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Abstract: Recently, an extended-range (10—30 days) forecast method, namely the spatial-temporal projec-
tion model (STPM) has been applied in predicting the low-frequency precipitation in tropics and shows
comparable skills. Based on the daily precipitation data from 11 weather stations in Shanghai, and the daily
MJO index (RMM1 and RMM2) provided by Australian Meteorological Bureau during 2011 — 2010, the
STPM model for the extended-range forecast of precipitation during Meiyu season in Shanghai was con-
structed. Depending on the relationship between the quasi-period MJO activities and the precipitation, the
coupled patterns between temporal varying real-time multivariate MJO (RMM) index and regional low-fre-
quency precipitation during Meiyu season is derived based on the singular value decomposition (SVD).
Therefore, using the MJO index as predictor and projecting it onto the spatial-temporal coupled patterns.,
the forecast of regional low-frequency precipitation is obtained. The STPM model is then used in the pre-
cipitation prediction during 2011 — 2016. The evaluation demonstrates that the prediction of the STPM

model achieves a useful skill at a lead time of 25 days. Three quarters of precipitation occurrences and
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intensity during Meiyu season can usually be predicted. Among them, the STPM model attains a higher

skill in the prediction of 10—20 d lead time. Generally, the STPM model provides a useful method in the

extended-range forecast during Meiyu season in Shanghai.
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Fig. 1 Lead-lag correlation coefficients between 10—60 d low-frequency rainfall
in Shanghai during Meiyu season and the MJO index (RMM1 and RMM2)
at different time leads (0—12 pentad leads) during 2001 —2010

(Dashed lines mean having passed a=0. 05 significance level test confidence level)
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Fig. 2 Major steps of STPM rainfall extended-range forecast model based on MJO activities
[ Train procedure (forecast procedure) is denoted by solid (dashed) rectangles and arrows;
t/t, indicates the forecast time in the train procedure (z=1—190)
/forecast procedure (z1,=1—114); K is the total number of SVD modes;

K* is the number of SVD modes used]
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Fig.3 The left (a) and right (b) characteristic vector fields in the first two SVD
modes of MJO index (RMM1 and RMM2) and low-frequency rainfall

[z is the forecast time and t— (+)n (n=1—6) denotes the n pentad ahead (behind) the forecast time]
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Fig. 4 The TCCs as a function of forecast
lead time for the cross validation of STPM
forecast model by using the two MJO indexes
(both the RMM1 and RMM2) and single MJO
index (only RMM1 or RMM2) as the predictor
in the train period of 2001 —2010
(Dashed line means having passed ¢=0. 01

significance level test)



12 I A I A AR A L VAt DX YRR I K S 3 AR i 1599

ZSE AR RMMI Rl RMM2 48 £ [8] i+ 1 hy 19 42
PR I 94T 45 273 Bl 0041 I 20 9 722 Al fie R A E

3 STPM A58 A 4R 37 75 74

HRAE LRI F MJO {1 8 i) STPM B 7K 4iE i 1]
FRARAE AL, XF F g X 2011—2016 4F Hg TR (4 B 7k
HEAT A N7 MR BS [ HE AT T 114 (19 fi X 6 4F)
B4 ], WAl STPM Bl i 55 780 (4 Wi £ 75 . &1 5 45
T i X STPM A5 8 [ 7K IR 50 4 £ [l R (8 5
R T 7 A VRT3 8 R A . SR T L 1% STPM
T AR AR TR i A LA JE R A VA b DX TR AR A1 R 7K
245 AR b AR TR BOR A AR AR PR 22 5. IR
ST AL B3 7K 1T 4 F 4 1 B0 7 AR B 4 AR S i T
2011.2013.2015 4F Y SEPr A A H B R, H 47
FEAT SR AF 05y H M 5 B4 7K 00 i 00 SR AS B ARL (4 155 L 7
2012 A 2014 4ERY 7 H R A BEKIIREHE RS
WA B2 . #E— 25 A B MO i B Rl ¥ 25 ST 3l
(B KB X T 2012 4F 7 J R 2F 1 BHRACR 2219
0 A & M 20 1 1 1 MO 33 3l R5 22 e 5 (3
7 H R H A R ML O B R R A T

WEHD XAV P AR B K X R BT AR 7 H R A
I 12 5 0800 LT A S B 285 R . 2014 4R [ 55 1
W5 2012 4EAH .7 AR A% S SR AR T
RS T 5 R BB A 8T B K X 5 &
H i Z0 w5 1 MIO i 855 AS R T B K 14 0] 42 45 5% A6
. BRI S0 s xF STPM A ) [k /K 15
AR —E IR SIER . A% MJO 58 & 5% %
SRYTCE DG RN STPM R [ 7K T 4 25 8 19 5%
FATVRAE G UG — L RGHT.

LR% T STPM AL [ 42 i) 2011—2016 4
Rt AR ARR A0 43 £ 7 A TH D) A 3% 0 T AR R AE L IR 40 1%
STPM #5571 (1 A T 42 £ 15 Wfer 2 & 6a ik — 25 45
th STPM BEAIXF 20112016 4F g M R AR A 03 43
T R S5 WA 9 TCCs, R fH FIEAL %4 7
B 4 32 15 » 2% F Mittermaier (2008) $12 HY (1 495 22 14
TR AE R TAL 225, B & i 205 25 1~5 ey b
Vi Ml DX A K ARG A 43 UL i AR B MO 48 B /E
STPM R (1% F g P - 150 4 B K A0 o & 78 K O
2~6 fEMAR k. &l 6a thL g5 T RS ME TR Y
TCCs, M TCCs B il 4 i 2% 1 42 1k ok B . STPM
R ) 04 4 5 B G R T R g M AR . BOXE R R

w
o
553
(=1

553
f=]

—_
(==l
L

- | I 20114F T 20124F
o | | ke

: | | ;

<X | | <X

g \ \ iz

% 10 | %

& | & 0 2
g} | kel

=S } = /
\? ‘ \\Ji%/ ?

= | S

L
=)
!

—10 1 |

S

10~60 dpfrkH/mm - d™

|
|
|
|
|
)/
v
[
[
[—

|
—_
o

.

6—05 6-15 6-25 7-05 7—15 7-25

6—05 6—15 6-25 7-05 7—15 7-25

6—05 6—15 6-25 7-05 7—15 7-25

—10 A |
|

I/ A H H/ H—H H/ A~ H

20
- \ \ - \ T P \ \
L O] | Lol | WISE] 7 [016F] |
: \ \ : \ \ : \ \
E 101 \ \ E 10f \ E 10f \ \
ﬁ | ‘ ﬁ AN } m\\ﬂ } \\L
: /N ‘
2 % 0 ‘ ‘ 2 0
2 N\ N4 E RV |3
= \ V& = \ = ; \
8 M 2710 (= \ S
z ‘ z \ \ e \ \
= | =20 \ } =20 } }

6—05 6—15 6-25 7-05 7—15 7-25

6—05 6—15 625 7-05 7—15 7-25

6—05 6—15 625 7-05 7—15 7-25

H#/ H-H H#/H-H H#/ H-H
M —— FEATL0 A5tk FERTLS dffifh —— 1EAI20 dFifk  ——$2AI25 dfiHk FERIT30 dFiiHk

5 STPM fifi A B %T 20112016 4FAR 7R B IX 10~60 d
o6 K AT e (] 1 {5 0 T {154 3 % 3 7%
8 R 2 S VL HE A T 254 AL A LS 38 S A v DR B O T M0 55 ML RE ) TR (2014 ]28 5
Fig. 5 Time series of the predicted low-frequency rainfall by using STPM forecast model and

observed low-frequency rainfall during the Meiyu season of 2011—2016

(Vertical dashed lines denote the starting and ending dates of Jianghuai Meiyu)
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