super-ensemble forecasting system with 15 ensemble members generated based on different cumulus
parameterization and planetary boundary layer (PBL) schemes by means of changing the AREM, MM5,and WRF three limit-

’ configuration is employed to investigate the potential of multi-model short-range ensemble forecas-

ed-area Mesoscale models
ting in the Huaihe Valley during the rainy season in China. Weighted average by correlation, multivariate linear regression and
support vector machines (SVM) for regression are respectively combined with cross-validation in this system in this paper to re-
search the weather elements during the rainy season in July in 2003, which mainly contain the 24-hour accumulated precipitation
and streamline field on 700 hPa. The experiment results compared with the traditional ensemble average of the 15 ensemble
members and forecast by the T213 model shows that: (1) for the 24-hour accumulated precipitation, the root-means-square er-
ror (RMSE) and TS score of the results made by support vector machines for regression is much better than that of the multi-
model traditional ensemble average, and also better than that of other two methods; (2) for streamline field on 700 hPa, the
first mode and the second mode created by means of vector EOF expanding all the prediction results indicate that the ensemble
average decrease mainly the magnitude of wind field and multivariate linear regression and support vector machines for regres-
sion can however present a good intensity distribution map of wind vectors with the total effect made by support vector ma-
chines for regression being the best among the four means as mentioned above; (3) the results from the multi-model super-en-
semble prediction are obviously superior to the simultaneous results created by the T213 model for the wind speed on 700 hPa
so that super-ensemble results by SVM can be used for dicision-making in advance of the T213 model at least 12 hours in the
sight of prediction root-means-square error.

Key words Cross-validation, Super-ensemble prediction, Support vector machines for regression, Vector EOF expansion
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Table 1 The configurations of ensemble members

WEFS RIBHEX MR ARESHEUTE

1 AREM CLD_BIAM PBL_CCM3
2 AREM CLD_REMO PBL_CCM3
3 AREM CLD_REMO PBL_REMO
4 AREM CLD_BIAM PBL_REMO
5 MM5 Athes-Kuo Blackadar PBL
6 MM5 Betts-Miller Blackadar PBL
7 MM5 Athes-Kuo MRF PBL
8 MM5 Betts-Miller MRF PBL
9 WRF Kain-Fritsch MRF PBL
10 WRE Simplified Arakawa MRF PEL
-Schubert
11 WRF Betts-Miller MRF PBL
Kain-Fritsch NCEP Global
12 WRE (new Eta) Forecast System
Betts- NCEP Global
WRF
13 R Miller-Janjic Forecast System
Simplified NCEP Global
14 WRF
Arakawa-Schubert Forecast System
15 WRF KamiFrftSCh YSU scheme
(new Eta)
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(a. observations, b. traditional ensemble-average,

c. weighted average by correlation, d. multivariate linear

regression, e. support vector machines for regression)
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average by correlation, d. multivariate linear regression,
e. support vector machines for regression; the shaded
areas indicate where the vector magnitude greater

than 0. 01, namely, the zones of stronger wind)

i SRR D N Ll TR W S & s
BB s TR s BT RS EE
P R A RIS 2 B AT DL B S R A
2 BEAS 15 52 O A L A Bk PG B P R g R 58 R D
5553+ 30 BB A /)N T4 4 DXL S 3 L A K 5 B2 g
Ao BB Te EMSEIMBGE R RIA S 2 BEZS B 5500
B« B 1 A i 8 114 XL 7 2 D T 2 553 A il
DX RS A B S5 0 5 B K. 18T 7d 2 XU R
Z UM Bl ) AR G R A R EE 2 B, A



474

) DR B JBE A8 A 3 AT AT L R SR I X T
TR A 550 38 HE SE DU /N B AT . B Te J2 SRR IR
AL 5 5 5 2 B AT DL B e BR T Bk 7Y B

40° N

35

30
25
Er e
0 WeeET
T

105 115

0.024
0.022
0.020
~1Bo.018
0.016
0.014
0.012
yo-on

RS

S7TT T A
N%’T‘NN'\'&R\ \v_.,,
=

e

BEAh X 2003 4 7 A #F S XK 700 hPa
W AR 45 R 1 1) i EOF 230 1955 1 5 2 4
AVEATE A IF 5 52 B0 A KR 8 7 R 2%
SERFEHILAE T T 230 H b, SCfRp 1) d AL R T ik
1 2 4 5 TR 45 2R B 3 0 AR OR 22 R A dR b
(&)

Acta Meteorologica Sinica S %24 2010,68(4)

PN X373 3 B2 L S 0 58/ A1 A R XX 37 5 2
Or AR 5 SR WG A ER e I BT
BB 2 B .

40° N

3 0.024
0.022
180.020
2 1 fo.018
0.016
0.014
55 0.012
== 0.010

20 ; 2

105 115 125°E

KA
@ ‘i’
22ﬂz A A

sy

7

0.024
0.022
0.020
0.018
0.016
0.014
0.012
0.010

B 7 [RE 6. H R 2
B (EOF2)
Fig. 7 The same as Fig. 6,

but for the second mode

7 HEREA RS T213 M55 Wik

N YRG5 A A A R 4 4 TR R A T
TG 3k 45 1 2003 AETRII 700 hPa KUEE (924 h
ZRE R A PR A RS T213 #5( 12.36.60 h
I 2850 1) T 41 45 R A S B0 B 2 T R R 2 R



PR R 5 < ik T 58 S I 1Y) 2 1 O 2 4 PR 7 A I

T213 B 4 H Y 12 1f . 1 H 7 A 13
2. F 3 AREM ,MM5 , WRF # =0 il 47 #% B 119
Sy HTEEZ2 B H 00 B L Ok F % L, T213 #5203
U AT 3%k 12.36.60 h (1 Wi 45 5 (& 8). K&l
8a iy 700 hPa & ) 3 £ Tl 42 £ 75 % L ] 8b J& 700
hPa £ [m] 3 B (9 X% He . A 8a 1] DL & BLXTF 700
hPa & [ 3 £ .24 h Z 04 Pk ]9 Y 88 205 & il
Fg b T213 #8512 h (9 B4l /K F B &5, 24 h SCFF
T 0 BIL [0 0 7 8 % B 45 4T 15 W] Jb Lk T213 88X
12 h {4 K F & Hoo & B 80 F T213 #2

10

(a) —o— Weighted average by correlation
—A— Multivariate linear regression

gl —&— Support vector machines for regression ]

~+- T213—12 h

~0-- T213-36 h

~+-T213-60 h +

RMSE (m/s)

475

3 36 F1 60 h (M4, ME 8b u] %1, 700 hPa%:|q]
B ) 24 SR ) AL IR A YRR 2 A S T B
b T213 X 12 h 9 4l 46 35 &, W W) AL T
T213 £ 36 F1 60 h M 45 5% . BBk, X F
A A B DX 2 A A TR SR 1 A L
Bl H i 45 Rt s Z2ocRMERNR R Z . Horp S Hr
I 5 B [0 0 79 G B 5 T4 X 700 hPa it 37 1 33 4
(a4 T213 15 5C Wi 2 /0 ol DL3R AT 12 hili 4, &
R T A A W A R AU R B R A g
B

10

(b) —&— Weighted average by correlation
—4&— Multivariate linear regression

g | —&— Support vector machines for regression |

~+- T213—-12 h b

~0-- T213-36 h

-=+-T213-60 h

RMSE (m/s)

Bl 8 200347 H 230 HEFLZHEUBHRES 24 h Bl 5 T213 Bk
12.36.60 h B 35 4 750 4% X6 S 250 {HL 114) 359 7 i 15 25 i AR
(a. 700 hPa 4 [ & . b. 700 hPa Z& [k & ; B : m/s)

Fig. 8 Temporal changes in the RMSEs against the observations of the super-ensemble results

using weighted average by correlation, multivariate linear regression and support vector

machines for regression as well as the 12 h, 36 h and 60 h forecasts by
the T213 from 00:00 UTC 02 to 00:00 UTC 30 July 2003

(a. latitudinal velocity at 700 hPa, b. longitudinal velocity at 700 hPa; unit: m/s)

8 4 it

AL EFEIEF AREM.MM5 fl WRE =4~ h
REERELL 2003 4 7 H IR B 7K ) 700 hPa i3
IR FE R G L 43 R 22 Jn 2k M e A AR 56 A L K
SCAE T EEAIL R O vk 5 A8 )R IE A 45 A i ST
e Z B P G R PFFE . @ X 24 h B KA
700 hPa [ H W) M AE G B 45 R 5 2 A4
BB TR LA B T213 A5 2T 4 19 % L 43 7 15 3
M EZEGRWT .

(1) X F 24 h BBFEIK, NS KT LS R
AR 2 R 4% I Bl TS TE43 i % BE 43 47 7T 415 SR
FHB AL A B sl vl LA L 4 A O 24 BRS04 1) A5 2R

1113 SR JFHY SCARF ) AL [0 F) 20 4 AR - HE e Kk 2
D7 MR 22 e/ Al FHE TS 350 S R RCR B b
DR kg ] LA Ay 3 o 4R 4 ik ml AR 3 A PR IX
SRR K ) TR

(2) 3T 700 hPa 7K X3 P45 2 T 4l 25
Zid & EOF M fF 2R X720 1 M 2 B
X EE a3 A 2 WY A5 1 X T Al XU B 5 RS /)N S T
22 TR M 11 51 0 Sy 1) L[] U1 ) 4 4 5 T4 AT
DAl i 25 HH X3 1) 5 36 0 A o He v S 1) AL [
VR 2 4 5 T 0T JX 7 114 3 B2 A DX S A S5 SR
RAF .

(3) ASCMEE R U] AL R KL 700 hPa
S SR A S 1o 4 AL T T A 2 A58 50k 0 4R 45 Tl



476

AIRCR I R AL T 2 A U4 5 7 2 Tl A ROCR X
5 A PR DX 3 4 5 TR 1 6 P TR BRI T —
TP5Yic

(4) FRYBATT 7 » 2 702 1A FIAR SE AL
T2 1 B B TR S X A R B T R 5 R AT A ALY
TR BRAT 5 S A 1) 2 AL [0 51 68 2% 4 6 T4 2 3 T X
AR TOUHRBE 3 v ) G S B (B SR 1) 480D I AL, %
M Sy WA Ty bR = N s RSP VR EN VP S
R —J7 T RETE 25 ) il A 4R B T R 5% AL (B
Z 1) 25 oA 1 52 s AR Gt 56 R g — O TG G B RE A R4
N E S PSS S =S s 2

(5) 5 Krishnamurti £ (1999) 45 H B R E S
T 45 S AR LA, A S R A TAROSOR 5 A
PO R AN 2 AR H T L 3X AT R % SOk b iR Y 2
F T 2 P A AR A 1 R AR B TR T A SO Y
14 2 R 30 o RUBBE 28 8 1 A T4 o 3 T ) R
AR A W AEAL L b ] BB A A7 78 B 2o AN ], 5 i [
A FE— L TRABEGE X T4 s b RE R G
PR G PR 2=+ A F

S % ik

MR, BE203. 2003, Aewg i RO A8 T AN T 00 S i v 5 4
T, AR, 61(4):432-444

BRAK X, A/ B S 2004, b B Al 28 M 43 2 A0 18] 0T ) S A
—FOE 7 2 (D—3ZHFE LT IA A, B R, 15(3) .
345-354

BT, BRI . 2004, Kb 3R 2R 43 25 0 [l 5 1) A — FloRr J5 0k
(ID — 3 F 1) 45 ML 06 76 KA TR T i 0 . B R4 2 4
15(3) :355-565

B, R, 2005, — YR I R K R T A P SO AR L 5T - AN
FIRERSRGEMZWMAIER. KZ%M, 63(5).771-789

ARIEW, 8. 2001, 2R W F KX 500 hPa A F i 58 K H 5
K EBEKSE R M i EOF 40 #r. KRABH%,25(3) :401-410

Acta Meteorologica Sinica S %24k 2010,68(4)

R 3l AL 2003, J5 BB TR B TE A R R K TR sk
WATSE. WAARREM, 14 (1) 69-77

FEX LT, 2006, 2003 AF VR — v b RUBE SRR TG R Y 12
W7 20 A A LR IABIT E. AR 24l 64(6) :734-742

BEF5 o, RERESE. 2007, B0 XS0 BAS AR XU A 30 i P oK
PE R A A B T, KB 65(2):198-207

FAHE, R4, 2004. AREM K HXF 2003 4F IR K B 8L, <
G214, 62 (6): 715-724

Du J, Mullen S L, Sanders F. 1997. Short-range ensemble forecas-
ting of quantitative precipitation. Mon Wea Rea, 125. 2427-
2459

Epstein E S. 1969. Stochastic dynamic prediction. Tellus, 21(6) .
739-759

Hamill T M, Colucci SJ. 1997. Verification of eta-RSM short-range
ensemble forecasts. Mon Wea Rev, 125.1312-1327

Krishnamurti T N, Krishtawal C M, LaRow T E, et al. 1999. Im-
proved weather and seasonal climate forecasts from multi-model
super-ensemble. Science, 285: 1548-1550

Krishnamurti T N, Rajendran K, et al. 2003. Improved skill for the
anomaly correlation of geopotential heights at 500 hPa. Mon
Wea Rev, 131:1082-1102

Krishnamurti T N, Surendran S, et al. 2001. Real-time multianaly-
sis-multimodel superensemble forecasts of precipitation using
TRMM and SSM/I products. Mon Wea Rev, 129. 2861-2883

Kumar T S V V, Krishnamurti T N. 2003. Multimodel super-en-
semble forecasting of tropical cyclones in the Pacific. Mon Wea
Rev, 131.:574-583

Lorenz E N. 1965. A study of the predictability of a 28-variable at-
mospheric model. Tellus, 17(3): 321-333

Mutemi J N, et al. 2007. Multi-model based super-ensemble fore-
casts for short and medium range NWP over various regions of
Africa. Meteor Atmos Phys, 95 87-113

Ross R S, Krishnamurti T N. 2005. Reduction of forecast error for
global numerical weather prediction by the Florida State Univer-
sity (FSU) super-ensemble. Meteor Atmos Phys, 88:215-235

Leith C E. 1974. Theoretical skill monte carlo forecasts. Mon Wea

Rev, 102:409-418



