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Abstract The prediction of heavy rainfall along the meiyu front in China in July 2003 is studied. Based on the study results of the sen-
sitivity of precipitation prediction in the AREM to the different initial data analyses and the different initial errors of variables, the evo-
lution of error growth and its mechanism are decribed and discussed in details in this paper. The results indicate that an initial error with
smaller amplitude will grow faster and afterwards the evolution of error growth following the occurrence and development of rainfall is
characterized by a transition from local growth to global spreading to the overall domain with the remarkable error growth occurring in
the rain belt, suggesting that the rain belt is a sensitive area for error growth. The initial errors in the rain belt contribute significantly
to the error of precipitation prediction. The distribution of initial moisture has not only important effect on the propagation of error
growth, but also drives meso- and small- scale errors to grow rapidly and subsequently causes the error growth in larger-scale motions.
Since the computational results based on the error energy formula show that the energy for error growth is largely provided by latent
heat, it is therefor concluded in terms of energy that the precipitation and error growths have the same “energy source”, which imposes
intrinsic limitation on the predictability of heavy rainfall.
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Table 1 The configuration of sensitivity experiments
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(a) Exp_TO1LP and (b) Exp50_TO1LP simulations with the accumulated precipitation (mm) shaded on 4 July 2003
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Fig. 8 Power spectra of AE (m?/s*) between the control simulation

and (a) the Exp_TO01LP/(b) the Exp50_TO1LP simulations
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Fig.9 Temporal changes in AE in the

rainbelt for the various experiments

36 4
5000

4500
4000
3500
3000
2500
2000
1500
1000

4

32 A

—

30 4

114 116 118 120 122°E
B 10 43 24 h iR 2Z 8 (L . m? /s>
BELE IR CRASE L 20 pr . DD WK 53 A
Fig. 10  Spatial distribution of AE (contour, m?/s*)
from the Exp_TO1LP simulation and of the latent heat
(shaded, ]J) from the control simulation at 24 h

254 X Exp_TO1LP, Exp50_TO1LP, Exp-
dryafO6h_TO1LP #1 Expdry_TO1LP U/~ 56 i iR
ZEhe s AR (B 9) kB, £\ M A& (Exp_
TO1LP 5 Exp50_TO1LP Xf [t ) g % {2 i 15 2 7 1
G300 1P T R R 22 B 2 B T R W BRI 5 i
TCARWI G KV IR T80 5 3 A 7R BE 25 m #A
Y& Fl (Exp _ TO1LP, Exp50 _ TO1LP 45 Expdry _
TO1LP,Expdryaf6h_TOILP %} k), 75 4 FR I 6] Py
R BRI AT B & L IF H KON & 2 B R
(49 FE 3 s 3R o 158 2 5 DR SR 8 45 0 A 1) 7 76 T 4 82 3

419

e, BTN AT A P 2 3] T BRI, BLr24 h
Exp_TO1LP %22 fig 12 19 43 i A% B3 55 114 &€ 45
A3 A (B 100 ] I, 158 25 BB it ) KA DXRTEE 45 i 44
) R (L DXOX L o T L AT LA Shy 85 465 in AU 152 2 34 K
14 T 2L e e R IR I R 45 0 AR R IR T R K AR
Hh K VAR R VA R, DR G R R — 20 B R 1R 2
P4 388 R R K ) A e TR R . E AR R I B I
Fop BRI kA KRR T 1R 25 PO I K,
[ SN T RVE 4 Y T o s S 2 N ' E 14
JE RN T TR ) L TR R RGN AER
AT ) BOAE AR Lot RGeS R AL e &
JR 114 RS PR S [ A 1 AR T R Bl g AN AR P TR

4 45 %

AR SCHEFE 2003 47 7 H ) S A A i S Y —
UCHE T 2% TG 5 20 M 17 2% W9 J8C(E T4 o0 B X
(9 SBCIAE  IFIE T 0 BR R 22 R/NXF B R 22 19 R T 5
WESE T PERERRE K A R e DR 22 RE HE L RUBE R0 A1 Y
TS R AIE 5 4 75 1% 22 18I Y BIL IR R HC 5 2 W K e Y
KFE., FEERWT

(1) % 1 U 2% T 5 2 & /K Bl 0 R ) 2 R
1490 i 1 22 SRR HLWD A TR 22 O IR B R ZE Y
FERAGHP, PRBE R 220 K B AR R RO AR AE .
Hit O 41 P ) P S2E K Bl /N 0 0 3R 22 3 ol FD o 7K T 4T
RERIL TRORHIIA IR Z MR

(2) WIUG0R 22 R AE W X fe L HE L IR ZE R (E
Hh A A5 7K R DDA 5% R R K B R Y
U B B R 22 AR 0 1 #3058 4 B T R AT ALy
A7 E R JBE 1 A8 AL« SR 5 R 0 3 S i A AR XX
SR AL A - LR I 1) B AR S X AR

(3) WA 22 1 18 5 B 7 o DDA G . T
BRI DR ZENS T K PR R 22 A B TTRR . R
JK ik JRE R A ot B I RO T S R 2 1 AR A B A
A AR 22 B8 R AR IX S 2 P B R K R X B

(4) Pyhe iR 22 1Y foe D03 1 B BA e #1k
it % 22 1 I AP ROBE o 0 L R B T R
FFAE .

(5) 4 PR A R % W TR PR 22 Rk e Y 2 R
BILA + AH L 14 B 245 T RO 1 25 38 10 T 2L RE R ORI
R 22 A S A A (L DXUR R 07 T e R B4 IR X B3

PAE 45 0e A B0k SR T RN BT 5T /9 45 R
(Zhang, et al, 2002, 2003, 2006; Tan, et al, 2004;



420

Bei,et al,2007) . {H &, 4 SCHE 5T Y J2 28 W 2o 72 o
0 R 25 1 2 8 T LK 22 T AT T4 P S ) Y ) A
T A 15 25 VAR R AR S R T R R FR A O R R
TR ZE RN HG SR R B R K R R Y R R 2
I3 A B A% 1 SR BB K D 9 A Bl R 25 I K
SRR R RS FECFEIE" . BT einiRE
AT A TN ) G 15 22 L R T g A Bl
Ref 7K 11 7= A TS BT K 5 2% A 249 % T 1) T 4
T2 i R TRRG 240 A T4 M 8 0 L B4 K S 8 L
AR A D PR 22— T X 3 /D 15 25 49 R TR A L
Tl EAFRAMEIE . SR, 35X — 5 T &R G5 [ A 19 af
T I AN TR 35 B K TIARORS B AR MEAT 0 — 2D 1
14 23 D) AR FH 980 20 B 23R 1 O 000 9 Ak s xof A 5 0 9%
ERERE S EIR G < e SN My NG W i RS/ S i <1
B AoF B P 1) TR B A AR oy S I R AR &
TR A9 7 32 R Wk 2 Ao i 15 2 i R TR AN 8 v O
XoF 3K — AN Aff 5 PR AT R R P A R B R A N R K
T RGERZ —

&% ik

DU 55 o 68 S . 2002, 497 {8 B iy B 3 7 %ok 98, 77 & TR I 45 SR 1
. RSB . 7(4) :386-396

T AT, 2003, 56 F KA AR AT R o) R — 2 e
JF/A 4, 22(4):315-323

ML AT Z K. 2001, REM %} 98, 77 % 2t I 5 7 5 &
b AR BB b 2 R T SO . 7(3) :362-365

FB LR E)T-. 2004a. AREM K% 2003 45 FHU R K 19 B 81. <

Acta Meteorologica Sinica S %24k 2010,68(3)

G4 .62(6) :715-724

FUNTE B0 ARG AE. 2004b. AREMS A RBE 2 75 508 191 412 A5
ARG dLat AR AL, 11-42

Anthes R A, Kuo Y H, Baumhefner D P, et al. 1985. Predictability
of mesoscale atmospheric motions. Advances in Geophysics,
28B.: 159-202

Bei N, Zhang F. 2007. Impacts of initial condition errors on me-
soscale predictability of heavy precipitation along the Mei-Yu
front of China. Quart J] Roy Meteor Soc, 133(622): 83-99

Errico R, Baumhefner D P. 1987. Predictability experiments using a
high-resolution limited area model. Mon Wea Rev, 115(2):
488-504

many scales of motion. Tellus 21(3) :289-307

Maxwell J C. 1876. Matter and motion. Pott, Young Co, 136pp

Tan Z M, Zhang F, Rotunno R, et al. 2004. Mesoscale predictabili-
ty of moist baroclinic waves: Experiments with parameterized
convection. J Atmos Sci, 61(14): 1794-1804

Thompson P D. 1957. Uncertainty of initial states as a factor in the
predictability of lagre scale atmospheric flow patterns. Tellus, 9
(3): 275-295

Zhang F, Snyder C, Rotunno R. 2002. Mesoscale predictability of
the “surprise” snowstorm of 24-25 January 2000. Mon Wea
Rev, 130(6): 1617-1632

Zhang F, Snyder C, Rotunno R. 2003. Effects of moist convection
on mesoscale predictability. J Atmos Sci, 60(9). 1173-1185

Zhang F, Odins A M, Nielsen-Gammon ] W. 2006. Mesoscale pre-
dictability of an extreme warm-season rainfall event. Wea Fore-

ca, 21(2): 149-166



