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Abstract  The MM5 modeling system and its three dimensional variation assitnilation system (MM5/3DVAR) are
employed to prediction rainfall during August 2005 in China, and then, the prediction results are analyzed. The
background error used by 3DVAR system was reproduced by using “Naticnal Meteorological Center (NMC)” meth-
od and the prediction results of August 2005, which adapt to the prediction domains and horizontal, vertical resolu-
tion in the following experiments. The characteristics of reproduced background exror are very similar to the global
background error, and the length-scale of background error decreases with horizontal resolution. Three experiments
(NCEP, LITT, 3DVAR Experiments) are designed to analyze the impacts of 3DVAR system. NCEP Exp. only u-
ses NCEP data to form initial field. The initial field of LITT and 3DVAR Experiments utilize CRESSMAN and
3DVAR method to analyze surface and sounding data on the base of NCEP data. Compare to the results of NCEP
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Exp. , the LITT Exp. improves the 1 mm and 10 mm rainfall prediction, but 25 mm and 50 mm rainfall prediction
is not improved. 3DVAR Exp. improves 10 mm, 25 mm and 50 mm rainfall prediction significantly, The RMSE

(Root Mean Square Error) of synoptic field prediction, except for temperature and relative humidity, in three exper-

iments increase with height generally, All of the prediction of 3DVAR Exp. is the best among the three experi-

ments. The significant improvement of 3DVAR Exp. maybe caused by that the analysis of mesoscale information by

3DVAR is more similar to observational data.

Key words  three dimensional variation assimilation, background error, prediction of rainfall, root mean square
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Fig. 8 The abservation precipitation of (a) 000¢ UTC 8—0000 UTC 9 Aug 2005 and {b) 0000 UTC 19—0000 UTC 20 Aug 2005
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Table 2 The TS score of 24 h rainfall prediction

A9 R FEFH B/ mm
1 10 25 50
8H8H NCEP 68. 34 35.5 28. 49 15. 81
LITT 7107 3.6 26. 92 6. 06
3DVAR 68, 48 34.03 28.74 18. 18
8HA19H NCEP 33.58 3. 19 0 0
LITT 33.73 4. 26 0 0
IDVAR 60.78 31.28 11. 86 3.23

1 CUT, BoHAHT 8 H 19 H 3DVAR B
5 LITT BN EE. RERERNSEEHRR,
FREAENEREZHEM YREBERK
(B, BEGMEMEASRHZEMUNIMA.
8ASHMAS8 A 19 HABIM g R—2B.
MHRERE T LAEL, WA HETE
(LITT # 3DVAR) E# G HBIRERERER
HEAK. #—FHHREHE 3DVAR RS
BREEFERXKAN GG EBnt, B
T BE B8 7 st F A P RO R

5 &Zig5itie

AXRAMM HARHK=ZHTIERRK
(MM5/3DVAR) 3R 2005 4¢ 8 B H FEMEF i
1T AREERNRR, SR SGRETT
G, BHUTEELER.

(1) #F NMC Jigk, F i 2005 4 8 A WK
AEMERERSHMEHAKE, BEHEIER
HERMERRAEZYE, FHRSEAAFRIEEY
25° X2 2R RIBEHUT L. ZERER
A~ SERAHBREEN SRR BT RRE
BRREREMNELRFE, UASTEHE1H
IEMEH S LRERREHHMAM, EERBHNEK
BEREME K EHERNRSTHAZE A, i
fEm] B 5K BT, 5B 1 fRAE M &3
BRAZHHFRE L. Bk, 7 3DVAR i
AEELFRERAIBER-BHTRREES
ARTF ARG AL BB ETE .

(2) 3FiRR 24 h M ETEM TS F¥44
W&, LITTRBZE 1 # 10 mm WHHRRREAE

B BEE, {HXF 25 # 50 mm CKWAMER) &
HRED A BR T e, 3DVAR LU0 5070 # [ /I E
AEEFHERENRE. S TREHRFHY
FRREMFERA, BRTREFSMEESN, H
7 B 3 4 25 7 ML 3 — A 35 B 5 346 n v
3DVAR R B 7 iR 2 M0 N T HAzb 2 AR
f
(3) 3DVAR I X R, FrAIERMEFT R
BB, FELEEN IDVAR AR, Wy
HEREEREHN HEAH RN R E RSN
R, KSR BRI RNER, X
¥ EHRTER FRANFMRERSEREN
SRIEF RO TIR .

HAl, #3C%F MMS5/3DVAR & i) ik
B R £ B A0 E MR Y TR, B
Hith IRFEHEL LN, SHERRAL
Fr A& A BRI MR E L3 R e AR R .

$EZIW (References)

[1] Gelb A. Applied Optimat Estimation. Cambridge: The M
1T Press, 1974, 38Zpp

[2] Le Dimet FX, Talagrand O. Variational algorithms for a-
nalysis and assimilation of meteorological observations:
Theoretical aspects, Tellus, 1986, 38A. 97~110

[3] Kalman R. A new approach to linear fiitering and predic-
tion problems. J. Basic Eng. , 1950, 82; 35~45

f£4] Anderson). An ensemble adjustment Kalman filter for data
assimilation. Mon. Wea. Rev. . 2001, 129. 2884~~2903

[57 Rabier F, Jatvinen H, Klinker E, et al. The ECMWF im-
plementation of four-dimensional variational assimilation I,
Experimental results with simplified physics. Quarz. J.
Roy. Meteor. Soc., 2000, 126, 1143~-1170

[6] W, BLE, FiHtF, %. GRAPS ZREHFLRE
WEERE . AHEW. 2004, 62 (1), 3~41
Zhang Hua, Xue Jisan, Zhuang Shiyu, et al. Idea experi-
ments of GRAPES three-dimensional variational data assim-
ilation system. Acta Meterologica Sinica (in Chinese),
2004, 62 (1): 31~41

[7] Zhang Hua, Chou Jifan, Qiu Chongjian. Assimilation anal-
ysis of Rammasun typhoon structure over Northwest Pacific
using satellite data, Chinese Science Bulletin, 2004, 49
(4); 389~-395

[8] #®%E TEM, RAK, . MM JEMMSA
GRAPES =T AHEARET LEREOHRARE .
REFS &4, 2004, 15 (5); 534~542



3

e, THEAR A RET/ETR I M ERERT AN o a5 TR
No.3 SUN JiamrHua, et al. The 3DVAR Application Experiments on Rainfall Prediction in the Summer in China 425

s]

f10]

Q]

f12]

[13]

[14]

[15]

Zeng Zhihua, Ma Leiming, Liang Xudong, et al. Fore-
casting and evaluation of MM5 numerical prediction in
Shanghsi with GRAPES 3DVAR scheme. Journal of Ap-
plied Meteorological Science (in Chinese), 2004, 15 (5),
534~542

Barker D M, Huang W, Guo Y R, ct al. A three-dimen-
sional variational (3DVAR) data assimilation system for
use with MM5. NCAR Tech. Note. NCAR/TN-453STR,
2003, 68pp

Barker DM, Huang W, Guo Y R, et al. A three-dimen-
sional variational data assimilation system for MM5; Imple-
mentation and initial results. Mom. Wea. Rev., 2004,
132, 857~914

HEtE, T, KN 5. 200 FAENRERSE
Bisr . AOB SERRBETE. 2004, 9 (1) 203~217
Sun Jianhua, Wei Jie, Zhang Xiaoling, et al. The abnormal
weather in the summer 2003 and its real-time prediction.
Climatic and Environmental Research (in Chinese), 2004,
9 (1); 203~217

heete, T, KA, ¥. 2004 FMEHXTIREN
B . K@M, 2005, 10 (1), 1~18

Suon Jianhua, Wet Jie, Zhang Xiaoling, et al. Weather sys-
tem analysis and its real-time prediction in summer 2004,
Climatic and Envir { Research (in Chinese), 2005,
10 (1>: 1~18

Zeng Zhihua, Duan Yihong, Liang Xudong, et al. The
effect of three-dimensional varietional data assimilation of
QuickSCAT data on the numerical simulation of typhoon
tract and intensity. Adwances in Atmospheric Sciemces,
2005, 22 (4): H34—~544

Zou X, Veandenberghe F, Pondeca M, et al. Introduction
te adjoint techniques and the MM5 adjoint modeling sys-
tem. NCAR Tech. Note NCAR/TN-435 + STR, 1997,
110pp

Lorenc A C. Analysis methods for numerical weather pre-
diction. Quart. J. Roy. Meteor. Soc. , 1986, 112: 1177~
1194

(16]

(17]

(18]

(19]

[20]

f21]

[22]

1de K, Courtier P, Ghil M, et al. Unified notation for data
assimilation; Operational, sequential and variational. J.
Meteor. Soc. Japan, 1997, 75. 181~183

Parrish D F, Derber J C. The National Meteorological Cen-
ter’ s spectral statistical interpolation analysis system.
Men. Wea, Rew., 1992, 120; 1747~1763

Dudhia J. A nonhydrostatic version of the Penn State-
NCAR mesoscale model; Validation tests and simulation of
an Atlantic cyclone and cold front. Mon. Wea. Rev.,
1993, 121, 1493~1513

Rk, HBE. HH “9 - 67 HARFHPREXMH
RERHFEBHN L SIREEY g PRESRRER
HEBUNARTE . KU, 2002, 26 (4). 541~557
Sun Jianhua, Zhao Sixiong. A study of mesoscale convec-
tive systems and its envircnmental fields during the June
1954 record heavy rainfall of South China. Part I : A nu-
merical simulation of mesc8 convective system inducing
heavy rainfall Chinese Jowrnal of Atmospheric Sciences
(in Chinese), 2002, 26 (4). 541~557

PEe, A%, FRH, . 002 EHFERFREY
F—KERTAE L 24 ZRYFRESRRENR . K5
R, 2004, 28 (5); 675~691

Sun Jianhua, Zhang Xiaoling, Qi Linlin, et al. A study on
vortex and its mesoscale convective system during China
Heavy Rainfall Experiment and Study in 2002, Chinese
Jowrnal of Atmospheric Sciences (in Chinese), 2004, 28
(5);: 675~691

Ek M B, Mitchell K E, Lin Y, et al. Implementation of
Noah land surface model advances in the National Centers
for Environmental Prediction operational mesoscale Eta
model, J. Geophys. Res., 2003, 108 (D22), 8851, doi,
10, 1029/2002]D003296

Ingleby N B. The statistical structure of forecast errors and
its representation in the Met. Office Global 3-D Variationa]
Data Assimilation Scheme. Quart. J. Roy. Meteor. Soc. ,
2001, 127, 208~-232



