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(blue) vectors represent the date when the maximal(minimal) precipitation exits and the value of annual range(mm/day). )
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Fig. 1 Spatial-temporal distribution of annual range of precipitation in Asian Monsoon region
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Fig. 2 Distribution of the dates of Asian rainy season onset and withdrawal



12 T EO® OB K ¥ ¥ i

20104

3 RFEXF R SHE

3.1 MiRREEN T

Xt TR EXE LS BB B HE , T 2 RSB
FE FE B LA R AR 2 1) AR O A » i LA 4 XU R
SR T BRI BB 2 KR i S 5408
AR 1) RRAE , A SO AT RA, X Y2 3 28 XUIX 28 JXUFF 3 2
S SHBREEHTRE—MRE. B3 P4 ®
R B AR B 2 KU 7 (RUR ) s ], /MR
AL Bow—vin IR/ . HERINFRE T 4 AREZM
PR AR S, Z S5 W AR AL R v A O i B AR .

°N
40

215 AT B AR B AR | BB i R AR LA R B
PR X T RIFRE S ; REEEREEBNE
FNIARAE 6 HWE . B FRIBCR I, FafE] 15
W XESHER R, 78 15°N UL, REXF R E
B 9 A T RITHAHUR . HE M 7°N~15"N Z &, 8
AR 2 10 A A), TR 7N LA, FIRGR #Y R A
#E % 11 A1, STWHHBILEN S, HE XK
AR 3L RIRGE 3 2 48 oP 78 B BN B - T JE KPR 3
X, T R R B 2 P R A O L, XA
AP SRR T P 38 P ERE T

35t

30

25F
20}

110 120 130 140 150 °E

(4T () 0 B 7 10 T B 8 7. (BB i 18], K/MRFE Ak & B R 1A /iy 25 4L B . The direction and magnitude of the red(blue) vectors represent the
date of onset(withdrawal) of 850 hPa wind and the value(in degree) in corresponding magnitudes of angle differences between Winter and Summer. )

Bl 3 WEWMZFEMRIX 850 hPa B ZFFu 37 K B o (8] i 2= &) 2 A

Fig. 3 Distribution of the dates of 850 hPa wind onset and withdrawal

o

o YTV VY
AV Ty

RCUUNARRR K
RN

/ %
/T/Zjedi &, ,
110 120 130 140 150°E

@ AR BT R ATER T BB BatE], /MR AL B X f35{L & . The direction and magnitude of the red(blue) vectors represent the
date of onset(withdrawal) of 200 hPa wind and the value(in degree) in corresponding magnitudes of angle differences between Winter and Summer. )

B4 WWERIX 200 hPa FZ 58 K ORI ] 9 2S [|] 4340

Fig.4 Distribution of the dates of 200 hPa wind onset and withdrawal

3.2 MRERERG
WY B 2RI AR ST S 10 » ANEX R X 2
ARIZIR UL B BOIE » T ELEC 15 2 Y 5 L A 2% A 4 T Y 28

5D, PR 4 W T RAER R BB B TR AL i R
HIREE, SRR, FE L B R (B B4 B 3
R, BEEERRAEEFHREEEL G AT,



43

H IE%. UWHEERIFRANEHRNIERSHE

13

BEREMPOSARM EELS EMHE. PEE R U
gt X B F WL R g G AR 6 A
¥, FHH B 8RR BE X IR — B, 7K
WX T 6 AT agsr, X, 25°N Hit, B
RRBB A4 BEE, T 9 AR TARE. ZEMES
FE ARG , #30GE B [B) 2 B 4R, o b v i b LA
FIEEREH X ARGRN M E 4 &K1 AR 12 B
¥D. T 10°N PIEE A K 25°N Udb B X, i 5 i
X EEVE IR T, T 10°N~25°N &25 200 hPa ¥

B R REST BN BE TR,
4 FNIFUS R AR R 2

WA M BT 5 LI XX B e A8 ST
SHBHEAMEEE NI R M N TR, R
T DA SRR 4 FF) ek ) RUBE b e BU RIR 25 2R T DA & B, X
W R IR JE 2 P 0 B 2745 a8 » A % ik
F XK I ZE W PR , AU E K B2 5 1 L

e B R AR A e 2,
MEMESEXRRE, G BV BENFETHBER T
°N a. 850 hPa
40 T T T )
SxAVARZH
35H i
] 7
30
I\
s AR ETT i :
20{[ T4 fg S Ul
15.«*’-, :- ,‘_‘ 1-; . 1:{-’
10 OoconzZE S0 .8 a5 SHB . gAn N
L Qo - PAEIRESS K] 2l0 (-3 K] 112121242
- 2} 1olo] § 1 lv]z]2{afr]r}u

16 -14 -12 -10 -8 6 -4 2

0 8 10 12 14 16
°N b. 200 hPa
40 T | P
H h % =F
350 <, =i ul
3 7
30 1
N A
25P L1 ajel-ys % Y 5
efofals o]
20 ] 3. ¥ t|.1fa i »
LA ofofo -1}~ i B (5
154 - +]-1}-faln s ola]e[2 al-+jol b -
- -1 K292
10! I B By Y | "
SH [ 9
)
QI TT LI T T T T T T LT MR AT T LT
50 60 70 80 90 00 10 20 130 140 150°E

o R IR
-16 -14 -12 -10 -8 -6 4 -2

0

|- .
2 4 6 8 10 12 14 16

KA RXRFHNIEEZME KT, The gray patches with white dots show non-typical summer monsoon rainfall pattern. )
B 5 HEWRREYSWHERMNEZ

Fig. 5 Discrepancies in dates between summer wind onset and rainy season onset
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WEALAT;2) FEBEEILE:3) BRI 4) HEFILEE;5) FIALAM% . (a) corresponding to the five locations highlighted in Fig. 5a(6a).
1) Philippine Sea, 2) Center of South China Sea, 3) Center of Bay of Bengal, 4) Center of India, 5) Middle-west of Arabian Sea; (b) corresponding
to the five locations highlighted in Fig 5b(6b). 1) Subtropical North-western Pacific, 2) North of South China Sea, 3) Center of Bay of Bengal,

4) Middle-north of India, 5) Arabian Sea, )
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Fig. 7 Time series of the relative climatological pentad precipitation rate(black solid line) , relative climatological
angle variation of 850 hPa wind(red dotted line) and 200 hPa wind(blue dashed line) in key areas
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Temporal Nonsynchronization of the Asian Summer Monsoon Onset and

Retreat Between Wind Circulation and Rainfall

HUANG Fei?, ZHANG Xu!
(1. Ocean-Atmosphere Interaction and Climate Laboratory (OAC) and Joint Open Laboratory of Marine Meteorology
(JOLMM), Ocean University of China, Qingdao 266100, China; 2. LASG, Institute of Atmospheric Physics, Chinese Acad-
emy of Sciences, Beijing 100029, China)

Abstract: The onset, duration and retreat of rainy season are distinguished from those of summer mon-
soon circulation in Asia, named as “nonsynchronization”, With defining the new concepts of wind onset
and wind withdrawal, this study analyses the temporal discrepancies of seasonal variations of wind and
precipitation in Asia using Climate Prediction Center Merged Analysis of Precipitation(CMAP) and the
National Center for Environmental Prediction National Center for Atmospheric Researches(NCEP-NCAR)
reanalysis data from 1979 to 2006. The results are as follows; (1) On summer monsoon onset, the south-
westerly onset at 850 hPa is later than that of precipitation in the regions from the middle part of Bay of
Bengal to Philippines. The opposite features happen in the regions of east and center part of Arabian Sea,
the southern India and most parts of Southeast Asia. In terms of those between 200 hPa circulation and
rainfall, similar results were obtained except for tropical regions of the western North Pacific. (2) In
terms of the summer monsson retreat, the wind retreat are earlier than that of rainfall in the regions from
75°E to 125°E, especially in the middle of Bay of Bengal and the mid-western of South China Sea(SCS),
and vice versa. Compared with the retreat of 200 hPa circulation, the rainy seasons withdraw consistently
earlier in entire Asia, except the regions where the equinoctial monsoon dominates. (3) In the north part
of the SCS, the indication of summer reversal of 200 hPa circulation highly associated with the SCS sum-
mer monsoon onset. The development of Hadley circulation at both lower and upper levels and onset of
summer monsoon in Arabian Sea are of great influence in the onset of rainy season of India, while the sea-
sonal reversal at lower levels barely has contributions,

Key words: Asian summer monsoon; rainfall; monsoonal circulation; nonsynchronization
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