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the evolution features of East Asian summer monsoon (EASM) circulation are analyzed. It is found that there exist
two distinct subseasonal abrupt changes in East Asia during the summertime, characterized primarily by two east-
ward contractions and northward jumps of the western Pacific subtropical high (WPSH), one of which is in middle
June and the other is in late July. Because of the close relationship between the WPSH and rainfall distributions in
East Asia, the rain belt in East Asia exhibits two obvious northward jumps in the seasonal evolution as well, corre-
sponding to the beginning of the Meiyu period from the Yangtze-Huaihe valley to Japan and the rainy season in
North China and Northeast China, respectively. Compared with the first jump, the second jump of the WPSH is
much more evident. The first jump is mainly caused by the enhancement of the convective activities in the South Chi-
na Sea (SCS) while the second jump is influenced by both the convective activities over the western Pacific warm
pool (WPWP) and the circulation systems in high latitudes. Through the phase-locking of the northeastward propa-
gation of the Rossby wave trains from the WPWP and the downstream propagation of the Rossby waves in high lati-
tudes, both the convective activities over the WPWP and the circulation systems in high latitudes play a key role in
the second northward jump of the WPSH. In addition, the interactions between the WPSH and the release of the la-
tent heat on its western edge lead to the intraseasonal low-frequency oscillation of the WPSH.

The analyses of NFTV indicate that the adjustment of the low-level circulation in high latitudes tends to weaken
gradually with the seasonal evolution, which is related to the temperature difference between middle and high lati-
tudes. By contrast, the adjustment of the high-level circulation tends to intensify with the altitude during the latter
half of the summertime. Besides, the evolution of the similarity also shows that the atmospheric circulation in East
Asia exhibits a distinctly different state after the second jump of the WPSH.

The Southern Hemisphere circulation plays an important role in the enhancement of the convective activities in
the SCS and the WPWP. In middle June, the enhancement of the convective activities in these two regions is due to
the intensification and eastward extension of the westerly on the western edge of the SCS, which is deeply involved
with the Mascarene high (MH). In middle July, the enhancement of the Australian high (AH) leads to the intensi-
fication of the cross-equatorial flow on its northeastern edge, and a large amount of cold air from the Southern Hem-
isphere invades into the warm pool region, which increases the atmospheric instability and the low-level convergence
over this region. As a result, the convective activities in the warm pool are enhanced. In the first half of the sum-
mertime, however, the relationship between the intensity of the AH and the cross-equatorial flow on its northeast-
ern edge can be modulated by the convective activities in the WPWP, resulting in an opposite trend between the AH
and the associated cross-equatorial flow. During the austral wintertime, the AH tends to weaken with the low-fre-
quency oscillation, which is affected by both the surface temperature in Australia and the energy dispersion of the
upstream MH. The weakening trend of the AH is influenced by the former while the MH plays a dominant role in
the low-frequency oscillation of the AH.

Key words East Asian summer monsoon, subseasonal abrupt change, the western Pacific subtropical high, convec-

tive activity, normalized finite temporal variation
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Fig. 11 Time series of (a) the Mascarene high (solid line) and the zonal wind averaged over 5°N = 15°N along 110°E (short dashed line),

(b) the Australian high (solid line) and the meridional wind averaged over 130°E - 150°E along the equator (short dashed line)



34 TS AR KR A A7 (9 25 A A Al

No. 3

SU Tonghua et al. The Intraseasonal Variation of Summer Monsoon Circulation and Rainfall in . .. 625

1 Sep 1

16 Aug{ |
1 Aug

16 Jul 1

Date

1 Jul

16 Jun+

1 Jun{

16 May . . - - . - - - - - -
40°E 60°E 80°E  100°E  120°E  140°E  160°E

P12 925 hPa I+ 25°S~35°S -5 {3 e B I ] — 28 B2 1 1
PR gpm) o B Sk TG 7 o) 275 S iRy 44 56 YR e A 7 1 5
Fig. 12 Time - longitude cross section of geopotential height
(gpm) averaged over 25°S - 35°S at 925 hPa. The dashed lines
with arrows denote the corresponding enhancement of the Aus-

tralian high after the Mascarene high intensifies

SN W I T — B0 . B2, W5
JERE AR B AR LA H ] 28 e, R
TE A~ 3R 2% 2 013K o 52 0] 52 ] T I Yt s, X O O 1
AL, TS P R B AN R 22 A
TER P ERAZEIA] R 9 BERR 1 A2 T T
TR B B Ah, A5 Z B e, T M
HWRR, CATZ Ao IEReA s LA
(1989) AU 1250 22 B 15 3 3 1) B 1 AR PT LA SE
e 2198 = A 284k, Xue and He (2005) 3@ 334143
Br o Ao W] i AR 7 RE A8 5 | B I ey S 8o
SR . MW 12 Ed el B A S, 5k
USRI 1 2 2 S g, A8 AE
R G, DE W o, s A 7E R
D . I RT DL R A A A R N 52 BRI
HIRE DA K b U0 B e BE EE BRI 5200, i )
WAL G S TS 2 e I e AR R 3 . Ut
Hb, IETT AR BITERE A 2P 2R Z= 0], DA R
Ll EEAR TR EAE 40°E~90°E DL K 120°E~150°E 22
(], 2 B 2 DG T 5 i R e 1) SO FY

6 MESIE

ARSOM I IR LR ORI A B A8 22 Tkt
FE T AR X = IR 9 219 R Al . BT
KB AN X R SR S 2 1 8] A7 £ P U

HIIRZE TGS, 3l te 6 Ahaf 7 JJTH), X
EFHT S A R kG Bk ) B () AR — S (P
75, 1963; Tao and Chen, 1987), [RE};, BTl
TR PR AL, AR SV 1 DX R iy, 3 B 79 O B S 7y 28
Bk, XN TVLHER IR 2 H A Mg R 2235 LA S b
LW ER I B, A EPTIRRZ R K
B, vt AR A2 AL Y 1 32 34 S A2 i B LR
9IRGB IS — IR ARG £, X — T
Al A R IE TR B A2 A H ARSI O B, AR
P X RI778 22 B 1 A2 A b A BE T A B e S R .
MRS AR JS B 2R XUTE AR M X A 4 i

BT AL — P ERAC X, 8 A E LG
T 1] F HGR o

fil el P R G AR AR B AL Bk e Xt A . H
PIRRAE AW R AR, E e mEAR. &
LR TR s HUORH — AL Bk Al Rl A W
SEPG . M RAEBELUS . Bl A B, XY
FOVUERID SRS TR 5% . I A AR
(A5 B ey S B S A AR P AR

il P B AR R MR A A A
Al AR M 22 B 1Al b T LI 2. R v S i
Tt DORHAL TG 21 114 16 56 249 8 A7 T g 09 L B
XTREABEEENEE ., 6 AFa. b T
POl » P T3t DX T 2l A R Tt el DX %o U3 sl i
W B Ay S 2+ T g 2 b DX BRI A S o U e . 7
L T EIEIEREIE AR, HALE AR, iR
WX IG SRR B, X — i BL. BRI R S
s e, I B, I A AR R A R
Jre X FR S A I ) AR AL TT 1 L Y Rossby
B ALY H AR B 12 7 A 9 2 Sl
AFPPH s SULFEI . @M H T/ E Rossby
iR AURRUENRE S i JIVA B2 17 o e 2t 0 /G EL
oA i s A iR A AL

AR FEBE B 3 AT it — A UESE T B 7 ) ) 2 0 i X
E 6 HHAIAn 7 H R A7 AR BT A 1 R
A%, T HAEA 8 A LU . i TR DX Bl LA
L i 5 L DX ER AR+ 7R 0. 3l DX 30 9 8 0 0
B oprikc RN, B TR R HERE . R4
b D U2 HA AR JZ P IAE F) 814 B o 2 A 84 T T 5%
WS - X5 i A X 2 (8] ) Tl 25 AR A A G
Zo B, R HREIR AL 7 A PR LS
B, R, d T RIS AL TR A, R



P 34 %

626 Chinese Journal of Atmospheric Sciences

Vol. 34

M DX IR 14 IR R A B 8 1 R T ) e A
. SUCHRR I, e X e J2 PR O ) T R AE L
BRI T TR e JRE 1) 3 0 02 2 5 Y
X5 R B L A K

GBIy VIS R WS AL A B2 2 T DRt A
— P RHUE T B X T R I DY Y KSR Y R
1717 EL P XU R 7404 56 1 P ¥ R it b X% 47 21 »
T 0 ) 1 e e ek s (ELR X AR i LR R T
6 AR El RS — Bk, X T 7 H A
MO DX LG B 58 - S 3 B T A RN R AL
AR TE . i TBORE s . R RO
Vs SR B M 3 X (7 12 1t 3t X i B L)
XHRATEE - RIS nsE T RZ A AT
L[ s 7B X R B . A, TE
FIT YT YL X5 IR0 7% Bl %S YN AL R o 1 At oo
(AL A 3 LA o (AR g 50 5 AR Ll
R T AL AR 98 55 22 B AR S i AR A . St
FA T A IR 50 LA i~ R A R R A 32 ) T
ANHER S —ARRYPORRE N R f e, 75—
T R PR R R AR TR R R ) A
1113 ) 7 R M AR IR 5

e SRR . 7 H T AR A e Bk
ZJe s AR XA A B B A R IR X —
SAARUEZ ) 73 ERT IR R & 3], S2Ps b, e
BRI A AR W DX R BRI T 2 B T3
VI H A7 A AR i e B0 D0 3 B0 A R
PR IX B e G 2l (R e L 5 Ak TR K
I AR T o BT, X BB B AL AR B A HE
AR B PR AR AN ] st (6 75 A 0 3l X RSB
TS B RS A R AR

FURT . 0T i [ = 2RI R K A 2= B T . &
AHRIE A K- R 1 (EUR TS SR
PRSI & AR 2R A X 73 B Bk 1 52 2 o
K ATRES I BRI R 22 . L. FATiAE
TEXT 2= [ K AT TN s 5 18 2 BOREAY Ak 2 5
i, R LK R K B B0 A 123 S A B B
A —BrBetdd% 6. 7 A4y, mija—FrBch 8 Afr. R
ARG B, FH AR R BN . DA — 252
o E R K B K o 3 B R R G T
I TR R K B 400 20 AR . BETS I AT A Fp it —
AIUE. 1 TASCHEE T2 RGBT AR I R 2
WG RS FAER 1. RS PRAg 4k 13X

SRR GG, HEEmEH# PRI, F%
., Xue and He (2005), Xue and Liu (2008) Flp#
U (2008) M1 53- B LA B G o Hr Y 4 58 A
AEBR AR A FEAE — B PR T b RBIFIESE 1 3 Ao
5

A

B T 2 AR B AZ A 1 BE X 2R M B 2 R BRI 1)
RN RAFHEA R — I TEAL, RTREIAR
XA IS S RS AR A EA R — 2 0y
s AFENE RE R o & N 1) 58 70 2k PR 2 b 22
ZME s X R PY RSP SR A B A 2
MRS RIS s R B 25 AR 5 B Tt 3t DX AT 30
TR IS RIE S, DL T MRS P 1 E R
S AR PG R PR el DR 0 3 9 BAR S
BT R ATAR I Z IR S — IR T R B B
RS PR BCA HBURH R PR 5 7 15 IR
G B B e AR st B 8] b 4 s — SR A R B O
W X IEAE R WA R TIEIE

S % 3Lk (References)

e
e

=4
P

HASC, TLAE. 1988, VATl #i oy B 4R A 8 2= ARy
T HTRERE R [J]. G FM, 46 (3): 361 - 364, Dong
Buwen, Chou Jifan. 1988. Actual analysis and theoretical simula-
tion about position of subtropical highs over western Pacific [J].
Acta Meteorologica Sinica (in Chinese), 46 (3): 361 — 364.

M, BRI, 2006, JBIRIE T YR58 Ak S CH N e T B R KU R
posgmg [J]. SRS EEEATFSE. 11 (1. 57-68. Gao Hui, Xue
Feng. 2006. Seasonal variation of the cross-equatorial flows and
their influences on the onset of South China Sea summer monsoon
[J7]. Climatic and Environmental Research (in Chinese), 11 (1)
57 - 68.

BN, ZRYEnT. 1988, EL AT P IOV 1 25 (1 R S5 X R
AR R M R LA (1), KR, 12 O
FiP): 107 -116. Huang Ronghui, Li Weijing. 1988. Influence of
the heat source anomaly over the western tropical Pacific on the
subtropical high over East Asia in summer and its physical mecha-
nism [J]. Chinese Journal of Atmospheric Sciences (in Chinese) ,
12 (Special Issue): 107 — 116.

BN, PNRBE. 1994, PRI PG ROV 102 b 19 PR 28 B FE B s 1y %
TS S AR H R R R )], KR, 18 (2): 141 -
151. Huang Ronghui, Sun Fengying. 1994. Impacts of the ther-
mal state and the convective activities over the tropical western
Pacific warm pool on the summer climate anomalies in East Asia
[J]. Chinese Journal of Atmospheric Sciences (Scientia Atmo-
spherica Sinica) (in Chinese), 18 (2); 141 -151.

B, RARBE 1962, R w45 1 K R RS A e T
M RREES (1], K44, 31 (4): 339-359.  Huang Shisong,



34 TS AR KR A A7 (9 25 A A Al

No. 3

SU Tonghua et al. The Intraseasonal Variation of Summer Monsoon Circulation and Rainfall in . .. 627

Yu Zhihao. 1962. On the structure of the subtropical highs and
some associated aspects of the general circulation of atmosphere
[JJ. Acta Meteorologica Sinica (in Chinese), 31 (4); 339 - 359.

BLRA. 1963, RIHAY = AR PG 0 B B L B Mot oE (1] K%
24, 33 (3): 320-332. Huang Shisong. 1963. A study of the
longitudinal movement and its forecasting of subtropical anticy-
clones [J]. Acta Meteorologica Sinica (in Chinese), 33 (3); 320 —
332.

fRIEER, e, BaFB. 2000, § i H 22 KUK AT RS KA
WAARREAE [J]. Af% SFFEEMFSE, 5 (4): 356 -362.  Jian Mao-
qiu, Qiao Yunting, Luo Huibang. 2000. The abrupt change of
the circulation in low-latitudes during the period from April to
June [J]. Climatic and Environmental Research (in Chinese), 5
(4): 356 — 362.

Kanamitsu M, Ebisuzaki W, Woollen J, et al. 2002. NCEP-DOE
AMIP-II reanalysis (R-2) [J]. Bull. Amer. Meteor. Soc., 83
(11): 1631 -1643.

Lau K M, Yang S. 1997. Climatology and interannual variability of
the Southeast Asian summer monsoon [J]. Adv. Atmos. Sci., 14
(2): 141-162.

MRHIR. 2007, AREE 285 A P X2 28 e e AL B (D] H =R}
2EBE R IR 24008 3¢, 16 -17. Lin Zhongda. Var-
iability of upper tropospheric jet stream over East Asia in summer
and its mechanism [D]. Ph. D. dissertation (in Chinese), Insti-
tute of Atmospheric Physics, Chinese Academy of Sciences, 16— 17.

Lu R Y. 2001. Interannual variability of the summertime North Pa-
cific subtropical high and its relation to atmospheric convection o-
ver the warm pool [J]. J. Meteor. Soc. Japan, 79 (3); 771 —
783.

Nitta T. 1986. Long-term variations of cloud amount in the western
Pacific region [J]. J. Meteor. Soc. Japan, 64 (3): 373 - 390.
Nitta T. 1987. Convective activities in the tropical western Pacific
and their impact on the Northern Hemisphere summer circulation

[J1. J. Meteor. Soc. Japan, 65 (3): 373 - 390.

PP, IRIBE. 1962, B ZRTTE G Sl Rr A M 587 4 1) 3R AR AE
[J1. R%2#4k. 32 (1): 1-18. Tao Shiyan, Xu Shuying. 1962.
Some aspects of the circulation during the periods of the persistent
drought and flood in Yangtze - Huaihe valleys in summer [J]. Ac-
ta Meteorologica Sinica (in Chinese), 32 (1): 1-18.

PR E . tRIBTE, SRIZE. 1962, 5T =A< W AT A I HHY Hb X 228 o)
LGB A REAE [J]. K44, 32 (2): 91-102.  Tao Shiy-
an, Xu Shuying, Guo Qiyun. 1962. The characteristics of the
zonal and meridional circulation over tropical and subtropical re-
gions in East Asia in summer [J]. Acta Meteorologica Sinica (in
Chinese), 32 (2): 91 -102.

PR, 1963, hEEFRP RIARGEA TREHFZR (M. dt
e B AL, 10 - 18, Tao Shiyan. 1963. Study on Some
Aspects of Subtropical Synoptic Systems in China in Summer (in
Chinese) [M]. Beijing: Science Press, 10 - 18,

PR AAmRE. 1964, EWPNREHR 100 22 B B i A8 fk e 5

PO R M R I Se R (U] RR%M, 34 (4): 385 -
392. Tao Shiyan, Zhu Fukang. 1964. The 100-mb flow patterns
in southern Asia in summer and its relation to the advance and re-
treat of the West-Pacific subtropical anticyclone over the Far East
[J]. Acta Meteorologica Sinica (in Chinese), 34 (4); 385 -392.

Tao S'Y, Chen L X. 1987. A review on the East Asian summer
monsoon [ M| // Krishnamurti T N, Chang C P, et al. Monsoon
Meteorology. Oxford: Oxford University Press, 60— 92.

PETFS . TBE. 2006, 8 B 2 P4 oK F 7 i) FAHY e He 1 P b b Bk
(7. BRI G54%, 17 (5): 513 - 524, Tao Shiyan, Wei Jie.
2006. The westward and northward advance of the subtropical
high over the west Pacific in summer [J]. Journal of Applied Me-
teorological Science (in Chinese), 17 (5): 513 - 524.

WRHE, WL, 194, PEERXZH#HIR [J] KL%, 18 (D
81-92. Tu Changwang, Huang Shisong. 1944. The advance
and retreat of the summer monsoon in China [J]. Acta Meteoro-
logica Sinica (in Chinese), 18 (1) 81-92.

Ueda H, Yasunari T, Kawamura R. 1995. Abrupt seasonal change
of large-scale convective activity over the western Pacific in the
northern summer [J7]. J. Meteor. Soc. Japan, 73 (4): 795 —809.

Wang H J. 2001. The weakening of the Asian monsoon circulation
after the end of 1970’s [J]. Adv. Atmos. Sci., 18 (3): 376 —386.

Xie P, Arkin P A. 1997. Global precipitation; A 17-year monthly a-
nalysis based on gauge observations, satellite estimates, and nu-
merical model outputs [J]. Bull. Amer. Meteor. Soc., 78 (11):
2539 — 2558.

WM, {LiE. 2003, FIERRR B RARSHAFREMIE [J].
KL 2FH, 61 (5): 540 — 547,

2003. The effects of cold surges from Southern Hemisphere on

Xu Yamei, Wu Rongsheng.

tropical cyclone formation [J]. Acta Meteorologica Sinica (in Chi-
nese), 61 (5): 540 - 547.

Xue F. 2001, Interannual to interdecadal variation of East Asian
summer monsoon and its association with the global atmospheric
circulation and sea surface temperature [ J]. Adv. Atmos. Sci., 18
(4): 567 = 575.

BRI, AR—If, R RAFE. 2002, IRIASIRGE M ZET R 43 F0 2R 28 A8
ML 3ol L1 KR, 26 (3): 307 - 314, Xue
Feng, Lin Yihua, Zeng Qingcun. 2002. On the seasonal division
of atmospheric general circulation and its abrupt change. Part I11.
Climatology [J]. Chinese Journal of Atmospheric Sciences (in
Chinese), 26 (3): 307 - 314.

Xue F, Wang H J, He J H. 2003. Interannual variability of Mas-
carene high and Australian high and their influences on summer
rainfall over East Asia [J]. Chin. Sci. Bull., 48 (5): 492 - 497.

Xue F, He J X. 2005. Influence of the southern hemispheric circula-
tion on East-West Oscillation of the western Pacific subtropical
high [J]. Chin. Sci. Bull., 50 (14): 1532~ 1536.

Xue F, Liu CZ. 2008. The influence of moderate ENSO on summer
rainfall in eastern China and its comparison with strong ENSO

[J]. Chin. Sci. Bull, 53 (5): 791 - 800.



P 34 %

628 Chinese Journal of Atmospheric Sciences

Vol. 34

BElE, 2008, R La Nina 35 F AR W E ZEXHH 5 1989 4
1999 4F i [ B ZE R XS A i ()], KRR, 32 (3). 423 -
431. Xue Feng. 2008. East Asian summer monsoon anomalies in
strong La Nifa years and comparison of summer precipitation in
China between 1989 and 1999 [J]. Chinese Journal of Atmospher-
ic Sciences (in Chinese). 32 (3): 423 —431.

B, BAR. 1989, Ehiir sibims He 14 3 B2 78 £k X0 RS HA T 2 )
ARUEBE [T]. RERE. 9 (2): 125 - 138,
Huang Shisong. 1989. The influence of intensity change of Mas-

Yang Xiuqun,

carene high on the general circulation of atmosphere— A numerical
experiment [ J]. Scientia Meteorologica Sinica (in Chinese), 9
(2): 125-138.

Yeh T C, Tao SY, Li M C. 1959. The abrupt change of circulation
over the Northern Hemisphere during June and October [M]. The
Atmosphere and the Sea in Motion, Scientific Contribution to the
Rossby Memorial Volume. New York: The Rockefellers Press.,
249 - 267.

W ERAT, SRIPAR. 1992, IR RPN ZTT R4 AR L &
Mk (I KAAE#, 16 (6): 641 - 648,

Zhang Bangling. 1992. On the seasons of general atmospheric cir-

Zeng Qingcun,

culation and their abrupt changes. Part I. General concept and
method [J]. Chinese Journal of Atmospheric Sciences (Scientia
Atmospherica Sinica) (in Chinese), 16 (6): 641 - 648,

WA, sk AR, akER, . 2005, AT 54 57 Xt
32 L FEABEIIEM ARG ], SRS, 10 (3):
285-302. Zeng Qingcun, Zhang Dongling, Zhang Ming, et al.

2005. The abrupt seasonal transitions in the atmospheric general

circulation and the onset of monsoons. Part I. Basic theoretical

method and its application to the analysis of climatological mean
observations [ J ]. Climatic and Environmental Research (in

Chinese), 10 (3): 285 - 302.

Mﬂ&h—:‘l? j:7j(j‘ﬁ’ %1%’!'%,

SRIBAR, B PRAE. 1998, I RAMFM R fZA R4 1L 4~
SAEGY I oA [T, RAFFE, 22 (2): 129 - 136.

lin, Zeng Qingcun. 1998. A study on the seasons of general at-

Zhang Bang-

mospheric circulation and their abrupt changes. Part II: Case study
of particular year [J]. Chinese Journal of Atmospheric Sciences (Scien-
tia Atmospherica Sinica) (in Chinese), 22 (2): 129 - 136.

KER, IRARWE , AHAE, AF. 2005, KRAFFRAZETRE 'jéﬂﬂ@&.
SEIL ARG R i E R RS O [T ] R 5B, 1
(3): 303-314. Zhang Ming, Zhang Dongling, Zuo Ruiting, et
al. 2005. The abrupt seasonal transitions in the atmospheric gen-
eral circulation and the onset of monsoons. Part II: The onset of
summer monsoon in South China Sea region [J]. Climatic and En-
vironmental Research (in Chinese), 10 (3): 303 - 314.

KRRz FARER. 1998, MY s i B B X AR 7 B 2 [ 7K ) 52 i)
(7. A%24R, 56 (2): 199 - 211,

an. 1998. Influence of Asian mid — high latitude circulation on

Zhang Qingyun, Tao Shiy-

East Asian summer rainfall [J]. Acta Meteorologica Sinica (in
Chinese), 56 (2): 199 -211.

KRz FATER. 1999, B =90 IV 1 Rl By o He bk B S5 5
7 [J]. K424, 57 (5): 539 - 548.
Shiyan. 1999. The study on the sudden northward jump of the

Zhang Qingyun, Tao

subtropical high over the western Pacific [J]. Acta Meteorologica
Sinica (in Chinese), 57 (5): 539 - 548.

41999, IR E AR KB (M.
Jeat: KL, 10 - 16.
Chen Guiying, et al. 1999. Droughts and floods in China during

Zhao Zhenguo, Wang Yongguang,

summer and its environmental fields (in Chinese) [ M]. Beijing:

China Meteorological Press, 10— 16.

AT 1934, ARMFENGPEZREE [J]. Bz, 1 (D 1-

27. Zhu Kezhen. 1934. The Enigma of southeast monsoon in
China [J]. Acta Geographica Sinica (in Chinese), 1 (1); 1-27.



