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diagnostic methods. Two dominant modes are revealed by empirical orthogonal function (EOF) analysis. The first EOF

mode (EOF1) depicts a seesaw in precipitation anomalies between South China and the middle reaches of the Yellow

River basin, while the second EOF mode (EOF2) shows a seesaw in precipitation anomalies between the eastern coastal

region of South China and the mid-lower reaches of the Yangtze River valley. The major circulation characteristics

corresponding to the two modes are different. EOF1 is attributed to the meridional displacement of the East Asian

subtropical westerly jet stream (EAJS) and the zonal displacement of the western North Pacific subtropical high
(WNPSH), while EOF2 is attributed to the intensity anomalies of the EAJS and the WNPSH. For EOF1, the 200-hPa Silk
Road pattern wave train and the low-level wind anomalies jointly contribute to the corresponding circulation anomalies.

For EOF2, the circulation anomalies are first induced by Polar Eurasia pattern and the circumglobal teleconnection.

Anomalies in the lower levels are attributed to the dynamic effects of high level anomalies. Differences between the

vertical structures of the two modes are also discussed.

Keywords Peak of pre-rainy season in South China, Subseasonal precipitation, Westerly jet-stream, Silk Road pattern,

Circumglobal teleconnection
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Fig. 1 (a) The first EOF mode (EOF1) of precipitation anomalies in eastern China during the peak of pre-rainy season in South China and (b) its normalized

time series (PC1) with 9-year running mean (curve)
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Fig. 7 Regressions onto PC1 of the (a, ¢, ¢) 200-hPa and (b, d, f) 500-hPa geopotential height anomalies (contours, units: gpm) and wave activity fluxes
(m?%/s?): (a, b) The 5th pentad in May; (c, d) the 6th pentad in May; (e, f) the early June. Light and dark shaded areas indicate the anomalies are above the

95% and 99% confidence levels, respectively. Cold and warm shaded areas indicate confident negative and positive anomalies. Vectors less than 15 units are

omitted
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Fig. 8 Regressions onto PC1 of the 850-hPa wind anomaly: (a) The 5th pentad in May; (b) the 6th pentad in May; (c) the early June. Light and dark shaded

areas indicate the anomalies are above 95% and 99% confidence levels, respectively. Cold and warm shaded areas indicate confident negative and positive

anomalies. Shaded areas and areas encircled by red lines indicate confident meridional and zonal wind anomalies, respectively
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Fig.9 Same as Fig. 7, but for the EOF2. Vectors less than 10 units are omitted
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Fig. 11 Regressions onto PC2 of the OLR anomaly (W/m?) in early June. Light and dark shaded areas indicate the anomalies are above the 95% and 99%

confidence levels, respectively. Cold and warm shaded areas indicate confident negative and positive anomalies

100 =
@ 7]

150 — - -
200 .
250 - -

3

= 300 »

Y
400 — .o
500 .o
700 - -
850

0 20N

40N

100
(b)

150 — . . N

200~ - - oo

250 - .« o+ o4 o4

300 + ¢ o4

p/hPa

400~ « o0

50— - - - .

700 —

850 —

0 20N

40N

B 12 WK BY I ) 2R R A A7 A [BDF R 2 PR (R ms, Tl B 47K 100 £5): () e X—E, 107.5°E~127.5°E “T#; (b)

HERITRIERTBAY, 112.5°E~132.5°E P4, k. RIS 23R I Hd R 57 7 B A5 K T 095, 0.99 (DK, %

WAy IR 7R B LS X

Fig. 12 Regressions of the anomalous vertical movement (m/s) onto (a) PC1 and (b) PC2 (the vertical velocity is multiplied by 100). Light and dark shaded

areas indicate the anomalies are above the 95% and 99% confidence levels, respectively. Cold and warm shaded areas indicate confident negative and positive

anomalies

VA B 228 1) 3 AR (I 1205 100 T3 21
REEK, BHRRZA N T Iss) X nE ETHes)X
SR e X (2 A BT e N BT HE ) X
WR Ji) R UTE B S e 1 X, DL IXR G O T 3
HIR ARG (B 12b). Ji4b, A X —HUpEK
Fe ETHash X e 20 A WS R 28 1) AR S
N UTIB B e R A W AR 2 1) KR A S, X

SERFAEAENT I AR T B R I DU AR ANAEAE o BTSN
N A X BUM B I A 3 AE 2 % SRP
BHIEM, AEARZ 52 Lk A PR AREE s s A i
DIy B VAR (R SR TR, i i 2 S R B O T
FIFRL ST R 52 2 B3 PEAL CGT 81520, i
JE RIS S W s AR 28U . ANFI
IR S 0 RS LA LA PRI B AS [ LA T g




6 11 SRIEAE . AR ATV 0T [ 2 350 e 2K S A R AR E S 1R 2 1
No. 6 GUO Heng et al. The Dominant Modes of Precipitation Anomalies in Eastern China during the Peak of Pre-rainy ... 649

eI R K R TR H AT 22 MR L e A
HTARRE RN T

6 ZLigF0itit

ARSCHE SR TR TSI (S H 21 HE
6 H 10 H D FE AR K i BEAS (R ERRARRAE B n]
RERLIN, 9t~ E 2L

(1) AR TV 5] A< 350 B 7K S i B — Ao
AN R A —HOU K, MILR R R EON IE (FO
S, AL X KW (D)L S
Bk > (25 SRS N BRI U AR TR AR,
ML REONIE (50 SRR, RV AR
K (D), TMKITH R K m D (£).

(2) HERGA XS oK 257 B A i 45 1Y
Ko (b, BEPERE M (5. K26
HEALER SR e CUE) RS, P IR
W AEAEAN I BEY 2 24 90 2 BB AT G, K2
I AE 5 H RS2t BT AT ) A 3R 19 X
WS s ke, #E 6 H Ay ) 3 B KT
B e CRUiED) 3

(3) TEFGUTIE AR K 32 252 B AR Wy 4%
KAavmss R g (b, BlmEms G H
et rE (Ab) KZ H A LR V5 T2 550 e
(BT [sem e Hm 2R R H AR 5 158 5 1%
FH AR M — DR Y 8 A DT T8, 2 I B IR BRIE AR G
ShE, HIRBRIEBAZCE 6 A LA Z AT AN
AN, AR A S8 2 v v JE S TR 80 D A P 3
76

(4) P BRI R 7K A 22 DX 38056 0 48 J2 R T2
[ ETHEE), 7R R K D DX E 0] N 3 AR SR R T
B, (HAX SRR K S A 0 28 ) T
IRV, T I AR A B K s 1 A LIS Bl A
A, BT 2 R O A s ) B L S )
Z.

ST R I, AEFETT I TR |, H AL
RT3 P o J2 R PR e 4 Tl v 2 A e
g S HORSFE s S e, B (EARE O v
fEI¥I 718 Rossby ¥ DMEZ 58 AU/l S T
SRR EK (Lu et al., 2007, Se4E4,
2013), 5L b, XAER A X SRR S 14
e, 765 J45 5. 6 16 200 hPa b AR B
T RBEWLRE LT (K 7ay Te), 15 HE 6

f5e. 6 H_ LA 850 hPa PPt th Il T 9% i 7
HRE (B 8by 8c). ABAIXFRELL TR Ell H4
PG PV ) S 0 XU 2 5 a0 S BT SO
JERA KW ? AT, LAk, PR
IKRERRBL 5 H FAIR 6 H LA PR GREAE A K
BEANR, JCH RV AR Y 6 H
bR T BB IR IR SR AR R A IR AR AL
TiANTE A (K 100D, PRI P AN B B ) A0 i 1o
PEMIBLHIE T ZERN AT AR SO I J ) B
RIS MBS Gt AT R, AR 5L
ERE AT IAE,  JFAEHT UL = SR PG i gk v
AR 56 .

S 3@k (References)

Barnston A G, Livezey B E. 1987. Classification, seasonality and persistence
of low-frequency atmospheric circulation patterns [J]. Mon. Wea. Rev.,
115, 1083-1126, doi: 10.1175/1520-0493(1987)115<1083:CSAPOL>2.0.
CO;2.

AR, T, AN, 5. 2008. MERT Y EAP S0 Ul AR AE
hi 4l Rossby sl [J]. Bl2#iE4Rk, 53 (1): 111-121. Bueh C, Shi
Ning, Ji Liren, et al. 2008. Features of the EAP events on the medium-
range evolution process and the mid- and high-latitude Rossby wave
activities during the Meiyu period [J]. Chinese Science Bulletin, 53 (4):
610-623, doi: 10.1007/s11434-008-0005-2

B e, S50 2008, S B2 KUK VL A AR bR AR AR AR 10 5 v
Fi PO R [J]. HERM B 243, 51 (2): 352-359. Chen Jilong,
Huang Ronghui. 2008. Interannual and interdecadal variations of moisture
transport by Asian summer monsoon and their association with droughts
or floods in China [J]. Chinese Journal of Geophysics (in Chinese), 51 (2):
352-359, doi: 10.3321/j.issn:0001-5733.2008.02.007.

PREUREE, RilEEe, TREK . 2007, v AR 35 5 28 KURT 4t 22715 P A8 e i
WESE [J]. KRR, 31 (6): 1212-1222. Chen Lieting, Zong Haifeng,
Zhang Qingyun. 2007. The dominant modes of intraseasonal variability of
summer monsoon rain belt over eastern China [J]. Chinese Journal of
Atmospheric  Sciences (in Chinese), 31 (6): 1212-1222, doi:
10.3878/j.issn.1006-9895.2007.06.16.

MRBs s, 25, BF, 25 2000, ZIFHLIX E 2R 1] SRS
IRESHFSY, 5 (4): 345-355. Chen Longxun, Li Wei, Zhao Ping, et al. 2000.
On the process of summer monsoon onset over East Asia [J]. Climatic and
Environmental Research (in Chinese), 5 (4): 345-355, doi: 10.3969/j.issn.
1006-9585.2000.04.002.

WS, 7Gxy, RA&EM. 2005, 4R HTAUYIAS 7] K I B (R AE 43 17
U] BRI 5 2B 244R, 28 (2): 163-171. Chi Yanzhen, He Jinhai, Wu
Zhiwei. 2005. Features analysis of the different precipitation periods in
the pre-flood season in South China [J]. Journal of Nanjing Institute of
Meteorology (in Chinese), 28 (2): 163171, doi: 10.3969/j.issn.1674-7097.
2005.02.003.

XBILF, Eledle. 2002, BT (4~6 H) Bk R RRAIE R 5 I



S ST 7 N A 21 %
650 Climatic and Environmental Research Vol. 21
IR SRR 1] PR 2431, 18 (1): 45-55. Deng Liping, Wang associated tropical convection between Huaihe River valley and Yangtze

Qianqgian. 2002. On the relationship between precipitation anomalies in
the first raining season (April-June) in southern China and SST over
offshore waters in China [J]. Journal of Tropical Meteorology (in
Chinese), 18 (1): 45-55, doi: 10.3969/.issn.1004-4965.2002.01.006.

A, FMEHD, B, 4. 2000. [ A 2 MK T AR AR AR
HEIERFRRIKAR ] KRS, 33 (4): 835-846. Deng
Weitao, Sun Zhaobo, Zeng Gang, et al. 2009. Interdecadal variation of
summer precipitation pattern over eastern China and its relationship with
the North Pacific SST [J]. Chinese Journal of Atmospheric Sciences (in
Chinese), 33 (4): 835-846, doi: 10.3878/j.issn.1006-9895.2009.04.16.

Ding Q H, Wang B. 2005. Circumglobal teleconnection in the Northern
Hemisphere summer [J]. J. Climate, 18 (17): 3483-3505, doi: 10.1175/
JCLI3473.1.

Ding Q H, Wang B. 2007. Intraseasonal teleconnection between the summer
Eurasian wave train and the Indian monsoon [J]. J. Climate, 20 (15):
3751-3767, doi: 10.1175/JCLI14221.1.

Ding Y H, Wang Z Y, Sun Y. 2008. Inter-decadal variation of the summer
precipitation in East China and its association with decreasing Asian
summer monsoon. Part I: Observed evidences [J]. International Journal of
Climatology, 28 (9): 1139-1161, doi: 10.1002/joc.1615.

Ding Y H, Sun Y, Wang Z Y, et al. 2009. Inter-decadal variation of the
summer precipitation in China and its association with decreasing Asian
summer monsoon Part II: Possible causes [J]. International Journal of
Climatology, 29 (13): 1926-1944, doi: 10.1002/joc.1759.

T, P, aIESE, FE 2013, WEPHE B REBRRIAEAR R AR 1L 2 S
AW [J]. KAERME, 37 (2): 253-280. Ding Yihui, Sun Ying, Liu
Yunyun, et al. 2013. Interdecadal and interannual variabilities of the Asian
summer monsoon and its projection of future change [J]. Chinese Journal
of Atmospheric Sciences (in Chinese), 37 (2): 253-280, doi:
10.3878/j.issn.1006-9895.2012.12302.

FEAL, SREEAE, WHAEGNE. 2008, 7 PG XU AR 78 1) T 2548 A0 00 A4 i 30
FE/K A AT ISR [J]. LB 544R, 66 (4): 566-576. Du Yin, Zhang
Yaocun, Xie Zhiqing. 2008. Impacts of longitude location changes of East
Asian westerly jet core on the precipitation distribution during Meiyu
period in middle-lower reaches of Yangtze River valley [J]. Acta
Meteorologica Sinica (in Chinese), 66 (4): 566-576, doi: 10.3321/j.issn:
0577-6619.2008.04.010.

FLAL, SR, AT, 2009. < MV E B PG RCSURA B AR S 0
| AR L R B S A R (9], KPR, 33 (3): 581-592. Du
Yin, Zhang Yaocun, Xie Zhiqing. 2009. Location variation of the East
Asia subtropical westerly jet and its effect on the summer precipitation
anomaly over eastern China [J]. Chinese Journal of Atmospheric Sciences
(in Chinese), 33 (3): 581-592, doi: 10.3878/j.issn.1006-9895.2009.03.15.

Enomoto T, Hoskins B J, Matsuda Y. 2003. The formation mechanism of the
Bonin high in August [J]. Quart. J. Roy. Meteor. Soc., 129 (587): 157-178,
doi: 10.1256/qj.01.211.

e, BORUEE. 1999, FE iR KU AORIE PN B 2= AR RP AR K T B A
MU BRI [CL/ M= KBTSk e, Jbat: B tHRRAL, 81-86 .
He Jinhai, Luo Jingjia. 1999[C]//New Advances in Research on Asian
Monsoon (in Chinese). Beijing: China Meteorlogical Press, 81-86.

Hong J L, Liu Y M. 2012. Contrasts of atmospheric circulation and

River valley mei-yu flooding [J]. Advances in Atmospheric Sciences, 29
(4): 755768, doi: 10.1007/s00376-012-1217-6.

BORME, AR T, FIER. 1999. FIEE TR KA SR AL X AT
Akt 7). mRA %, 18 (4): 465-476. Huang Ronghui, Xu Yuhong,
Zhou Liantong. 1999. The interdecadal variation of summer precipitations
in China and the drought trend in North China [J]. Plateau Meteorology
(in Chinese), 18 (4): 465476, doi: 10.3321/j.issn:1000-0534.1999.04.
001.

TR, XK, {5, 2013, 20 {20 90 AR Hh [ < 8 5 2= B /KRR AR
R BRARARHE S B T (7). B2 ai, 58 (8): 617-628.
Huang Ronghui, Liu Yong, Feng Tao. 2013. Interdecadal change of
summer precipitation over eastern China around the late-1990s and
associated circulation anomalies, internal dynamical causes [J]. Chinese
Science Bulletin, 58 (12): 1339-1349, doi: 10.1007/s11434-012-5545-9.

DUHE, AIRTE. 2010, VLUERURE KR 5 AL EERIFAAT 30~
60 KR B F BRI R [J]. KR, 34 (4): 691-702. Jia Yan,
Guan Zhaoyong. 2010. Associations of summertime rainfall anomalies
over the Changjiang-Huaihe River valley with the interannual variability
of 30—60-day oscillation intensity in the northwestern pacific [J]. Chinese
Journal of Atmospheric Sciences (in Chinese), 34 (4): 691-702, doi:
10.3878/j.issn.1006-9895.2010.04.03.

TLARLL, T4, 254, 45, 2006. 4375 25 RUHEDE I FR AR S ARSAE K

JUAFEA R AL [J]. HBES2HE, 61 (7): 675-686. Jiang Zhihong, He
Jinhai, Li Jianping, et al. 2006. Northerly advancement characteristics of
the East Asian summer monsoon with its interdecadal variations [J]. Acta
Geographica Sinica (in Chinese), 61 (7): 675-686, doi: 10.11821/
xb200607001.
e, B, HAS. 2005 RMEFMEIFTARGHT 1] KR
2%, 29 (2): 187-194. Ju Jianhua, Qian Cheng, Cao Jie. 2005. The
intraseasonal oscillation of East Asian summer monsoon [J]. Chinese
Journal of Atmospheric Sciences (in Chinese), 29 (2): 187-194, doi:
10.3878/j.issn.1006-9895.2005.02.03.

Kalnay E, Kanamitsu M, Kistler R, et al. 1996. The NCEP/NCAR 40-year
reanalysis project [J]. Bull. Amer. Meteor. Soc., 77 (3): 437-471, doi:
10.1175/1520-0477(1996)077<0437:-TNYRP>2.0.CO;2.

Kwon M H, Jhun J G, Ha K J. 2007. Decadal change in East Asian summer
monsoon circulation in the mid-1990s [J]. Geophys. Res. Lett., 34:
121706, doi: 10.1029/2007GL031977.

Lee H T. 2014. Climate Algorithm theoretical basis document (C-ATBD):
Outgoing longwave radiation (OLR)-daily[R]. NOAA’s Climate Data
Record (CDR) Program, CDRP-ATBD-0526, 46pp.

L, TG, MEE, 5 2004, R E ZFRGES) S R EE TG
WAL BEALBSCRIITIIT [7]. KFRFE, 28 (5): 641-658. Li Chongyin,
Wang Zuotai, Lin Shizhe, et al. 2004. The relationship between East
Asian summer monsoon activity and northward jump of the upper
westerly jet location [J]. Chinese Journal of Atmospheric Sciences (in
Chinese), 28 (5): 641-658, doi: 10.3878/j.issn.1006-9895.2004.05.01.

AFH, PRINE, BRZL. 2012, FREER 4. 5 G BRI 1Ry
AE R H 5 PRI M T RER R [J]. AR SRR, 17 (d):
481-494. Li Hongyi, Lin Zhaohui, Chen Hong. 2012. Characteristics of

the interdecadal variability of precipitation in April and may over South



6 11 SRIEAE . AR ATV 0T [ 2 350 e 2K S A R AR E S 1R 2 1
No. 6 GUO Heng et al. The Dominant Modes of Precipitation Anomalies in Eastern China during the Peak of Pre-rainy ... 651

China and possible relationship with the mid-West Pacific SST [J].
Climatic and Environmental Research (in Chinese), 17 (4): 481-494, doi:
10.3878/j.issn.1006-9585.2011.11040.

By, AR 2002, FEifEE R ARR FB R T (1] KR
B2, 26 (6): 829-844. Liang Jianyin, Wu Shangsen. 2002. A study of
southwest monsoon onset date over the South China Sea and its impact
factors [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 26 (6):
829844, doi: 10.3878/j.issn.1006-9895.2002.06.11.

KNUZUK, EVEHT, XUHE, 5. 2013, JEGTAG R b5 L P AT Rl B i
RN (7). KARE, 37 (2): 439-450. Liu Yimin, Hong Jieli,
Liu Chao, et al. 2013. Meiyu flooding of Huaihe River valley and
anomaly of seasonal variation of subtropical anticyclone over the western
Pacific [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 37 (2):
439-450, doi: 10.3878/j.issn.1006-9895.2012.12313.

MZEZE, T 2008, BVREE 2R XA R 5 o B KT sl 2 AH
O ] ERE D shBRELE, 38 (6): 763-775. Liu Yunyun,
Ding Yihui. 2008. Teleconnection between the Indian summer monsoon
onset and the Meiyu over the Yangtze River valley [J]. Science in China
(Series D: Earth Science), 51 (7): 1021-1035, doi: 10.1007/s11430-008-
0073-9.

Lu R Y, Oh J H, Kim B J. 2002. A teleconnection pattern in upper-level
meridional wind over the North African and Eurasian continent in
summer [J]. Tellus A, 54 (1): 44-55, doi: 10.1034/j.1600-0870.2002.
00248.x.

Lu R Y, Ding H, Ryu C S, et al. 2007. Midlatitude westward propagating
disturbances preceding intraseasonal oscillations of convection over the
subtropical western North Pacific during summer [J]. Geophys. Res. Lett.,
34 (21): L21702, doi: 10.1029/2007GL031277.

o, BROC, EAK. 2011, o [ B 2R L R A 4D B K S AR R AR
PRIR RTS8 SO LR [J]. U244, 69 (2): 334-343. Ma Yin, Chen
Wen, Wang Lin. 2011. A comparative study of the interannual variation of
summer rainfall anomolies between the Huaihe Meiyu season and the
Jiangnan Meiyu season and their climate background [J]. Acta
Meteorologica Sinica (in Chinese), 36 (2): 397410, doi: 10.11676/
qxxb2011.028.

Wi, LG, (40, 45 2006. 3T 50 fEZRALA SRR RFIE RIS
BRI KR R 0T [9]. KSR, 30 (6): 1249-1256. Miao
Chunsheng, Wu Zhiwei, He Jinhai, et al. 2006. The anomalous features of
the northeast cold vortex during the first flood period in the last 50 years
and its correlation with rainfall in South China [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 30 (6): 1249-1256, doi:
10.3878/j.issn.1006-9895.2006.06.19.

North G R, Bell T L, Cahalan R F, et al. 1982. Sampling errors in the
estimation of empirical orthogonal functions [J]. Mon. Wea. Rev., 110 (7):
699706, doi: 10.1175/1520-0493(1982)110<0699:SEITEO>2.0.CO;2.

e, 2012a. RAREWFAZ LS (P B0 S BE[T]. HBRPy A2 4R,
55(5): 1439-1448. Qian Weihong. 2012a. Physical decomposition
principle of regional-scale atmospheric transient anomaly [J]. Chinese
Journal of Geophysics (in Chinese), 55 (5): 1439-1448, doi: 10.6038/j.
issn.0001-5733.2012.05.002.

BRAEZ:. 2012b. QTR R R A IURAN AR TN £ 35 [9]. Hakkp 2
K, 55 (5): 1532-1540. Qian Weihong. 2012b. How to improve the skills

of weather and climate predictions?[J]. Chinese Journal of Geophysics (in
Chinese), 55 (5): 1532-1540, doi: 10.6038/j.issn.0001-5733.2012.05.010.

A, WETE. 2008, R EGHTTUIIITER A 45 R H IR 20 [0]. HuBkdy
H2EHR, 51 (5): 1333-1345. Qiang Xuemin, Yang Xiuqun. 2008. Onset
and end of the first rainy season in South China [J]. Chinese Journal of
Geophysics (in Chinese), 51 (5): 1333-1345, doi: 10.3321/.issn:0001-
5733.2008.05.007.

Tk, PMEEL, T, S 1994, SR HTVRIY Y ZE IR I B AK SR i
FRE [T]. IS B4R, 17 (4): 455-461. Qin Wu, Sun Zhaobo,
Ding Baoshan, et al. 1994. Precipitation and circulation features during
late-spring to early-summer flood rain in South China [J]. Journal of
Nanjing Institute of Meteorology (in Chinese), 17 (4): 455-461.

W, ATFIEAE, 57N, 25 2009. 4 Rossby S Ehn) 5 4R/
ARCPPESAE R A R A [J]. K7 URE, 33 (5): 1087-1100.
Shi Ning, Bueh C, Ji Liren, et al. 2009. Impacts of mid-and high-latitude
rossby wave activities on the medium-range evolution of East Asia/
Pacific events during the mid-and late summer [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 33 (5): 1087-1100, doi:
10.3878/j.issn.1006-9895.2009.05.18.

Su Q, Lu R Y, Li C F. 2014. Large-scale circulation anomalies associated
with Interannual variation in monthly rainfall over south china from May
to August [J]. Advances in Atmospheric Sciences, 31 (2): 273-282, doi:
10.1007/300376-013-3051-x.

Takaya K, Nakamura H. 1997. A formulation of a wave-activity flux for
stationary Rossby waves on a zonally varying basic flow [J]. Geophys.
Res. Lett., 24 (23): 2985-2988, doi: 10.1029/97GL03094.

Takaya K, Nakamura H. 2001. A formulation of a phase-Independent
wave-activity flux for stationary and migratory quasigeostrophic eddies
on a zonally varying basic flow [J]. Journal of Atmospheric Sciences,
58(6): 608—627, doi: 10.1175/1520-0469(2001)058<0608: AFOAPI>2.0.
CO;2.

Tao S Y, Chen L X. 1987. A Review of Recent Advances in Research on
Asian Monsoon in China [M]//Chang C P, Krishnamurti T N. Monsoon
Meteorology. Oxford University Press, 60-92.

Fate s, THE. 2006, FRHEEZFIGACT-FERI B m R IG i Iest (9], M
A% 244, 17 (5): 513-525. Tao Shiyan, Wei Jie. 2006. The westward,
northward advance of the subtropical high over the West Pacific in
summer [J]. Journal of Applied Meteorological Science (in Chinese),
17 (5): 513-525, doi: 10.3969/j.issn.1001-7313.2006.05.001.

Wang B, Bao Q, Hoskins B, et al. 2008. Tibetan Plateau warming and
precipitation changes in East Asia [J]. Geophys. Res. Lett., 35 (14):
L14702, doi: 10.1029/2008GL034330.

Wang H J. 2001. The weakening of the Asian monsoon circulation after the
end of 1970°s [J]. Advances in Atmospheric Sciences, 18 (3): 376-386,
doi: 10.1007/BF02919316.

F%E, YW 2013, ZRIWEFERGE L THAER M EEAARHE )] KRR
2,37 (2): 313-318. Wang Huijun, Fan Ke. 2013. Recent changes in the
East Asian monsoon [J]. Chinese Journal of Atmospheric Sciences (in
Chinese), 37 (2): 313-318, doi: 10.3878/j.issn.1006-9895.2012.12301.

EREME, T 2008, HHEFEERAEFRAE ). KRR, 32 (1)
1-13. Wang Zunya, Ding Yihui. 2008. Climatic characteristics of rainy

seasons in China [J]. Chinese Journal of Atmospheric Sciences (in



S (7S T 7 N S 1 S I 21 3%
652 Climatic and Environmental Research Vol. 21

Chinese), 32 (1): 1-13, doi: 10.3878/j.issn.1006-9895.2008.01.01.

Watanabe T, Yamazaki K. 2012. Influence of the anticyclonic anomaly in
the subtropical jet over the western Tibetan Plateau on the intraseasonal
variability of the summer Asian monsoon in early summer [J]. J. Climate,
25 (4): 1291-1303, doi: 10.1175/JCLI-D-11-00036.1.

BRI 2007, AR BGHS I SHIEAR [M]. 2 B Jbst: A&
I 4t, 27pp. Wei Fengying. 2007. Climate Statistical Diagnosing and
Prediction (in Chinese) [M]. 2nd ed. Beijing: China Meteorlogical Press,
27pp.

SLE e, HANE, XIEIE, 5. 2002, F@I# e B R AR SR 10 3) ) 2% )
M), dbst: Bl R AL, 231pp. Wu Guoxiong, Chou Jifan, Liu
Yimin, et al. 2002. Dynamics of the Formation and Variation of
Snbtropical Anticyclones (in Chinese) [M]. Beijing: Science Press, 23 1pp.

RUE, KA. 2010, RASRSWIMTIT % (M]. 2 B JEst A&
Hi AL, 29pp. Wu Hongbao, Wu Lei. 2010. Methods for diagnosing and
forecasting climate variability (in Chinese) [M]. 2nd ed. Beijing: China
Meteorlogical Press, 29pp.

FAE, VRN, SRR, S5 2013, ARIE—ACTVE BT P M iR
BIETSY [J]. 4 273R, 71 (3): 476-491. W Jie, Xu Xiaofeng, Jin Feifei,
et al. 2013. Research of the intraseasonal evolution of the East Asia
Pacific pattern and the maintenance mechanism [J]. Acta Meteorologica
Sinica (in Chinese), 71 (3): 476-491, doi: 10.11676/qxxb2013.038.

Wu R G, Wen Z P, Yang S, et al. 2009. An interdecadal change in southern
China summer rainfall around 1992/93 [J]. J. Climate, 23 (9): 2389-2403,
doi: 10.1175/2009JCLI3336.1.

FEVAR, B, 1992, R HTVIUYI R U5 I A 0 ATREAE (7], Al AS,
8 (1): 87-92. Wu Shangsen, Liang Jianyin. 1992. Temporal and spatial
characteristics of the drought and flood during the rainy season in South
China[J]. Journal of Tropical Meteorology (in Chinese), 8 (1): 87-92.

WRUAEW, TG, RIE. 2001, VLN TG KRR I AR A 7
PP R ALBEPE AR AT BENL] (1. RG], 12 (2): 150-158.
Xu Haiming, He Jinhai, Zhou Bing. 2001. The features of atmospheric
circulation during Meiyu onset and possible mehanisms for westward
extension (northward shift) of pacific subtropical high [J]. Quarterly
Journal of Applied Meteorology (in Chinese), 12 (2): 150-158, doi:
10.3969/j.issn.1001-7313.2001.02.003.

NPT, SRR Z, PMBUR. 2011 B ARG SO H B A L
WK SRR [I]. S5 HEHA, 16 (2): 231-242. Xuan Shoul,
Zhang Qingyun, Sun Shuging. 2011. Relationship between the monthly
variation of the East Asia westerly jet and the Huaihe River valley rainfall
anomaly in summer [J]. Climatic and Environmental Research (in
Chinese), 16 (2): 231-242.

Yang H, Sun S Q. 2005. The characteristics of longitudinal movement of the
subtropical high in the western Pacific in the pre-rainy season in South
China [J]. Advances in Atmospheric Sciences, 22 (3): 392-400, doi:
10.1007/BF02918752.

Wasset, 5KIK 2. 2007 KZRW PTG Rossby Bethsh 5 7 5 b [E

K O[], KRAEE, 31 (4): 586-595. Yang Lianmei, Zhang Qingyun. 2007.
Anomalous perturbation kinetic energy of Rossby wave along east Asian
westerly jet and its association with summer rainfall in China [J]. Chinese
Journal of Atmospheric Sciences (in Chinese), 31 (4): 586-595, doi:
10.3878/j.issn.1006-9895.2007.04.04.

MASIE, WS, 2R, 1958, R ERRMREE [J].
B2, 29 (4): 249-263. Ye Duzheng, Tao Shiyan, Li Maicun. 1958.
The abrupt change of circulation over Northern Hemisphere during June
and October [J]. Acta Meteorologica Sinica (in Chinese), 29 (4): 249-263.

Yim S Y, Wang B, Kwon M H. 2014. Interdecadal change of the controlling

mechanisms for East Asian early summer rainfall variation around the

mid-1990s [J]. Climate Dyn., 42 (5): 1325-1333, doi: 10.1007/s00382-

013-1760-6.

B, S 2001, KITHRBOGERS 83 SRR RR D] A%

244, 59 (5): 569-577. Zhang Qiong, Wu Guoxiong. 2001. The large area

=

flood and drought over Yangtze River valley and its relation to the South
Asia high [J]. Acta Meteorologica Sinica (in Chinese), 59 (5): 569-577,
doi: 10.3321/j.issn:0577-6619.2001.05.007.

SRRz, VAR, 1998 M b 45 BEFRATN AR B A= B IR s (9]
HE 2R, 56 (2): 199-211. Zhang Qingyun, Tao Shiyan. 1998. Influence
of Asian mid-high latitude circulation on East Asian summer rainfall[J].
Acta Meteorologica Sinica (in Chinese), 56 (2): 199-211, doi: 10.11676/
qxxb1998.019.

IRz, Matess, PRELEE. 2003. 78K 2 XIREAEBRAR AL 5 AR IE K
IR [J]. B4R, 61 (5): 559-568. Zhang Qingyun, Tao Shiyan,
Chen Lieting. 2003. The inter-annual variability of east Asian summer
monsoon indices and its association with the pattern of general circulation
over East Asia [J]. Acta Meteorologica Sinica (in Chinese), 61 (5):
559-568, doi: 10.11676/qxxb2003.056.

TRz, FRE. 2014, ERKYLIER IR 8 oK ST PR 2 = AL
WEFE (7], KR, 38 (4): 656-669. Zhang Qingyun, Guo Heng. 2014.
Circulation differences in anomalous rainfall over the Yangtze River and
Huaihe River valleys in summer [J]. Chinese Journal of Atmospheric
Sciences (in Chinese), 38 (4): 656-669, doi: 10.3878/j.issn.1006-9895.
1402.13240.

Zhang Y C, Kuang X Y, Guo W D, et al. 2006. Seasonal evolution of the
upper-tropospheric westerly jet core over East Asia [J]. Geophys. Res.
Lett., 33 (11): L11708, doi: 10.1029/2006GL026377.

M, R, BR9Z 2%, A 2006. HE R HTVIVY AR TIOR8 L 7K

I R FMHE [J]. RAEE, 30 (6): 1207-1216. Zheng Bin,
Liang Jianyin, Lin Ailan, et al. 2006. Frontal rain and summer monsoon
rain during pre-rainy season in South China (Part [ ): Determination of
the division dates [J]. Chinese Journal of Atmospheric Sciences (in
Chinese), 30 (6): 1207-1216, doi: 10.3878/j.issn.1006-9895.2006.06.15.

Zhu Y L, Wang H J, Zhou W, et al. 2011. Recent changes in the summer
precipitation pattern in East China and the background circulation [J].

Climate Dyn., 36 (7-8): 1463-1473, doi: 10.1007/500382-010-0852-9.



