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Abstract

Optimizing and improving the background error covariance model, which promote the better re-
presentation on flow-dependent uncertain information, are important technology to improve the
precision of medium-range numerical forecast system. A key issue of ensemble four-dimensional
variational data assimilation is the way to estimate and apply flow-dependent background infor-
mation according to its own background error covariance model. In general, some variables can
be divided into balanced and unbalanced parts. The balanced parts are associated with specific
variables under the constraint of balanced relationship. The residual unbalanced parts are inde-
pendent. With the model of numerical weather prediction improving continuously, unbalanced
variances play more and more important roles in the total variance. In this paper, we briefly in-
troduced the background error covariance model of YH4DVAR and Ensemble Four-dimensional
Variational Data Assimilation system, and the balanced operators are analyzed specifically. The
flow-dependent unbalanced variances are estimated successfully for divergence, temperature and
surface pressure by an ensemble method. Finally, some calibration and filtering technologies are
imposed on unbalanced variances to reduce the sampling noises.
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1. 518

FIFH BOREEIA B 75 52 BOULIN 55 kA 28005 B SO B E TR AT a3k 1T B = BUE Tl K7 —
ANHEBEFE[L]. EBFEAT, FORNFE RGN TR 55 BT &, NEE RS TR R
SRR SRR SRR TIHE2], w72 E G FORZ 7 25 B MIMINR Z W7 Z 5 R. 7K
WEE SR ZE BN B M2 BORHFL ISR S R 3 2 —[3], A HlTH B FEFE R Z5 1) 2 1
5] 46 23 AT RO B TR K I SE A AT $E (4] & SR Z W7 Z Ak 1774546 NMC (National Meteorology
Center) /77%[5] Monte Carlo J77%[6] VA 2 £E & % L FI{K(EDA, Ensemble Data Assimilation)/572:[7] [8] [9]
[10]55. HHEA IS & FEMENE SR Z D T ZH 0 B, 1E8 B MM HE M — DM EA ML), X
B Rt M AGE 5, HJCIE R BCR SR 2 AR [12] . N T SR 20 7 ZHBE B B A AR
(flow-dependent) P4 51 (RN B % ) WL R SR AHIEAR), KA EDA 7B Tkt

445 DY 475 43 %2k} E] 4k (Ensemble Four-Dimensional Variational Data Assimilation, En4DVAR) [13]
[14] [15] [16] [17]RELE AR 43 F FHAS 43 R4 I vE AR S I BR Al b, Aok MR OO SR 2 0 05 22, Rk
GERHEAL S SR ZE W 7 ZE PR A AN AR 0 ) — Rl RUE R . RS FNRSA T, —Re
o3BT AR B R 43 5 VA AR A DG (ST A R R A AR Ay . 6 TP Ay, RO A BEIE 2
RGN FH A — AR & OS5 8 P4 20 TR SC R RS AL #E B AR AR & . Wl ECMWF
(European Centre For Medium Range Weather Forecasts, ¥ A # 2%  FUdi 0o 38 3k B8 37 i 55 FAD 908 A4 At
WRiRZE, FIANFMKBIEE . ECMWF B.7F Cycle37R2 AR AS(2011.5)K F EDA J5 ittt g« R
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BRI s 22 7 22 [18], BT T My N PRI E B A% 78 B0 . IR B A i
A 4 T 53 (s, (T, Ps)s), GRAPES-4DVAR [19] [20] [21] R FH ¥ R iV S P 28 e o F3EF
MR oy, BT A 5 HAR AR FE 0O, 7R AL TE H H A B A AR A AR A R AR SR 2R R
W 2 2 [22] [23]1# ] WRFDA (Weather Research and Forecasting Data Assimilation) [24] [25] [26]i& i
Gy BT AR AR B (R | R AR A AR R, AU RORZE W T 22 BORHAE LR ROR ZE T ZE X B K
7 A0 T TR 1) 50

CAEUT ALY, BEEENAD PRI H =T, A7 ZE a7 2 E S B N[27] [28]. Fitk
QAT R0 S P R R 0 AR P A 007 22, SEILE R AR SR ZE N T 2, SHEFHRAKHY 572
15 SRR BA -+ 4> B e e

2. KW
21 BRIRENHTERE

YHADVAR [29] [30]/2 3 B TR 2R IU4EA 73 BRI R GE, A8 2R T BRI /N 1 5k 22
o7 ZRER 8] [31] [32]. FEAEArBERMEALH, N 1Tt KARGHPIRS, FEIFREGER - PrinfisH
FriZ B /M . 3BDVAR (Three-Dimensional Variational Data Assimilation, =#E35 > %k} F1k) [5] [33] [34]
[35] [36] [37]H) H ARz BRI T«

J(X)=J,+J, =%(x—xb )T B’l(x—xb)+%(y— Hx)T R (y-Hx) (1)
Forb xo N R, x AR, B AW FREN T ZHME, y 20l E, HMMET, R AR
ZEV T ZE R
i P 4% ) A AR 7 [38], BIANET L, B x by, HTF LWL LL =B, Mt B (g U
g%t L E Lo W H FRZ 8RS 55 A
1 T 4 1 T o
300 = 2 (6, ) B (x-x,) = H(L1) B2 (L)
)
1 gy, L ot T\ :lT
-S1'L'B Lx_le_(LL) Li=>1'

ERTRREQ BUE @) R RIESEP) LEE@Q), MFANEARATE., WEHM A TR E
SAAFAEARP I, BB TN U AR P47 5% R BE RS W NPT ORI AP A5 00, B2 ST
A, RSB E g, (T, ps), @) FEAEERIZEE (S 7y, (T, Pu G) -

¥ L R AT TR
L = KBY? ©))
H K 2GR B AN R B P8 T SR RE BY? AR P B SR 2 h 7 5[5 B,
(PR, B
B,“Bi’ =B, @)

G EX T K AR AR B SR E Y T M By AT RIGAEE, WBUE By 2 MR
FAERE, AR (AR RNE . By HIFERE AN

ci) o 0 0
0 C(n) 0 0
Bu=l o 0 C(T,p), O ©)
0 0 0 c(q)
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Hrp “Cy R NMERANT ZH . SIAKT N M. P, &R 5ATHE 2 FIXERA:

n=M¢+n, ©)
(T.p)=NS+Pn, +(T,p,),
HAo e “u” R EIEFAE S . RIERRQ.4)M(2.5)452 K FI5EMEEN:
I 0 0 O
M I 0O
K=
N P I O
0 0 0 1 %
AT R IREN T ER RN
C(¢) C(¢)MT C(&NT 0
B=LLV=K&KT=IMC@) MC(¢£)MT +C(7,) MC(¢)NT +C(, )P 0 @)
NC({) NC({)MT—FPC(%) NC({)NT+PC(77U)PT+C(T,pS) 0
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C=S"V"2STEDE"S VY% (9)
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SRR p s TR P 22 VA — b T A9 R T A s ) e W 2 e R A S P K 7 A
HF My N XTI KPP 4 57 R 3 BP0 51 1A o e«

M = MH 0
{NzNH (10)

Horp HEE A BE K E T, VR IRE 1 RN A& Py, Py MR, € SUN[6] [27]:
R, (n,m)= A (n,m)¢(n,m+1)+ B, (n,m)¢ (n,m-1) (11)
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Figure 1. Ensemble four-dimensional variational data assimilation system
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Horbn JVEBEL m NS RBEL fr fo & H KK R 8. H o KT 57 B S BRI _E R e
2 T i 55 T A R 5 A A a] b 3, S ABE LR EEAR AL . My N ORI P 57 B ARIR I 450 . BRext A
— AN RN A A B, ZHERE S B n A%, My NS PAEREL By B FEFER T NMC 8L
FETHEEAFE] . NMC 5k A2 A8 AR R B Z0AS [R PR N 28 T 4 2 18] i) 22 7 e AR 2 Al 45 2R . 4R
BINERI G FEARRE ] L2 FEA Z [ [ Z ] LR FEA SRR G TR Z m 1 2.

2.2. FFEMBENR KB RGAE

KA TR 73 SR R RS B A T SRR SR 2 7 ZIE AR, REAEMILIE 1.

B 1A T EA UL R AL R4 . fE EDA T3, SR 5. Wil
SST (Sea Surface Temperature, ¥R HIRE), SR, SRS BRE/(BNITIRE. £ 5%
JE A BT R o, SRR T 2 423 T 78 RUOBE R BE AN 7 ZE R0k ) 43 5) EDA U7 % . £ ADVAR fEIR I,
M “T5ZE R AR I FE A Y EDA U7 E ST SO E, 5300, Sl THkoD RS 2 TR
.

N T RAEAE R A, BaUR 41l FE HF R SPPT (Stochastic Perturbed Parameterized Tendency,
SRR FENLIA) [39107 R SETS RIS . A PETIUT 22 0 807 220802 05 Z WP 7, A
T AP0 ZE A T HE T R BEN LR ZZ T, R T i UERE R [40]:

p(n)= {cos[O.Snwﬂz (12)

e A T £ ] 5 ¥4 1000
2.3. FREW

BT 2.0, 22 TR ERAN G, A BUE R T, EE S ZEIL 137 )2, B L E RS
2, 5137 ENRILZE, 5 114 J2XF N 850 hPa &5 K T -

FRRE T 22 REMS AR BB B IR P 5% 2R S MR O RE FEE 6], 5 25 MR 3% 1) 7 TR 2 e 0 e ol B b s e HE AN
[ 4 3 B v AR I ZE 0 TAR R R ZE Tk AR T 22 EL (U7 Z AR R, Explained Variance
Ratio) [4]&/~ A :

1— Vunbal (13)
\%

total

Ho Vit NETTZE 5 Vnpat AL BRI 2

2 75 TR PRI AT T R T 2 LG, AT o R 2 T ZE 0 AR B I R
R EARETER. £F 1 d, B2 60 UL L, BT ZHEAMET 0.3, M ARERAZE 20 1 0.6;
RT3 80 EMmE, M ZEWENT 0.1. il A ZER P& BRER ZER, SEHERT
iKZE

Kl 3 gy iz ZE 85I — AN, R BRI EE T A B B FE AN T I [A) P Y R BRI TR, W)
LR HES N EEE B, G X 1 3E- PR 2 A A AR BOR . fERE 7 M EHE PR E T, 502 60 (2
100 hPa) i i) xR 25 T I /Z(UTLS, Upper Troposphere Lower Stratosphere), 7& 51 J2 17 /2 (24
JZ 10 %] 20, #1~3 hPa)Ll AT I FZ(B50Z 115 & 137, #9850 hPa Z L) ARG W AKME, JHHLE
B2 R Z 60°S~80°S 1 X I H Bl KB - FEIXLE X3, 4ADVAR H 15T fE— RCFA0i 06 RS B0 B AR &
()R 22 I T8 A R R
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Figure 2. Distribution of the amount of explained variance for temperature stra-
tified according to model levels. The vertical coordinate represents the number
of the levels. The uppermost level of model can be signed as 1, and the lowest
one can be signed as 137
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Figure 3. Vertical profiles of the longitudinally averaged EDA standard deviations of unbalanced temperature. Values are
time averaged over one month (July 2017). Units in Kelvin (temperature)
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Figure 4. Time averaged (July 2017) EDA standard deviation of the unbalanced component of the surface pressure (shaded;
hPa) and mean sea level pressure from ECMWEF operational analysis (black contours; hPa)
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3. &igfnitig
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PR, B EESFEMA AR TR . REMERR A AP IR T 2, AT D REAR ST
ZEAG T FZ M, SRR I 23T TRIEANE R A, 2K IEHER ARG RE, BT R E RS,
REEMERER. TETELELREENT:
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Figure 5. Global distribution unbalanced variance of temperature (level 114, 850 hPa),
2017-07-02 09:00 (UTC)
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Figure 6. Global distribution unbalanced variance of temperature (level 114, 850 hPa, cali-
brated), 2017-07-02 09:00 (UTC)
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Figure 7. Global distribution unbalanced variance of temperature (level 114, 850 hPa, calibrated

and filtered), 2017-07-02 09:00 (UTC)
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