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Two key characteristics of the Asian monsoon system

1) A strong annual cycle with a rainy (dry) season in boreal summer (winter) & two transitions

2) Abrupt changes on an intraseasonal timescale during the rainy season (i.e., onset of local
rainy season, alternative active-break cycles of local rainy season)
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How well are the SAC and FAC of the Asian monsoon
simulated in the CFSv2?



Data

The observational Climatology :
daily NOAA OLR, pentad CMAP precipitation, daily OISSTvZ2, daily heat
fluxes from the OAFlux, and the NCEP-DOE reanalysis |II.

The CFSv2 climatology :

derived from the last 25 years of a 30-year simulation starting from the
ocean-atmosphere CFSR state on November 2, 1980

Procedure

Non-overlapping 5-day average to make the pentad data sets;
time average for each calendar pentad & remove weather noise (~7.5 days)
=> the climatological annual cycle (73-pentad dataset)

=> the slow annual cycle (SAC) : the first four harmonics
=> the fast annual cycle (FAC) : the resulting time series after subtracting the SAC
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(b) time mean precipitation (CFSv2)

Boreal Summer (MJJAS) Mean States
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Boreal Summer (MJJAS) Mean States

(a) 0BS OLR [W/m"2] (b) CFSv2
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Slow Annual Cycle

Indian Monsoon Region (80°E-100°E)
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Slow Annual Cycle

Indian Monsoon Region (80°E-100°E)
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Slow Annual Cycle

Indian Monsoon Region (80°E-100°E)
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Fast Annual Cycle
Indian Monsoon Region (80°E-100°E)
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Air-Sea Interaction in the FAC (OBS, 80°E-100°E)

Q_shortwave_radiation (shading) OLR (contours)
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Air-Sea Interaction in the FAC (OBS, 80°E-100°E)

Q_latent (shadmg) OLR (contours)
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Air-Sea Interaction in the FAC (OBS, 80°E-100°E)

Q_net (shading) OLR (contours)
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Air-Sea Interaction in the FAC (OBS, 80°E-100°E)

o Q_net (shading) SST (contours)
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Air-Sea Interaction in the FAC (OBS, 80°E-100°E)

SST (shading) OLR (contours)
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Slow Annual Cycle

East Asian Monsoon Region (120°E-140°E)

time
A (a) OBS [120—140E] (b) CFSv2 [120—140E]
~
Q
flec 1 w/) Dec A \S
oV T - Rz Nov Q
PctH Oct 1
@)
Jep 4 Sep A
Aug Aug -
Jul Jul H
un A Jun 1
OO
Nay May 1 D
pr Apr->
ar A Mar
eb Feb \@
[ —

Jan
208 1OS EQ 1ON 20N 30N 40N 50N 205 108 EQ 10N 20N 30N>O’1 5%_’t
ude
~ 75 7 Total Annual Cycle

OLR (W/mA2)



Slow Annual Cycle

East Asian Monsoon Region (120°E-140°E)
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Slow Annual Cycle

East Asian Monsoon Region (120°E-140°E)

Mar Mar

Feb Feb

time
A (a) OBS [120-140E] (b) CFSv2 [120-140E] (a) OBS [120—140E]
~ (} /
Jec - \ w/) Dec 1 \5 Dec-w Dec A
O
oV - 3 Nov Q Nov Nov
I)ct3 Oct Oct ] Oct A
O
Jep A 4 Sep Sep 1 Sep A
Aug - Aug Aug Aug
ul Jul 7 Jul H Jul 4 |
un - S Jun 4 Jun | | Junq L]
ay 9 May - ' May 1 May
pr jﬂi Apr—> Apr 1 ! Apr
ar - _ « 1 r # en )d'\/@_
eb ( K]> Feb - \@> 1 y \
[ = | W/R

T T T T T T T T T T T T \J T T T T T \J T T T T T T
Gn2OS 10S EQ 10N 20N 30N 40N 50N JonZOS 10S EQ 10N 20N 30!\}40’1 5%}_\1’. GnZOS 10S EQ 10N 20N 30N 40N 50N OnZOS 10S EQ 10N 20N 30N 40N 50N
225255 Total Annual CYC'E 225 Slow Annual Cyc|e

OLR (W/mA”2)
*Removed the model bias



Fast Annual Cycle
East Asian Monsoon Region (120°E-140°E)
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Air-Sea Interaction in the FAC (OBS, 120°E-140°E)
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Air-Sea Interaction in the FAC (OBS, 120°E-140°E)
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Air-Sea Interaction in the FAC (OBS, 120°E-140°E)

Q_net (shadlng) OLR (contours)
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Air-Sea Interaction in the FAC (OBS, 120°E-140°E)

Q_net (shading)
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Air-Sea Interaction in the FAC (OBS, 120°E-140°E)
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Q_short radiation CFSv2, 120E- 1409LR Q_Iatent Om OLR
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A Reversed Behavior of Air-Sea Interaction in the CFSv2, Why?
SST Bias (CFSv2 — OBS)
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A Reversed Behavior of Air-Sea Interaction in the CFSv2, Why?
ST Bias (CFSv2 — OBS)
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Warm SST bias in spring Cold SST bias in spring/early summer
=> Earlier monsoon onset => Delayed monsoon onset
=>more enhanced 15t wet and 2" dry =>less enhanced and disorganized 1%

phases by stronger air-sea coupling wet and 2" dry phases by weaker
=>jn turn, reducing warm SST bias air-sea coupling

=>cold SST bias after summer monsoon — warm SST bias in fall



Evaluation of the simulated SAC and FAC of the Asian Summer
Monsoon (ASM) by the CFSv2

Indian Monsoon Region East Asian Monsoon Region
s The CFSv2 is capable of reproducing the climatological Slow Annual Cycle (or
slow seasonal transition) of the ASM.

¢ The northward propagation of both wet and dry phases in the Fast Annual
Cycle of the ASM is also well simulated by the CFSv2.

Compared to the observation, Compared to the observation,

v' Warm SST bias prior to the ASM v’ Cold SST bias prior to the ASM
v’ Earlier onset of the ASM v’ Delayed onset of the ASM

v’ Stronger Air-Sea coupling v' Weaker Air-Sea coupling

v’ Cold SST bias after the ASM v Warm SST bias after the ASM

Our results suggest that reducing climatological SST bias in the model
may be a primary factor for better prediction of the Asian summer
monsoon.



