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Abstract Initial perturbations scheme is one of the important problems in the ensemble prediction. In this paper, an ensemble
initial perturbations scheme for GRAPES is developed in terms of the ensemble transform Kalman filter (ETKF) method, and
a new GRAPES global ensemble prediction system (GEPS) is constructed. The spherical simplex 14-member ensemble predic-
tion experiments, using the simulated observation network and error characteristics of simulated observations and innovation-based in-
flation, are carried out over almost two months. The structural characters, perturbation amplitudes, and growth characters of the ET-
KF initial perturbations are investigated, and the qualities and abilities for the ensemble initial perturbations are analyzed.

The preliminary experimental results indicate that the ETKF-based GRAPES ensemble initial perturbations could identify
main normal structures of analysis error variance and reflect on the perturbation amplitudes. The initial perturbations and the
spread are reasonable. The initial perturbation variance, which is equaled approximately to the forecast error variance, is found
to respond to temporal changes in the observational spatial variations in simulated observational network density. The perturba-
tions generated through the simplex method are also shown to exhibitvery high degree of consistency between initial analysis
and short-range forecast perturbations. The appropriate growth and spread of ensemble perturbations can be maintained in 96 h
lead time. The statistical results for 52 d ensemble forecasts show that the forecast scores of ensemble average for the Northern
Hemisphere is higher than that of the control forecast. Potential additional benefits of the ETKF-based initial scheme when using more
ensemble members, a real-time observational network and a more appropriate inflation factor will be explored in future.

Key words GRAPES, Ensemble transform Kalman filter (ETKF), Initial perturbation, Ensemble prediction

B OB MR EREESIRM TN ORI —. SOPRIE R E R TES FR2LHR(ETKD Mg ME S

BRI J5 5 R RS FOL L 2R 8 % JFG R R pt WL R 22 S5 K IR T O 52 L IS R R T B % [l GRAPES i‘ﬂiﬁf%&%éulﬂ@%ﬁ
IR LS 5 % L T GRAPES £ BRER TR ARG . AT 14 ANES A HEAT T A A 484 BUROKE SR 05 7000
Y3 A5 H AL L B IR 0 DL A S IR 0 TR S LS i S R S R RE . WP iR AR KWL & T ETKTE 41ih
877 1) GRAPES 28R4 & 1) 46 DIt 3l RE 0% U S W A7 1% 22 07 22 1) 2 B RS S5 M A Sl IR iR . OF A LB B R 5
BBURE . 23 B iR 22 U 22 RE A5 Y 0 3t 5 R A FUUUR I k) A 2 [B] 23 AR 45 AL . 90 80 B0 B 5 22 30 400 4 T BUIRR 22 U5 22 L O 0 A koL

x WEHDIRE . EE A REFE 4T H (40675064 ,40518001 F1 40675062) 5 H [ K 52 Jay AR Tl 402 45 2 0 397 5kt 0 A 4> Bkl 55 W2 R Ak 2R 4
I R AR
3 T8« S AR, 32 22 DA = B0 T4 92k IR Ak 5 45 5 TR PR IE 7 A P58 . E-mail: xlinma@cams. cma. gov. cn



HpJH AR . GRAPES @ BRAE & BRI 4R & F K 2 AL A 06 8 30 O 01 2 0T 58 527

I AR e 1 =S 1R 22 A0 B R B IR B . RS PR Sh B & I8 Y3 1A 78 96 b i TUH I 280N T LA 00t R 4508 25 09 46 5 B UK
52 d BB BURGETT 73 B R o AU BRAE G S 39 1 BT 3T 20 A X 42 o T 40 LA 050 1T S ) 25 o R g T AR A1 2 1 1 4
FR L R W] GRAPES 42 BRI A5 TR AL A W TR 80 BA AR B RO . 56 T ETKE WA 930 Jr 219 GRAPES A BRAR

A R AR GE TR R Y A J i AR T

X##iEA GRAPES. & K/RKEZM(ETKE) . MG 30, £ 4 Bl

hEEDEE P456.7

L5 F

B R A 2l TR e 22 SRR 25 DL R R
OB HEE 2 L 25 JF 2t R s 3l iy B — i i
PR R — W R . B Leith(1974) £2 i 4
& TR R 0% D503 Tl 150 75 )5+ 4 5 TR 90 4R 18 3l 1Y
WA 3] 1 PREUR JE S T 3 T B X 0 B iR 22 AR
RO A1 1) Monte Carlo [ #1435 22 ( Holling-
sworth,1980) 5 i 8] i J5 “F ¥ & (Hoffman, et al,
1983) 45 5 %8 . TERUME P 15 22 70t i) BE Atk | 56 [
[ K A% W4 o0 (NCEP) 48 i1 1 B 8 g 2 2
FR R A B 12: (BGVD 1t 3 Jr 58 LA S et i 4%
BB AE L 8 7 % (Toth, et al,1993;1997) , 3@ i
H Gy AT 0% 2545 B X E 1 ) Jh B0 2l 5 U AR 1R 25
K B PRBLAS 1Y AF 5 1) i 3% (SVs, Buizza, et al,
1995 ; Molteni, et al, 1996) 7E RK ¥ A7 ] FE KR i 4R
Ht (ECWME) 45 2 8 AWF 5T - I 78 B AR L 55 Hh X
7T, W 3 75 % (Houtekamer, et al,
1996 ; Houtekamer, et al, 1998) ¥4 & i £ & #7 1A 3t
BJ A1 BE 6% 3 4T 1 S B 43 BT AS 1 28 1 (Buizza, et al,
2005), PEBEZF MG IT R T RS BRI T
VB I HUAS 1 — 28 NS Ay R (JET I, 19995 2%
PEREAF 20025 124 HEAF 20025 BRERAE,2003) o SRR}
ZE(20040) I HT MMS A FR DX s = iy 49 9 4 5 44 it
J5 5 Bk e AR ER X R R B R R A
TEWEFE TR G W AT AT M. BT [ R R A R
EM BT RARG . BRih % (2005) 2 T —F HAG
H R B Iz SRR Y AR BRI IR L BB Or R —— = )
WS GZOTE T R WIME sh s B A S B R
JEFR A5 1 BEAS S WXt It B0 DX 35 1) X 3 AN B
PR S A B A P 5 4R T4 2 2R 0 5 o A B A B
Wk, HJE.BGM 5 SVs Jy vk %t i # il 5 40 B
A Wl 8 AR SR B — & 1Y R BR (Wed, et al,
2003) , T 57 4 BRAGE 285 s AN AE v RUBE R LR GE R
FEPIUG TRAF RO . G 5 5 TR 90 4R 30 7

LA T EIRABIE
GRS 5 FE M A H 2 7 AR BANAE 6
R S WIE 45 4 6 B0 30 s J7 22 AE % 5T o o b
FORPIIR BT 200 4y AT iR 22 W 7 25 . Rk, WG 4 B
TR IR 25 450 5 40 Bl U R R 4R TR 16 4 3 it
FERI P REO E, R 25 B R S e T o M iR 22 AE
AH 7S B] 43 A0 AR o 100 20 4 g D44 B T 43 B iR 22
(9 R/ IN VL 224 55 R 7 1 4 158 2 A 24 ) B A, L 4 5
i) T 40 S A B B . BGM 6% — Ao & Y
P HLA) b e sl K BB S 0L 00 2% 55 5 K5 B 114 45 [
AR AR R 43 BT 4 Bl 4 52 W o i S e St AS ) G /N 1
PR 2 05 22 W PR AE AT . Hamill 5§ (2000) #F —
A4 1 BGM Bk gy 58 v R T X80 45 A F- C(res-
caling) AJ 5| AR Y HE 1R AR 6 s MO M i . ORI
P2 7 48 BAR AT DLW SOU {5 2, (H 2 L T 4 A
I 3 Bt A B QAR 4 BF i) 1) JE K 75 ) s AR A O
/e RIEESFI/R 24 H (ETKE) #i8 (Bishop,
et al,2001) & JE1fi sk ETKF ¥ 443t 3 77 € (Wang.
et al,2003) , F] 4 5 F 25 [A] 24 52 11 742 46 5 B4R 4 1
A 3N A2y 5 R IR g U AR 25 U O 2 TR R T R —
TS A SR AN T BGM 7 R A -G - il
H ETKF 77 &3t 8 & 4E % /. Bishop 45 (2003) 7
XFEAH R G WEIE e L H T R DR 2 T R
iR AL % )7 A ETKFE %1 46 3t 3h oy 28 % et W%k
) A6 5 8 1) T4 5 43 A iR 25 B O 25 R A% 47 3T 0
B R A 34 o DA X 9T 4R 5 4 BT 58 2 B 5 2 R A i W
WBALT BGM %4 )7 %, Wang %5 (2003) % BGM
5 ETKF 4677 1 345 R & B ETKFE J5 i %)
T 5 43 B i 22 J7 22 B Ak T LG AT T S v
A 0 IR P 3 O R I 9 AN R AR
ML GRAPES 2 BREE M REM LR &I
BETE A% AR A TR G B 27 [ 1 F 5% A gl ok R
JFE . A CHE ETKFE 9164t 3 77 28 0 58 i B il |
WA #r T GRAPES @ BREE G Wi R 5 3 X ¥ b
Yooh 45 ¥ 5 3 oh 38 KRR AE DL AR AR S kAT T



528

#r.
EiRIR 2GR RIS Tk

4 FRIRE I (ETKE) fie 4] /& 3 R /K 2k
e BV 2R J 1) — b 3 0 1 UL BF 5 5 R R T
2 5 73 b % 22 b Oy 22 46 B T AR & 40 3 AT L3RR
K AT AT DA 8 4R S ) i 3l . ETKE W16 4 3h
T ATk R T BGM B i) —Fh 97 i I s ik
T%T7 G o3 iR 22 07 22 [ AN 78l FLA sl e DL AR
FRIESPEMA R . i TR 25 0 58 22 S W g
HEBA 25 7 » TS 21 B9 73 A7 0% 22 P J7 22 AN W] RE 5
ARG NI A X ERFE S ETKE J& — IR (su-
boptimal) ) - /K £ 3§ i J5 5 (Daley, 1991) . #IX%f
Ho 3 THRA MR /R 280 ETKE /9 74 1% 22 U
T3 28 & 1A T o0 B 02 22 U J5 22 OF AN B8
EAFHRE.

TR Wil 2 X" 5 X 43 50 S A A T4
il AR ) AR A 3 5 3 T A B X = () — g0 2
— bk =25 X = (2t — b sy — b
Horp zi 5xiG=1,2-K) 3 5l%m K AN %EA K5
SORE ST T/ ) R DR NN (1 = N T o B
2, R T4 5 19 23 B A IR B 7 2 M ROR &

P

Do

WA

’T?(*I(a)) )

TEWE s ] AR
szzf.(zf)'l‘ (1)
P =7« )" (2)

XHE P Y POy R RN A TR S TR 22 U Oy
ZHME, b T RRHEHERE, L 20 = X'/
VK—1.,2"=X"/ VK—1.K NEGHEE. X
TN —HES WM 28 5 R 28R
22t 7 2T AR
P =P —P'H (HP'H" + R) 'HP' 3)
A LR g AT sh 2. 7 RE (D) R R R IR
ZEVI T ZEHE I H R K TR AR s (B 5 A 21 0 00 3%
SR PEAL R WIN T . ETKE ¥ 4R35 3h 28 2 hy
Sy M Sl AT AR R
=77 )
Horp T S WA 6 2 A2 4k ek Bl i 4
(] F) A8 B B . KX (D5 (O ARy B2 (3) . AT L
SR AR B T A
T=CTI+D" (5)
Hh R € 193 1 o (ZOTH' R HZ' 1 $54E 7]
L AR R IEE R X AR E T IAEETHE . hF

Acta Meteorologica Sinica K%k 2008,66(4)

(Z)"H'R "HZ' &S0 FRAL I e iE (B 0y S8 HLR
fE M A HIESS . ETKE H1G 48 3h 77 2877 46 1 43 B
P 7E A A I = o] BT IR R B — A E
JE k. FETTRE ) R d T AR AE WL T H S 0
BRZE R IC R - R 22 J7 22 14 0 2 BitUL 0 % 2 5
i BE 1 23 18] 23 A i A2 AL o PR A8 B A0 B Rk ] 4k D7
Frh T E ) — AL A B R BRI S X
A BIP7 2 HE  25 T B S TR R 22 P 5 22 A PN
ARHI Sy M sl X° 1 B T 22 B A S T LS
14 73 BT 1% 22 U 07 22 40

AR TR AR A5 P 3 2 18] 56 T 4R 4 1 2 (ol 9 il

AR BA b AL L B sz = 0.0 (HIFAREH

TR M e 8l o BA7 h oAk 1k Zz #0.0), N

T BERE AR 20 R 25 U T3 22 AN [R) I 3L RE A £ 3
Bt 3l b0 Al A SCR AT BR T BB bl 4k 7 &
(Wang, et al, 2004), 57 F& (4) 25 Ky
zZr=7'T.C" (6)
Hrp " X GO C W ERME, Zhofl
T3 S AL A AE T 25 4 G B 5 RO X g 2D I A A
O G 1B 5 P03 B8 6 B 4 M DR 3500 LA P 3 Y e A
Ja M
PR IR S A B B R T ARG
R R T HLBA 2 IR AR R 25 L IR T A (2) R
H PR 1% 25 5 28 SR A 0 B T8 W a0 BT iR 22 5 25/
FAEBR TR 25, R Tk AR [a) L SR R
T 77 (inflation factor, Wang,et al, 2003) LI 5k
BRI 23 (] 42 3Kk 12 h fid 85 Oy 2 5 2Bk
il PR % 22 77 22 PR — B0 IR ED
Z: = 7T, - Cf « IT, 7
XHTL gt GG=1,2+ . RN ARG RN 20D 1) 2] 1)
PrEORE T 8 X
I =M wWe = Vaa - a (8

HP S o = (3?3,‘*]\])/2/\; s d; e B ZI0
B9 WL 0 2 ) A A€ = 99T 4k (B =2 22 BRIV J, 1] £ Cin-
novation) , K &AM 1 A X G T
XS TG ER N A RO RSB0, (B A5 T8 2 Y
2RO F G AWM SEL o & 7E TR 22 5 W 3=
ZETCRBE 5T X 2RI R R AES i X
FESIRRAECR . M 12 h EF BT 2 5 EH



JEARSE . GRAPES xR & HUR A 4R & R /R

P

PR R 22 J5 25 AN AR AF I i B 3 S8 o XTI
277 22 AT IR IE P AR LU AR S A P Bl U7 22 S Pl
TR R 22 J7 25 A6 42 RO 23 (8] H R 45— 2L

ETKF 41464t 8 77 3 )AL 5860 £ 5L K
R 22 B 5 22 TR J5 RN 4R G P S S AT e e O
L ES/ R=I PN NS VAN VT s DU R A S S b s I
oA R H R Z I8 1 5% 2R 0 T K B A T 220
U/ o T A X /0N 14 2 5 T 22 R R O R U A
W, ETKE 845 01 4a 30 3h 75 58 A Zob sk 72 7 BGM
A P TR 22 7 22 R T i Z 08 LI £ JEL 4 W R TR
18 R AN 8 A T A B xE AR L 2 1] ) A 1% 22
U7 2 1ESS Y BRF

3 HLAVHRIAR B E

3.1 HEI A
Sy T4 ) 724 G T AR SR 20 7% o L
FA G0 10 7 (6] A 4B DR 5 AN AZ L 5 2R i 1k i A 41

AR AR L B O S5 529

W Z& et 58 ETKE ) 46 40 3 J7 58 59 %808 K 08
Xof P FR 15 22 D A0 B I 1 o AR R AR DU R AN A
£ 850,500 5 200 hPa 3 NNJZREINIG u.v 5IRE
T 34258 ,8 00:00 5 12:00 UTC B4 ¥R . 7K
V- HEAR O 0. 56257 (10 55 T213 43 #r 37 K ~F- N 4
F|4xEk 5186 A~ WL 3k w5 CIEL 1) A SRy B 40045 2 XL
OB, EARIX TR S 5 S BRI BB — B H 2
FEARF X ETKE )46 8 3l 77 48 $(e i 5 45 8 1
W9, Tk g5 T213 2343 C A& KWl 3% 19 3
125 25 43 52 BRI B A 45 B it ETKE
05 58 hOULIN 58 2 (B /N Tl 55 = 472 43 B Rk Rl Ak v i
E LI 45 255 5 LB ORI 152 25 AN R O, 45 UL )
R 2ZE W T ZEHFE R S Xf M AR B
3.2 MB/MHBIEIE

50K F§ GRAPES 4 BREU(E Wi A5 20 5 = 4k
oy ORHRAE R 4, PR X 5 B oRHR] Ak & 48 1 K
A [A] g BEAR O 17X T 1) 3 o 31 2 I

90°N

90°S T

Fig. 1 The network of observation stations (black dots) used in simulation
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spread (unit: J/kg) of ensemble analysis perturbations
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All the values are averaged over 52 d. (a. meridional distribution; b. vertical distribution)
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Fig. 4 The time-averaged eigenvalue distributions along different eigen-directions of

covariance matrices in the normalized observational space (a. Analysis; b. 12-h forecast)
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