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Abstract Using a scaled equation of specific humidity, an analysis of the effect of the model error and the initial
data error on the 4D-VAR and the forecast result of rainfall is performed according to the two situations that with
rainfall in the window of 4D-VAR and without rainfall in the window of 4D-VAR. The results indicates that the
model error should be considerated sufficiently before the 4D-VAR of rainfall, then, a satisfied assimilation and
forecast result will be obtained. In the case that the numerical model is correct and there is initial data error, if the
observational data of specify humidity during the window of 4D-VAR is the true state, the error in model initial data
will be effectively removed and the true initial data will be retrial after the 4D-VAR. If there are model errors, the
initial data after the 4D-VAR will deviate the true initial data of specify humidity, and the deviation as large as the

model errors. When the model has errors and the errors work differently at the window of assimilation and the win-
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dow of forecast time, although the forecast result of the accumulated rainfall can approach the observational data

during the assimilation window, it will become less advantageous than the forecast without 4D-VAR in the window

of forecast time, even becoming worse than it at the end of the forecast time.
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Fig. 1 The window of 4D-VAR and the forecast time ( [0, 30] corresponds to 6 h, and [0, 120] corresponds to 24 h)
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Table 1 The verification of the tangent linear model
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Table 3 The verification of the gradient of the cost function
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Note: As the decrease of the magnitude of the perturbations, the
verification result tend toward 1. 0, and as the increase of the roun-
ding error of computer, the the verification result departure 1.0, it

shows that the tangent linear model is correct.
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Table 2 The verification of the adjoint model
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Note: As the decrease of the magnitude of the perturbations, the
verification result tend toward 1. 0, and as the increase of the roun-
ding error of computer, the the verification result departure 1. 0, it

shows that the verification of the gradient of the cost function is

ELE O N A FFEK [E4L B O A REK
Without rainfall in the With rainfall in the win-
window of the 4D-VAR dow of the 4D-VAR

ZEdg T Left 1. 800000000000000 X 102
A4 Right 1. 800000000000000X 102

3. 763778858678739X1072
3. 763778858678739 X 107%

correct.
HX
M
RG,n) = | > (x, — 252, (10)
i=1
M
R°(i,n) =\/E(x3")2 : (11

¥ ZEmTARDEEERARSERBTF T, AR

ARG R SRR H TR

Note; the left is the square of tangent linear model result, the right

is the initial perturbations plus the adjoint model result.

AL S B ARG S. R, LR

Hp r, MBLFUEE LS n B 2 B E Hig A &
KB, x REFESE n BFZIA ELIR I B &
K E BRI .

F R(i,n) 3R BEREKBEFRS RS H W
B2 B Z, RG,n)/R°(i,n) FNMNYEE %

K EEERXER SFERNRE, a4, 1

RE 2R FEIK %%%ﬁﬂﬁ%ﬁﬁ&%m?
THRBERAAFERENFEIREZIMN

MiEOL, FHxFELETENE O N AR FEK Bk s 0L,

Ko D2 43 99 Rk )AL J5 B4R A 46 3 K A2 R AL

—

e K TR 25 R BER R M 2. ZUER
X Fp 5 H AR LR RIANFRM S, 2

R AR A AR A B AR RN 47
AT B TR G R X M O AR IR

BLELACEE 5 ) EL IR W) 46 3 5 B AR th IR 9 {H By 22
HE5HETGEHZ .
3.2.1 RAEEMARE

BB IRAEARENTL, REEKR

ROBERE CRMER Y, BUEE A B E R AH
ERHEAMGIRET RN XBT, 5350 % I

AT IR) B 1 P AS 77 76 W0 0 3% 22 A0 77 78 W3R 22 /Y
N, XA R R AT e iR 2= 31T T REK

HEAZ 71 TR R R BRI R

L




5 #H T 8%, BUEE IR ZXTEEK I 2k 4R 43 %A 46 A TR B 52 il
No. 5 WANG Tie, et al. The Effect of Model Errors on The 4D-VAR and Forecast of Rainfall 609 |

B F=1.3fge=0.6, AR (5. (6
ARl REEAR F, FERMERE. 385K
(3>, % qo=0.3 M g,=0.45, FATA] LI1G BB~
A IR E8 T ¢, G=1,2). Lk ¢) NFHES
FEHRE, SR EEIMTFI L& In—EEYLIE 3
YE R IR 5 BRFEKE M5, g=0. 3 M
fFEFRAE AP ®REREK™E, g =0.45 PMHITE N
e O NEREK A,

Rig, WMBWmRBIE WA (7D, XFHA
AT M 4R AR R R B . A TR H L)
1635 E B INA R KRR 2 AV TR R R,
ZRFH. HEALE ARG REREDRE
BREIR/NGT, F) A Y 4828 43 5 R} [R] 4k 5 15 34T Ab
B, \TUUAMNMEREAVES T HEENIRE,
BRI BERE MR IR TR E LR, R B HEH)
i) 5008, AEsrRlibAb B s haE R B8R T
HERKKWEXGES (EK .. XTRE4LsHEE O
BA BEKAB], F]FH 48R 5 5 R R 1L 7 E 3R 3
MEEEA RS S5 ELy 2R, FHZY
WA FME R TR AE RAL & O N R IEfR A & O A
S 5e e 8 X R4 E & 0 A BEKA5),
AR B S R BN BEE R R S5 EL Y
W HIE, F %0465 AR B Bk 78 R 1L &
O R IEHFRAT B, REER T 5WNE—
MAMMREE R, BFEAE NN B FEE—E
FriRZR, EFEEXERFERAER T, &4
) Ak Bt (B] B 1 PR A ORI 37 i B A TR AR S W 45 R e
AR KW, 75 N4 7 e R AR, &
HTE B b pR B0 A 5B 1 B O 25 R R TE
BREALE O I By iR ZE, X BAMETTHE .
3.2.2 HBAEMKIEEWHFIL

N TERH R HAAERERIRER, XK
2 VO 447 43 55 B E) 4k Je ek B2, R 7E R4k
O NI A MR ZE, 3R R ESER
S, EMME I EERCELHRIER
i, ATLAHERELE O MR EZH ., X8
BERCE ONRINSRERIRER, WllF
51| EE R ™ A

S mmiﬁﬁft R IR 2Z AT LLTER
243 f%” , A SO TR B B IR R R BUE R
RPRE T BEHSEERT T, —B 7 REK™
AR E S RPFEENIRE, KIE F, #5,

H

—

—

—

—

55— FR 43 MR TE 7= A [ K B9 ) 38 3o F8 P A 7E iR
25, RITEREK = IR g

X F, XT3t BRAL B 40, S A
PN BE 05 1E 7 b S K PR O3 K B it 45 2R,
KPR RET &8, FREK™ER
R RTER R, HEAREFAREK, HIHEHR,
WS E S,

NSRS B M FEK ARG HITRIEE.
BRI Y EEBAEEA YR, W&
R EK =R EE g0 XIBEKETERIR/NE
RAFE e,

Tiﬁﬁﬁ%m TR, XPFELRES
NRSNEIRIAETTTREIIER, SCEMRAREL
ﬁﬁhﬁﬂﬁﬁﬁw,hﬁﬁ%%M%mmTR
FF] .

KK = AT AR F, MR EBRERIE M
(AR, AR BN AERERSSIE F,
BRI ZER, EREFTRABOVAES F, HB

| -

20%,
REMALLERITE AR
. =0.622%, 12
q b (12)
Hib, p RESE, e [LEWMAERE
= E,1055 , (13)

EF%JW&%OCﬁ@ﬁKhﬁ%EQwﬁ%K
IREVIRE

X1F 850 hPa #pMEE FRY KRR, MiBESH 0.5
CIRZER, MBS E 3N ~49KiRE, 4
BEA 1.0 CirZER, EFLEBS™4 7T ~8%
FiRZE; AT 700 hPa WtniE)E E R RS, 1RF
B RIIRE TG E 5 850 hPa KREAMHF . T EEUE
R, HEMEKELERERENRAL
M g # B iR 22 B oK B AN o R A B (E 89
10%,

Py EEm A F, BN (3, 75
B qo=0.3F1 ¢q=0.45 BRWET ¢t . FIAEKE
BRCREWBEE B 5, B RIERN
FliLE O N i 5 B FEK BN FES] . K5,
BERXWEY @ =(+0. D¢, FIEBIREW
BRI AT R RR 7y, 1R 2R Y .

X PUZEE 73 B 4 [R) Ak Ak 2 i IS 9 (R X T
R LA 20 R A7 EL 3K

—




5 B 5 W

610 Climatic and Environmental Research

5B O R 11 &
VQL 11

(1) A IRENBUEE SR YIS ST
Ak BT Bt AT B AEK B TR

(2) Hazl (10) 3+5 EFHREEKE R R4S
S5 AN N R R 2 .

(3) B HtpeRzedtn (7)) X, FEIRLHE
T PN AT DY 4E AR 7 TR RN

(4) I RS EUEHBR R ICPT 6
i A =2 W BUE R B A Bk BT Bo i 1T B2
7K 2 ) 4R .

(5) moe 10y, HRG,n)HET4FEL
fo B K 1 B TR &5 3R 55 HAE DU 375 0 34 5
MR

6) X A1), A RG,n) /R G,n)itEAR
AL BIR R A G iR g 5 B LUl 2
EIESE=X RS R R ey VN B NS = ol n it
3.2.2.1 M1

g =0.3 BRIVEY ¢, XT1BIFERIL
At RN 0 P ¥ B K ™= A, T A ZEE e T 4% Bt fB] B
B, GFKm4E.

B 5. 6), BHFEF, Mq. LEBN—
MRz, BF, flq iR EHERE 2. X
A, s F, B{EBE D ¢ WEA ST AL
(EAE i B B /K IS BRI $2 BT, TERMMLE 1 Bk
HEBRMFEK, mEFSR. ICEREME, Mg A
Fi, Mg, A

{F; — Fﬂ —I—EIF.a
(14)
qg. = q, +qfo€2 ’
We £ [0, 0.2], & 7 [—0.1, 0] A4k, I
Wit 7 12 HikEe, e Fle, BUBEUNFE 4,
FERTE 25 Y IR Bk A AR =0 iR &= 3
17 ViR, anless 7 12 Hikie s seaT U4
A SRHA A G fe B RRFE K B TR 45 3R -5 Wi 35
7 RG, n), FHiHE T A4 RRALE B9 iE
IR M AL iR YR EH 5 EL LB Y IR
A2 RG,n) /R (i,n), FTHESSLHIRK

R 5 H1. o BUIRZEBN 1006, o WIIRZER
H—10% . W T P62 FA 2R 2 ) 1E
SR A TIRIGTES 21 BB K, #E17IT
A7 AR AL S, R R b Y B 2K B ) HE R 3
55 27 4, F[EMLE DS R 30 Baf, BHEK
BRI S W37 2 (8] 6908 2= H B AL ETAY 0. 5 P&
BT/ 0.1, TR 0.4, 7E & B AT
B, T XARFEKTE, BEEXFFEAKT T HE
MRBREREER, F1525R1L S B R RE
ik iﬂ%i@ﬁ?ﬁﬂﬁﬂ 120 200, ERFKEWR
{85 W3 2 6] 890w 2 B RIALRTRY 0. 99 [&3] T [H]
WiE#) 0.78, FEML T 0.21, I E KA 2 fr
No FERX MR, #47 M04EAE 4 TR FEAL G 15
FBMEEAMEZ S EL BN RERK,
R(i,n)/R°(i,n)K 5. 2%,

RIS 10, & BNRZEEE 3%, o AIIRER
H—3% ., FEEKXFRZR/D, RN 2R
K BEIIESWMFZ B iRz RA 0. 037, i#
TP s SRl R S e 2 THER T RIREK. &
JERWRET B, BT XAREKTA, BEBEXFF
IKER YA RIREEEH, BlSAMmMRE 2] 120
AT, BTG RILFEICRIA ks, ER
KRS WM 2z B ¥R EDF 0. 23, W5

ZERWMAE 3 s, XA F, #1745
BEMEE S8 EAEE TGS IS HEL R
WiteHEE, RG,n)/RG,mRE 1.4%,

HWHIARERFH, AT HEBIESIREN
BUEE AR ZWIER, W18 7E TR 45 R 7E R 1L bt
a5 Py B R B UK, AL REE B ERE AR E
frt T B R = k. B FALE R & O A #)
N2 R, HTRgTrmeRtkE, 7
Wtﬂﬂﬁﬂf’ﬁ‘ AN EFFFEKENTRERABH K

, B RBEKETRB A, HAFE"
élzﬁ%ﬂm’mlﬁﬂ}.ﬂ FE JE e AL HR AT B B R K &
IR AR WA B 2 E, (B BT 78 2818 TR A

—

—

5 FHRES 10 B Hrad 5. BNA KL, KB ENERIREZRSE
#*4 BEEXHRE
Table 4 The error of the numerical model
e F{E 188 Numerical experiment
2 3 4 5 7 8 9 10 11 12
£ 0. 1 0.1 0.1 0.1 0.1 0. 05 0. 03 0.0 0. 03 0. 05 0. 08
€ 0.0 — (.03 — (. 05 — (. 08 —0. 1 —0.1 —0.1 —0.1- —0.1 — 0. 03 —0. 05 —(0. 08




5 H5 T OB5E. BUEB IR 2 XTI K IO 4 R 4 TRk [EMe B R B 2
No. 5 WANG Tie, et al. The Effect of Model Errors on The 4D-VAR and Forecast of Rainfall 611

it iR ZE Rain error

0 10 20 30 40 SO 60 70 8 90 100 110 120
AR it} Forecast time
Bl 2 A5 5 ERRREOK R AHGS 5 sg Z s (5.0 B SOy 4R o SRR ARAT, S50 B4 PO 4E7E /BB EIL IS ) . B AR R
“PR A B (R 1
Fig. 2 The difference between the forecast result of the accumulated rainfall and the observational data in the experiment 5 (The closed

circle is before the 4D-Var, the open circle is after the 4D-VAR ). The meaning of “forecast time” is the same as that in Fig. 1)
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Fig. 3 The difference between the forecast result of the accumulated rainfall and the observational data in the experiment 10 (The closed

circle is before the 41D-Var, the open circle is after the 41>-VAR ). The meaning of “forecast time” is the same as that in Fig. 1)
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Fig. 4 The difference between the forecast result of the accumulated rainfall and the observational data in the experiment 13 (The closed

circle is before the 4D-Var, the open circle is after the 4D-VAR . The meaning of “forecast time” is the same as that in Fig. 1)
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