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Abstract The background error correlation function in the data assimilation system is important because it
determines the spread distance of observation information to grid space and the information of analysis
increments on different scales in the spectral space. The characteristics changed with spatial distance for
time-space domain and with different scales for spectral space domain of Gaussian function (gauss),
second-order auto-regressive function (soar) and superposition of Gaussian components (supergauss) are
compared in this paper. Then the three correlation functions are applied in GRAPES-3DVar (GRAPES:
global/regional assimilation and prediction system,3DVar: three-dimensional variational data assimilation ) and
their impacts to the analysis increments are analyzed through single observation test. Researches show that
Gaussian correlation function attributes to the insufficiency of meso and small-scale information of the analysis
increments, and leads to larger negative correlation information opposite to the wind field observation according
to the correlation between the dynamic field variables when the stream function and unbalanced velocity
potential function are used as the control variables. The soar correlation function can increase the meso and
small-scale information of the analysis increments. However, only one order recursive filtering scheme in the
3DVar system can be used since the computational inaccuracy will give rise to the abnormal analysis increment
of wind field. The application of supergauss correlation function can not only mitigate the inappropriate
negative analysis increments of wind observation, but also increase the meso and small scale power spectrum in
analysis increments. Meanwhile, the analysis increment structure of isotropy with supergauss correlation function
can be obtained through the recursive filter implementation. Thus the supergauss correlation function is the most
suitable one to describe the background error correlation among the three functions, which is beneficial to the
meso and small scale analysis in the high-resolution 3DVAR system.

Key words: Horizontal correlation function,Gaussian function, Second-order auto-regressive function, Superposi

tion of gaussian components, Recursive filter,3DVar
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Fig.1 Gaussian and second-order autoregressive correlation functions (a) and
its normalized negative Laplacian (b)
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Fig.2 Spectral response function of Gaussian and second-order autoregressive correlation
functions (a) and its spectral response function of Laplacian (b)
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Fig. 3 Gaussian correlation functions of different scales (a) and its normalized Laplacian (b)
2. 2. 2 M 7 )

SRS I ek g (120 AT S AR e, p S A 48 0 2R A R, L i e 1

+o0 B IN 2)2
RO = Re ™ dt =v277 /N le ™" (13)
11

MRURE B i e 397 B B3P 1 0 7 R K50PT AT H (1 4a) 27K P AR R RUBE A 850Kk P AR 2]
350km, RIS 2 45 AU I S AL HE ) BT, ERAE s AT 70 B D 280 SURIAE N, BBk
SPAROR R AR e 10 FE B 5 5, JRUPSE A8 T P vt 0 R S0 i 7 R S5 AR AT 2 BE AT
R REE DY 500km FY v 4 R B Eh AR5 AH 24, [ N £E iRy 3308 20 A D 4830 EL B — 500km = 47 BRI
DA IR Z (B Gave Flas) o 0T RUBE B T et B o K ) s 3 o 207 5 F) 1S v
BR At R R 2598 (18 4b) o

1.000

0.100

0.010F

A S R S A A R R AR

000 Lo v v v v v b b e b N
0.002 0.004 0.006 0.008 0010 0.002 0.004 0.006 0.008 0.01C

: -1
Wavenumber (rodians m™) Wavenumber (rod\oms m )




(a) (b)
P 4 AN [RDRUBE 1A i R 5% R 80P i 152 o5 K () e SHL A 5 o 0 S0 10 v 2 b 4 (b)
Fig.4 Spectral response function of Gaussian correlation function with different scales (a) and

spectral response function of its Laplacian (b)
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SR A RUBE & I vy e R 50t ARG U 850,500, 350km; X T2 AR &, 2R H g i Al
T E AR SR, AP RIS R BRI 200km, 4R RURE 2 0 i v i R A, A
KREEH 3500 200, 150km. =246 HR A — B is T8, He o im 07 B RUBE & I iy e 457
A R 1 338 R R R 10, B 18 TETVA R G B B8 VAU I o Ry 2, = 2Lk HLAh
WEHTEE R A 3DVar 5 HT I FIREMLK R (A 33, 35, 36), WX
5 R TS 3 T 5 SR A (AR L, AU B R A5 3 1 A A
Mo MRREA RO AR T, KR AT (32), WREERI R 7 AR A3 b b

4.2 Mt E

F—HANER A U R Hrise, Plu BrBsgsE GRIREE =% E, viE
WA 0, AHEEENUE U v IRGM ST EWE 5 Fis, B —FIE 5w
LA HH 5 R RE (R R FEAR DG RURE , B [0 VR S ASE AR S 125 S5 A R £ B, [ I 7 A
H R gauss MDA, u 2047 B B B 5 R Ik 7 1) 5 B AN e K S e (1
5a2), M soar WIGHEAE A Son U AT & (] 5b2) , U S s AR () 6753 #7346 &
FER B — iy BT A G Y /N (] 5e2) MK Bb2 HrrT LA, T soar AR H K
T —Mragis, il gm s, il e ael T gauss RidFhilli AR H 2 #hig
BAgAT —IRMZE R (Purser et al, 2003a, [ 3a), Nl 6a JH—4u pdriE (110 °F
DI 1m)) BT LA S HOR R SCRR AL g s, 518 1b, 1] 3b A5G R 5 — I 55K
SERIZEML, gauss BRI B B K, soar BRI KU U B e, SR 3 FIERIE R
R T 0 R e £ 3 AT PR 7 48 B B B — RURE 5 107 R B P
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Fig. 5 Analysis increments for single U -component wind and humidity observation, a:gauss,
b:soar, c:supergauss,

1: non-dimensional pressure (1e-6); 2: U -component, unit:m/s; 3: V-component, unit:m/s;

4: specific humidity, unit: 1e-4kg/kg
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Fig. 6 Normalized analysis increment for U - component (a) and specific humidity (b)
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(at 110°E)

F=H R M B, v BRIV, u BB E N 0, i E LEN UL
U VR T R 7 e BUECE — RIS A AT LA 6 T R R RFAE AR 5%
REE, B B B AR AR RS I S A% 1 1) B, [ AT LA R A gauss AHSRAR Y
I, v A AR LI ARG T [ 5 B LLANEA K fig i (18] 7a3), T soar BERFEA
B St G g (8 7h3) ,  RUBE B e s A ) 6 70 i 4 LU R A B — i ik e At
REN (B 7¢3) B T3 s AT AE Y, BT soar MHSCHIM R 1 —Fikis, v b
FE R Sk, T RS AR T 28— 4Llie T soar U M iE R A5,

v  _ Dxapi*le—6 _so ar (1) Dxa Pitle— upergauss et

&I
B 7 B v R oy ATt &, a:gauss, b:soar, c:supergauss,

L EEmNAE(Qe6), 2: u X3y A m/s), 3: v ORAL: m/s), 4: LLiE (CAA7.

o

le-4 kg/kg)

Fig. 7 Analysis increments for single V -component wind observation, a:gauss, b:soar,

c:supergauss,

1: non-dimensional pressure (Ie-6); 2: U -component, unit:m/s; 3: V-component, unit:m/s;
4: specific humidity, unit: 1e-4kg/kg
VU RISy B S e, AT SRR UE u v R 2 b G A
8 . M 8 WLAEH, =HPAHOCHIAY 77 S 7 i B4 A AL, 02 i B R AH O
B IAE BAE R RIS . B f USRI o Hr b, JE RN 0 W 184 8 ) 5 4 R DA
R EE R g, T I o0 i HG E 1 435 ) 32 ot 5 1 A XU RO AL G 5K R 52 o
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K8 WA EMIMEI /M &, a:gauss, b:soar, c:supergauss,

L REN I (le=b), 20 u KWz (Fhi: m/s), 3: v A3 (FRAL: m/s)
Fig. 8 Analysis increments for single pressure observation, a:gauss, b:soar, c:supergauss,

1: non-dimensional pressure (le-5); 2: U -component, unit:m/s; 3: V-component, unit:m/s

HI BRI FEu /v S s kg, =R SCRR R u /v s BTG B2 SRR,
g4 EFTTNT, gauss ARG U /v 404 58 5 v BRI AL 1) 70 A K 2, X A
4B SN AR R RS R A OC, X T gauss BB BRI TS UG B IR soar
BAVR U /v B s b B R % 10 ek, I i I S AN LR supergauss IR
(K1 u /v 23 1 B rp BEOLII A Ak (1 8 B gauss WREG IR/, 10 LR AN RIRRAE R L4
JURE B e AH DA AL W] LA U &K/, BRI EIX 3 AR DGR b, Sy BT 3t i 45
PR T, supergauss HHIARAL/E GRAPES-3DVar M & A L -

4.3 I HTHE R Th R

DN I 7 < O A e 2 2 U G a8 S A o R WA o
AT 5 AR SRR B SRR — B R T u /v R, U /v S5 AT A A A
DAY () 437 3 o T 37 5 R R O, LT MRS 2 (R BFF 90 43 A7 34 i Th 364 o9 A . SOk
Xof B RORI 7 B 1K 6 R 20 A 4 R — 4 B BSUR 97 46 (2D-DCT:Discrete Cosine
Transform) J7VEHT MR (Denis et al., 2002;#/kI8%, 2008, FEMEZESE, 2018),

AT IR A ThERIE, BT FIA AR R T3 SR (00 20 A 3 T A (1 0 A R A
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u Mz, doov Iz, Hf: w /s
Fig. 9 Power spectrum of analysis increments for single U -component wind and humidity
observation, a. non-dimensional pressure, b. specific humidity, ¢. U -component, d.
V -component, unit: m’ / s’

A8 LR  2000km BLE, IRRSREZEY 669-2000kn (FEHZAR, 2007),
o ROBEJRAE 669km—) L2 B, BRI AN IE 9 U B ms SO0 0 AR B2 . SOW I K 56 P 0 A 38 = Ty 2
W R DAE 3 PIAH AR (1 73 484 B 1y 8% DR A A AR K 1000km PA_E R AR EERN
RS BEEWE B b gauss FHIGAERL 1) PYAS 7B 3 2 BOR S 1 D) 2k B A N 1-6 9% (B
M 1710-8459km) #RIZ AR, SRIG1E 7-21 P (B 513-1476km) X H =1 S il % 4
(N S PUPROE T s, BEJGTE 22 B L (K <490km) BEA W HOE N, X ET) Sk
NG N B, LU RIS B (1 2 M B T i, TR NS, AT LAE HTE 965km B R
SRR R ARBEE 53, soar 3 Hr i S D3 RS /N T gauss [, supergauss 73 #3862 1)
HAENT 2200 1E 965km LU REJREHSr, gauss KT B D38 POs %, JfiE
Bzt /T soar (73 T & D) %4, supergauss 20 Mg B DI FRIELE N/ T gauss Ml soar
Z[A], fE 965km DA F IR KSR EFI R supergauss [4Hrig E )&% L — guass
R BT N (B 9a) 6 LU, 76 416km PA I, gauss B0 HT 45 S Th %% 4K, soar
BRI A3 W S T e B /)N, supergauss BRI DR IE WA T gauss Fl soar BRIELIZIH],
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E 416km AR B R 73, soar BT 23841 K T gauss [, supergauss HIDIF M LL
gauss AN GO 0 (B 9b) 0 T 437, AR FEm i ok, M 9c Al d W] A
t, 7E 669km LUN I REEH S, gauss B /3 i 2 DY R i /N T soar 19, UiHR
HI gauss BREGHIRT SR ZE KA REHTE BA R TR 3 FRkE REZA & 1)
supergauss PRE S ZMIXFIILG, o3 A i B ROBE D) 2 g A 1 i (L] 9¢ R 9d) ,
[FIN AT DA 5 soar W51 u 74 1Y & D) 21 48 B i B B BT v i & o
i,

PLHR 3 FIARSCHS A 7 58, 0 T 88 h v ORI A8 23 484 58 )y 3885 A R A B e u WK
R g AL, R ThEE KNG FTANIE] o (HJ2 soar TRIG I v 73 M & Th 3 75 BT A ik B
EFERUIERT u AT R DA, X5 8T u WIS R A R AR B (RIS D .
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Fig. 10 Power spectrum of analysis increments for single pressure observation, a.
non-dimensional pressure, b. U -component, ¢. V -component, unit: m’ / s

MR R I 56 ) 3 B D i T AR Y (] 10D, £E 965km PLEAJRTR
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T gauss Al soar Z [i]. BIRTER 2338 guass 15 supergauss 75 S0 A i E 4 RAHLLCE] 8),
{EZRAE 965km LA R I RS R R R, supergauss HITE RS 5 RIZ I Mt & oh
HALHS LA — guass PREMIIG IR B % (] 10),

P AT ARI,  T H R ) ) 2 0 O P AR Al e A A TR R Gy 7 B AR d A )
M) 7 2R 45 B4 3 2838 40 A 52 . T GRAPES-3DVar 4341 ) o RRE £ B AS JE AR P 1) o B A 5%
WA %, Rpo A2 3 37 o RUBE B 40 4 M 16 8 B0 D A ot aze /N T i | (] U R T 2 4
R 3 Tl RUBE B N BB A2 24k 1 e 407 o 2L 5 R IR T R ZE IR 7KCPAE RO R AT LA o
FUE 3T,

5 S5 iR

AL PE B . R I DA R RORE B PR e U R B I s SR A e )
ik, FFAEIX =l R B AT A AR Y B 1) GRAPES-3DVar R4t AT BLAR AT 156, M
A JF AR R AN FIAH AR 7 B I SE I o A SC L AR R LU 4518
1) R R BB B 815 b8 i o 12 1 22 B it bR ORT 117 35 b B g 7K P AR S 7Y
B, ARIES IS Z AIRACPARKR R, u s v RIGIKTFAR GRS gauss B soar
P G4 - 4 B A 55 DRI T AR 5% B B S 4z 343 4 B0 F) 55 TRV AELA5 2 = 52 K37
WU 734 o B
(2 =l R B E AT A AR RN, o T e - 0 B 1) S5 TR B, AT T 3l X
Iy R SR WA R, R I R B0 70 M 2 AN & BB U A5 B
(7 S v 40 o 50 S L 07 5 AR /N RO B DA R R R, B2 S ria i
/N R RER BN,
(3) B 8 BB AR AT A ST, b 0 57 1 55 g B/, AT X7
R R FRH AR B AR/, F HL K91 1 1] R B8 B H o 34 4 55 4 9 i 2 o 7
NREE EIhFIEBR, AR T #e s s N RE 7 B R 7E GRAPES-3DVar
PR32 U1 s SEE Tt v % S a5 BRI A ) e e AT
(4) A AR B KPR RS FAIRINS 5 o0 70 i i 2 o K 2 980, DT Tf 8
FRHERL S EZ R ARERE, iR/ RSB 2.
(50 RPEZEINH =7 e B E KPR AT I, AN 2 g o — FRURE v 7 o e 5 s i B
TAHRIREBOR R, [ 38 o A 3 (b /N ROBE REBE, RUBE B im0 v 34 e 77
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RAER VA VE W P . BRI, TE 3 7 8 v RUEE &0 i v T ek AR
GRAPES—3DVar A 4ifiik T 5t 15 72 KAl 5 i B A 07 2.

ARSI FEAN [ 7K P AH AT 43 BT R RE L, 3 A e 1) 28 6 g IAe o 5OR0 T 34 bR 4
R BERE 340 AN 25 ST A [E) AR DGR AL (e s 2 SE AN 2.3 R ) JE A o 34 B ) 55
WEE . FR) DA /)N P 3 S R0 L 00 X265 DK F) IR 37 93 A O 22 o S IR 45 L = A [ R A R 28
[y o AR AR (1 43 BT 45 5L, 5 SR P 0 22 AN TRIARSAIE RUBE e 397 e B0 4L A 0 T v 407 e B
PR BE S 42 R 5 JFC oy 3 o 30 B0 7 PR A% R R B ANE AN IR RO Bl e B KR, ARG
520 il P s 5 42 1) A UL B ORI A P87 955 R B R KT AR R DR R, R SABE A 3 27
T I ARG S bR A K AR DGR R, VP2 3R A I A T &, 5 88 TAR R Ge it
BRTIRIARKCPAR REL, BRI B SERR AT, d B RS AR ¢
BRI ZH, AT SRR SR AR T RORES . S, 4 HT R iR AR R A u Ry )3
I, KA B A IR u v KIA KRR R R, KPR A2 25y 5 2 F e ot
KGR T KA, I HX TR Z R G . Em PR, EREmEE 2R
JEE TR A AR ) 3 AR T e £ 2 R 2 IRD LI 35 22 AN T SR 2 B 7 245 B, Tl 2 AR R R
JEFIAE, S IANIR] 7% (8] RBE IS S PR A A, LR an T B3 & 22 R [RAL 7 R 1Y
IR, FEA AR AAGAN TR R B AE B b, B RE LRI TH s e TR B — 25
T I 25,

R FRARIET =R R G, EUHTRITIIR GRS R, B RR2
W7 28 R ARG IR S G5 RIAR & G OB R SR AR sl A g5 0 (T Ak,
2014, 2015; Chen et al, 2015;Wang et al, 2008a, b and 2013 ;Hammi11 and snyder, 2000),
AR S SR 25 By ZE R AR R SIS (R /A BRI i g 2 B PO 4 FH AR 22 AR X 59 (Bedard
etal, 20200, UbAh, FEEEARMLARES R IES, RAEHRIBIKE SCRZE D
T EBNRABESHESORED T 2, Bh 70 RIREN T E T BRI, fli, £45F
JRZ VN (EnKF) (Evensen, 1994, 2003; Houtekamer and Mitchell, 1998, 2001, 2016; JE
M4, 2011a, b). HEAFHMRIEN (EnSRF) (Whitaker and Hamill, 2002) PAKEEA K
IR (EnKS) (Envensen and Van Leeuwen, 2000) %545 & A fb SR 45 B FEA S A
TR R ZE W T 2, IFHIRE—HESG T EEEGZFEMTES, EndDVar &
BN FRAE HEAT VI 26 M4k (Gustafsson and Bojarova, 2014 ;Clayton et al, 2012;Bishop
et al, 2011), Ifi 4DEnVar RJ DLIEE Gt PR 2 IRV EATAERETH 52 (Liu et al, 2008 Al

2009; Liu and Xiao, 2013;Wang and Lei, 2014;Kleist and Ide 2015), {HLL ERIEESZS
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TR R BESRAG B — 0. AEAL T o W AR & 0 A SRR AT 2R VR 2 R D5, A
R VEDULE R T =4EFfl, TREITEHAERA Sy EE s E RS T R T

RS E T mE R (Bannister, 2017).
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