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Abstract The author analyzed the main seasonal evolution modes of the Pacific sea surface temperature and their
relations with the seasonal evolution of rainfall over eastern China and the atmospheric circulation over East Asia as well
as the related physical processes by applying extended empirical orthogonal function (EEOF) analysis, correlation
analysis, and composition analysis, etc, using the datasets of monthly sea surface temperature, atmospheric circulation,
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and monthly rainfall of 160 stations in China. The main results show that there are two dominant modes in the seasonal
evolution of ENSO (EI Nifio/Southern Oscillation), including four types (El Nifio persisting, La Nifia persisting, La Nifia
switching to El Nifio, and EI Nifio switching to La Nifia). Obvious differences in the distribution and intensity of rainfall
anomalies over eastern China are found between different modes and types of seasonal evolution of ENSO. For the types
ENSO persisting and El Nifio switching to La Nifia, the distributions of rainfall anomalies are somewhat similar because
both types occur under the background of El Nifio in winter, spring, and early summer. But the distributions of rainfall
anomalies are remarkably different in midsummer and autumn because they are under the influences of El Nifio and La
Nifia, respectively. The rainbelt jumps northward slowly and is located further south for the former, whereas it jumps
northward quickly and is located further north for the latter. The similar situation can be found for the types La Nifia
persisting and La Nifia switching to El Niflo, and the distributions of rainfall anomalies are somewhat similar in winter,
spring, and early summer. But the rainbelt moves northward quickly and is located further north for the type La Nina
persisting, while the opposite is true for the type La Nifia switching to El Nifio in midsummer and autumn. This is
because rainfall is under the impacts of El Nifio and La Nifia respectively during that period. Therefore, not only the early
signals of ENSO but also the possible evolution mode of ENSO should be considered in the prediction of rainfall over
China under the influence of ENSO. The analysis of the physical processes that link different seasonal evolution modes
and types of ENSO and rainfall over eastern China shows that different seasonal evolution modes and types of ENSO
impact the distribution of rainfall over eastern China through influencing the western Pacific subtropical high and the
zonal and meridional circulations in the westerly wind belt. The warm wet water vapor transport from low latitudes and
cold air activities in the middle and high latitudes are also involved. The anti-cyclones (cyclones) over the Philippine
islands and their adjacent regions, the equatorial Walker circulation, and the Northern Hemisphere Hadley circulation are
important linkages between ENSO and the activity of the western Pacific subtropical high and the zonal, meridional
circulations in the westerly wind belt.

Keywords ENSO, seasonal evolution, modes and types, rainfall over eastern China

1 5l8F

ENSO (EIl Nifio/Southern Oscillation) &g H:
TP e SR S T, R R A
F—A BN 2 (KGR I, 19925 A8
TR LB, 1997 M OCAE, 19985 ARHZHR AR
A%, 1998; SHMMFEERFS, 1999; Wu et al.,
2003; ERERF KOG, 2007; SEHFEELE, 2008).
H 20 g 70 EACLIK, ENSO i 38 A5 50
JAHKHL I 85 | B A S 38 1 O . BREE
(1977, 1982) @it 4r#7 El Nifio X 3 E & 2% K
(s LR ABAT T2 MR R, #7n it El Nifo St
Walker 39t Hadley P38 LA 75 -V Bl 4G @ s
X P B =B A A fa e, e iR A A
W2 3~5 M. FARRIARZ: (1985) FriHAR I
HZGIR S El Nifio S FEH VIR, RN iL4R
R ABATT 2 1] BB 58 AT B8 5 78 b K1 1 1R T i B A
4 %, Huang and Wu (1989) W57 & IAE ENSO K
JEE B B ZE YLLK 22 T 1T 26 9B B R VL
B/DR, FEER T B PRSI R  E R B
2 BT 0 AL ) S A A P T I Y
e s e B B R R S ENSO SR 3R [ 5 2 ik

AL BN . XK R AT I (1995) KL
ENSO RAMYAFERE LU KA, ke
LA . B30 (2002) %3 El Nifo FEfg
WERLW AR A = REIA I L (0 5 ZfK
IR, La Nifia SEAF 15207 5 Bl Nifo S (1) 5%
Wi KEU B, fHANI Bl Nifio 35 . If48 Haxpsm
iy id it 55 El Nifio 5 La Nifia SE415 ¢ 1 RE 7 1K
L. PNESCRERE (2005) th &I El Nifio A5
[ RSB BRI 4 22 WA AT 8 35 I S iR AE .
Ah, ARFEZER AR <5840 (1) ENSO Hi¥
WfE/EW] 25 5% (Pengetal., 2011; Xuetal., 2013).,

Ja R T HE— RS ENSO G AU A 2
El Nifio Hf4, 1y H /& {45 El Nifio 1 La Nifla F1f
—FIE3R, PRI R 3~5 4, 2N
ENSO ¥, 4R, SEFs EANFF ENSO 76 3R #
FFAEAR K2 5] (Capotondi et al., 2015), HAKFIAE
El Nifio (La Nifia) FFA & AR I ] DL R T
ML HE (BRED TFRXIBIRA—S hEES
g P A0 R VE () 1950 4E LAk 7 s El Nifio/La
Nifa {42 (Historical El Nifio/La Nifia episodes)
AT LS M B, % ENSO S (1) AR e A4 A
IRKZE 5. ENSO fEEF IR ¥4E 4y, ElNifio (La



X A B % a1 %

1266 Chinese Journal of Atmospheric Sciences

Vol. 41

Nifia) FFERART R, A FAEHEREVHC
¥ La Nifia (El Nifio) i K 022 4L
PEAR NS, — MBI E T IE () W
B4 ) El Nifo (La Nifa) — B 44, FREL e a]
ik 1 4EE L | 3545 (1) El Nifio 5 La Nifia ()% #21]
AR AR, AT IRES . X MR
i El Nifio (La Nifia) K}, 4R fRn £
FEPEFIS A2 o thAh, AN[R] ENSO BT 0 Y. [
FEROIRDL ALK SI  H  ATRFAE AR AN —FF
Zhang et al. (1996) kXt 1986/87 1 1991/92 WX
El Nifio 3] 4 2= IR 2 Wi o0 BT A, 75
El Nifio S 820 25 M v o X )22 5 i
FA I, BRI BRI AR O B R T BUR
SRR, 105 IR I 42, i R
TR ARG« R MATI SRR El Nifio -
B, kR EILF A R R BT El Nifio Ji44:
FRSL IS B P 9H 25 XU S 10 o 2 P 4= Z241 (2005)
PR AN RIEFLLIN (] Y El Nifio S J 1828 3 A,
XU ZAR 2 I RO 3t 22 v 2 ) 3 #8537 1) R~
B E . ZBHAE (2009) [ 206 45 B )
R K B~ B EL Nifo ¢ &2 [H] 1) 4
Rl TN E R ENSY AP STV PN L T RE YN
T VR B 7K 6 425 ENSO % 0 -k 14 INF 7] 28 g )3
FRAE ML T ENSO 56 o H A fige 5 1) 5%
Wi, AT R AN R ENSO Z= i AR S A 5 [ 47K
28 42 BK 1 T AR R I AR R AR A ) B R R R ) 1
e @R, RIA ENSO Z75 s AR 2 A4 AR S 30
ARG 7 o3 A AN AR R AEAN ], HL P I i) <
MR E— B ZE S . Ik, #FReteiuh
ENSO ZE iR (1 F BRI ARA, R RIS EE
IS 5T T B 7K S 5 40 A M1 2= 74 I AR R AR
DARABATT Z TR SR A DG EEEA T, RE A B T aiadk
Xof e L Ry 2 T e AR A ) T, R AT B TR
] 2 1 i 7K UL VU B 2 R 7K TN &5 2R 1 o5
A

BRIk, ASC H TET A ENSO i 522411
El Nifio 45 La Nifia 4ERF A& F& MU AR (1)1l 12
TR — S E R, TR S A I R AR A )RR
ik, R IL5 R EBEKFIAR W ZE R OC R, TRIHRAT]
Z AR AR I ] e H I A

2 TRANTE
ARSCT I H PR AR R R4 5

H NOAA (GEE EFKIMFH RS #AIEE 3b ik
AR E AR S PR (Smith et al., 2008) LA
J« NCEP/NCAR 4t ot kt. tbah, ARSGEMH T
[ R A fi PO R A AR [ 160 4S50k H S8 B K %
BRI 74 TUKS IR EL,  LLA NOAA Az i o
DEIER 1950 42 LASK S El Nifo/La Nifia Hi4:4
(Historical El Nifio/La Nifia episodes ).

ARICHFFUT B 1951~2014 4F, SCHHAZEN
W14E12 HAEXSE2 B H#E N 3~5 AL BEF R
6~8 . *FHh9o~11 H.

Sk ENSO ZE TR (1 B 2R, AR
TR FAC B (EEOF) 43 M1 7734047 7K
SV (106°E~98°W, 30°S~38°N, Wik IH A 4°X
4o, JL 132 M) AT HE. HENKER
EAREALEE T, #E3E4T EEOF 437 2 Hix %75t
T T AR B R GEE R L L ik
B, MR T, EWBLREE (2007)),
DAV 55 AP iR 2 PR 337 40 6] EEOF 45 Lais ok
52 . Ak, ARSCEAE T & B b LA RAH 5G9y
Mre 5 it —20 0 M 7 55 ENSO Z 4 i 48 T i
FHOGHIHEM . KA IR DL 7K S 43 A I

3 ENSOZETETHEERSI LA

K1 RPEEA . B ERKRI AR AL
AR IR HT S S EEOF ASE IR 2% 8] 43 A1 S b tEAL I
()R E . AT AN B R T 2250 A 27.7%H1
18.7%, North k3% (North et al., 1982) # HJix 4>
WS 22 0] DA S5 HEA AR A Y B R0 B I o LAt fse
BRI E S ZMILEMIEZ (<8.1%), JFH
North #5580 % BABATT 2 B CEA R & Bk, A
BRI AN RS T e . kT
T34, w] LA 213K MRS S PR it 2 ENSO 2=
AR AN A

B 1 SR E A os, Like4gsF (K
la), HF (Kl 1o, w2EE (K le) Ak (&
1g) R H AR T3 b DX R 28y I [ g S 5 4%
Hl, T 2R P AR X AR P GBS X — A
S R . AR, KPR
W AT AR RPN JLA ) Bl Nifo 8% I 74 4
A PRFE . DRIHX — B ARER K& — 2K El Nifio 5§
La Nifia 4 Z=HF4E 2 K= 1 ENSO Z= 15 A8 R,
BATRROX B IE ST I (1 gl S o 2 1 3
A 533 Bl Nifio F¢£:7F1 La Nifia FF: 4 151



6 3] SR PSS ENSO 277

ARHRAS S 0 T AR S B A TR BB AR

No. 6 ZONG Haifeng: Two Typical ENSO Seasonal Evolution Modes and Their Relations with Rainfall over Eastern China 1267

A1 (& 1D B RECRY], SR
BHAERRAR L, IR AT B AR PR ARtk
FEAE, 1970 AR I 1990 FEARAM, IEFREUR
A BB R, T SRR EOR AR HBR LSS .

IR —B ], ENSO & [H < Fg B & ZR B K A
Sk N9 H] (Li and Ma, 2012). #EA 21 {42,

FHRHUR AEATE BB o, 100 IE 4R 80R A > H.
SREEELSS . A LA T ANERIEZE R hndE, I TR R ECK

T 1 AFRAEZE R Bl Niflo 47 [ SR 4E 47,
HAT 10 45 G REUN T 1 AR L
4 La Nifia £ R [F AR SE4Y, 3047 9 42 (IR D
B 2 BRI AR, £5 (& 1b) Ik
TE AR N SRR A T RIE PR
R IR b DX AT P8 DAL XA T AR IRRIRL S 3 1 o
VEIER S oA S B LK) La Nifia 8539 101
ST ARAE . FF (B 1d) KPR IE. e

30°N
15°N

0° 4
15°8

é\ms-.\—; \’

RS

4

30°S

30°N -
15°N
0° 4.

15°S

.
inter
T
(o) Jr#="

30°S

30°N
15°N
0° 4,

AN
15°S >~

~~
Summer \ \
T

=
T

30°S

= T
NN
ST 00202

30°N 4 (9)

15°N

0° 4 Fano s
- = © RN
Q%—y\f@\%\z\\

15°S — \‘—\:

30°S

Autumn —
T

> N T 0. ——=
Autumn NN e ~.
T T

T T T
120°E  150°E  180° 150°W  120°W

T
90°W

T T T T T
120°E  150°E 180° 150°W  120°W  90°W

1@ 27.7%

0] 18.7%

I B

-\l_)"\'"]\ﬂ']\'MA';_/T'KT\I" A TN

YN

-2.0

Normalized time coef

S

L,

=

—

—
:I>v
=

.=
-

I P

-40 L e

1960 1970 1980 1990 2000 2010
Year

1960 1970 1980 1990 2000 2010
Year

1 1951~2014 4F (a,b) &, (c,d) #. (e, D) H. (g, h) KERIICTEARUEL IR I EEOF 43471 25 —#i2% (EEOF1, Z:41) R —#iZ (EEOF2,

A WEESA LI G, bRHEL A R A (a-h) PR SRR 4

Fig. 1

Spatial distributions and corresponding (i, j) normalized time coefficients of the first mode (EEOF1, left column) and second mode (EEOF2, right

column) of the EEOF (extended empirical orthogonal function) analysis of standardized SST anomalies in (a, b) winter, (c, d) spring, (e, f) summer, and (g, h)

autumn over the Pacific during 1951-2014. Thick solid lines represent the zero lines in (a—h)
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Fig. 3 Temporal evolutions of Nifio 3.4 SST anomaly index from September of the previous year to December of the same year for different seasonal

evolution types of ENSO during 1951-2014: (a) El Nifio persisting and La Nifa persisting; (b) La Nifia switching to El Nifo and El Nifio switching to La Nifia
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