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Abstract Mean climatological intra-seasonal (i.e., 30-60 day) oscillations in rainfall (hereafter, CISO) have been
investigated using the NCEP/NCAR daily reanalysis and daily rainfall data of 753 stations from 1979 to 2010. The results
demonstrate an interesting phenomenon: an out-of-phase relationship exists between the intra-seasonal oscillations (ISO)
of rainfall in southeastern China (SEC) and the Sichuan—Chongqing—Shaanxi—Gansu region (CYSG). In particular,
strengthening of rainfall in SEC is accompanied by weakening of rainfall in CYSG. The low-frequency oscillation of
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summertime rainfall in CYSG appears to vary locally, whereas that in SEC appears to propagate in the meridional
direction. No zonal propagation of CISO in rainfall was found in either area. The CISO in rainfall in both SEC and CYSG
were found to be related to migratory low-frequency circulations that traverse the southeastern part of China. However,
the CISO in rainfall in the CYSG are associated with replacement of low-frequency circulations between an anticyclonic
ridge and a cyclonic trough northeast of the Tibetan Plateau. Vertical motion facilitates the out-of-phase variations of the
CISO in rainfall between SEC and CYSG. Furthermore, examinations of Rossby wave propagation using the Rossby
wave theory show that the energy of low-frequency eddies propagates intrinsically westward to CYSG from the
middle—lower reaches of the Yangtze River (MLYR), indicating a dynamic relationship between SEC, MLYR, and CYSG
in terms of CISO rainfall. This relationship may partly explain the out-of-phase relationship between SEC and CYSG.
This out-of-phase relationship is also associated with both the temporal variation of the western Pacific subtropical high
and the ridges around Lake Baikal at 500-hPa geopotential height. Phase locking of ISO occurs in East Asian monsoon
activity and the contributions of CISO rainfall to total rainfall are non-negligible; therefore, knowledge of the

out-of-phase relationship of CISO in rainfall between SEC and CYSG is of great importance for better understanding of

38 %
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the local characteristics of ISO and the mechanisms underlying ISO in rainfall.

Keywords

Climatological intra-seasonal oscillation (CISO), Summertime rainfall, Out-of-phase relationship, Sichuan—

Chonggqing—Shaanxi—Gansu region, Southeastern China

1 38

H M Madden and Julian (1971, 1972) K4
BRI HO X AFAE 35 1) 40~50 RIGINE LUK,
ZET N HRY (IntraSeasonal Oscillation, ISO) %z
FIE N IR Z L TAEF ) 2 R0 WL
3K = KUK 3 R TP T 5 1SO S HAL R B DIAH K
(Murakami and Nakazawa, 1985). Yj4h—NEF5L
JT 28 PR R H IAE A A0 [ 5, ANTRJAE 22
ARK (435, 1995), FIRPI Ui 1SO 1748
T BUHRFE (823855, 1995). Lau et al. (1988),
SRR (1991 KRl FKH IS0
(2= AR A L R TR 2 UK 1 2 1 AR A W] S A
XF 25 JRURRT o7 B ) HH S A - Nakazawa
(1992) 457 T JEFERE TG AR R 3= 1
AHFFIE . IEPUAAAEBUHIN S, 122 PR ok
HISO S A A M I PRIE CiEF IR 55 FRME, 1995).
Wang and Xu (1997) HRFIXRAFAE T T2 51k}
R ISO R A5 Z= Nk (Climatological
IntraSeasonal Oscillation, CISO), H &/ RIUET
CISO fEgiit B sy B iit:, fet
T CISO (Mt AHZRAE T 2= WAT 5 Ao

MV 2= X A7 AE 235 1) CISO. Kang et al.
(1999) I X} iz BRI 20 A I, 4ol [l PR AR
(Changma) =7 5 I [A] RLEEL AP H ) CISO
b4 %, Ho and Wang (2002) #F—5¥% WF
IM—R PR ZE X2 1) CISO fiv 44 4 PRI AR 2R
(fast annual cycle), #5718 (slow annual

cycle) &N EARIAEEIME R 1 T I — K F
ZE SR A SRRRE, S PR AR AR B AT I
T RSO RE A R, A O R AR AL B S AR A )T
WA . EES% (2005) KL THEE T RIX
()2 IRV K o X S R 7 X PR 37 B — e AR PR AR AR K
FEPE 152 10~20 KA1 30~60 K CISO )il Liu
and Ding (2007) MBS IR H A FJE L 30~
60 X CISO #1 10~20 X CISO T 5 HHHJHi G 7E
P Y S AR M X R A A, TR T i 2
KRR A . Liu et al. (2008) $& H 43 WV @l $hafy
BE/KZE T RERE T LA CISO #fik, Jf HAEZ ) 1
KA AL TR, TERHE K CISO
(177 222915 1SO 2 TJ7 21 10%~30% GREEH4E,
2011). JEEEE (2012) Z3HT T 1990 AEAR R AL R
JEMEZE ARG CISO FFAE, fi H AT i 7 X0G
B EFAZ 10~20 K CISO I, s AL 5 25 X
FNLL 30~60 K CISO KE. THEE (2011)
Yu etal. (2012) F3 #3024 52 2= [ 7K B (2 b 57 2]
CISO ] CISO (13873 M IAHRFAE A1 £ {4
W55 T F . Yang et al. (2009) FILX S21H 4% (2011)
BRI T H 2K CISO 4 [ LA RFE .

T E T E K2 585 1SO KR T % V.
VEZ W TCE AN B0 BT CBEJRFITT 31, 19965
Chenetal., 2001; BILEASEME, 2005; fifi4,
2008; FKELEE, 2008) FIF35 78 MR (HRIN RS,
1994; FFHAURSEAR, 1997; #AKHE, 2001; Hsdt
HEFGRIRIE, 2005) BEATIE IR FIREAEATT I
(2008) 7 #THE Hi 30~60 K CISO XK1 H R iif A



1 4 SRR P E KR AR L B T M X Z=FE K 30~60 K CISO ) RAHIL S
No. 1 Jiao Min et al. Out-of-Phase Relationship of 30—60 Day Oscillations of Mean Climatological Summertime Rainfall ... 47

JLDL g b X B KA F B IE o 22250 T 1
(2009) [RIBFFTR B PG L P VF 2 2= A AR 2 2 1
30~60 K CISO, itk KA CISO £ & FE Al
2 AL 5 KL AR EA EAER . REH L
BT, HXFRE R 7 BR K CISO F i 2 AR AL RFAIE
JALHLBIIEAR TG AR 0. I, BATT oM A ]
AR FE A [ B H H X 52 2= 7K 30~60 K CISO f7
TERAHIG . WFFCIE—ILG0 T 5 AT B =
Z R DA A0 5 Jeg AR A PR TR R 3L At 7K 2
W% 7 A B A E 5 S
2 ERERE
21 &#H

FTF%ERMuEG: (1) NCEP/NCAR % H 43 #t
Pkl (Kalnay et al., 1996), 7K V-43#E&hy 2.5°X
2.5°, BERAFEACEKGHE ., MEEHEE. iR, 734
fe SRR AU, A O JRGHOR T P (1 T 1
JEUCh 12 7 (ML 1000 hPa %1 100 hPa), itk 8
2 CA\ 1000 hPa % 300 hPa), f7 #8141 5 (500
hPa). (2) PHESGREF G5 B OB 1 3%
[ 753 uhfr iz H K PRk

JIT A 5 (1) K R 3 AR 1979 ~
2010 4F3L 32 4, H 4R 6~8 HIL 92 K.
22 Hik

2 L8 B p B RIE AL 5, b AR K PR
FEAT I RARC T TROALEE, el A B () 5 AR BE T
T 1979~2010 4 H g #ac S o, 7E
IE ALl BRI T ITuh P S 20 A BRI A,
JEIEECT Hor 518 ANl s T 0 M4

BN B SESR L H AP IE.
BEFARI TR I SR A 2 iz H 365 KI[H]
FPAAT AR I N, AR TR E 2 92 KR}
AT M

O B 7L E R DRG0 Gasitth,
2004) Butterworth 7l (Rt EFI T, 2005)
N E K52 Wr (Hoskins etal., 1983) 2577k,

E REN#RIER N : E=0v"—u?,—u'v), Hh
u FVHCY 30~60 KRB, “—” FoREZ 92
KR4, E 9<% Hoskins et al. (1983) £
WP AR BLAE IS 2%, Hoskins B 41X — T
VEHE) 2 =i . X BAE AT E REIUZHIK
oyt e ASCRIH E JRRIPE TR FE/KV-J7 1n) L
ISO gt frfene Atk —IME, E RKEN

J7 15 Rossby 3% 2l [E A 1 FEEE 7 W AT, 4
vi—u” <, P Myt -u” >0 B,
& K (Hoskins et al., 1983).

3 EZE[&/K CISO BIEREES %

S TAREIE Z=REK CISO 1WA, T
S DX 3T L N BT A Sl A PR A0 0 H B 2 B K )
W FAHEAT T 2h%is 8, 4 TRk 90% (5% F
IR IR 7K CISO B3 sS04 (B 1), il my
WL, 30~60 KFF/K CISO FE A A fE KT H Tl %
FLCARgHbIX . WA T I (2008) X H [ £ 3ii
4~9 HAEE H KRN TSR, KITh
T EAER L 30~60 RN T, X5AL
Iy MTEE RELA—%(. Wang and Xu (1997) %7
F A A S 2Rk T ARk E 2R XX CISO
P Z . 10~20 KFFK CISO EE A fEKIL
JALCUACH X RI A R v — 7 o AL, A7 — 28k N
10~20 KA1 30~60 K[F7/K CISO # 2% .

FIBE/K CISO 175 2% th IR GR BRI B it 7 22
32IFIK CISO M7 ZH ortt (B 22), KRIKME
XA WA, — AT B H X, 5 K fE A 2
%5 Sy — A0 T E AR RS, B K E Rk #
10.5%., FREMATT I (2008) F5H BRSNS

40N+

35N+

30N+

20N

105E 110E  115E  120E  125E
Bl 1 Az HEZERK CISO LRI (NEAH Tl 90%(FAE F A
PR, AT 30~60 K (129 35, SHLAFIR 10~20 K (114 34)
Fig. 1 The scattered station sites where the CISO (Climatological
IntraSeasonal Oscillation) periods of multi-year mean daily rainfall in
summer are 30-60 d (opened circles, 129 stations) and 10-20 d (closed

circles, 114 stations) above 90% level of confidence using F-test
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Fig. 2 Ratio of variance of 30-60 day CISO summer rainfall to total disturbance variance of summer rainfall (a), and ratio of total disturbance quantity (sum

of the absolute value) of 30-60 day CISO summer rainfall to total summer rainfall (b). Box A denotes the key region for the Sichuan—-Chongqing—Shaanxi—
Gansu region (CYSG) (29°N-35.5°N, 104°E—110.5°E), and B for southeastern China (SEC) (23°N-29.5°N, 113°E-122°E)
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Fig. 5 (a, b) The time-latitude cross sections for 30-60 day CISO summer rainfall averaged over (a) (104°E-110.5°E) for the CYSG and (b) (113°E-122°E)
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