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Abstract The East Asian winter monsoon (EAWM) has two dominant modes: the in-phase and
out-of-phase variations of wind anomalies over northern and southern China. Different from the
first mode reflecting a uniform strong/weak situation of the EAWM throughout eastern China, the
second mode indicates a situation that the intensity of low-latitude EAWM over southern China is
independent from and even opposite to that of mid-high-latitude EAWM over northern China. The
present study focuses on the characteristics of tropical and subtropical circulation anomalies
associated with the variability of low-latitude EAWM under the background of the second mode
by using Empirical orthogonal function, correlation analysis and partial correlation analysis. The
results reveal that the inter-tropical convergence zone (ITCZ) can be considered as an important
circulation system that contributes to the variation of low-latitude EAWM. Corresponding to a
stronger and northward-extended ITCZ, convective ascending over the tropical western Pacific
and South China Sea is strengthened. This anomalous ascending may induce low-level anomalous
northerly wind, thus resulting in a stronger low-latitude EAWM. In addition, the subtropical
upper-level jet can be regarded as another important circulation system affecting the low-latitude
EAWM. An increase in wind speed along the axis of the jet may cause anomalous
quasi-geostrophic northerly near the entrance of the jet. Associated with the forced positive

secondary circulation anomaly with anomalous descending (ascending) to the north (south) of the



jet, the low-level anomalous northerly appears under the jet, in turn, facilitates a stronger
low-latitude EAWM. Finally, both the individual and joint effects of tropical convective activities
and upper-level subtropical jet on the low-latitude EAWM are further investigated. Relatively, the
influence of ITCZ seems more important. When the two circulation anomalies simultaneously
enhance (i.e., more active convective of ITCZ and stronger wind speed along the subtropical
upper-level jet), their joint effect can significantly reinforce northerly winds to the south of 35°N,
over southern China, and vice versa. The above-mentioned results imply that, the variability of
low-latitude EAWM is not only affected by cold air surges from northern China, but also
modulated by the joint effects of tropical and subtropical circulation anomalies.

Keywords East Asian winter monsoon, Tropical circulation, Subtropical circulation, Low-latitude

EAWM

138

ARWAZE R WAL X AR AR R4, B R iEs) 5 EA
FIHLX P AZCIR . WS KiK. EESRR. AREREAGE%KR (MiFs
MBS, 2009; BhEAAIZME, 2013, FoiES:, 2014; FEiE%, 2014; X
SE&E, 2015; Wang F1 Chen, 2016; AT —IC5F, 20160 , JLT4Fk—H*%
BITRFERIE . R, R A RIS S 4 2 B AR A
Wu et al. (2006) JEIAEZ X7 Hermite FiFEE 77, BIRRILT RIEAZEX
RILIA FIALSRAAE . R FHE 5 1EAC ek 057 % (Empirical orthogonal function, f#j
PREOF) ZrHrtml &I, B 7RI — 3R (Ei55) Wb & 2= XU — SRy
AL, AR L TR 5 R I 53 2 A R KR R AN LS (Liuet al.,
2012; Chenetal., 2014) . XIS H &= XS FE 2 H8 5 2 28 ML X
KA BRI AESRANH (Wu et al., 2006; FMBIESS, 2014; Xiao et al., 2018) .
FEENAE4E (2006) I8 I B #5012 2= I I 25 AR AR B, [ 4 2
I W AFAE R b — B ARG b SO B P A 32 BB IR S B B S — AN 4R T
JRRAN 2 R 2R V. A 2= B AR 5 55 1 8 SCRAT SR IR, 75 3k — 2D AR D 2 22 R AN [F]
TS, R I AR G R A SOAH PR ZS 1 AR ARSI 2 FE R [R] - . — S8 fF e 4
Hh ] A 2= ) e G SO RS AR I KA TR AS « AL 2 8 (BRI



1645, 2009; Wang et al. 2009; Wang and Lu, 2017) .

FRATTA B RE ST T B RIS R I A KURHIE L S R E R R AR
PR FR I TE, FRH SIREILTT (R X ufwEs Ak KP4,
R 77T HLX 2 AR I AR IR. (B2 & APNIRGE , 2017) 5 143k EdETT (F77)
X AR CRg RO BRI, F 77 X 25 2 H IR 25 RS0 (B2 5 & FIPNRU
2019) . TERFFLATNE ZRASR, AMTARS KL, N ATE—SERLT, 1K
A AL KRS AR S T RS v S A, I T v A R A KR B AR
WHFIE? 414 RGEFBURLE LR IR B Rk 55 ? 33— AME A DGR [ 1]
VIR I I O (AT A R RAE RS IR AR LI S 2. SEIRIN T A

Rl BT 7 XU SR A R [ AR SR ) R EINR R G 2 — (EifE, 20075
FERNZES4R, 2008; MLEPHSE, 2009) o XIMTLE (2013) F3Hr 1 EI#GH: U KSR
TGRS PAELATBNBMZ AR, $7 MRS AT X R (1
B[ X2 I 1| .2 i W B B = e | o el SIS P D VAR R €7 et
EE DR =X (=115 (5 S N o) 2B e e 9 ) 112 [ 12 F O v = o 5
JEAZR NG o T R T R B S h A B A R RAVE Y], 52 %Y1
K2 AL A AL E

b, REAZ S R R B e B R, Ji % (1997) 1R
AR RHERE B SR R DX, R T 3R 5 A DUAR PR T B R R
FH . FERF R A ZER S ENSO B R K B AR I, 2 2 4RI AL (1999)
R B, A 4 2R KAl DL ) R s AP SOl U R . AR, Xt
BIE 9815 2 () o 46 22 RS — IS RFAE, ARII 1 4 2= BT pg b i sl i b XU 5 VR H
TR R . A4, W TATERGE ZHSEN, £FRFHEIED,
RS B A MR S TR PR R A A KR E?

DA AT di H T ) s 1 DXL A I A TP AP 3 3 X B9 e 5 R 2R I 4 2 R AR
WERA—EBRR, (HEATSEZER Gl L2 ) mPRESC R MR KRG H
k. DRk, ARSCI A BB BRI & =X EOF 2, $RHUIL 28 RS R
A, FEHE I3 BT 4 2R XGRS B I R b S R ARFAE S R R R AL TS 5%, el &
ICEH B2 A= MUy 5 Bl AT ARG RSP X 32 BRI R G L 5 T A5G &R,
BETT IR AR ELAE FH IR A B DR 4 22 AAE S TG 72 v (R A L SR AT e



2 BRI

A SCAE R BB f 4 56 & M55 TR 0 (National Centers for
Environmental Prediction, &% NCEP) [ H ¥ dr R X3, . EIE
fE (o) AP JEY (Sea Level Pressure, SLP) , /K F2r## A 2.5°x2.5°

(Kalnay et al., 1996) , ¥Rl B A 1960/1961-2017/2018 FE4ZF (FEA L H,
AR 12 HR WA 2 H, #illn 1960/1961 421124 1960 4 12 H % 1961 4F
2 ) o AMEFAEST 1961-2010 P8, Fi4h, AR T 3 E E 5
KAEHE (National Oceanic and Atmospheric Administration, &% NOAA) 2
HEIZ H A KBRS (Outgoing Longwave Radiation, LR f##k OLR) , %k}
i BEA 1979/1980-2017/2018 FE42%,

AL EIT NCEP Hp B pkb T 704 SR — LB JedR i, 20 {4 70
FARZHT NCEP/NCAR Fi4 B B 26 FE A0 R M X AFAE IR 72, e s H T )
SLP Al X7 iR 2 5 B E (Yang et al. 2002; Wu et al. 2005) . Ak, Fedl1fE
FHASR ST 55 SE Mot kl (Japanese 55-year Reanalysis, LA & FR
JRA-55; Kobayashi et al., 2015) , #— P L% T NCEP f4# 7RIS 2 45
R, DUATRES IR B PEEME . BURHN By 1960/1961-2017/2018 42,

AR EOF 5 LA Wk [X (100-135°E, 10-55°N) 1000 hPa £ il ;X ( LA
THRIFR viooo) FEER . N EERN, FATKE vioo FELA-1, MMIEIE (5D
EAENIE () MAH . St EiRATE, EOF BAH I IER FHERAZTR (b
RO s, AR AR AERD JET .

N T R AR R Gont &2 KT S0 R R BT R A i [ )3 7
% GRS, 2012) o BAUFEINEWR: AFS xo Ml xeo B FEH A SR
Jiik, H xe G x BRI x. WH x5 x 2%, BT RERER xo M E 1 x
ST ASUAREL . P AL AR B 5 B — AR AT [FE ST, 3B SE RED N
F2 % xo B JG 1) xo FRECS Z AR B O (513 57 1

FAN, ASCRFAG BN AT BRI G . BIAGT IR RS &
FRE A 2 T B2 R o SR BURSAAE t R IE 1 WAH S A ] U 45 SR 1 45 38 kK
F(BRIE, 1999) .



3 AZFERAET B 1L RAHZR MK B 4FAE

Kl 145t 1960/1961-2017/2018 442 1000 hPa b2 [m] X\ (vieoo) AT PIA
EOF 73 5. Viooo 55— A (ARRE /7 22 7 S5 72 31.36%:; K 1a) RINAZFR
Ab—BURA SN, TS A AR 22 5 507 211 19.35%: | 1b) NIAAZ
G AL AR S . AR IEAZARRY, 30°N BAALHLIX A vagoo S BEF- (RIALTY
AZERmTS) 5 30°N ARAHIEREF (AL . X5 Liu % (2012)
g WA A — . s, TATHLFA A RASS F oM & e i &H T
1960/1961-2017/2018 442 vio00 I BT P4 EOF AL, Frffas REE 1 Kik—
B CEWE) Xk PUE S AR A2 K AT LAy Bk W 3 EARURES, (R I
W] NCEP/NCAR A1 JRA-55 F§-73 41 BERHE 73 M1 2R IE 422 AR AR AE J7 THI R A L
AT HEM

K 2 24T EOF2 IE. Al (EOF2 [rkr#EAL I ] Rt E it 0.75)
(11425 1000 hPa M3 & . Bl 2a I 2b 43 5N e AT B 1R 46 037, v LUE
HH A2 X B L 1) T A K AR R AE 2 — B0 . ER AT Z A 2R (| 20)
AV A B, 7 7 AL URE P o s, T R e R DU Dy B 5 P 0 R XU
EATRIAE L REAE 30°N i, XKB, fE EOF2 &b F1E (F0) ALAHRmF, fIR4h
FERIAE A KA nsE (JRE5) » TAE 30°N LAk, dbXE &2 B mES O 1.

TEAZENAL TR — IS IEALART, W2 b —Bu s b )T, 2 5
SET R PO LIRS Bt T 7R SR ARSI, W RIEE LA T A AR AL, AR
TR (D bR, it AR R, T E LR
(RS X LR B 5 (2) JbJ7 IR I Bk, BIRGiE
KRR ALK A4 R AR RS 5 TR X 5 (35) fmdbx, A
M FH T 422 W8 e AL T B 1 — By R 7 i — AME AR A T (1 1]
M. TiLL EOF 24704 —#iAs (EOF2) IR, %% EOF2 fIE. ffitH
SERRASIRR CRERDR R . BIRGHTHL X PR RFAE

MIEPPIAUEIARE (B 3) WRAEH, BTN T3 AR, BARE
LA BRI ¥e i (8] 3a. b ISEEZ) s, (H2 NZEME K L (& 30
AILLVE H, MR AR JbJ7 b T A0 RIRFPIRAS T, w4 B DU 7R 18
BEFAEE o b T o 98 (RIS 4 SR ), (EU ML D oo P S5 s i s R T o [



JEJ7 X, £ 35°N LARg, HEZRES. AR HACEH i W B T OKE )
HIEFEPIX, SEATEA R RAL T 55 ZRESR, Jb7 @ m R msgm 2 AR . X —
SERERES B 2 frgs MR AR o FATHAEFH IRA-55 1T <
JEFTRb R g RATIONE, HAAREIR, BIRTE P w4 DU /R PR 4 5
J0 FEARO /s FLAS S22, H 35°N LLRE I R38R 22 H A B ol — v [ HH R
TRV R R (EE) , BER T R REE RS Ib 7 A m R R R
o FE R BRE P AL 7 IX, X i — P50 HE T NCEP B#EHMS BRI 4E 3.

ER RN, AFRIEINAEMHRMRAE DL —FEO0R, 18 H R
AR L EHIABMRE, B b0 F R mAL . A —FE 2, hmsd
AERIE R Y T, Hagm RAe2lil 30°N . ER4, EA R 2
(EOF2 HJIEALAH, HIMALKEEF) , HRF2sS (EOF2 IAIAH, HILF X
PEP) , SRR T RSL T A AT R RHE . XN TRATT, AR TTREARAR S
FH MR PR R GRS R T — 2 AT e, AR A KA MR A2 1k,
RFAE o X — AN R, WA RNIR IS (08, R T BAT B S R A i A
ARG SR A B R I BEEAT 8



(a) EOF1 31.61% (b) EOF2 19.35%
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Fig. 1 The (a) first and (b) second empirical orthogonal function (EOF) modes of
1000 hPa v-winds during 1960/1961-2017/2018 and associated time series of
principle component (PC), in which PC1 is for EOF1(c) and PC2 for EOF2 (d),
respectively. The black shading denotes topography higher than 1500 m
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Fig. 2 Composite of winter 1000-hPa anomalous winds for (a) positive and (b)

negative phases of EOF2 and (c) the difference between the two phases (units: m-s™).

There are 14 (12) years with positive (negative) phases, which are selected when the

normalized PC2 is higher (lower) than 0.75(-0.75) standard deviation. The shading

indicates the anomalous v-winds significant at the 95% confidence level. The black

shading denotes topography higher than 1500 m
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Fig. 3 Composite of winter SLPs (contour) and their anomalies (shaded) for (a)
positive and (b) negative phases of EOF2 and (c) the difference between the two
phases (units: hPa). There are 14 (12) years with positive (negative) phases, which are
selected when the normalized PC2 is higher (lower) than 0.75(-0.75) standard
deviation. The black dots indicate anomalies in (a) and (b) and differences in (c) that

are significant at the 95% confidence level

4 R, BIRVE RGNRSG L FERHIEM
4.1 5IRGEXRIESIHIRR
Ji 55 (1997) MW FL o, 5542 WU (R A Hh DXORHATes sl naim BAT S AR o



ZVM TR R, BATE Sl T 8 A AR (B viooo ) EOF 5 2 1EAS
BRI AR R, LR PC2) HrsKEwS (OLR) MIAHIE (&l 4a) o H
T OLR HRIATIR, WXt 1974/1975-2016/2017 X 2% kgt 4Tt 5. ATLLEH,
MFAGHS T8 T 28 P v X AR R YE B A G IX . e SRl I db— B R &
20°N foty, ALY, SRR X I (B RUIMERET, XF R H X OLR
it CGE) 55, WRIXHRIEZIERE (W35 . AT —BERY, MRS
JEAZE R MmN (B 4b) , #AFiEsE, 1ITCZ By, Rl RIErmig %
JEHEEHIX . OLR<230W-m™ [ XIHFIE 15°N PLAL; AR FE 4 2= XU 55 4
4¢) |, B YE R B RETE ARE HLIX

Ji % (1997) SR SERR b2 iR A TR IR ED BERHAR & B s M RO . FL A
K, AR R HERERT, SRIb KGR MG TER P LB MARES, SR
SRR, TS DX IR X BB . X S T 5 A R AL iR A ZE X
S HOA IR BEXHARE B . SR, 422X EOF2 SRS R I /2, RIAHL 7 4
2 MM 55, T I RS P ST 2 R vt DX R BB e S 3 5 7R AR 2 A 2 XU
R B0 B35 . R WA G B f BE IO B R R G &, (H—
P BRAHEDI I, 2 30 T P 28 B g b X H BHOKSE R AR Rh i B g 2, e
TARE R A R, RT3 S5 E w7 X B R AL AR, B MR 42
R, AR IXFPARE BE AR s AN 2 LA 513 A 7 1 DXt H AR AL A
FIT CAFEA G B R AL BT 27 422 X\ EOFL 15, T2 %f b EOF2 s (TER 5 i Hh,
AR T A o B e E— PR

N\
25



0.8
0.4

-0.4
-0.8

150°E 180°

120°E

60°E 90°E

60°E 90°E 120°E 150°E 180°

60°E 90°E 120°E 150°E 180°

Kl 4 (a) 1974/1975-2016/2017 £ 4-Z= PC2 5[F] OLR HIAHK: (b)) Al (o
Sr e EOF2 1E. LMl A 4 ZE OLR -7 (Hfii: W-m?) o Horr B0 5]
TR MK RN EOF2 IE7ATAR A OLR Z{HilE 95%(5 EAR L, 4t iHER
TN R PG AP DGR X

Fig. 4 (a) Distribution of correlation coefficients between the winter PC2 and

simultaneous OLR during 1974/1975-2016/2017; (b) Composite anomalies of winter
OLR (units: W-m) of 15 positive-phase years of EOF2; (c) as in (b), but for 11
negative-phase years; The black dots indicate correlation (in a) and composite (in b
and c) significances higher than the 95% confidence level. The red square denotes the

key area of convection over the tropical western Pacific.
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in which the black dots indicate the correlation coefficients significant at the 95%
confidence level; (b) Climate mean value of u-wind at 200 hPa (units: m-s*). The red

square denotes the key area of subtropical westerly jet.
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Fig. 6 Anomalous vertical circulation (black vectors) and u-winds (contours and
colorful shadings) along 105-135°E regressed upon PC2. The black dots indicate the

regressed u-wind anomalies that are significant at the 95% confidence level.
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Fig. 7 Anomalous vertical circulation (black vectors) and u-winds (contours and
colorful shadings) along 105-135°E regressed upon the independent variations of (a)
westerly jet and (b) convection over the tropical Western Pacific Ocean, respectively.
The black dots indicate the regressed u-wind anomalies that are significant at the 95%

confidence level.
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Fig. 8 Anomalous 1000-hPa winds obtained by the regression against the independent
variation of (a) westerly jet, (b) convection over the tropical Western Pacific Ocean,
and (c) the index reflecting the joint variation of westerly jet and convection over the
tropical Western Pacific Ocean. The yellow shaded areas indicate the regressed
v-wind anomalies that are significant at the 95% confidence level. The black shading

denotes topography higher than 1500 m
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Fig. 9 Anomalous (a) 1000-hPa winds (units: m-s™), (b) OLR (units: W-m?), and (c)

vertical circulation (vectors) and u-winds (contours and shadings) along 105-135°E
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1500 m
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Fig 10 The daily variations of standardized OLR (left column), vertical velocity over



500 hPa (middle column) and vioo0 (right column) during 21-26, December, 1995
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Fig 11 The daily variations of standardized vertical velocity over the tropical Western
Pacific Ocean (blue line) and the v1000 over Southern China (red line). The blue
arrows stand for 5 processes of enhancement of vertical ascending movements

anomalies over the tropical Western Pacific Ocean. The red arrows stand for 4

processes of enhancement of northerly anomalies over Southern China
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