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Abstract The EASWI (East Asian Subtropical Westerly Jet) is one of the most important circulation systems in East
Asia, which links the high and low latitude circulations over East Asia. The intraseasonal variation of position and
intensity of EASWJ during June, July, August and the East Asian circulation characteristics as well as the physical
processes are discussed by using statistical analysis and physical process diagnosis methods based on the NCEP/NCAR
reanalysis data and NOAA ERSST V3 monthly mean sea surface temperature (SST) data from 1979 to 2008. The physical
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mechanism for intraseasonal shift of the EASWJ is explored. The study points out that in June, the position shift of the

EASWIJ is affected by the phase variation of eastward propagating Rossby waves in the Eurasian continent. The North

Atlantic SST anomalies (colder or warmer than normal) in spring are the most significant forcing signal for the phase

variation of Rossby waves in the Eurasian continent. In July, the position shift of the EASWI is affected by the phase

variation of Rossby waves propagating northward from the tropical to subtropical western Pacific. The tropical western

Pacific SST anomalies in spring are the most significant forcing signal for the phase variation of Rossby waves over the

western Pacific. In August, the position shift of the EASWIJ is affected by the phase variation of Rossby waves

propagating northward from South Asia to tropical and subtropical East Asia. The Indian Ocean SST anomalies in spring

are the most significant forcing signal for the phase variation of Rossby wave propagating from South Asia to tropical and

subtropical East Asia.

Keywords East Asian westerly jet, Intraseasonal variation, Rossby wave, SST

1 3§

B ABEER L RO R = B R AR AE Sk
78 ) e e, R A Xy, AP — 4%
K2 L JF I — A B AN RO f KA L,
A RN T AW, @ RENAE AR, TH
JOBE A W, FLAFAE S 2 A4 3 R D) AR
(Berggren et al., 1958) & Bk P4 XUy 43 A A7 -7
AL 30°HHT, HLgh ) 15 Rk it 40 ms ™y B
BRVG R [ RS B, s mil i TrE . dB4h 400,
HLh P PRIRGELZ R 20 m s o B dberkeah
VO R A EH IS 8 P I 1) I b S 485 A I 2 R A
ARG R RAT R K A B BORAERF 1, A2 -
JA Tk B B K .

LOVAS RN A8 R4 )2 el O | A = 2 e
SRR TTFERINR AL EZ LR GRIK A
B e, 1998)0 ARV iy 20 il #riy VO KU SR B
98 AR AR R U AR BRSE, R AR
v 2 AR T XU R A AR IR TR PR L 7S
BN | A5 I T A0 ] AR B R M 2R T O
1 151N VA W NG T S R i S
S (Mg 545, 1958; Liang and Wang, 1998;
Yang et al., 2002; Gong and Ho, 2002; Lu, 2004;
BUEHEAE, 2004; Lin and Lu, 2005; i35 HAITK
WAE, 2006a; Zhang et al., 2006; Fiid =l D,
2006; EF S, 2007; MFEMEISKIK 2, 2007, 2008;
A, 2009; PhRAESE, 2009; FHAFNNGE, 2011,
2013; xofes%, 2012).

ARV a2 il s T R R I A 22 I [a) R
AACHFAE, 5 UOR U ) RUBE B, 2R ey 2% il 4
G YRS ST B e O P A D O T ) N =) P B RS
SRR AR, SRR AR BB i Bl )

VA RIS, 59 IR BEB BTG B =X N4 59
(SR, PRI Bl RIS KA SR B )
ReFE LR IE (Lau et al., 1983; 242445, 2004;
FAEARSE, 2006), (EZETT. AFFRE A RE FEZE
RV TE XS Rossby Wtshshfens: (ss) 5
Jb 2= BR G XL 2000 50 55 AT SO0 S i sl LU AR
WP RS B (WAL A, RIS R
M s s ARER R AL A RIS 0%, 500 hPa
VG RT3 il ARG o 6 2 I VG XU 8 30 S 11 g
I, R 2 AR G R I e U PR 80 3 B I i
JZE R 2 AR ] B b X T R T
BATER (B EM KR 2=, 2007). FEAFEARFRIS
[ RUE b, 20 4D 80 4FARLLK (1980~2008 4F),
B (7~8 J1) 200 hPa K7 b 25 W0 i 25 Bl ity
VU RS T 250 359N LAE (b FAEARBRAR AL
MR, 5 I B2 2 TF 35°N LA R A [ 2]
300 hPa HE Hizdg RN EFHIEs), AR (QD
ARV (Q) RIUIEFEF, KW 35°N LIEM
M%) 300 hPa T Hiz 33 2N FUlias), Qi Al
Q BHL R, ¥k T 20 14l 80 4EAL LK IR
REBEZERK 2 “myidbs” 2, XU 20
{H-40 80 4EAX LK 200 hPa K7 1 2R W s 45 Bl Faity ol
DB AL T A AR B Al e B BEORT B 1R AR 38 B 2 UK
1] “rusdb R ” A FE LM (Xuan et al., 2011),

AR 2 RS 7 XS 1 A LBy T
AL DI T — RIIFFIERR, BRI RS
TITE RS HUE iR A 6] T 2 Hadley A3 7E
P HLX () R U 5¢ (Bolin, 1950; Palmén, 1951;
Smagorinsky, 1953; Fii¥s 5 FIRRE), 1957; Reiter,
1963; 5K, 1980; Huang and Gambo, 1982;
Wallace, 1983; #MEWELE, 2009; #hik, 2011).
— S AR T RS G T3 R P B



41t TRIR 285 B2 2R A vy s ) FAE O AU 1 A HOBR TR AE S T R
No. 4 ZHANG Qingyun et al. Anomalous Circulation Characteristics of Intraseasonal Variation of East Asian Subtropical ... 937

M7 A2 27 % » Krishnamurti (1979) BF5T3E H,
AN BT IO R A AR A BRI AN R
R IR TR R . Yang and Webster (1990) 33—
AR, B RHG M B n] DLES 7R 18 R
Ty AN ER AT SR A BRI, I H PR
QM MAERRAE 4L 5 ENSO %Y & . o sk
(1999) BFFE T 2R 0 i 2% 7 U2 -5 FAG RH A m 4
WS R, BRI RGEG O AR B
TR AT B HIR, AR WX )26 ) 75
AR () A B A2 A 5 8 0 #4037 1) [0 390 5% i 0k
S DI G . DL PEFGR A (2006b) £R1) T
R P R R IR T AR R L, R
e o 2t LM AR A S SEH, F
i IR R R R 2K R E 2 T
H6~7 HER PO E TR A MR . HERBE
45 (2009) MIWFFCER I, B RN T i SR
J2 i GOV 380 5 3 5 S v ot i B AR A T R
B, M R R IR S R BT T AR
MR B L — B b sh; Hik, HEFIH
7 U R AR A8 5 7 s R 0 R R O
PAZR PG T AR = R AT 2 DR

ZE LRI, 2R S BB P SRS [
I ) RO 1) 7 A it 3 ) B B K S AR A T
oM, AOCHT TR SN AT TR H
SR AT O B 28 AR W0 vy 2%l A U R 2 2= 1T ) 7
W R B IR IRAR S IR A 2, 3K 1 R
AT 2 T AR D) I, PR AR L R R
ARG TSR CHBRD 5 s &
AR S B R, o MR T N
IR TII 8 S B AL 2 Mt o AR SOKs F TR 5
HR s 2 R TR CHBR) R 2R
RS RARIE I RTIR S S A X 3 2 7
AR SCER G T 53 M 4R W0 i 2 B
VGRS AR RFE s 5 4 R R AR
RGP SR T AR AL 0 KRR s 55 5
PRI B 78 45 W0 v 2% 40 7 X2 H B 5 1 A
KEIRAE S, 6 gt Hitit.
2 #ERIERE

AT % RS . NCEP/NCAR 40 #7 J-F
R, HOKE R 2.5°x2.5°, H T4
A 17 )2; NOAA Extended Reconstructed SST V3 1]
HAFERERR R, kel 20 X2 hES R

50N

46N -

42N A

38N 1

80E 90E 100E 110E 120E 130E 140E 150E 160E
50N ®) :

46N

42N

38N 1

34N{-

30N

~
s

= e

26N : : :
80E 90E 100E 110E 120E 130E 140E 150E 160E

Bl 1 200 hPa 7R iy 2 il FAHS O DS LIS F 1) A0k 138 18 A 22 Ak
(@) 3 H~8 H; (b) 9 H~2 H. RRRRE H i KR LA

Fig. 1 Monthly averaged climatological position of the EASWJ (East
Asian Subtropical Westerly Jet) axis at 200 hPa: (a) March to August; (b)
September to February. The circles denote the positions of monthly

maximum wind speed

Jay B 2 sy 160 3t F /K Bk, SO = 4R
FHal & 5 A X W SCHR Takaya and Nakamura
(1997, 2001),

3 FISZRIMTANIJUMMNT
TILHFHIE

KA R K Z TR K I, AR
R VE RSB R W AR ACRE
bRy A H bR ARARER BB RE, h
TR E B T R AR S B G T XSRS
A A bR R, 1 452 4E (1951~2008
T A8 2R i o AR 8 RS R H A B A iR
W O AR . WIFEREE (8] la, 3~8
HO AR s @l Ay v R R A B AW A, 8 A
fe b T 45°N BT MIAkEIpE A (& 1b, 9~2 )
ZRV e 2 B s 7R A B AN BT e i, 2 I
PrF 27.5°N fHT. 6 A9 H, KIT—KTVEX
HREP AN KRG A0y (o B T 2 S KB R P-4
A, HARH JA—ARRE L, K & F



K A B O 42 3%

938 Chinese Journal of Atmospheric Sciences

Vol. 42

ZE8 H B KK 0L T K7 140°E~150°E, B
& H B R HIE PO T AR KRG B, o] WE ZE
ZRA. gy 2% ] Aty 0 LA i 2= A 3 ) A A0k 3k [
KA A HH W, AR SCHE SR E AR
e 20 B AT P AR N AR AR AIE
K] 2 J& 1951~2008 “E 1) 6.7.8 J 200 hPa
g KRS M. 6 HARW a2l ek
XA 30 m's ' BAE U, R RDAL T 37.5°N
(Kl 2a), 7 H2uhf &6 2] 40°N (K] 2b), 8
Hambhdb# 4 42.5°N [tz (Kl 2c). WK
ki |25 A PR AN B K R Dy, — AN T P b X
(40°~60°E), 73— M T AR W HEX (90°~130°E),
AN SCH AR ZE AR M X e G T KRR
T S E IR A8
h T E AR A B R ] AR A
PO AL ERFAE,  FRATARYE 200 hPa Sl <
AALE (6 H: 37.5°N; 7 H: 40°N; 8 H: 42.5°N),

60N

2l O S AR 5 ANEE, 90°~130°E il
WP i ) MR UMELL 2 25 (R & SOk A3
SORMLETEEL (EASWIPD), [FHREUCE S &
irg, SRR WA E ML, HARTH

6 H: EASWIPI=Uyy (32.5°~37.5°N, 90°~
130°E)—U,g0 (37.5°~42.5°N, 90°~130°E)

7 H: EASWIPI=Uyy (35.0°~40.0°N, 90°~
130°E)— Usq (40.0°~45.0°N, 90°~130°E)

8 H: EASWIPI=Uyy (37.5°~42.5°N, 90°~
130°E)— U, (42.5°~47.5°N, 90°~130°E)

Kl 3 & 1951~2008 4F 6. 7. 8 H T4
e 2 A P AL B R B 3 BRI AR bR
AR, L6 . 7 At 8 HHAEMprE
Pl R AEAE 1980 4R, 6 H Sl ErE 1980 4
RIS FE 1980 4FJSAHXHwdL (B 3a), 7 HAFI
8 HEUALEAE 1980 FHTHAHR Ik 1980 4 )5
A EE (LK 3by ¢). Xuan et al. (2011) #F5%

50N 1%
40N f.
30N :
20N :

10N

37.5N

0 20E  40E 60E  80E

120E 140E 160E 180

60N
50N £

40N -

40N

30N

20N {7

10N del il =
0 20E 40E 60E  80E

60N
50N -
40N
30N -

20N

10N = RS \

120E  140E 160E 180

42.5N

0 20E 40E  60E

80E  100E

120E  140E  160E 180

B2 1951~2008 4 H -4 200 hPa Zh [ X, CEf7: ms™): (@) 6 A; (b) 7H; (¢ 8 A
Fig.2 Monthly averaged 200h-Pa zonal wind (units: m s™') during 1951-2008: (a) June; (b) July; (c) August



4 1 TRIR =SS B 2R & el #

A R AL 1 0 50 INER R B Y6 55

No. 4 ZHANG Qingyun et al. Anomalous Circulation Characteristics of Intraseasonal Variation of East Asian Subtropical ... 939

fiath: 20 AL 80 FARLKIRIE A & X B F= [ /K
BIA “REi bR B 5 1980 R E (7~8 )
200 hPa 37 b 2R M ey 2 i 40 1 R s o oy Ak T
RPN B DG AR A4 6 H 2 E TR
BAEMRPRA A 7~8 Hami B iaBUE s
BAGERAG AR, BATHLEG TR,
HETHEZE6. 7. 8 HARALE MR AT
RAEAE 1980 47, FIULBAITE N R PR,
T 1979~2008 4FPH KA B IAF bRz ik
BRfiE. MW 3 AT, HZ 6. 7. 8% H Uil & #l
TELE R E PR, O TAEAS R H 3 1 A
Bt 2 X6 H i hr BHREOCT 0.8 FA/NF—-1.0
FRAEZE N SR B . AL, 6 H 2 E R
FAEF 6 4F: 1979, 1982, 1992, 1995, 1997, 2003
AL EA 6 4E: 1981, 1984, 1987, 1989, 1996,
1999 . & X 7 HAI 8 H AL B EURT 1.0 Fi
INTF=1.0 btk 22k S B mr A AL S, 7 H&
WAL EMEAEAT 7 4F: 1979, 1980, 1982, 1983,
1987, 1993, 2007 45 fdtFEA 6 4F: 1981, 1988,

25

1994, 2000, 2001, 2006 4. 8 J s & 1w 4F
£ 54 1980, 1987, 1993, 1998, 2003 4E; fiidk
A 64E: 1979, 1994, 1996, 1997, 1999, 2006
Fo BZE6. 7. 8 AN E MM (AL IR REFE
AR SCER I ) A

M3 o] W, B =S B AR 2R
AAHFAE, f 1982 4E 6. 7 H 2R B G, 8 H
gt 1987 4 6 HEuifr gL, 7. 8 Jf
W 1998 4 6. 7. 8 HEUA B #Wm; 2006
6. 7. 8 Haumfr B, AT R, 1998 4
HAERKILREEL “ ik 5 7. 8 JIPEX
ST E M EEE S, 1998 4F 6. 7. 8 H SR E
B, 38 PR R R AT S A B e, 1998 4R
FRILMIE K w2 (BB . 2006 4 6. 7.
8 H A B AL, 1 vy A Rl 3y i A7
B, 2006 4= B KT IO X B K 57 i
A CENED, B2 AR b T8 8 T 7™ 5 ) e AR
AR 2006 75 F% H 2wl BEmlba k. X
U B B 2% AR Wy 2% Bl ATy 1 XU A T A

1@
1.5

Normalized EASWJPI

-m
05 "

—1.51

o~ har Hith 1,,,.4 |

il fI

—25

1955 1965 1975

1985 1995 2005
Year

%f |"
i | 1 I1H I

Normalized EASWJPI

F

|, t|~.||| 1|1“ E

1955 1965 1975

1985 1995 2005
Year

Normalized EASWJPI
o
[6,]

0
_0‘5_
BTk
_1 5 p

130: i L Il_“ll_f. ll...1| hl]:

1955 1965 1975

B3 1951~2008 £F PR brvfAb i AR W0 e 2 I RS 1 KSR B R B (ad 6 5 (b) 7 J5

1985 1995 2005
Year

() 8 Ao ZpiSidh 9 M2

Fig. 3 Normalized time series of monthly mean position index of EASWJ (EASWIJPI) during 1951-2008: (a) June; (b) July; (c) August. The green solid line

with dots indicates 9-year moving average of the EASWJPI



X A B % 42 3

940 Chinese Journal of Atmospheric Sciences

Vol. 42

NS TR AR P8 Bk K S W AR A A R S

g Lpnd, P AW AL EAFEACS . 4
B 2 AR A 5 AR 2 R R 7Y X S L
I [ )R AR DA O, 1 T RA 3 i Wi R 2
ARV e 2 R R P EARE 64 7 8 AL E SR IR
PURFIL o

4 BZEFEARISTRIATFAXR

= BINRYFE

Kl 4 & 1979~2008 4 6 H 75 W i3 25 @l 4y v
R B35 500 hPa i34 /% 200 hPa
WA OG (B AR IEAH G, W R A G
s VRO RO AR 95%F1 99% (5 FE KT
FIFZRX, Do MK 4a Bosrid 95%F1 99%
FREKSFRIIE (50 AHSCHRET WL, RRO KB 217
O 00 v v 4 T DX A7 A o P AR DG 3 SR I AR —
PO ) 0 A AR DGR A, /R Ll 5 PRSP i X 4y
SR SRR L DUIRZR BB A IEAH G IX, U] 6
H AR g 25 Ay P8 RS A B e (k) 4FAE
BRR M UMK VT v i b DA 35 5
HEL “—+ =" 4=+ R, R4
HiX (30°~40°N, 100°~130°E, R[] {7 s
BEL GE) S K 4b SoRkame 95%H1 99%
FACHIIE (50 AR A BIAL T AR 37.5°N LARS
(A6, R i 38 P AP v s 26 L X PR A G R 8
IYAEFAES 500 hPa i 37 IRAH S/ AR AE—30, 1X
YR PRI RS KB 4a (b)) [
FTIHG AR, 6 H AN a2 il FArty v S A
M AL SRR A SRR, DUIZRS, AR
VR A A R 2RI “— + =7 (4 — 47
) ST K.

h TR TR 6 H AR A A T RS
A mEE (A6 AR i 26 B A 2R I P 2 7 X
WIS R Y B R AR, [ Sa (b)) 4T
6 HZumiiEmEE (k) 4F 500 hPa v #em E R
M Rossby ¥ 41, TN il M I TN I & {E &
W (B XARK Rossby W AE I E4RHL. 4
A, WAER B R EUCE Rossby I A 1 A HLHD
WeIs Ao Re a S R, I A FH )
WEXAM TR gER . WE 5a BoRK 6
H S A B A A A ool W (&l 5a 518 4a
SHHRAR DG T e A — 30, JB K TE 21 KR K i
(30°W~130°E) H ey 2 b [X A7 34 iy o - S 0 -

+ =+ =" (RS, AR B TR
KIS SRR RWATRP X B2, W
ANEFE PO T AR R DU /R BT, 1 Sa 47
KRR B R, JRERIEE Rossby I
FIMAE K PEEE B2 dbR/R . /R K UL In R i i
DX 1) 24 S 7 o 0 M DX A 4, A S P 4 5
DOMREREAR A X, HAT RS RIS, AR
P 2 B 52 e OB PR B AR, A AR
AT B H A (37.5°N) (g MK Sa ik
AL, SRR R R A s A
(15 50 S YR A LRV 2 R4 Rossby 471
ARV B BB SRR 8. 6 H AWM
HAImALAER) Rossby JAAT (B 5b) LW Fa4EsE
MR, AERPEFERIRRIE KR (30°W~130°E)
SR LI AT A FE RS BRI “+ —+ — 7 RSP
B, AN IEFEEH LA A TACR Y. bR
iy RWHHEh A B2, AR T2 A
FAEWR DU R AR . L S5b #i Sk BT i 1
PRI, AR Rossby WA ML KLV
AR SRR W K UK IS X [ 25 S0 9 it
A AR, DUNRIIHIX A A A, I
A7 i BRI A A SR, AR U i 2 5 e XA 3
R IE SR, U R YR 4 2 S e
PER WP, S R S E AR T &
(37.5°N) fhidt. M sbidiEER W, ZhoRil.
RIS LS A IR R i 5 AL
KV B2 R AL 1] Rossby W ANFEIL R VUH: 245 2
P IE S — 3. & 5a. bR, 6 A4
IR UK B AR 0 g v 45 P B 0 e 52 AR
[T S VAR =Y - R 18- A P | N7 Sl
A7 3 i BEAE AR S i S8 RO K i v s 46 2R A% 1)
Rossby #4147 AHAR (AT BB, JERTEEE B3
PRI U R N

Kl 6 J& 1979~2008 4 7 H A<V i 2wl s i
R i h B ES 500 hPa 73 Ed% &% 200 hPa
KA - N 6a {2755 (R AH DG R EE I 95%H1 99%
i EE KT B0 AT T W e RV K s rp s 4 B AR A 1
FERIARDCIX, HiE WM IE . AR 0 AR AR
WA HAGT . BT, XU 7
RN E M LS SVERPE#GE . Rl b
XA A B e A 5%, I 6b & 7 H SR E
fa 405 200 hPa M7 AHDC, B 95%F1 99%( &
HKPIIIE (50 AH G DX H IR 4 — PG P 40°N



41 FRIR Z0 48 B2 A 0. e 2 B B D XU A S s RO PR LR AIE A R JR AR 5
No.4 ZHANG Qingyun et al. Anomalous Circulation Characteristics of Intraseasonal Variation of East Asian Subtropical ... 941

()
Y Y G 0 B et 7 SO B

0 20E 40E 60E 80E 100E  120E  140E 16bE 180

70N N Y ecex - RRREN AR
i T RRRRE KR
B m et BN

60N A A, / - !
APENY:
a>qant
ﬁ /4?‘«A».wk‘v~v\s N SR
50N LTI AR ke 4 GuAR Y5 >addasaa
RS Iy, - EaeiI ey
A5 (XYY oy S P e Y

EF A1 TT Ty

f’f.m—t-vvv;»».ai“

T,?');zxyv-r»,am‘ﬂ,

AT AT e

A A A a ey

;a;i;:»»;,u W

P Friad

AAN Yy yed

/'—7‘/}"'»4‘»(»',:7\(
v

40N -

30N

7 AN 2 vi

e S E M DR A M

4,,"-11”,“.,,“44,.* a
b5 28 T OPEEEETPVVREA PTG A
L ¥ B

Tiyg b vy

20N 3

—
Y N 1.5

ARERRRRR R b e RERAR .

AXAAARERE S E P PP FEREEERR

10N q:+

EQ

0 20E 40E 60E 80E 100E  120E  140E  160E 180

K4 1979~2008 4 6 H 40525 BV 5 SR B HUS [ (a) 500 hPa A7 AR FESIIMISEREL. (b) 200 hPa R HIAISE. T () tAFIRIE
O MK, ks WIBEX D IRRE AT N 95%. 99%
Fig. 4 Simultaneous correlation maps of the EASWIJPI in June with (a) 500-hPa geopotential height and (b) 200-hPa winds during 1979-2008. Warm (cold)

color indicates positive (negative) correlation; light and dark shadings indicate 95% and 99% confidence levels, respectively

g =1y MvATE TS = =2
02y 7% A5 8 o B S YT R e p T
e ras 23 ,;};“‘).A)‘»'(»v'r;ﬁ‘v":7~>/4'5_§99“;‘*r:-
= s G L a0 vy e < v AL ol
\ S0 s
3
N ,)} YW A 10%ms2
1®»u/ WA A A4
1 s e I N
> Aa b g S ; ey a1y A vy s bsy a7 1.0
e I R R Ry ™ /. - W TRy o > = 4
S TN A5 L SR TS
20N.?&:.§4q<,A,A1vr> F Ve v gy 4 liec.tn
N N s A e e = s L o5
10N Lenn L . . . , . :
60W 30W 0 30E 60E 90E 120E 150E 180
""" ‘\';401;5‘&! L L?;)’ oy vl ——0.5
e I ) T
LR e
.,J.M\l(g;e ;-E‘ggg ;-»?7 s —1.0
ek 2 U
5 3 w3 @A A ¥ N 4
3443 ET NG 7 > 5’{ i))A?A:V%JQJ VVJVF::
30N $ 33 v LS A g0k S 23 4 IR PRI -\4,4(41»\1
20N-. A AR R R I B S I SN ) > R N e e S e
?Sé(':h>vv—, <V)'~Y(qu‘::<jA NEETV) [N AP 4m2s?
10N Lctinca, . - . T —— : Y
60W 30w 0 30E 60E 90E 120E 150E 180

Bl5 6 H 500 hPa fi 48y (ML, i gpm). BAEREE (fisk, 807 m® s, PEHEREUYE CAfi: 10°ms?, BE. Al
AR e SR (2) RIE R ISR E R AR (b)) A< 23 3y oG A S A B B

Fig. 5 Composites of 500-hPa geopotential height anomalies (contours, units: gpm), wave activity fluxes (vectors, units: m* s ), and divergence of the wave
activity fluxes (shadings, units: 10° m s %) in June for years (a) when the EASWJPI is located to the south of its normal position and (b) when the EASWIPI is

located to the north of its normal position. Warm (cool) color shading indicates divergence (convergence)



PN S

Chinese Journal of Atmospheric Sciences

942

lmg (b, R 7 H2WAMm BEREBOE (5D 5%
SRR ZR P gy 2% ) A 75 RS O T 40°N LLRg
(>, &l 6a. biLiE RN, Joit 500 hPa {7
i 5 330 /2 200 hPa 4i n) X7 Fid it 95%H1 99% 15
JEE KPR AH G DX S R BIAE PR RSPV vty o AT 1
X, U7 HRuisiEmm (db) T2 2P

Fh

NN

H

A

Y i I

3
K
ev.
s

T LR ) A VG ORI
M

N TR0 THRE T AR s wl har b
frErE (A FPHREA R BRI
I B EAA S E . B 7a (b) 25T 7 H &AL
BE (I 8 500 hPa {7 34 = B - & H: Rossby

%v,

40E 80E 100E  120E  140E  160E 180

e beai< s err s RRRRARN Y JI
- L

2 i
T AR raa AW A4 2334 VLT e e mR

FEENSON

TR ANNNNNN NIV VY P VYV Gy RRRRRK]

A 8
7> e aaany e T I -
a ‘—'1vy>a,“\i‘-"§:—§~§¥¥vv>vvvs‘yy . 2
AREre<iyvy, 'Y pwerrrcey) Z g
AkkkIIQQkkglj LA 3
R AR L RS ik

TP S AN N N VI Y Y Y YV VY b b bbb g ee ST

P3/3 5w
A ENANRBRRIST

b e D
PER R el e SRORTPTRLY;
Tt feczee oy ADPLEIr,
40N For o el 5 e SaedP~ -
-
FRSRAES
30N A T
3 e ‘ ) 2
20N - ST AAA A AN PR S S e %,
PGS Err P 4 LRI O,
AADTA 1 4 qus - tf FEEREAR ke p kR RREE Ky
PRI > 5w uuw m R AT AR R A AsARRRER D £ —
10N 7 EES i 46 L AAPPPIAARANA LA prwrrrc 15
SLERCEOV SSGnvininiviniot’s \ W‘_ AT AAAN N <kl <t .
st b d 439 A TIHANNNN -~ B2AIPT ) Chbppprbbl
AAAAAA R 3 s Rl T S s B AAAI TV e bk
EQ ? - T T |
20E 40E 60E 80E 100E  120E  140E  160E 180

6 [FE 4, K7 HIEAHK
Fig. 6 As in Fig. 4, but for simultaneous correlation maps of the EASWIJPI in July

P d
’ 7 A%
T 9 L]
>SN < aar b >
AE A er vvees aln g NN sy
N
v Y ap A $v e v A\ o 0

KLY E VT N A TS AR 4 Ak A

NE YN Lg na A e
.

AT ALYV V£

60W 30W 0  30E 60E  9OE
K7 RS, B4 7 FIEE
Fig. 7 As in Fig.5, but for composites in July

120E 150E 180

10°ms?
1.0
0.5
90E 120E 150E 180

— —0.5
'—1.0

—_

A AA> VLLL 4m25'2



41t TRIR 285 B2 2R A vy s ) FAE O AU 1 A HOBR TR AE S T R
No. 4 ZHANG Qingyun et al. Anomalous Circulation Characteristics of Intraseasonal Variation of East Asian Subtropical ... 943

B, TN e H TN B EEE 5. MK 7a
(b) Woni 7 H2umALEmeE (b FERRG T,
BARAE K TUEE R RV KRE (30°W~130°E) H 4k
b XA B B P HRC B B Rossby 341 (i
A4 Rossby WA IKALAH AT AR ), {HIEAEH
18 £ R A AR AR AR v AL, 38 Ak 2 P A T
LB R R T A A p P ST FAGHT 1) B A X
B3 (B 7a. b k), 2URALE MR (1) 4 500
hPa {37 31w B 1 bV P 3 21 R #4307 Rossby i
FIREAR S 3 A IE— (A—1E) BRSP4 ARk
(Bl 7a. b S8(EHZD, RIVER P @ Hvs e i B
(AL, AR W Wi 45 5 DX A e B 2 B 47 (AE)
SR, UL ARV AR B LA ORI
PERRGUINGE, AR 7 A 2 E A 7 XS
A FIE (40°N) fhrd (db). Kl 7 SR
B, 7 F BT Kt o v 445 38 A FH T8 62 () S A 2 59
p A L A a7 1 2 i e 0 S i N
SR p L X A AR 1) Rossby 3 51 AH &
WREE RN, 7 HIAAE VYR IE F i b
RrAEIE AR R AR T R

Kl 8 J& 1979~2008 4= 8 H A< WV i 4% il #4457 X
S EAEEE 500 hPa 7% w3 [ 200 hPa X,
WAk B 8a B RAH K REE T 95%FH 99%
5 BEAKA- I 3 A 2 mT I: i VK i 2% 2R VK A
iR AR B AR AL R IE . BRI,
XU 8 HARW St EmrE (b S EEZ AR
WoKKE S s ARG AR, MR TEK
B4 2 = 2 A A s BRI “+ — +7 (“— +
=) W53, AR 8 H AV i A w1 XS AL
Ehirg (). Kl 8b i 8 H il B 545 200 hPa
KIS, i 95% 99%f5 /K- IE (F)
A X HU AR 40 KBl 42.5°N BARS (dbD, HiMl 4
V. 1 25 R BT TS XU A T 42.5°N BARE (ABD.
Kl 8a. biEMER, JLiL/E 500 hPa i3 ik
A& 200 hPa 4i [ W37 _Fid ik 95%F1 99% 15 7K1
ARG DX A H IRAE e 05 A WP Kk 2%, 1B 8 H e
WAL E (A Bt 8 H 2 & Rl T
HEEH.

KT TR 8 H AR i 2 Bl A v R R
g (A6 A R R AR K i gt e o ) B
BAEFIE, K 9a (b) AT 8 H WA &
(4 4 500 hPa {7 # 5 B EF- )2 Rossby %41 TN
W TN WEF)E G . MK 9a (b) IR

(8 Al g (b FEHRT I, Likkea
AN R e B A b A R BRI K i s £ B X ()
Rossby % 41| (¥ E F 18 58 415 2 A e 26 b X i) 4R
3% (B 9a. b #i3k), FEMZAR I A 45 R 1 X fr it
ERIE & (PRes) RS AR T AT 7] IR B X
fE3E (18 9a. b k), UiB] 8 H AR KK rh4itth
DX IR S T2 A2 oK [ R K il B 2R K o Ay
If) F B 77 AL & 1K) Rossby % 471 IR A FH 3 & 5%
. MIE 9a. b FEHLA AL, 500 hPa 735
3 L KRk B AR WA S P oy 26 5 b X B P 0 AT
BIRIE— (i—I1E) $4E, 5k 2 U AR WU
o I (P B CIED A 3 B R0 e 52 I
1) 2 30 Gl s i X JBAE ) Rossby 941 IE—H1 (fit
—I1E) AR, AR KR 30°N LLFg
e T (0 S5, AR 8 H AR & H
POl P KSR O B T (42.5°N) i
F (AEDe B 9 VERERTIL, 8 H A WA 4i 3R
Vi e B e N = N R AN T A N e 2 o [
1] Rossby U BE 5 FIPA AR 52, 8 H e VA i
) R M KR FAGH Rl F AR5 1Y) Rossby 3% 147 AH
S G R TR

i LRTIAR, 6 ARG i A m BT T XS A
(T (B /e Bl N Sl e 1119 € N i R =S
J% Rossby WA AHALAT G 7 H AT i 25wl #ae
LRSS R AR 2R B | e N S Giiiily N S T B
fE1¥) Rossby A AHAZ LI s 8 H 4 WF i 2% il
P TG SR B R bSO 1 G 1) 2R
PPt B AL A% (1 Rossby 3% 51 A AR A4 1 5% 1,
NP T EZEENN (60 7. 8 ) KA
NS St FE Rossby 3 81AAHAR 4L 5 41 o8
7 R R

5 EFRTSTEIATANARE

TAFRERIRIBES

KA BN g ik 72 S 52 A e DR
WA . AT PG 6. 7. 8 H
Rossby ¥ F1I47 AH 555 FEAE 55 A0 st e PR -7 g 7
KR, X6, 7+ 8 HARW @2 Bl 75 XM A 4R 4L
HW& 12 AZREZRH (B3 6. 7. 8 H) 2Bk
W AT IS — A OG5, TR T S0 e Wl 2 () A1 it
SERPS IR S S R 1 O | Ay N B2 9 = A 18

Bl 10 25 IS 1979~2008 4F 6. 7. 8 14 ¥
o 22 R ARG TG X A BRI R 1 I — 2 A S



NI I 0%
944 Chinese Journal of Atmospheric Sciences Vol. 42

T T L] T T T
0 20E 40E 60E 80E 100E  120E  140E  160E 180
80N r J p AW 7
& AR W

=

40N +

30N 1

LK
A
R
IRRA 3
), LR :
L A7 PR ERR R R R e [LLLLe
773448 R RRARRR RERN '\'\\ v
. MERNRR ) o
20N 77772 n LU ER AN ST,

. ARRER R | T
MR SPPPY LT L i * A 4 e - -

10N + wenttRiKeg Aok At e =% A e 15

- - Y v . FrrrarAAA,sa3aaadidas
Tha K - LT S 1T T T T T P
A< TR RN g ATERAT L gR Ak =gy Fadddddiiaiasaaano

T T L) AL ‘.I T T T
0 20E 40E 60E 80E 100E 120E  140E  160E 180

EQ

K8 [ 4, (H)y 8 HIAR
Fig. 8 Asin Fig. 4, but for simultaneous correlation maps of the EASWIJPI in August

80N
70N +
60N
50N

L Lo, 9 7 3
‘-i_‘j_,_;t_l,,ﬁ,ﬂ
_I° . . e e ‘10*5ms.'2

’
i . 2073

d N S‘;‘ P>POET Ty hl

40N ".r: Sl Y NV 2

> v
L% > X 75 2w d 0 N Gaarwarkaavobyvyg ] 1.0
30N

&)
'V"“W"O'*"“’I‘t Vo a A P30 s SR T . .
MV <Ldgrrag> Lo gLV aak v’ - vy R
N VRSN IS NIV S SRR B | - N U RN, &
b “ v Lyg L b v e 7N OF - <
»>‘7 Fr eV Ad4a{az -zl“yve-/ < A € ‘ ( — 0.5

20N
10N i : : ; . \
60W  30W 0 30E  60E  90E  120E  150E 180

80N s
70N ; 5o iz A
60N =5 N s 3 > y S P S R

, = Soeree |
50N +: " SN % Y . “—’TPOQV""’:"‘-'V ----- Lo A >
40N {4 ot A : _

>79 >33 4

30N {257 ave v

T R T N T N A N T
20N -:::::A{W?:cz,m 7Ny g (02| G mze
10N e e : e

60W 30W 0 30E 60E 90E 120E 150E 180

Ko FE S, Hh8 A&
Fig.9 Asin Fig.5, but for composites in August

W RO (PO RE O 95%(F K IR AR . IRYEE 10a HFRTHERT R, € 3~4
KD, B 103 RRY], BARIEHRCEX AT AFEIRAERPERAERRE G O HE AL B) [0l
AN, HBRIESHIAE AR, XU 6. 7. 8 dARAEZEE UM ALK PR IR 1a=SST (18°~
VAR vy 23 B Bty oY KRR AL B A 5 R R 249N, 70°~ 100°W) — SST (42° ~46°N, 50°~



41 TRIR 285 B2 2R A vy s ) FAE O AU 1 A HOBR TR AE S T R
No. 4 ZHANG Qingyun et al. Anomalous Circulation Characteristics of Intraseasonal Variation of East Asian Subtropical ... 945

62°W), ti4f 1a € X, THEAF2] 1979~2008 &4
B IWIREL HF Wists 6 HonmisEoH sk
0.52 Gl 9% {5 BEKF), X B I6 R VE
HFHRIREC A HIE (7D 75, HF 6 AR
TR RTA E R (B . ARAEE 10b 5
HEFT7R, 4 4~6 P3G PRVl OCBE X
CE T HE) bR UE 22 52 SO G T AT
TR FRE: lwp=SST(10°~20°N, 120°E~180°), &
P wp S, THEAFH] 1979~2008 4FE A F 2=y
PO TR S, B w55 7 AR
ARG PE SRR EOH DGR R -0.56 G It 99% 11
FEKAFD i WY A 2 R0 T T K1 ¥ i 45 280K A7
(I S8, AR T H AR w2 w9 XS AT
Hir (db). REEE 10c Frs, 385 HRGEEEE
PEHRIR OGS CEIP5HE) (Rl b v 22 08 LR
Ay B EEVEIRFIR TR 2 Inp=SST(0°~20°N, 30°~
90°E), MRHE I 52 X, THEAFE] 1979~2008 E&
TERZERATE BEA IR IR, B2 Ino T7205 8 H
AR ey 725 R Ay T RS AR B0 DG R 20A 0.47 Gl
it 99%IPIAE FE/KE ), Ui BH AR 2= A B BE v i TR
BOE (50 Fu, AF 8 H AR & S F By vh XS
A E (.

BAERT 64 7+ 8 H AW iy 2 Bl FAty v X\ 2 i
BHSATA 12 HRMERH (B8 6. 7. 8 HD
R A BT e RIN, A ZR AR T8 R P i
4 El Nifio (La Nifia) %Y, 15 F)5 72 W i 25 il 44
W RN B R (db), 4585 M R
# (2008) WFFHE KL /R Je W AE B 2R QX Y
i i S 245 1) AU S 3 i, BB IIRAE I FRAE 2R IX
i B S 245 1) DRSS (R 518 — B, ARSI i 2
k% El Nifio (La Nifia) F{55 .

h T AT AR 2R A OV T DGR X i
HONT 6 H AR MV iy 2 ARG P XS A R T (1 4 3
RERE, EHEFACRTUEER 1A 850K F 0.5 OMF
—0.5) prfEZEE SO W FREE (50D REE, HE
WFREUE () EEA T, 7l 1982, 1990,
1992, 1997, 2003, 2004, 2007 4% (1981, 1984,
1988, 1993, 1999, 2000, 2005 %), K& 1la (b)
EMAEES 1A 48507 1EC7 FOFEAFFIH 6 F 200 hPa
7 #Aa E FEF () Rossby 41, TN il & A TN i &
B, BRI, JERVG RO s 26 11
Rossby WA I N “—+—+ =" (“+—+—+7") [{if
PR HN A, Foh =AM GED FEP A A B T
JERPEPE. SRRl R R -2,

70N

60N

i T oF VLT%? : ‘;
¥(@) P %ﬂagl;‘y

= / AT

70N
60N
50N 1
40N £13
30N
20N 1
10N
EQ{’
108 { X
208

308

0 60E 120E 180 120W 60W

0 60E 120E 180 120W 60W 0

[ 10 1979~2008 4 T34 Z< MU iy 205 fll #4vits v XU AR B S B IR G R (@) 6 A (b) 7 [ (o) 8 Ao HHEX il 95%(5 fEK

SPIIHEL B, R WA X ARG B 95%. 99%

Fig. 10 Correlation coefficients between EASWJPI and SST in spring during 1951-2008: (a) June; (b) July; (c) August. The boxes indicate key areas of sea

surface temperature that correlation coefficient exceed the 95% confidence level. Light and dark shadings indicate 95% and 99% confidence levels, respectively



X A B % 42 3%

946 Chinese Journal of Atmospheric Sciences

Vol. 42

BRI & S RE T Rossby A1 ALK PEYVE
oAb R X ) A A R 2 X
4% (B 11a. b Fi3k), K 11a (b) B[ Rossby
WHIRA A 5K 5a (b) 45 6 KW ma @l
PP S B RS (k) 4F Rossby B HIA7AH
A8 WANRATIE T THZE W85 7 IE (7
1) S AR 6 F 200 hPa 210 KUE-F (KBS, K
W KV R R ERAE R WP 37.5°N LARg (db), 1X
IR ZRAL R PGP R R AR BRI N IE (FD)
SEEAR 6 H AR A w75 KR E e
(Ab), Hggmyid F 2 mat 6 H RO Kb A v 4 44%
] Rossby #7147 AHAZ A0 58 B o

X A 2 AT T RSP DB X el e i R 7 H
IR i 2 ) ARG T X R A S T e R
179307, BZERGEVERFAEER twe F8ECKT 0.9
OUNF=1.0) bavfEZEe SN Iwe FRBUE (5D R
M, B2 lwe IE (5D REFEEA T4 1996, 1999,
2000, 2001, 2002, 2007. 2008 4F (1979, 1980,
1982, 1983, 1985, 1992, 1993 ), ¥ 12a (b)
JERZE e T8 7 AN CED A A 21 7 H 500
hPa {7 #5 B£ #F 1 1) )¢ Rossby 41\ TN it &} TN
WEEBET . AEWI, FF w5550 (5 &
WARR) 7 AVERCTHERGT Il B b X 00 38
PRSP S I B AR AE, BIFRZS Iwp 0 (IE) 59
SEMVGACT T WA DL =464 Rossby 1
HIRLAH A IE—F—IF (Si—1E—97) BP9 41,
P ST Hh 245 5 i DX A7 38 B SR IR B CIED S
I 99%15 B 7K V- 1) e kB A FH OE & el v P
Ps i BIHGAL RS (B 1280 b §i3). Kl 12a. b
25 VU T Rossby P A AHRFIE S Rossby ¥
BB AL I 7 AR S 1 7ay b BRI P AT EEX 1
REAH G A BARREREAE— 50, X UL RGP R
AR QB a7 R 2wl i
PER S WAL EmEE (b, HgmidigEd 7 A
VP ARG ) B AT AR 45 1) Rossby 8 514 AHAR
158 o

SXoF A 2 B 4 O B DX IR S S 8 R
2 R FAGHT T S IR S A B AT AT
AR O B PRI AR E ZE L 1o KT 1.0 BT
=0.7) XN o IE (FD) BHE, HZFE v F6 2L
ES%AE 74F: 1980, 1987, 1991, 1998, 2003,
2005, 2007 4F; AT 6 4F: 1979, 1984, 1985,
1989, 1999, 2008 4£. K 13a (b) EMIEHZ Inp

R4 7 1E (6 410 F % 8 J1 850 hPa X117,
MEIFT I, TE CFAD) S 4 1 VK Pl 2810 4R 0K i A4
7 R ARG HL DX R 3 S AH SO AR, B o
IE (D 3 A ARG VKl [ 25 0 KR #wry o il
TWiAERE ) Rossby A1 AH S I UiE— & Uie—"<
i A UhE—"Uie— 8D BEeFEg (& 13a. b
KR, HAx NG 8 H UKVl & s
S EEE (dB). B 13a. b R[] Rossby 4147 AH
Je Rossby WAL 677 ) #-5 Kl 9a. b I 70 A1 — 2
N TTERE TIEZ Ino IREUE (5D FHET 8 AR
MV e 2 B A D RS AL i AR AE , 1] 13e(dD
B TEHEZSTIE (6 51 I FREEEXTN 8 H 200
hPa & [ XUIE V-5 R, MBS WHZE o 15
FOE (0 A8 H 200 hPa - W & 2 Fll #4174
RERALE S IALT 42.5°N LLRE (Jb), X
ZE AT B R OB DX UL e 1 A R 8 H AR W i il
AT B (A6, H it R it
B Rl 1) 2R oK Bt #viy o Rl A A 7R 1Y) Rossby
W AT AR AR A TE o

ZEEPTIA, 6 H 2R Wi 2 fll R v XU A
S SRR Rl s 4 AR AL 1) Rossby Y% B AH
AT O, HATAHAR A 32 A5 2= A6 R PG DG B DX I
SRR T AR i e AT PR RS LA
5 POV X AT ) @ Ay AL 7R 1Y) Rossby
WHNLAHARAAT O, AT AR 52 7R 00 P A
T OB DX L e i AR A s 8 H AR E i A Wl vy
[l R VAL 2 =R I AN A 1 B0 | AN 2 s |
PR ) Rossby WA AHARMAT G, ILAAHAR
A 52 35 2 B0 v DB DX 0 e 5 A8 A 5 ) o

6 ZHik5ihie

ZR i 2 ) ARG T RG22 AR W KR R
Gorh B R Y, AR i S AR TS R R A A
BEMERLR Fhr. WA ANEN, RER
75 [ 7K A R 21 N AR A AR I v 2 A 1 R
SR E RN A K. ARG A
RS W T 6T 1979~2008 L 30 4R H ET 1T
ARV iy 20 ) ARty 1 AL 7 A AR A B L G B A Ut
(A sR3a A 5 B AT T, 4R
6 H ARV =2 ARy G R R A B S T 2 RO
KBt b s i G ) AR A% 1) Rossby % FIATAHAZ AL,
oMy, LR VG SR DX UL A IO K o
A A5 1) Rossby 3 51 AR 4 1) 5 12 3 A1 s



4 3

TRIR 285 B2 2R A vy s ) FAE O AU 1 A HOBR TR AE S T R
No.4 ZHANG Qingyun et al. Anomalous Circulation Characteristics of Intraseasonal Variation of East Asian Subtropical ...

947

80N

70N 5

60N
50N
40N
30N

20N 135

ly‘i—-f‘;‘
(R AW

by gf* *_ e S §o

10N

80N

70N
60N

50N -
40N J

30N
20N
10N

K 11

4 3T
PN S /l)fvﬂﬁ
R&“"‘*O{ NV

t T

30w 0 30E

MR e G105 (O FF LWEREEE; (b)) HF ), AEHEE

Fig. 11

180

10%ms?

1.0

—=1.0

e
1.5m2s?

6 200 hPa Fr AT (SRMELE, Mfr: gpm). BEAEFIER (k. 6 m’ s, BIEARREIE CRR: 10°ms™, BEf. A6

Composites of 200-hPa geopotential height anomaly (contours, units: gpm), wave activity fluxes (arrows, units: m® s ), and divergence of wave

activity fluxes (shadings, units: 10™° m s™2) in June for years with (a) positive I (the index of North Atlantic SST anomalies in spring) indices and (b) negative

I, indices in spring. Warm (cool) color shading indicates divergence (convergence)

,;}"'&}"lt\ 77

- :
N P Y R

PEAd PT RV

L M

T T T
140W

100W

. i .
e YA ooy

O SRR ERT A

il AL

-

\&
fp‘i;“flkt\<f<<r{\<r YFLArr
Er e, by DAt
MU TS N ¥ ‘
L 54 )

_5‘1‘r7>Hz-,«5rr>-,c\’@a\pu‘HrF‘u

u a VAR }:

fotbd ey

60W

1 T 1 T N E—
140E 180 140W 100W

60W

—1.0

127 J3 500 hPa f#Ami e BEF (AHk, #0: gpm). BAEMER (Fik, #fr: m®s™). BIEMEREEUE (Bfi: 10°ms™, BEE. A6
ARG Je) A% (O FF lwe SUREEE; (b)) FF lwe EIREEE

Fig. 12 Composites of 500-hPa geopotential height anomalies (contours, units: gpm), wave activity fluxes (arrows, units: m? s %), and divergence of wave

activity fluxes (shadings, units: 10 m s72) in July for years with (a) negative lyp (the index of tropical western Pacific SST anomalies in spring) indices and

(b) positive lyp indices in spring. Warm (cool) color shadings indicate divergence (convergence)



K A B O 42 3%

948 Chinese Journal of Atmospheric Sciences

50E  70E  90E  110E  130E  150E  170E

—_—
8ms

70N
60N
50N {~ 75"

G T I T TT ——
(b)?"'\‘ ALY YYNTERLT T T I T I O
. b

A W N W e e T

40N 1%
30N::'
20N:"_'
10N |

50E 70E 90E ~ 110E  130E  150E  170E

TON T

v
...... ey
~a Ny

60N e

T
ettt s N
:’”**vw*+rmNY$§$

50N ! .::‘-“\N\\\\\\\
) SRR

e vivivevae s

40N S

R R R T
Lont

30N 1252 Vernae

_qpﬂw
20N {737
10N 4+

150E

130E 170E

—_—
8ms

50E E 90E

K13 8 H (a. b) 850 hPa RUZEEFA! (c. d) 200 hPa RUZFEF-A R (Fisk, #fi: ms™): (a. o) #HF Inp EIREEE; (b d) FF I HIEH
o Bey d M BELRR 42.5°N, OAHLERIERINE. 1E (4 GRRAGRNIE (5O 55, % IR BIRRGE AT N 95%. 99%

Fig. 13 Composites of wind anomalies (arrows, units: m s ') at (a, b) 850 hPa and (c, d) 200 hPa in August for years with (a, c) positive Inp (the index of

Indian Ocean SST anomalies in spring ) indices and (b, d) negative lyp indices in spring. Red dashed line indicates 42.5°N and the red arrow indicates that the

westerly wind is strengthening in Figs. ¢, d. Warm (cold) color indicates zonal wind positive (negative) anomalies, the light and dark shadings indicate

confidence levels at 95% and 99%

5 7 AR A A D P o
SZEAY-PEAH I o) Rossby BFIfCH]
B, A5 AT XD 5 3 A
TR 1 B (AT Rossby WESILAIAE
(S OSBRI 5+ 8 1 A B A
R TR RS &L SN oS PN N
A A ) Rossby W BLATAALIEN, 475 EJ%
BB L 5 A 14 ) 46 AR
Hls ) Rossby 8B IS 4 05 52 109158
S
RAGHTES 6, 7. 8 AL A
PR A 20 I RO 4G HSE L T 484
FREEAT, 116 AAEIRBREETIS S 7, 8 IR CFS
3), WAL 6 AT B I 5 AT
PRSP 0 LA, T 7, 8 H
SE LT TT R DR R RS
WL HUBLRL L, 7. 8 LRI R IR A G
BB ARBFFATSS 8, W 3 SR 5 A
BUEAAIGHEAT X, 15 6 F) AL B A P
U R B OS5 T 5 3 L

ABK PGP Rl A AT K

SR AR FRAT I of B 2% 2R . iy % ) AT 7 RS
B HALE TR IR AT T, R
S 7 R e 2 AT P KR T R
(i I 7~22 R, Sih EARE 7~22 K
e FI S k%8l (AO) FREUEMA S (EIKD,
B A0 FREME T ARG IE (50 M, R
AR SR A B R (R XU AR
1 22 A P XSO T A S AN T
SIRIE DA TR S S A o BB RA SR R A O
[l N3 52 v 6 REFR R AL AR 5 3 e AR AR S o DA
PEPATIE 5 E DIl BRI T, AR
ARG e R A P SR A BT A e R IR
PRI H RT B YR 7 0 Wi L R B R

iy ZEAR S s ASCRUAH SR B B2 W i) &5
WS T 1979~2008 4 30 4E%E kL, N T THEA
WERR A B ACGRIEM B O e, AT 2009
A DUOR IR B 2 A< W v 2 Al s 7Y XS e o 2 H B
A KIS0 5 PRI S R BEAT T AR, 45 RERWIASC
25 M IR B DRI R AT IR AR 51— (RN AN



41t FRIR Z0 48 B2 A 0. e 2 B B D XU A S s RO PR LR AIE A R JR AR 5

No. 4 ZHANG Qingyun et al. Anomalous Circulation Characteristics of Intraseasonal Variation of East Asian Subtropical ... 949
1@*& 3‘% gin: L@J&%ﬁg?‘fﬂ % T »ﬁ; IZF! lﬁ#ﬁﬁ% R Yaocun. 2006b. The seasonal variation of the East Asian subtropical

Sk (References)

Berggren R, Gibbs W J, Newton C. 1958. Observational characteristics of
the jet stream [R]. WMO Tech. Note No. 19.

Bolin B. 1950. On the influence of the Earth’s orography on the general
character of the westerlies [J]. Tellus, 2 (3): 184-195, doi:10.1111/
3-2153-3490.1950.tb00330.x.

L, REBL RSEAE. 1999, ZR VPTG KRR AL 5 AN BOC R
BIBESE (9] KR, 23 (1): 62-70.
Shouting. 1999. A study on the variations of the westerly jet over East

Dong Min, Yu Jianrui, Gao

Asia and its relation with the tropical convective heating [J]. Chinese
Journal of Atmospheric Sciences (in Chinese), 23 (1): 62-70, doi:10.
3878/1.issn.1006-9895.1999.01.08.

FEAR, TRMEAE, WS, 2009. 2% ME R HAGH PG KSR EAR 1 J HO

[ AR F R AR Bk S o A s [J]. K7 URE, 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.

Gong Dao-Yi, Ho Chang-Hoi. 2002  Shift in the summer rainfall over the
Yangtze River valley in the late 1970s [J]. Geophysical Research Letters,
29 (10), 78 (1-4), doi:10.1029/2001GL014523.

Huang R H, Gambo K. 1982. The response of a hemispheric multi-level
model atmosphere to forcing by topography and stationary heat sources:
(II) Forcing by stationary heat sources and forcing by topography and
stationary heat sources [J]. J. Meteor. Soc. Japan, 60 (1): 93-108,
doi:10.2151/jmsj1965.60.1_93.

AR, TLER. 2008, ENSO 0 23 7 &I Fty 15 A SUATSE IR (K92 W7 2347
[J1. K% k12, 28 (1): 15-20. Huang Xingchun, Jiang Jing. 2008. The
diagnostic analysis of the impact of ENSO events on East Asia
subtropical westerly jet [J]. Scientia Meteorologica Sinica, 28 (1): 15-20,
doi:10.3969/j.issn.1009-0827.2008.01.003.

BORAE, Rt sKIE, A 2012, ZRAEEIPGHTY X SIRIE S 5 KD R
UEHERS 57 R R IOBETT [T KR, 36 (4): 722-732.
Li Weijing, Zhang Bo, et al. 2012. A study of the relationship between

Jin Ronghua,

East Asia subtropical westerly jet and abnormal Meiyu in the
middle-lower reaches of the Yangtze River [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 36 (4): 722-732, doi:10.3878/j.issn.
1006-9895.2011.11076.

Krishnamurti, T. N., 1979. Tropical meteorology [C]// Krishnamurti, T. N.
Compendium of Meteorology. World Meteorological Organization,
Geneva, Switzerland.

DU YR, TRHEAE. 2006a. A< FIFAGHT PG SR AL B R HOR I R R
FERIEm I mE%, 25 (3): 382-389.

Zhang Yaocun. 2006a. Impact of the position abnormalities of East Asian

Kuang Xueyuan,

subtropical westerly jet on summer precipitation in middle—lower reaches
of Yangtze River [J]. Plateau Meteorology (in Chinese), 25 (3): 382-389,
doi:10.3321/.issn:1000-0534.2006.03.004.

DU YR, TRAEAE. 2006b. ZRE R H I SR TR 1A REIE K AT 5%

WHLERT [J]. %24k, 64 (5): 564-575. Kuang Xueyuan, Zhang

westerly jet and its thermal mechanism [J]. Acta Meteorologica Sinica, 64
(5): 564-575, doi:10.11676/qxxb2006.055.

fﬂfﬁ %@T HUfE, 2. 2009. A2 IR DA F 0 AR I A

ST AT [J]. KR, 33 (1): 81-89.

Xueyuan, Zhang Yaocun, Liu Jian, et al. 2009. A numerical study of the

Kuang

effect of anomalous surface heating in the Kuroshio current region in
winter on the East Asian subtropical westerly jet [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 33 (1): 81-89, doi:10.3878/j.issn.
1006-9895.2009.01.07.

Lau K M, Chang C P, Chan P H. 1983. Short-term planetary-scale
interactions over the tropics and midlatitudes. Part II: Winter-MONEX
period [J]. Mon. Wea. Rev., 111 (7): 1372-1388, doi:10.1175/1520-
0493(1983)111<1372:STPS10>2.0.CO;2.

AL, ARG, AR, S 2004 7RV 5L R KUGE )5 AR e A 0 KR
WALEALBE SR RBIBEA [0]. KR, 28 (5): 641-658. Li
Chongyin, Wang Joughtai, 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.

Liang X Z, Wang W C. 1998. Associations between China monsoon rainfall
and tropospheric jets [J]. Quart. J. Roy. Meteor. Soc., 124 (552): 2597—
2623, doi:10.1002/qj.49712455204.

Lin Z D, Lu R Y. 2005. Interannual meridional displacement of the East
Asian upper-tropospheric jet stream in summer [J]. Adv. Atmos. Sci., 22
(2): 199-211, doi:10.1007/BF02918509.

B, e, BT, 452004, JLAPERE TR T RS A T K
FOR ARV B RSG50 [T]. MR B4, 47 (1) 10-18.
Liao Qinghai, Gao Shouting, Wang Huijun, et al. 2004. Anomalies of the
extratropical westerly jet in the North Hemisphere and their impacts on
East Asian summer monsoon climate anomalies [J]. Chinese Journal of
Geophysics (in Chinese), 47 (1): 10-18.

ik, 2011, FREIWSAR W s v U R AL BRI B Dl fe (9. KRt
2%, 35 (4): 631-644. Lin Zhongda. 2011. Dynamical processes of two
categories of northward jumps of the East Asian upper-tropospheric jet
stream in mid-summer [J]. Chinese Journal of Atmospheric Sciences (in
Chinese), 35 (4): 631644, doi:10.3878/j.issn.1006-9895.2011.04.04.

Lu R Y. 2004. Associations among the components of the East Asian
summer monsoon system in the meridional direction [J]. J. Meteor. Soc.
Japan 82 (1): 155-165, doi:10.2151/jms;j.82.155.

BAF, SRR, B3 TIML 2007, AR AR A R P XSO R R AR
R [ A%, 18 (2): 137-146.

Fang Qiaomin. 2007. Influences of the East Asian jet stream on winter

Mao Rui, Gong Daoyi,

climate in China [J]. Journal of Applied Meteorological Science, 18 (2):
137-146, doi:10.3969/j.issn.1001-7313.2007.02.002.

Palmén E. 1951. The role of atmospheric disturbances in the general
circulation [J]. Quart. J. Roy. Meteor. Soc., 77 (333): 337-354,
doi:10.1002/qj.49707733302.

Reiter E R. 1963. Jet-Stream Meteorology [M]. Chicago: The University of
Chicago Press, 1-515.

HURIE, (<, BRIZEM, 5. 2000. 7558 5RO IR DU 4 0 5 2= 44



X A B % 42 3%

950 Chinese Journal of Atmospheric Sciences

Vol. 42

R IEENE [J]. "B ST, 32 (1): 25-31. Shen Lelin,
He Jinhai, Chen Longxun, et al. 2009. Thermal effect of Tibetan Plateau
on East Asia subtropical westerly jet in summer [J]. Meteorology and
Disaster Reduction Research, 32 (1): 25-31, doi:10.3969/j.issn.1007-
9033.2009.01.004.

Smagorinsky J. 1953. The dynamical influence of large-scale heat sources
and sinks on the quasi-stationary mean motions of the atmosphere [J].
Quart. J. Roy. Meteor. Soc., 79 (341): 342-366, doi:10.1002/qj.
49707934103.

INRAE, TRBEAE, SB22E0. 2009. I 4R 5 2 B K 5 [R) 391 24 0 j Ay
BWMERRWRR D] ml %, 28 (6): 1308-1315.  Sun
Fenghua, Zhang Yaocun, Guo Lanli. 2009. Relationship between the East
Asia subtropical westerly jet anomaly and summer precipitation over
eastern China [J]. Plateau Meteorology (in Chinese), 28 (6): 1308-1315.

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]. J. Atmos. Sci., 58 (6): 608-627,
doi:10.1175/1520-0469(2001)058<0608:AFOAPI>2.0.CO;2.

PR, BREEED. 1957 HFWPAR B2 RN ] 8%
R, 28 (3): 233-247. Dao Shih-Yen, Chen Lung-Shun. 1957. Structure
of general circulation over continent of Asia in summer [J]. Acta
Meteorologica Sinica (in Chinese), 28 (3): 233-247, doi:10.11676/
qxxb1957.019.

By, RS, BRIRAR. 1958, A AR W15 W B KO R SR
AR [J]. 5%, 29 (2): 119-134. Tao Shiyan, Zhao
Yujia, Chen Xiaomin. 1958. The relationship between May-Yii in Far
East and the behaviour of circulation over Asia [J]. Acta Meteorologica
Sinica (in Chinese), 29 (2): 119-134, doi:10.11676/qxxb1958.014.

Bty 5, THE. 2006, FEE FRPACT- R R R desk (0] v
/A% 24, 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.

Wallace J M. 1983. The climatological mean stationary waves:
Observational evidence [M]/ Hoskins B, Pearce R. Large-Scale
Dynamical Processes in the Atmosphere. London: Academic Press, 27—
53.

SR, {4, Chung H'S, 252006, 2R i 4% it 5 R AUUS I
AL Z MR [J]. USRI, 11 (4): 525-534.
Wu Weijie, He Jinhai, Chung H S, et al. 2006. The relationship between
the East Asian up-tropospheric jet stream in summer and climatic

characteristics of synoptic-scale disturbance [J]. Climatic and

Environmental Research (in Chinese), 11 (4): 525-534, doi:10.3878/j.issn.

1006-9585.2006.04.09.
BN 2011, ARV o 2% P XAL 22 I T) RO AR AL A T e [ B 2
BRI M [D]. P EREE BEK BT ST R #4018 3, 109pp.

Xuan Shouli. 2011. Multi-time scale variation of the East Asia westerly

jet and its influence on summer rainfall in China [D]. Ph. D. dissertation
(in Chinese), Institute of Atmospheric Physics, Chinese Academy of
Sciences, 109pp.

BHAFIN, SRRz, SMBGE. 2011, HZRR W 52 2 A br A4k ST i
WK AR RR [T SURSIREEIGT, 16 (2): 231242, Xuan S L,
Zhang Q Y, Sun S Q. 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, doi:10.3878/j.issn.1006-9585.2011.02.12.

Xuan S L, Zhang Q Y, Sun S Q. 2011. Anomalous midsummer rainfall in
Yangtze River—Huaihe River valleys and its association with the East
Asia westerly jet [J]. Adv. Atmos. Sci., 28 (2): 387-397, doi:10.1007/
s00376-010-0111-3.

NI, TR, INBGE, 45 2013, BRI AR A SR N Ik E
Bk sgmg (3], AU SRS, 18 (6): 781-792.  Xuan Shouli,
Zhang Qingyun, Sun Shuqing, et al. 2013. Influence of the monthly
variation of the East Asia westerly jet on summer rainfall in China [J].
Climatic and Environmental Research (in Chinese), 18 (6): 781-792,
doi:10.3878/j.issn.1006-9585.2013.12193.

Witts, 5Kz, 2007, EFAKIEPE XZIR Rossby SEHL5) 57 15 v [ F
K [J]. KRARE, 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.

Vistetg, SKIK 2. 2008, B2 0PN EIHGH 7Y QR UIRFRAE (9], kS
IEEWEFT, 13 (1): 10-20. Yang Lianmei, Zhang Qingyun. 2008.
Climate features of summer Asia subtropical westerly jet stream [J].
Climatic and Environmental Research (in Chinese), 13 (1): 10-20,
d0i:10.3878/j.issn.1006-9585.2008.01.02.

Yang S, Lau K M, Kim K M. 2002. Variations of the East Asian jet stream
and Asian—Pacific-American winter climate anomalies [J]. J. Climate, 15
(3): 306-325, doi:10.1175/1520-0442(2002)015<0306: VOTEAJ>2.0.CO;
2.

Yang S, Webster P J. 1990. The effect of summer tropical heating on the
location and intensity of the extratropical westerly jet streams [J]. J.
Geophys. Res., 95 (D11): 18705-18721, doi:10.1029/JD095iD11p18705.

TR L. 1980. 28 Rl 23 A0 R AR IR [T]. %254, 38
(3): 219-226. Zhang Jiacheng. 1980. The thermal effect of meridional
sea—land distribution on the general atmospheric circulation in Eurasia
and its contiguous areas [J]. Acta Meteorologica Sinica (in Chinese), 38
(3): 219-226, doi:10.11676/qxxb1980.026.

IRz, s 1998, MEYHH i £ S RN A M = 2= [ K R 58 (D],
K% %A, 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.

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.



