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Choice of Ensemble Members for Ensemble Optimal Interpolation

YAN Changxiang and ZHU Jiang

Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029

Abstract The back error covariance controls the magnitude and structure of adjustment to the observations.
Therefore, it plays a very important role in the quality of the assimilation. For the ensemble-based data assimilation
methods, the ensemble determines the distribution of the background error covariance. This study investigates the
impacts of choice and update of static ensemble for Ensemble Optimal Interpolation (EnOI) on the structure of the
back-error covariance based on the long-time HYCOM model integration. The result shows that the static ensemble
consisting of original model states amplify the ensemble correlation. The ensemble estimated from the model anoma-
lies obtained by subduction of seasonal signals may reflect a reasonable distribution of the back errors. In the region
dominated by the monsoon, the ensemble with season changes describes the flow-dependence of back-error cova-
riance better than the static ensemble. A series of experiments are carried out to validate the effects of different en-
sembles on the assimilation.
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R EEE 2009 - 11 - 18 s, 2010 - 12 - 20 I EMEE R

BEMB  hEP BT R0 H KZCX2-YW-143, [ 5¢ 5 5 A6 6l BF 58 & J 1) 2010CB950401, [ 5K [ SR} 2 3k 42 9F B 91 H
40606008, 40437017, 40221503, 40776011

EEEN FRE. 2o 1976 4F Mg, BINER, EEAFEEEFORELNTTL. E-mail: yexlasg@mail. iap. ac. en



4 3 EHC A G IR (B P A R IR
No. 4 YAN Changxiang, et al. Choice of Ensemble Members for Ensemble Optimal Interpolation 453

G WAL T i—4E 4G Kalman JEJ% (En-
semble Kalman Filter, & #% EnKF) & %] 52 H
Evensen (1994) #l# Epstein (1969) 4k %
ZEGET TR W BEAL 3 ) R e A i, At A
R 52 R R 2 I I A S TR O v R A
HHHRIR2ZE P 22 A 2. B4 T Kalman
DEP NS B OO0 AL, O SR VT 22 2 i
— A R PR S R AN, AT AT B A K
B SN S g 1IN TR AR A Y I = S = 3 2o v )
WiRiRZS . EnKF 48& T Kalman JE9% 918
B, R TP Kalman 383 7 M & FIEUE A Fa
EREL, &) Z N T R ER U5
(Houtekamer and Mitchell, 1998; Hamill and
Snyder, 2000; Haugen and Evensen, 2002; Ke-
ppenne and Rienecker, 2003; Dowell et al.,
2004; Leeuwenburgh, 2005),

HT EnKF (48, Evensen (2003) £#H 7T
— WAL A AT A R E
(EnOD, BEEFMH—HARY., SRS
FEAREG ARG T IR E N I 22, WREZI 75 5
WREPFAKAE . 5 EnKF {1 52 it 75 5 3 1) 2 4
FEAMN, EnOl RFFisfT— AR, XFETEHHA
PR TR, EnOl Zigit/NF EnKF, ¥ 5 F
BT RS S5 L F5E (Oke et al. , 2005;
Bertino and Lisater, 2008),

T o iR 22 P 7 22 0 e 2 s Tl A ot e ) G B
WERZ—, FrAE SR ERB T 51 2815
WoNEE, XM FEGFEITENS, HERIRE
s 22— A BRFEA G oRA . T A
AR BRIE, IRk — SRR 2% . Evensen
and Van Leeuwen (1996) 5 AR &= LD,
25 B W B 1 [A) 8, Natvik and Evensen
(2003) YA T REA B RS [RIAE RS2, 4 H
DT 60 IREASE G R R LA PERE . Houteka-
mer and Mitchell (1998) #5 H X5 & A B 51 %L
& 100 I A4 ] DL B %50 v B b 41 348 JRy 3 4% 1a] [] 1
RHUEAHICEE M . AR A REA 2R 7 A2 i s
SR ZE M UER BE . X T EnKFE, WG FEA S Gl
e R 3 B INTE R — 45 e R AR A TR ik

(9o B Hh RUBE R AT rh O i T 1 T S o ik
KRR TR PG R, BERRTHE
TR AR By, 33X o Iy 12 7R B 28 X I K
T AW B4 E IR E 7 (Buizza and Palmer,
1995; Molteni et al., 1996; Leutbecher, 2005;
Leutbecher and Palmer, 2008) ., 3% E ¥ 1R &
L (NCEP) R H T bred [n] & 3 2k 7= 4 4 3h
(Toth and Kalnay, 1993), Evensen (2003) FlI
Wan et al. (2008) R H] T f# BLH- A2 4k A= AR 2
IXEAE IR AS 7 VEAOR B REA I TS ik, 3T
flh HRetE i G, i HAPAE 25 R &2 B or 2 1)
M. T EnOl Jy ¥ 78 113875 5K J7 i EL 348 5
Bo SIS A TR, 7RI SCE LR AT 24T
XF EnOT [alfk 75 1 R 50 R A 1 358 O 75 5t 1
22T 223 AT sE I, DR BUGPRAS RE AR S G
LS o

2 BSER

EnOT 2 F| F— 41 ANBERT (8] 28 16 1 i S A AR 4R
BRI RIRED T EFR . FEALES PR
HE R E ZER R AL, ARG 2
PR PRS0/ 6 1Y ST A IR A5 A I 1 b A o B
RIAL 72 5 1 B 2 S e 1) 2 O 722 i 51
BIERPROL . 33X — 5 FeA T FZDHE B T AN 7] 22
ARSI A S G0 T 20 8 R 22 U 7 22451
I

T HRAEFEAIE, FRATA PR & 2 B AR bR
R HYCOM (Bleck, 2002) 7FE[EE ¥ AP K
R HEAT TR E B AR, BEOKE g B R
1/4°, FEH 22 N E. HYCOM i PEwi 2 il
PR A B AR R, (Bleck and Smith, 1990) %
TR, 2 3 Fhal FLIR & AL PR A L, 7R R TR
(S5 B T AR bR . ESS RS IR B R RN =
ARRR . FEIRK IXCR 2 U HIE i AL AR . 3 TR
%K HKE KPP (K-Profile Parameteriza-
tion) (Large et al. , 1994), #MHuRIEIZ B KM
i (ECMWE) 6 /N — U il R EE 18
JERIXY 7o AZAELL 30 KB4 B 1) )RS Pk &2 3]
AMEAS . FETRGR, AR T WA Jr 20Ok
PATEASFEA: 5 —Fpig M 20 4£ (1986 ~ 2005
) 1 HYCOM #5023 8fls i i BT 60 4>



<5 R

454 Climatic and Environmental Research

BOMF R® 16 &
Vol. 16

FEAS, 60 PNFEASZ N ERAE 4 A FEPLEEER 3
AN PRIE TREARE ST DA & S
A 8RR M 20 4F (1986~2005 4F) [y HY-
COM #5520 H FE P HE H LA R i e By Qi B T
60 MFEAS . T H BB 2R 1T R AR E
BTN AR . 3 PR AS AR A 1 A K X el 2
it — 2R AAFHE, kA AR
B FEARGEA JE B8R 515 22 1 It A 1 2
BIAEAR L A W — A FEA B, TR 22 P Iy
ZERBLA I — ARG OC R, it AFRAT Tt LA 26 IR
JEE PRV AR A DG A R o] A 3k R R R AR B 5 T i L 1)
5 SR ZE AT RHIE .

BT 25 0 T PR REAS () 258 RO R OGP 1 52
M), ARBER . S — b P 2 O 3 0 A G E
K, H O (1.5°S, 42.5°E) B F AN AL
i b HOAH SR I X Sy i 4R HR A i L
RS — PR A A AMB K N AT SR A E KT
0. 95 (IAHE KR, T4 0 A B B0k FF 18 i kL
ARG BIAH S L PR A Al - AT
A P SR L T2 H ) U R A

2 25 0 R PR Il B A R (27PN,
127°E) MREAAHI /3 A, 7RI R B i i 3 32 %2
SEBCRAYARIC ) R, A AT R IR, 5
— PP A5 B B REAS BR T AE I IR A O = A
FE T E T PR U 0 1 3843 10 5% S AP e B R
RV RR FHRRE r=>0.95), XFAHIEK
RBIRIEAIETRN, X B R X PP 7 2 2 ok —
SO ARAR G . B R VR R B A R AR A Ok 3R
SETERU [, AW A R T A 56 43 A Bl 5 B
AL IR

SRR RIS AR AR S S R T A,
TE R D F AR R Y i T SR 2 T 2
St JRR AT R A — A R AR AN R A
AR AR RS . WA BIBR T AR L,
TR AR KR LR, — Ok, %S
RIS AR, K BH R S 22 0 L I 2 R A A A A A
1] 3% I B S5 552 W 2658 A 174) 0 5 ek B o 2 Xt
SEIHARRU A Bl 3 T 2 DX P T R IR
T AR LA B — 3, AT 30T A e
K DR a2 i 55— 2 v RUBE T HE /NG 4 P
MG, LA R AL G N BRAR 47 b 52 B =K Y
WA . B TR AR i i R ZE T AR Ak

GEH T R XN B —2E I, RE LA G B S
T SR 2 A M BRI 00 A

REAS A 1B U R 1 5 5% 5% 22 B 5 22 19 23 A
e S R A . O T 2P
BREARNS A B, et 1 A, & 3
2ot T A SRR AR AN H B AEAS B 7 AR 1 TR A K
Ao ATRIA . LI E T 5 00 i AR 1 X S
O T S SRR AR I P AR A R S s
i TR (WLIE 2) 3 AT 32 DT R A L
0 ) DT AR AT AR T A YRR 9 9 L L
B i LR A B R AR St i B 1 ] A P L
UL 2 g o 10 H B RRAS T H S e iy 45 LA
KA AT T[] A UL X T 57 37 04 T R A LA
AL T I 7= A 1 () A2 R LI R DR A

3 BSHEARERR

EnOI f#FSHEA BB 728 RIS A T
R, FEALG AR A, I SO SR
2 BRI —, FOAREAR R T 5 5
WREBETIE 3 A6 HORFAE BT DL R A 15 R A i A
AL TR ), 8 R T AN Bl (] 4B b, SR T A
ST KRG, WSR2 ERE W, WY
SRS i b=y PNl G A T S w1 i T W2
B e B PR A T 0 B 5 BB LS B b S B R
WM 225 H . T T FRATTEE DA A B R A 4
GroRA A — T R AEATE 2 R SR A TH A 3K

AR JE I B JRE R R 52 2 XU i) LU 38R 1Y) T
X, fE 0 X, F AT HYCOM #i X 20 4
(1986~2005 4F) K kB T 60 4> H F-3iE
TARSAVE MFESAEA . T Uz 2 XE . Br
DAFRATH AR 4 25 1 AR fL R R BURE AR, RIM 20 4F
RIS BT T 60 MREA, HMEBEEREA,
[FIFER 203 BIARAT T H 2. KRR ZTRREAR,

Bl 4 25 T SRR A ZRRE AR M B i
FERREENEFE i, T DVE I, &2, AR
PEMHEEAT AR, 5 (2°N, 53°E) i TEIEER
RN, B NI RZ TR A R PE . #SF
AT SR ZETE M 5 A A DG ] H /)N
FHOCHTE R 42 30 DL 28 ) B i R, 5 446 ) 1Y
MIPEE ., ZRHARRIT &R T 20K
TR LSRR BRI £, 5 P4 1) I Y IR L



414 IS D B MAE E AR A IR
No. 4 YAN Changxiang, et al. Choice of Ensemble Members for Ensemble Optimal Interpolation 455

5°N

4°N A

2°N+

r&,
50

0.65 0.70 0.75 0.80 0.85 0.90 0.95

S i <
40°E 42°E 44°E 46°E 48°E 50°E
Im-s”

e
/R PSRN

5°S
40°E 42°E 44°E 46°E 48°E 50°E
Im-s™

045 055 065 075 085 095

K1 BRI (1.5°S, 42.5°E) (DLREMEFERR) RAKRS A MRS ERRZR M (2 HARA A S8R

(b) FEARUA A B

Fig. 1 The correlation sea surface temperature from different ensemble at the point (1. 5°S, 42.5°E) (denoted by a black dot) and the

climatological sea surface current in the summer: (a) Monthly-data-based ensemble; (b) anomaly-data-based ensemble
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Fig. 2 The correlation sea surface temperature from different ensemble at the point (27°N, 127°E) (denoted by a black dot) and the cli-

matological sea surface current in the winter: (a) monthly-data-based ensemble; (b) anomaly-data-based ensemble
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