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Abstract Background errors (BEs) for observable quantities are valuable for diagnostic analysis of the response of the data as-
similation system to these observable quantities and play an important role in improving the variational data assimilation sys-
tem. BEs are widely applied to assess impacts of observable quantities on analysis. The condition number of the Hessian matrix
is determined by background errors for observable quantities. observation errors and observation count number. The back-
ground errors of observable quantities can also be used in the procedure of background check in data quality control. However,
the background errors are specified in terms of those quantities that lead to a compact formulation of the background term J, , i.
e. the balanced stream function, unbalanced Exner pressure, velocity potential and specific humidity in GRAPES 3DVar sys-
tem. It is not clear how the magnitudes of these background errors can be compared with various observation errors. The for-
mulations of control variable randomization method in GRAPES are illustrated by applying the observation operators of
GRAPES 3DVar system to a set of random vectors drawn from a population whose probability density function is given by an
assumed background error covariance. This method is applied to estimate the background error for AMSU-A radiance data in
grid-point space. The background error for radiance data is then applied in its quality control scheme. The results of forecast
experiments show that more radiance data are assimilated using the new quality control scheme, which has a positive effect on
geopotential height forecast in both the southern and northern Hemisphere. A statistically significant improvement in the anom-
aly correlation scores for geopotential height simulation in the southern Hemisphere at all forecast time is obtained. More than
0. 2 day of forecast skill of geopotential height at 500 hPa is obtained in southern Hemisphere.

Key words Background error of observable quantity, Brightness temperature, Data quality control, GRAPES-GFS 3DVar

 OE ASUR R TE LN A A BB A B AR R i SR 2l T AL R g ELE B AR W oAy
Ry R A 2R G T BRI S R S TR A AR T RR N R TE R R A A SR R P . 7E GRAPES 4 BR = 4% 43 [l K
(3DVar) ZGEH AL E 1 H AL BT SR 22 PR B4 8 MM AR B 1T iR 22 . O T REB X GRAPES 25k 3DVar #t47

* WEBIRE . A8 25 MEAT L (R8O BHIEE T (GYHY201406011) | [/ 5% [ bR & £ & 1F % 51 (2011DFG23210) , [H K H AR 2# 3L 4w E i |
(41375013),
YE& R4 T4 i 25 20 2 VORI A6 AN S KB D98 . E-mail: wangjc@cma. gov. cn



398

K2 2016,74(3)

Acta Meteorologica Sinica

A TH 12 W7 R 3T 0 TR R R B T SR B s 4R L 4 2t GRAPES 4 BR 3DVar [al b & 48 45 ] 4% 1 b6 #1483 J7 24k
TEWLI AR B9 7 S5 R 22 1 A 20 O A TR EGHE GRAPES 22k 3DVar #2848 T — /4~ ) TH IR mAG 1T AMSU-A 521 75
FORE T T AMSU-A R [R]85 18 i 5 S0iR 22 55 4E 6 % i F GRAPES 43k 3DVar 1y AMSU-A =R M7 st ki &
B, g R AR ALY 3 Oy B A 9 GRAPES 423k 3DVar 64k & 48 AMSU-A S50 193 SR 22 Eaa B,
)AL 0E 20 AR 0 45 SR R W 2R M 15 SURZFE T SR A vh i B B 42 = T GRAPES 4: 3k 3DVar [R] 4k 19 5 i %8k} 19 54
I, BERE T GRAPES BB )2 F & 2 A& B r ik 3275 . 7 GRAPES 428k 3DVar [f]fk 2 45 o 4 S i1 52 B0 Y
1 28 TR B 07 B 2 WA BT GRAPES 423k 3DVar WL %8 kR AL R4 T/ J T A,

KA
HMEESES P435

L5 F

HRIRZEZLAFER ARG T RS
— BN R 22 A AR E 1O B 8 AR X AL
® (Lorenc, 1986; Daley, 1991), £ 4> R 1L & 48
mh LAY S5 25 UL 1R 22 YRS 1 45 0 I A R AR
IR A M 4G S (Lorenc, 1986) ., HLi¥ 5% iR 22 1)
i 2 A8 43 [ Ak R Gt a7 R R I o R e R A —
AT 1 R FHAZ 43 R4k & G2 0 5000 R Rk oo 7
iR 22 AT 5 AR T R & TAE (Rabier, et al,
1998; Wu, et al, 2002; FB# % 4¢,2006a, 2006b;
F 44 ,2014) , # B & ¥ (Innovation method
of Hollingsworth and Lénnberg, fij #f H-L J7#:)
(Hollingsworth, et al, 1986; Xu, et al, 2001) flI
NMC(National Meteorological Center) J7 % (Rabi-
er, et al, 1998; Wu, et al, 2002) Al i+75 Fik 2%
R O . H-L J7 vk GR 4% [A) i il 30 00 I 25 2 A
TR 22 o H Gy 3 v GA A R O D A2 i AE UL 7S ]
FR BT 3 o PRI H-L 07 VA ACRE 748 5 S5 L)
PR B O Il X (3% 28 AR 4§ L 2006a. 2006b) . i
NMC J5 2 RE 5 Al 11 = 4k 1) 87 5% 15 22 1 9 & B0(H K
AR 55 B0 )iz B (Rabier, et al, 1998;
Wu, et al, 2002; F4 8% .2014),

WL 7 B Y R R 22 (T S 158 22 TR WL I 7% o =
() o A 52 ) 78 742 43 BRI A 2 4 /Y 10 4k UL I Bt
BN RS H A R . E S e H RO AR
AT R 2 I R 25 A A T B A O A AN TR
&AWL A% 5 XoF 43 A1 3 B S 0 5 L W] DA G AR Gy
BERHE] A Hh b /Al T 80 118 2% 7550 DT A0 7 A% 7 Ak
(] 90 ) WA BSCHRFAIE » 40 Anderson & (2000) #1] F Ak 11
B TR R T iR B R 2, KB T AR B
V55 by DX B T R 2 R R 3 I v 4 SR AR
e rpL (ECMWE) £ 8 B4l £ 48 (IFS) P 2 22 75 [7]

ML AL e R T 47 R 2% S8 il » B 4 #2 ]  GRAPES £ 3k 3DVar

1 (4DVar) 3 A WS 1 1 5t B s 08 A2 & 1Y
SR 22 0 AT LA H T UL Ok BT A 4R ) b R
7 ¥ 2 ((Jarvinen, et al, 1997; Cardinali, et al,
2003),

A5Gy R Ak FR g8 R DL B 4 ()46 TR UL 1Y
TR AR B U % 8L (Anderson, et al, 1994; Mec-
Nally. et al, 2000) ., {HAEAL 7 AL R G AL 4 E
NMC J5 Ak 59 H b e S 57 500 42 1) A2 i ) 35
SR 28 . 7E GRAPES 42 Bk = 4 /% 43 [ f (3DVar)
s g3 b A B T BRI R B ek B IR T Y Exner X
FEA IR (CFE 4 %, 2014) , 3 H AR & FU A & 55
G AT A R 0 G R SR AR 2 M 1 AR E UL BE 0L I AR
AL 5% 22 M AR G2 P R R DR 22 L g AR LI
PR LT 358 2 1 88 AT O T PRI ME . BE PSR B U7 ik
HIE 3 S T Rr g MR A R S NS E & e
WE A W (Leith, 1974; Toth, et al, 1997) fl4E
A F =k ok A 4 J7 i (Anderson, et al, 1999),
Anderson %5 (20000 42 i T — Fh 5 T 5207 R B R
B 45 il A2 5 B AL 3l £ R (Fisher, et al, 1995) 4%
o3 A7 R B T R UR 22 B AR O LI A A R R 22
FHT Al T2 43 R Ak 28 G2 b B A R 56 R A0 72 £ FDULIY
AR REIR 22, X ML AR O P AR B s k. X
T 7 2 ) T A2 53 [m) A 28 G2 v i I 55 1 K% R4k &R 5
Hh A ol Y A 5 28 AN R RS A R B/ I A8 Bl AR
AR RN 5 Rl R =R
22 FEORE I WL 7% BT R 2 .

TR A R SR L R G — b 2
TR 45 1 75 % . AT DL RO BR R 53 R
R R TR 0K o sl B 3 1 o0 B 3 55 5 AN PR A )
HiE 280 12 I 1 48 FhOUL I ¢ Rk 4 o i 42 il
(Jarvinen, et al, 1997; Bouttier, 2001; Cardinali,
et al, 2003; Bormann, et al, 2013), ¥ 537 k&=
P 1] 1) B A A A S WL B R, S R 2



T4 155 : GRAPES 43k = 448 43 [6] £k v 102 S i ik BE 15 1l

(OMB) Iy 4 % {8 5 15 5 3 1% 25 RO I 52 25 =2
(/o2 + ot ) A HGAE G0 SR 8 3o 2 5 A I8 6 00 S30 R i
BORE . WUTE T 540 A oo A ) v T 4 i L AR
HHRIRE,

GRAPES 425k 3DVar Hi[m] {1 K& i T2 W
D5 b, E N O Bk B IR B 3 CAMSU-A) ¥ R,
GRAPES 48k 3DVar [dl{tk AMSU-A %k % T
a7 Ak 1 15 5 K6 2 o o 4 ) O 22 L b B S R Y
T 515 25 FOUL I 15 22 A [R] 00 a5 22 R AR 7
TR PR A E B S0 0] A, Xl AR 7R T R R
FERRM XK, VF 2 A5 FH I 08I0 B e e S R T .
Ak GRAPES 4Bk 3DVar 13 ok 5. 3 ok %, 3E F
() Exner S DA K U A 75 S 15 25 35 B = B R0
A B FH AR (FE 4 M4 .2014) .

R TIRA G AMSU-A 52 %5 BHE GRAPES
23k 3DVar th g /E H R W 12 W AMSU-A 53 it
R 00 45 2 R iR 25 1 L 5 A B L T 54y
FWH A ST GRAPES 48k 3DVar /¥ & 45
Hh R ) A R B AL B ik 1 2R 3k 2 I SR A ) AR
HEREMLIL 3 7 ik Al i T GRAPES 48k 3DVar 1)
AMSU-A S 75 50w 22 8 W T AMSU-A
SER R T B b R A I O b LU R
GRAPES 45k 3DVar [ 43 #7 45 £ fl GRAPES 4
K [F) AL 31 AR G 1 B 4 2

2 GRAPES 43k 3DVar A ¥ | 28 5 FEHLIL
B ik
GRAPES 4= ¥k 3DVar 3% Ff B &40 ¥ 5 & (%
giagds, 2008; JF G2 4E,2005) , H H br ok B Kk
X H
J(Bx) = %BxTB*IBer

%(HSx + R (Hsx +d) —

Jy (5x) + J,(8x) @b
X B R RRZE D7 25 1 RS2 W 58 22 P Uy
ZEREH M T H IR ER T ox X
7 A 23 A 4 )
Ox = x—ux, (2
Ao, x JE AT AR A, x, T R A,
et 1 1] y RoR R A d
d=y—H(x,) (3

U B 22 JAE IR 5 ) HH A 399

£ GRAPES 78 4y [f] fb ik 8 v 5 W 2 A48 . 23 AT
A 5 28 W B e ) 45 i 48 & . GRAPES 42 2R
3DVar 43 #1 & G ik bR AL SR 7 S0 0, KU 4
50w, 280 43t v DL HTR g VBN EEAR R ARTE
AR R T B AT AR R R R AT AR .
T GRAPES 45k 3DVar i H15 & 73 87 J5 52 R
SCHE TR 2 43 A A8 S ) o
dx = (Jusdv,d1,89) 4
GRAPES 4 ¥k 3DVar 4381 & 4t , vk B 4 2
AR T4 A AR 40 A T I I R B o AR ST Y T A
BRI o AR 1 TC R SR o FEERR g FE 45
w = (8¢ dy»0m,»0q) 5
GRAPES 42k 3DVar (1 H 45 o8 5 (20 (1) X
A3 BT T St O 1) AR /I Ak T R4 2 Ak hy ke 4 ) A% o w
(R A% /N Ak T RHE AT K A . B8 A8 5w 5 R RS T
Ao T 1) B Sx R R AT LR IR A

ox = Uw (6)
A BETHETU WL
B =UU" 7

fEXEOPHETFUNRKRETERREDTZEB N
— RGNTIAL AL FE A AR A AR 4 RN A% R AR
4 FIH Fisher %5 (1995) 4% H (9443t 3DVar &4
HOA RO SR 28 1 5 o AR 4 A8 Y M T

(ww?) = E ®
Hodr, (Y FRRWE L E BRI, )
B =UEU" = U(ww")U" 9

GRAPES 48k 3DVar ¥4 525 8] h A 5010 35

SR 2T 225 B P LUR AT AR T Al
B%ﬁ:%Zﬂhﬂ%m‘ (10)

Hopoe RG2S T w iy K ASBEVLI & AE
J B AL ] 2 1Y) B 0 2R R AR BT B LT R Y
HA 0 HJr 22k 1y mi o EpLE . o7 kAt
%ﬁ%ﬁ%%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ%Wﬁﬁ%ﬁ
I EMEI,

AR (9, (10) il 15

HBH™ ~ HBH' — izK](HUs,)(HUs,)Tul)

Kz‘:l

K (1D ¥ GRAPES 43k 3DVar 4543 [l fk &
Serp IS SR 28y 25 B B AR s (R, B AT L
KRR P Ik EAE T ABER 0 2R 1



400

FLV 2 & B AR i A i ow RS &0, ok TS
1) oF 55 08 A% 5 1) 75 5 iR 22, Hf . GRAPES 4
Bk 3DVar 2G5 T U Fl H ¥ 02 B A7 18 1) L
B, T DERZEYR.H ERERE TN
2Pk F . GRAPES £ 3k 3DVar % H i 2 RT-
TOV9. 0(the Radiative Transfer for TOVS) {1 £k
PERESC . XS T 9 A M 7S OR IR B R CR A TR R
N AEA R K PoE, FOM R B A T A fE 25 R
1/ /2K (Barlow, 1989) . A #ff 5% Al i f FH i £ A<
Ko K =100, HB i K/ R/ V2K =

3 SELmE SIREAM T

K BB GRAPES 43R5 X A 36 8 7 1)
A 60 2. KP4 Prgdd 0.25°% 0. 25°, 3DVar 1%
FH NMC J7 3k 100 245 19 35 57 1% 25 Al 1 (B Rl 26
JE N AR A

AMSU-A 52l 2l KRR R e . 1
GRAPES 43k 3DVar [m] 16 5 4t . A2 46 # ) 1

(2) W
[ 36— T ]
30 \\/\/M

%§§

Height (km)

o
(=}

E

20 —

10 %

Height (km)

o
S
=)
S
W
S
192]
=

O
)
S
Z
=)
S
=
S

K2 2016,74(3)

Acta Meteorologica Sinica

KA RER SRS T SEAREATE s/ R
AWF R

c, )’ 8877
az

b oT iR B 4L 3h &L O 2 b HE AL S A 3 B
.50 T RbREASERALR . 2 SR,
g ATJE KAEE R A8 TR IS RN ) Inad B . 5 4b
1t GRAPES 4Bk 3DVar [F {6 &R g2 . bn AL R
Pt 2 i 953 i 55 I eR B Bl S 1) ST A 35 4 RS S
B 4y

3T = 0dx + — (%) (12)

dr = No¢ + om, (13>

K, 0 &I R B Bh i L O, S S A 1 B oE AL

JEAR B N 3 R B 3l 5 5 b b A 19 OF
KRBT G .

K (12),(13) F W] AMSU-A 5% i (9 35 i 2%

F2 i ek ORI A bR o AL O Y T R IR 25 R

. B lab 43l a7 R A AR U R L ¢ FAE S

B bR EAL R R, I iR 2E NEILbAI LU &

90 60 30°S EQ 30°N 60 90
K1 GRAPES 43k 3DVar HR HIfY (a b) F 5158 22 1 07 MRN8 ) A2 it 0 30 Oy s A B AY (o . D RHR 2 T il
Cac. WBREL o PAAL:105 m/s? 5 bod. JEFAF bR AL SR 7o B0 :1073)
Fig.1 (a,b) Background error standard deviation used in GRAPES 3DVar, and (c, d) re-calculated background

error standard deviation by control variable randomization method

(a, c. stream function ¢, unit: 10 m/s*; b, d. unbalanced Exner pressure mr,, unit;10°%)
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Fig.5 Data counts of brightness temperature from AMSU-A Channels 5 — 11 assimilated per day in
Experiments Ctrl (solid line) and AMAQC (dashed line) during 1 May 2013 and 30 June 2013

(a. Channels 5, b. Channels 8, c¢. Channels 11; NH represents the northern hemisphere,

SH represents the southern hemisphere, TROP represents tropical)
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Fig.6 (a) Global temperature forecast error in Experiment Ctrl, (b) the difference in temperature

forecast errors between the two experiments AMAQC and Ctrl
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Fig.7 Averaged anomaly correlation score of geopotential height for Experiment Ctrl (black) and AMAQC
(red) over (a). (c) the southern hemisphere and (b), (d) the northern hemisphere at (a). (b) 500 hPa
and (c¢), (d) 250 hPa during the period from 06:00 UTC 1 May 2013 to 18:00 UTC 30 June 2013

(Bottom panels show differences with AMAQC respect to Ctrl, with positive values indicating an improvement,

Bars show limits of statistical significance at the 95% confidence level; values above bars are statistically significant)
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