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Enhanced seasonal predictability of Asian Summer Monsoon rainfall following an El Nino event
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1. Objective

To 1dentify ENSO contribution to the seasonal
predictability of Asian summer monsoon (ASM) rainfall
and 1nvestigate 1ts mechanisms using the seasonal

hindcasts for 1979-2008 by NCEP CFSv2 with a new
multiple analyses ensemble (MAE) nitialization strategy

2. Multiple analyses ensemble (MAE) initialization
e CFSv2 hindcasts are initialized with an ensemble of ocean initial

conditions (OIC) from four state-of-the-art ocean analyses

NCEP Climate Forecast System Reanalysis (CFSR)

NCEP Global Ocean Data Assimilation System (GODAS)
ECMWF COMBINE-NEMOVAR Reanalysis (COMBINE-NV)
ECMWE Ocean Reanalysis System 3 (ORA-S3)

MAE initialization accounts for the ocean uncertainty efficiently
and improves skill and reliability of the hindcasts.

» All reforecasts start at the beginning of each month from January to
May and finish 1n September. Each OIC 1s matched with four
instantanecous atmospheric and land 1nitial states at 00Z of the first
four days in each month. The MAE ensemble has 16 members.

* The leading modes of ASM rainfall during June-September 1n both
observations (CMAP) and CFSv2 MAE hindcasts are 1dentified using
Empirical orthogonal function (EOF) analysis. A maximized
signal-to-noise ratio EOF (MSN EOF) analysis of the MAE hindcasts

confirms that the leading EOF modes are the most predictable modes.

3. Seasonal Prediction of Nino-3.4 index
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4. Predicted ASM raintall anomalies before/after the peak of El Nino events

Composite anomalies of all events

Two strong events
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*Predicted ASM anomalies from January IC for two strongest E1 Nino events and all-case composite.
*ASM rainfall anomalies are more predictable after an El Nino event than preceding one.

5. Predictability of ASM rainfall modes

Prediction of Delayed ENSO mode
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LM1

LM1
(a) EOF1 (23.2%) PC1 Contemporary ENSO mode on- —
3 50N 4 = 3 @ P S // o 3
2 ot 7 -ﬁéf ) o N 4 2
30N - % 50N - }
1 3% A RS e T L 0 3 0?5 - 14 " ) 1% . : S . :
SOTCE & . SOSRY $30) WIS C AN ot U N S - 20N 20N 1 R 4% L5 TN ¥ L H ¥ AL XA /
o AL A X F - NEXE R AT N K\/ 0/ : S/s% O RFAN - NN R TGN
W o T RGN o toN o ey ¥\ / N/ Y ¥
AT TN e N EQ \ = T .
24 i 1OS- —2° 10S S ~ 2
' 3 AC (0 72) 205' 150 =3 ' . ' ; " . . zos-/) . ; ; /JI]\\ : ‘\ : 3 | AC (0 81) ,
' 4979 1983 1987 1991 1995 1999 2003 2007 1976 (1983 A8Sr 0 MAS1 199% 1980 2005 2007 60E  BOE  100E  120E  T4OE 160 180 4979 4983 1887 1991 1995 1999 2003 2007
(d) PC LM3 _(b) EOF2 (10.3%) . PC2 Delayed ENSO mode (c) EOF (56.4%) LM3 (d) PC LM3
3 : ; . ) ,: +ON 1 g ¢ ok %ﬁ/ N § I g //" o y 3 -
2 : honcA : 2, -‘-l 3 o 30N - % o ?"D ' 24
1 ERRTSE s T & 1 R 20N g o 4 ’A
I ', IR ( . 3 ‘;:' i \, P ‘. " “,“' _.:'. 1ON- - ,‘/’J\ ’\vg//% YN A 7N /g 20N - \‘J\ N\ 4
0 i g N S N N R R 5 / “ o
(e '-.-:; i ’ ',.' .' -‘;.' A : o EQ- ) iﬁﬁ" - 10N -~ \/:5 A /% S A \ IS AN . SR
| : ¥ P 105 1 (} ;\71)'\\ ~ EQ- \:\ X N 3 v "4
2'? b 205 4 . . : = ; : : 10S - b e - oy —4 -
34 AC (O 70) —~ra e A e 1979 1983 1987 1991 1995 1999 2003 2007 205_(} ' /"NU\ S 4 -3 AC (0 78)
1979 1983 1987 1991 1995 1999 2003 2007 ] S0E B0 T00E 2B MMOE - TSOE 180 979 1983 1987 1991 1995 1999 2003 2007
0.9
. (f) PC LMS 0.8 PC2 Contemporary ENSO mode (f) PC LMS
31 0.74 - Delayed ENSO mode 3 } -
2 0.6 - PC1 243 @
0.5 e |
1 A . AN AN ‘ PR SATIE ) 0.4 'Ji- w74 . RN/ e S 3 W e B A\ : Q
5T IR A ) A XN 0.3 VNN CENEI N AN 3
NG NN - B RN 0.2 4 AN AT L ' ex BE R e 3
2 ' 0.1 onthly correlation of"\PCs and SSTA over 2 S I <o | 3
04— ! )
3 AC (O 73) —014  Nifio3. 4 region for 30 years (]97 - | -3 « AC (0 53) =2
197¢ 1983 1987 1991 1995 1999 2003 , 2007 -0.2 © 197 1983 1987 1991 1995 1999 2003 . 2007
tlme Jan Feb Ma Apr Ma ay Ju Jul Au ug Se ep Oct No Dec tlme

*Two leading EOFs corresponding to the ASM rainfall anomalies during the summers when ENSO
events are developing and decaying, designated as the contemporary and delayed ENSO modes.
*In MAE hindcasts, the delayed ENSO mode shows higher prediction skill and smaller ensemble spread
than the contemporary mode as the lead-month increases, suggesting that the delayed ENSO mode has
higher predictability.

6. Potential mechanisms
The enhanced ASM predictability

following an El Nino event results :

from the warm SST anomalies in =/
Indian Ocean during spring and
the persistence of anomalous :
high sea level pressure over the Z

western Pacific in the summer.

The MAE hindcasts at long leads e

capture these features well.
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Regressed anomalous SST (Shaded at the 90% conf dence
level, °C) and MSLP (green(+); grey(-) contours, hPa)
associated with delayed ENSO mode.
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The systematic bias in CFSv2 affects the skill
of 1ts global monsoon rainfall prediction. We
are examining the possible improvement of the
monsoon prediction by correcting the large
warm SST bias in northern oceans and cold
bias in Indian Ocean and equatorial Pacific
and Atlantic Oceans during boreal summer.




