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Abstract Based on the daily summer (June — August) precipitation at 91 stations in East China from 1961 to 2007
and NCEP/NCAR reanalysis data, five subdivisions of summer precipitation in East China are divided by using rota-
ted empirical orthogonal function (REOF) method. They are subdivision I (Fujian - Jiangxi) » subdivision II (South
of the Yangtze River), subdivision III (the middle and lower reaches of the Yangtze River), subdivision IV (Huaihe
River), and subdivision V (Yellow River - Huaihe River). Anomalies of summer rainfall in these five subdivisions
change in different ways on interannual time scale. When the interannual rainfall in subdivision I is more (less) than
normal. and other subdivisions’ precipitation is less (more) than normal. Both the interdecadal variations and the in-
terdecadal changes of interannual variabilities of the precipitation are remarkable. The maximum interannual variabil-
ity occurs in the period that the precipitation is less than normal, or in the transition periods that the precipitation
become more or less. The rainfall anomalies in different subdivisions are different. The area of Fujian - Jiangxi, the
south of the Yangtze River, the middle and lower reaches of the Yangtze River have less rainfall, which is because
an anomalous anticyclone causes moisture to diverge outward from these subdivisions. These anticyclonic circulation
anomalies along with the abnormal diabatic cooling induce the anomalous descent of air, and henceforth lead to
droughts in these subdivisions. In the region between the Yangtze River and the Huaihe River the divergent flow
prevails. This divergent flow is caused by the divergence of the gear-coupled anomalous anticyclone north of the
Huaihe River and anomalous cyclone south of the Yangtze River. This divergent flow transports the moisture out-
ward from this region, reducing the precipitation there. In the Yellow River - the Huaihe River area, the divergent
airflow exists between the anomalous anticyclone over the Mongolian Plateau and the abnormal cyclone over the
western Pacific. It is also found that the five patterns of the summer rainfall anomalies are related to different tele-
connections. Precipitation anomalies in Fujian and Jiangxi are influenced by Eurasia — Pacific (EUP) teleconnection.
JJA (June - July - August) mean precipitation anomalies in the area south of the Yangtze River may be partly affect-
ed by East Asia - Pacific (EAP) /Pacific - Japan (P]) /Pacific - North America (PNA) teleconnections. The JJA pre-
cipitation anomalies in the area along the Yangtze River are possibly influenced by East Atlantic (EA) /EAP telecon-
nection. It is apparently seen that the rainfall anomalies around the Huaihe River are influenced by EA/EUP and PJ/
EAP teleconnections. The summer rainfall anomalies in the regions between the Yellow River and Huaihe River are
likely to be influenced by the wave train perturbations propagating from the Mediterranean northeastward and influ-
enced by AO (Arctic Oscillation). The summer rainfall anomalies in the five subdivisions are also found to be related
to the potential vorticity anomalies in East Asia. anomalous activities of the South China Sea summer monsoon, the
sea surface temperature anomalies in the Nino3 and Nino4 regions, and the variabilities of the western Pacific sub-
tropical high.

Key words East China, anomalous summer rainfall pattern, rotated empirical orthogonal function (REOF), tele-

connections
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Fig. 1 (a) Locations of the 91 stations, (b) summertime total rainfall (mm) over East China, and (¢) time series of JJA (Jun - Jul - Aug)

rainfall anomalies
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ARG MEEHIIX  VLIE R e HERE K AR AR AR PR R
S | ITTR A WS EANE B AP ) O 8 A S L
R I~V X AW X, AR B a) )OEE | 7k
PR SPAE R (14 7 28 B ARAR PR AR A Hh 2 BEAS HAE B K AR
AR B8 Ak 2 B0 A R AR B TR e A, X R
AR R K A uk h 22748 /D sk el /DR 22 ) G
Bt BRMAEIRAR LA S KA
4.3 INRIBYHAE

SRS DT 0 8 A 2 ZR R /K BE T 20 B A e

# o, B XFFEKIEART — 1o B0 A R4, #Bid
Lo ARGy P (36 2) . Bk H A a4 X80 5
PSR TSR] (2008) BT ic 5% B 5 8 4 4y A —
.

Bl 6 24 T iR, Hdh RAIIE Q)
KR (Q) i 7 %2 W Luo and Yanai
(1984) B LR R TR IrE, (Q) —(Q)
ARG 3 ANERAT s BRI R b 3 A 15 F

X EEHLIX (T X) BoKSRmE . S-S54
500 hPa EEZEME (K 6a) 7R 7E 7T R Hu X A7
FEIE BT, IE BRSO 47 8 1 96 5 X2 IR )2
850 hPa eI 5, Al FARZH B~ I
WA VL Rl X Q) —(Q.) IE S+ (&
6b) TR T A T 37 i X4 S 0 SRR 4 G A
SR, SEOTRBIRZERIEEA . w5
Hu DX Gy 77 AL X i R AR Z SR, RO A T
TRIEMZ b DX ] PG RS- VF F g T % (18] 6b), i
Bz X KR D s TE T 5

LR HIX (I1 XD 5RA4E 5 Pi4E 500 hPa &8
HIZE(E (B 60) @7 [ 5% LA g b X Ok B85S, Bl
R A AN IvAS B R Lty NS e S Il NS R Sy =R
Pa . PR s KPRV b6 (B 6d) . VIR HE
XAQ) — Q) N HE (B 6d), 5HHTAE, FHOK
SR EIFEARI TR E 2 58 s . X 202K
IR mZERA . R URA R, MRz X
oKL TE T 5.

KITH R X (1T X)) 5A4E 5 P5H4E 500 hPa
EENZEE (B 60 5 IR K B A
SRS e U8B KR B 1 s A et
W PR RI A LW, fwdt, 22 XaE; K
I HETT DL bR (8 60, M AbR: KT
Q) —( QT SH (B 60, VBT 4 5%

x2 HEBRSIPRBHEFF
Table 2 The drought and flood years for each subdivision

TIX JIQES III X

IV IX VIX

AR LI AR YieE AR

YieE AR B AR YiAE

1967, 1971, 1968, 1972, 1963, 1967, 1983, 1989, 1967, 1968,
1984, 1987, 1995, 1997, 1971, 1978, 1993, 1994, 1978 4
1988, 1989, 2000, 2002, 1986, 1991, 1995, 1997,

1991, 2003, 2006 4F 2003 4F 1998 4F

2004 4

1980, 1991,
1993, 1996,
1999, 2001 4F 1973, 1976,

1961, 1964, 1962, 1975, 1968, 1983, 1962, 1963,
1966, 1967, 1980, 1987, 1989, 1992, 1964, 1965,
1991, 2003 4F 1997, 1999, 1971, 1974,
2002 4F 1990, 2003,

2007 4F

1978, 1994 4F
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Fig.6 (a, ¢, e, g, 1) Composite differences of summer 500-hPa height (gpm) field and 850-hPa wind field between drought and flood years
during 1961 - 2007 for each subdivision; (b, d, f, h, j) composite differences of summer(Q;)—(Q:> (units: W/m?) and vertically integrat-
ed moisture transport flux (water vapor transport directions are roughly displayed by hollow arrows) between drought and flood years during
1961 — 2007 for each subdivision. Shaded areas: above 95% confidence level; bold (thin) arrows: above 95% (85%—95%) confidence level
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HSeH s A TN U I Bl B U e A v PR T
b RERZRZ AL SERA . 7R
Wi 3 R VL X K A b T T 5

XPLHE (IV XD BRSNS, 54 58 4
500 hPa &M ZME (K 62 BRFE RN LA
SEE B UL KITLAAEHBIX 850 hPa | Xt
JERABER R AR TR S & BT
JERG TV X (8] 6h) B4R KPR P T 14k 3]
EHLD S o3 e pE AR % A X T R DR

BEHLIX (VX)) BAE5E4E 500 hPa & EY)
MZEME (Bl 61 73R [ 248 FCER 43 b Xy 1E BE
IEREHUL T 520 s 850 hPa b ifEiR] DLk Hb
XAFTE YIS, A T2 5 B T DT e
Js T SRR P P A A 28 b P AT TR
RACER . 42db. B ARk B = vt SR A R i (A
6)); EUEHLIX Q) — QT SH (K 6)), iz
DXERIFTR AN S8 o G AT It 1% S0 55 R v AR
BOREED, FEGHRRREREE, w2,
JRATEAGL s B IX K D TR T 5.
4.4 H£FR5XEKFEMEBKREHEX

g T B R bt B A8 2R 3l DX R 7K % TR
AIFRIL A, 3X BT Je s B K S8 e 1 5 & R g
FHOCHE BB 45 L % 3 (AO) (Thompson and
Wallace, 1998), NAO (ZBIf i Al £ ZH R, 2000)
K — LA (PNA) . RAKPEFERD (EA) ., 5K
FEERL (WP) | BRWE — KPR (EUP) (Wallace
and Gutzler, 1981; Jifi B4, 1994). PJ (Nitta,
1987; Wakabayashi and Kawamura, 2004) & EAP
(Huang, 2004; BE3CEE, 2008) HIFHIE BB (L3
3. BUWIAYAE, (1) X80T 1Y 38 AH OGB4 a0

x3 BREFHRAREFIISEEEXEHHEX

AO, NAO, PNA, EUP, EA ZRiB1E4 . HZEH
FAHCMBTIE: (2) A T 5 HFEK B3 50 00 1
PR, RIFR 2 BT 5 4500 44 Gt 1] 510, 1
ARLEXT 25 XM 5 s FRK S RIRE] 1 A2 48
M MIARTEATT G 5T 2 51

AIRLE R, MEHIX (1X) MK EUP B5E
IR B STk 0. 68, FAAEVIREER ., VL (11
XD FEIK AT PNA 388058 B 84 i A e, R
T RAET S Gt B PNA AFR (R F8 5k
W AL X R K 5 PNA BYUAEFE 3540 ¢
W 2B 5E . I ERI VLA iR X (TTT X))
KoK 526 3 T8 22 B AH C BULE 90 0 5 FE /K F- 2
PLEIETC MR XX — R K R TR AL
FIREIRTT T3 ME ST . SERVLIEHL X (TV XD FEZK T
AR Z, A EA, EUP, JR4 PJ. EAP &
WP, 52 |-, EA fl EUP 93504 i E &, 1
PJ. EAP, WP JRA 1E P4 KOV PEAETE S5 14 b i AH A
ZAb . BEAERRAE (2009) WFFEERM, VLEHLIX P-]
RPN HE R R R W AR B, S
TR S B K S B U A oG . VLHERE KA FI NAO
FERCR BEMIEASE . AR NAO H5 504
PRI R = 2 B N 6 = R T e VA o e
Sy B T2 CEK I A, 2001), #EifE
(VX)) FEKF AO FREAHE R BT i@t 90%0 1
fFREARRE S, RIEA S, BIsR AO F8 504, i
Bk AmL s RZAMZ .

h T i UBE A OCRRIE . R 2 ik
B TR R B R 81, T HA T 44N IO
B &K 54 2F8k 850 hPa X3%, 500 hPa, 200 hPa
M RIARSE (B D).

Table 3 Correlations of JJA precipitation anomalies for the five subdivisions with different teleconnection indices

Py Py P P Py
EA GRRPEHED —0. 24 —0.27 0.51 0. 552 —0.02
EUP (BRW.— KPR 0. 684 —0. 30 0. 37 —0. 534 —0.38
PJ G — HARD —0.23 0.25 0.01 0. 534 0.15
EAP (FRW.— KF-FET) —0.17 0.21 0.41 0. 682 —0.32
WP (PUACFFERD 0.12 —0.07 —0.21 —0. 535 0.13
AO etiEs) 0.13 —0.18 —0. 20 0.32 0. 44
NAO ERPEHHSD 0.13 0.19 0. 30 0. 644 0. 30
PNA R — LA —0.01 —0. 528 —0.29 —0.01 0. 25

T8 AR SR AR 25 (A AR B FEOCREO TR —1, A () it 952 (900) (FRERSY; Pr—Pvim I~V K EERK R,
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Fig. 7 Composite differences of correlations of precipitation anomalies for different subdivisions with the geopotential heights at (a, c, e, g,

i) 500 hPa and (b, d, f, h, ) 200 hPa and with (a, c, e, g, i) 850-hPa wind fields between drought and flood years during 1961 - 2007 for

l Subdivision I1I
(3]
Subdivision III

Subdivision IV

l Subdivision IV
()

]
21

Subdivision V
Subdivision V

% N ':":5; 3 N
20°E 40°E 60°E 80°E 100

each subdivision (correlation coefficients are multiplied by —1 to keep them consistent with the composites in Fig. 6). Areas with the corre-
lations above 95% (90%) confidence level are pink (yellow) shaded, and the arrows represent the correlations between wind and rainfall are

significant above 90% confidence level
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Xof i) 5 1 X (1 XD 7K 5% 1M 5 850 hPa
(B 7a) A Moo ifg 730 2= V8 KO- AR e AU
— AU — RO —AUIE — RORUBE” IR SRR T
500 hPa 1 200 hPa (& 7a. b) FAFLEFI R “+
— =7 L, XAEXTR R B A Y IE S5,
R A P PR 1) AR AL RE IS (Lu et al.,
2002; BRI FIZREERR, 2009) , 1M [ i M X 5 ZE 4%
K5 EUP EAHLFEHGEE] 0. 68 (£ 3), XY
HREH AR

TLRIHL X (IT X)) K i 3 55 8 i, 850 hPa
(B 70) FARARREEFS ZREARIHX 2 “X
JiE — ST — e S48 6 R AR R 2
EG L (B Te. D FAAE “—+ =7 BAOCIX, RP#K
VYTV J2 s BE R AR G ), 7E E
IRERE HAAR 5 — 28 th IR 2 ) AUie U8
2 B R BE 7 A XS T (BRI IR I
ShERRE S5, 2B EAP B¢ P-] A& MO,
TSR 3 b Prlg PNA BB A, FeMTF B4
TR O X B A X RIS R T A4, X T2
— 5T

KAITH FpbIX (T [X) FEKSH R, 3 IRK
PR ZHRFEE 850 hPa (A 7e) . FE1E “SiE— %
e — e — S — AUIE” IR E . 500 hPa
(J 7e) fELEAAR ) “— 4 —+—" d.0>, 200 hPa
(B 7D APPSR AT E R WAFE—A “—+ —
+7 HILER XA REY C 22 BERY 3B A G 5¢ (Eno-
moto et al., 2003), ZEPH A — ZREHBIX . XTI
JZHARIZFEAE P-J BRI I AE G S5 1 . R RIR
3, X FEKF EA. EAP ME R B350 0. 51 F
0.41 U4 907015 BEAK Py 0. 52> BFLL, BLIXRE
K AT BB X PR b 18 A S R IR AR AR SR PP 2R

YPVLHE (IV XD 7K S5 H . 850 hPa (&
Tg) b HPERTHE R SRR AR AU — S
JiE— <" BRI S, 500 hPa il 200 hPa ([&]
Tg. h) FAFAEMINIE “—+—7 Hhu . Psh R uEIE
JEZEA s IRt P-J Blsk EAP BUEHIRRIE, 35 3
W BRI IX K 5 EA RIS 500 40 5 i B 35 HH G,
XAE 500 hPa 1 200 hPa I 1] & H 7776 S #l X 11
SRR S: &Nty S BV 2]y I

HUE (VX)) FKSFHEBT, 850 hPa (] 71 F A
AP 2 AR S R IX A7 A RS — R
JiE— R — e FIPRIAL SRR, 500 hPa Al 200 hPa

(B 71, D FEEMBIE “4 —+ =7 Mo IX
S N RS 11U/ e AR [ B | o 3 S I (85 8
— WA SR K R B R MARTE R, R, &
3 P IX K S 5 AO FEBUATAE 90 Y (5 B
FRAE . SR H IR BT B4 30 TT RE S o AR 5 ol
Xt B X K S AR R . TR, R,
WX PRI (22D 38554 Gl By FRGy
b DA e BE R T (BRI A0, XA R 2 A1
2R B AT E— 2R

TE R SR BR AT 1 X0 07 38 B 5 45 X
FOKBE BRI LR, XBEMET R 4, aTIWERT
i) 5 b X A1, £ X K4 5 500 hPa FRiE & 25°N
HRAPEROE I B 0w b 2 B DG (R 95 %0
RREAKERE B . LR VLR BE R KRS
200 hPa o 5 FE A C AT, X S5 7 —3L

®4 FER3, BASFEZELNFERFHUETES
kPSS

Table 4 Same as table 3, but for correlations with the geopo-
tential height anomalies averaged over the area from the equa-

tor to 25°N of Eastern Hemisphere

Py Py Pm Prv Pv
500 hPa —0.12 —0.59%  —0.674 —0.544  0.574
200 hPa —0. 06 —0.45* —0. 26 —0.534  0.40%*

DL By R BH , AE 2R 3 IXOAS [] [X 38 1) 32 2 [ K
SH SRR TEAR G AT REAEE IR R . M ER RV
AR B K B b 57 EUP %U3E M SC 50 VIR b
X FEK N 52 P-] BUGEE , JRAT e PNA fEFEER R
KIL AT GE 2 2] EA Al EAP $20i. RS “22 %
R SEAHCAFAE AT BEA IR 28 5 T3 31X 88 7K D0 )
1573 EA BUF PJ/EAP gL R 8 0m, 785 NAO
FEAERTRERIBER 5 1T 2O HERAE /K U] 5 5T b o i b [X
) ZR AL L3 3k AO T 7= A= 5 0 1) ik 9 77 1 Bk
Z. [RIEHEE S, BTV B R K R S 500
hPa ZR 2P BRI L DX 5 B2 37 S5 R RANTH RS,
RS DXHRAZ BT 1 DX 25 B 8 A B . LA
AR, SRR IX g b 5 AR X K
SRR S A, G IR i REOF
E R K X R A G Y

5 #iE
i A AT
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(1) EARBIBK SR A5 TIX (REHLIXD |
X LR LXK KILHR RO . TV X (7T
W) MV X G 1~V X B ZEKE B
R 2E5E, Y T XFFEKRAERR IR (55) i,
I1, 111, IV, V XEEKRAERR AR SS R, 451X
SRR AERR A — 8. X 5 A XIEFREKI
AEARPR BAEBR A R AR PR AR IR 35, HAEAR
BRI A5t 248 /D a8 /DA% 22 1) i L
B KA TR .

(2) £ X FE K 55 T8 B ) J o s P A T 22 531
Horpr, YRR YR S TR (YLD 202
S R s 2 5 R A 3k 4 b DX 3
KRR, S5 E ARG, BT T
PU, FECT R A4 M F VL2 A A X,
FH A 0 2 A P 2 A AR S S A 1) P
(G o R 9 s R s AR U P 5 N
s RFEEUERLI, DRl A7 T 58 R A R e
S AR Ry NG E S o KW 1 8 el L1 (RS A
JU AT % XK PR S R AT S

(3) 545 X Bk 5 5 T2 U AH I 2R 19 3128 A DG TR 45
ASAHIA] . o) i DX K ] S b 52 EUP R 18 A OG5
e s VT pe b DX B 7K U AT 52 EAP/P] BUSZm, JRY
PNA BIUFAE AT REAGIER s KULIIL YD BEAK W]
B3z EA I EAP BUSZ 0 5 YT I b X R 7K 0] G 3 b
% EA/EUP 1 PJ/EAP 3t [a] 500 5 17 2 i [ /K
D37 AT A Y05y P VA e X o) 25 AU A5 3 B4 9 51 1ok
AO M= A 5200, 3R EEi 520 5 A X IR K S50
1) )8 R 25 AN AR ) LA 2 2%

(4) Jbfakepvy b X 5 B 3 S8 % BR VL R pE
ZHMIHEIR 4 A DX A A B R 5 [R]E
R B R R L Z BRI X AL . 1 2
K. Nino3. Ninod X 75 APV R 5 R AR
BIES AN

TRV, (D) ARSCHITIRARMIX 5 4
DX IR S0 B3 o3 AE e % EOF By X F R A A
A7) s[RI R K S ) A Hh DXl R T e AT fig
S AR M IX K B A 2 5 0 20 R b
A K (2) REOF SR i 8 DX IR K 76 B[] 5 _E A7
FEZ RUBERFE s 1R 45 B 0] RUBE A9 728 A DG R i AN
A 3 RN E ST, BUi% M
g 32 B Ok B £ 1) 2 i (Easterling et al.,
2000) , H A 2 B B e 1 S R anl 72

IS8 W s N B2 i R i 2 INVAL S ] SR B
RARHEE RIS AR () FEMRX 5 A
DB K B AE R R 2% B 75 s hIX , 7
o DX K S AHER AR IR AR DG i B Ah . HAtL
XK SE R AR Fi5h s MBI
B B L RS fl S ok 2 X R K S N
HRAR o 5 IR LI A A O A ) AL 1) T Rk — 22
W9

Bt P EARRRE R0 B R B R YRR
5 LB H oK Bk NCEP/NCAR A3 HT BRI B NOAA-
CIRES Climate Diagnostics Center (http: / www. cdc. noaa. gov);
g R GrADS (Grid Analysis and Display System) #1 NCL
(NCAR Command Language) 4221l .
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