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Abstract: Based on the China regional grid precipitation dataset CNO5. 1 and EAR-Interim reanalysis data,
the seasonal modulation of the impact of Madden-Julian Oscillation (MJO) on China’s precipitation anomaly

is studied, and a dynamical-statistical downscaling model which focuses on extended-range precipitation
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forecast is established based on the MJO prediction by numerical model. The results show that the impact
of MJO on precipitation anomaly is modulated by seasonal cycle obviously. When the MJO convection is
active in tropical Indian Ocean, the above normal precipitation area advance northward along with the
changes of seasons. When the MJO convection is active in the maritime continent, precipitation in eastern
China and Tibet Plateau is abnormally less in autumn and winter, but this situation is gradually weakened
or even reversed in spring and summer. The position and amplitude variation of MJO convection and basic
state (especially the subtropical westerly jet) lead to different extra-tropical circulation responses, which
are the main causes for these seasonal variations. The model verification suggests that the prediction skill
of target pentad RMM index based on BCC_AGCM2. 2 can extend to 18 days. In addition, a seasonal rol-
ling MJO dynamical-statistical downscaling precipitation prediction model is established based on the fore-
casted RMM indices by dynamical model. The independent sample tests show that the dynamical-statistical
model achieves higher skills in predicting the low-frequency precipitation anomaly than the direct output of
BCC_AGCMS2. 2 in MJO high impact area during long lead time (10—20 d). The improvement is more ob-
vious in the MJO active period. These findings could provide new thoughts for the MJO interpretation.

Key words: Madden-Julian Oscillation (M]JO), seasonal modulation, BCC_AGCM2. 2, dynamical-statisti-

cal downscaling model, extended-range forecast
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Fig. 1

Regression of pentad precipitation anomalies (a, b, unit; mm * d ') and tropical OLR

anomalies (b, d, unit; W » m™?) against RMM1 index and RMM2X (—1) index

(a, ¢) regression against RMMI index, (b, d) regression against RMM2 X (—1) index

(Results of meshed and stippled areas for precipitation and OLR have passed the 0. 05 significance level test)
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Fig. 2 Slide regression of lag-1 pentad precipitation anomalies (unit: mm « d ') against
RMMI1 index (a, ¢, e, g) and RMM2X (—1) index (b, d, f, h) of 4 typical pentads
(a, b) slide center for pentad 3, (c, d) slide center for pentad 21,
(e, f) slide center for pentad 40, (g, h) slide center for pentad 58

(Results of meshed and stippled areas have passed the 0. 05 significance level test)
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Fig. 3 The time-latitude sector of slide regression of lag-1 pentad precipitation anomalies

(unit: mm « d”') against RMM1 index (a) and RMM2X (—1) index (b) averaged between 105°E

and 125°E; (¢, d) same as Figs. 3a and 3b, but for slide correlation coefficients

(Results of stippled areas have passed the 0. 05 significance level test)
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Fig. 4 Slide regression of lag-1 pentad precipitation anomalies (shading, unit: mm « d ')

and water vapor flux anomaly of the whole layer integration (vector, unit: g+ m '« s ')

against RMMI1 index (a, ¢) and RMM2X (—1) index (b, d)

(a. b) slide center for pentad 3, (c, d) slide center for pentad 40

(The shadings for precipitation and thick black vectors for water vapor flux have

passed the 0. 05 significance level test)
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Fig. 5 Slide regression of simultaneous OLR anomalies (shading, unit: W+ m *) and lag-1 wind
(vector, unit; m * s ') and stream function (contour, unit; 10° m* + s™!) anomalies
at 700 hPa against RMMI1 index (a, ¢) and RMM2X (—1) index (b, d)
(a, b) slide center for pentad 3, (c, d) slide center for pentad 40
(Red contours indicate the climatically averaged zonal wind at 700 hPa which is larger than § m+ s !,

shadings for OLR and thick black vectors for wind have passed the 0. 05 significance level test)
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Fig. 6 The time-latitude sector of slide regression of simultaneous OLR anomalies (shading,
unit: W+ m™?) and lag-1 wind anomalies (vector, unit: m « s~ ') at 700 hPa against
RMM1 index (a) and RMM2 X (—1) index (b) averaged between 105°E and 125°E
(Red contours indicate the climatically averaged zonal wind at 700 hPa, shadings for OLR and

thick black vectors for wind have passed the 0. 05 significance level test)
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Fig. 8 Same as Fig. 2, but for the slide regression of lag-1 pentad simulated

precipitation anomalies (unit; mm * d™!) against RMM indices forecasted
10 d in advance by BCC_AGCM2. 2
(The up-left number in each figure is ACC between Fig. 8 and Fig. 2)

PREC _ano Gitau + 5,ipd) = PREC _reg1(ipd) X
RMM1_fes (itau sipd — 1) + PREC_reg2(ipd) X

RMM?Z2_ fes (itau »ipd — 1) (D
A iraw REEBEA RMM 5 800 #0420 31
~50;31pd FUE TR H AR B 1~73; PREC_ano f{
F WU H AR ) K 523 PREC _regl Ml PREC_
reg2 3 H br i 19 K K G831 0 3 B R (B 2)5
RMMI1_fes F1 RMM2_ fes A3 8 I3 1 AR 19 H

PRAERT 1B RMM F5 %50, 12455 AR AR (A5 =04
AT I BE 4R 19 RMIML 48 %50, 3¢ LA ip 39 2 37 119 it
ZET M B e IRl AR A5 3 B RR AR Y B OK SR
SE[

K9 45t 7 IZ ALY 20112016 4F X f 7K 13
i By A S FEARG B A5 R . & 9a A 9b Sl T
B 1AW ) RMIM $5 50 i 75 21 7 e K i 4 4 175
& T %80 J1-Ge v X ) Bl B 2 B A] DL AR B



%6 S A MIO X3 [ Fe K 52 0w A 2515 98 1 A 3 -G 1 e RUBE B 747

ARAE LIS R TR o M IX K RE A B i B PR R R L X L T ST B A 8 MIO /Y 52 R
U SO TR AR AN AC A M X PR A S B AR — B0 o i AR SR TS d PR A RMMUES %8

L@ 4 7 ] ~
50° N 50° N
e ]
. S &
30 Sﬁ/ - 30 A Sﬁ/ -
] g 1 g
00 ‘ ‘ : s 207 s
80 100 120°F
. 1© =4 7
50°N+
17 o
“ 5 59
30 : SY/ ] ) : Sé/
el ] X 2
20 ; ‘ ‘ o st 1 ‘ " ‘ o st
80 100 120°E °E
e 4 E
50° N+
{1 =
] A )%
40 A {
%;
30 , Sa/ Q
D
20 7 ‘ ‘ ‘ (\"’ )
80 100 120°F
_~ ™
50° N
40 g
30
200 7 ‘ ‘ ‘ 7 it 8] ‘ i ‘ ‘ 7 it 8]
80 100 120°F 80 100 120°F
T T e e —
-0.4  —0.2  —0.1 0 0.1 0.2 0.4

B9 b S A A G B R (20112016 4E) MJO 3l - i B R A6 25 X 38 ] 78 46¢ i K B SF- T4 1Y
FIRELTGPESY : (ay o o @ RHBHEA, (by d, £, h)MJO 5 BR i X R A A
(ay YHERET O d T4 CRIE AT ORI 19 RMM #5550 . (e DFBHT 10 d T4 CRPfH AR 42 A
5.d HiH iy RMM 3850 . Ces DREHET 15 K FHR CRIAE BN AT 10 d Bl RMM #8550 .
(g, h)RRET 20 d Tk CRIE AR EEAT 15 d Bk iy RMM 4550
RO A% 7 26 X IR AT 0. 05 B 35 MK SE K 56
Fig. 9 Correlation skill of pentad precipitation anomalies forecasted by the dynamical-statistical
model during the independent sample verification: (a, ¢, e, g) all samples.,
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(a, b) forecast 0 d in advance (using observed RMM indices), (c, d) forecast 10 d in
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(Results of meshed areas have passed the 0. 05 significance level test)
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Fig. 10 Correlation skill of pentad precipitation anomalies forecasted by the DERF2 model (a—d)
and the skill difference between MJO dynamic-statistic model (MDSM) and DERF2 (e—h) during
the independent sample verification (2011—2016)

(a, ¢, e, g) for all samples, (b, d, f, h) for the samples of active MJO
(a. b, e. ) forecast 15 d in advance, (c, d, g, h) forecast 20 d in advance

(Results of meshed areas have passed the 0. 05 significance level test)
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