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Abstract

The monthly mean NCEP/NCAR reanalysis data of wind field, sea-level pressure field, and Sea Sur-
face Temperature (SST) data of HadISST are used in 1979~2020 to explore the relationship of the
Low-level Cross-Equatorial Flow (CEF) over the South China Sea (SCS) and eastern equatorial Pa-
cific Sea Surface Temperature Anomaly (SSTA). The results showed that the SSTA in the eastern
and central tropical Pacific has important influence on the change of the SCS low-level CEF (SCEF)
in the summer, and there is a significantly positive correlation between them. When the SSTA of
the eastern and central tropical Pacific gets warmer in the summer, the Walker circulation ano-
maly weakens, and anomalous subsidence occurs in the western tropical Pacific. Sea level pres-
sure in the western tropical Pacific and northern Australia rise abnormally. At the same time, the
East Asian Hadley circulation anomaly weakens, the anomalous sea-level pressure gets lower in
the northwest Pacific, which is conducive to generating a north-south pressure gradient and then
guides SCEF enhancement, and vice versa.

Keywords

Climatology, Composite Analysis, Summer, Cross-Equatorial Flow over the South China Sea,
Sea Surface Temperature Anomaly

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

%718 < IAi(Cross Equatorial Flow, CER)YENRALEER T fE . IR HAERE, 2. JbEERRS
KA R A R E SR T, 5INE K Z2 R A e s EER IR E VI [2] (3] [4] [5].
B (South China Sea, SCS) CEF ({&#% SCEF){F V. = 2= X 5 40 (1) B B B 45, AR T 9N
i DX PR KPR s AR i B W I RZ IR (6] [7] [8] [9] [10].

AR R RN, e 2 5 e R A A T B B (Y A BB R, R RS SR U R R R . B
MR RUBE g =ORE R EL AR R OGS DX B /K B e e o A S35 5l [ 11] [12] [13] [14]. TR, WEFHIT
4h9%7F CEF SRR A, RIHEHR 7% 5 RS CEF UK AR NEY), FTERINEFRYLH CEF
5 P R 4E PR AR AL 5 ENSO fER % DI O%, RIS B CEF %330 %1% % El Nino; /<2 M%) La Nina [15]
[16] [17]. Bk4h, ARFFIEH, EFERDE CEF MUY ENSO 1EMEVIFE G, I EHFEMERMX . B
T SN AR 8 DX S5 SR AR, 7 A R R 25 A DR (18] [19] [20] [21] B TR, 4 F 2 5 B CEF i #2(f
§5) 1M MHFE. CEF w55 (i 2R) I, A6 ] Bl J5 FK A& 2275 S (GE)RZAH ) ENSO #1 10D T %[22] [23]. i
TEE241K I, RS RIE AR R = S XA G KU DR (R, 3 BT Nino SAFRFERT,
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JUF 5. 6 A2 G HL CEF fis5: [RZIMA. XIZREE2510TFU R, 110°E B B A0 2R B PR
252 A AT SCEF [T AN GE R o s24E KA i 7 72261456t SCEF 4 H Z=#%2 3 TBO (2~3
AR BEAh, RNV CEF ML 5 7R3E i AR P PRIRFIRL 2 35 IEAR G, 1055 B JE M X AF IR AR
A AR B Pl 52 3 25 UK 17

gibpng, DRI R EEFR G R CEF A S FHI/RE AR AER SR, A K
R RE T PAK P FRIFIRXT SCEF 58 AU 32 K HL T R AR BT TR A B b, BRI, A SCsilnt
SR AT — 29T

2. R
2.1. %R

< [E NCEP/NCAR (National Centers for Environmental Prediction/National Center for Atmospheric Re-
search)F fit (135 F P20 A BERH 27, BdE &4 i A7 . T IR ALY L #-F1<Uk)(Sea Level Pressure, SLP)
P R A&y 58 & OLR (Outgoing Longwave Radiation)3Z %8k}, KT #FR N 2.5° x 2.5°, BERI[R[KEE N
1979 4 1 H~2020 4 12 H..

Ji[E HadISST ( Hadley Center Global Sea Ice and Sea Surface Temperature)fJiZ H SST % kH[28], K
PR 1.0°x 1.0°, BRI BON 1979 4 1 H~2020 4 12 A .

S [E 1122 22 /R WA 7 FT(Woods Hole Oceanographic Institution, WHODF2 Mt #4 BRI K1 - Sl

=2 W HT(OAFIux) H P - A i A0l & 5OR (R PGl E A #GE ) [29], KCFa#ER AN 1.0° % 1.0°,
) FoNIE, BRI BON 1979 45 1 A~2019 4 6 A
2.2,

ARSLE SR PRSI B RO WY e W 1
3. BFEERRESRBERERNENX

1 552 7350128 1979~2020 45241 B 22U 7RI 28 1n) RS JE - 28 B2 T AT 925hPa 7K1 X7 .
H & 1 AT 0L, B 2= SCEF 38 B i KABTE 925 hPa S5 b, HAZ O KE X AL T(2.5°S~5°N, 102.5°~110°E)
XA 2), PR, A SCHRE I XA & U2 0] KUK 248 e O E 2= SCEF 3% R 4(ISCEF) . NRIEE 2
SCEF FI4ERR 7, ¥4 SCEF 5 EE 4R E AR EEE K T 1 MR € N E 2= SCEF #4(1979, 1982, 1987,
1994, 1997, 2018, 2019 4, 3£ 7 a), trdEALEUE/NT—1 5D & N E 2 SCEF 54E(1996, 1998, 2007,
2010, 2013, 2016 £, 3%t 6a).
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Figure 1. Averaged meridional wind speed along the equatorial vertical profile in summer during 1979~2020 (units: m-s ')

1. 1979~2020 FSZFFHHNEFTZENEEFEZEHEEBNM: ms)
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Figure 2. Averaged horizontal wind field at 925 hPa in summer during 1979~2020 (units: m's ")
[ 2. 1979~2020 FSIZFFHIRIE S 925 hPa K FERIFH(ELL: m-s™)

4. BFEBEFESRELSLKERNEKR

K 3(a) A 1979~2020 -5 7= SCEF 5% 45 55 [F] 1 4= BRI 3R 101 6L % 7% % (Sea Surface Temperature
anomalies, SSTA)MAHC RE Ao HIE 3(a)n] LB, EFRUGEMEREGX . 7818 7R 5 B0 B2V SO 2R
HRIRFIK) SSTA 55 SCEF 4 PrAg b 2 B 25 AR SRS &, T /R8P 2 K1 P X 38 SSTA 5 SCEF 4 FrAEfk
FERZFRIEMIXKR, FOHEIE 0.4 UL EGHET 95%M1E ERK). HILAT WL, B2 SCEF 4Ffri8th
R IE AR K SSTA B VISR, 24 SCEF 9 EHEGERT, FRiEH 4 K-P7E SSTA NHE R
IR

45°E 90°E 135°E 180° 135°W 90°W

(b)
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Figure 3. Distribution of correlation coefficients between the intensity index of SCEF and the global SSTA in summer dur-
ing 1979~2020 (a), the composite differences of the global SSTA corresponding to the strong and weak years of SCEF in
summer during 1979~2020 (b), units: °C, and distribution of correlation coefficients between the intensity index of SCEF
and the global turbulent heat flux anomalies in summer during 1979~2018 (c)

[& 3. 1979~2020 £ E 2 SCEF BERHSRIHAS Ik SSTA X ZE 97 (a). [F8A SCEF 58, S5 N ALk SSTA
EEMED), BAL: C)K 1979~2018 F£E Z SCEF B E IR SR LK ERHAABERENHEXRZR DM (0

N7 IAIER 2 SCEF 5 A0 b 5 [FHH4ER SSTA KI5 %K, [ 3(b)4AH T 1979~2020 5 2 SCEF 5%
B4 55 2% SCEF . S5FR R A2ER SSTA Az A, tHIE 3(b)rTLAE Y, R 52 EIEF XA T 75
TEHRARAFPE, T ARTE PUACER: . 708 4R R B SN A 8o 1 BRSBTS R 5 K 3(a)#
N—5L, R SCEF SRR, FRiE 4 KF3E SSTA FHia, MiZREPIACEIE . 7R < 7 ERE I i)
PNZR TR SSTA F#{K; [ IR3R.

R AGEEGEREEARIAEE) T H S SST AL EHEMHIEN, XPHE RIS AHLX (1)
ARTIAE[30]. BEt, 1] 3(c)4htH T 1979~2018 4F 5 2= SCEF % FE 5 $(ISCEF) 5 [ HH 42 kifg & i It P il
BRI REE, BIE 3(c)AT W, HEZ SCEF 4EFRASAL 5 R HHE A RS X 20 I . R 45 51X
W S ARIE TR AR R R AVE T R R IR XK 35K 3(c), REHFRKTFEE SSTA
Fnfg R IR HOE B 7 F 5 ISCEF Y AR M IEA G, AHOC R AP O ESE S 0.4 DL EGEIT 95% M5 R
50), UEHE ZEARIE H AOKFE SSTA AR i A8 & 7% % SCEF ARk A B ZL52 ;1 ISCEF 5 7RiE v
PP B e Rt X V3 SSTAGH Rt L #AE L 7 ) 2 I R A (IE)AHORR R, Ui E ZR7RTE U A7
JFEEE KRR X SSTA EEAZ KU, AN SCEF (IEERN T, X5 RS RBIH AR,

5. BERREPRXEHERFENATERWIRE

N TR Z R TE T 4K RE SSTA X SCEF AR LIS, A SO FH g 5% % SSTA 7£
Nino3.4 [X(5°S~5°N, 170°~120°W)HJ X I-FIE il o s X 48 40, 14 4 24 1979~2020 4F 2 ZF Nino3.4
FI R b 7R3 SR 9 B FE B (ISCEFR) M bnvEAL fh £ . SEit R0, — & i 2%k 0.51, @i 0.01 fEE
PEACFARSS, U E FRIE R AT SSTA 5 SCEF ARMbf RN Y], 778 4R KT SSTA
fRIEIS, SCEF SRFEME: R IRIR.

UbA, s 4 7T LU HE ZE Nino3.4 fA7E B B AR BRARURAE ,  HC S o 4R B KB tHIAE 1997 4,
B/MAHIILE 1988 2. ARAEH 2= Nino3.4 4ERR %, F Nino3.4 MFRENEUME R T 0.75 BIFE L
NE Z Nino3.4 BEAAHAE(1982, 1987, 1991, 1997, 2002, 2009, 2015 4F, 3t 7 a), bruEALEE N T—0.75
(R0 € N E 25 Nino3.4 A AIAHEE(1984, 1985, 1988, 1989, 1998, 1999, 2000, 2010 4E, 3L 8a).
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Figure 4. Normalized time series of intensity index of Nino3.4 and cross-equatorial flow over the South China Sea (ISCEF)
in summer during 1979~2020
[& 4. 1979~2020 FEARELHIE = Nino3 .4 FIES G IRE S B E 5 B(ISCEF)

K 5 451 T E 7 Nino3.4 B A ALAHEENT ) 850 hPa K3 M 200 hPa KUIZHE & i ZE{E . HEIA L,
5 FRIE T 4OKFVE SSTA HIBERF, 7EMKJE 850 hPa X7 b, PEAL ATV L8 AU, Fn
FLTE 2 R TE VO R X g 35 AR XU, 7R3l 2R B BV A g g AL o e R e, A5 Hh AR R
X BRI 5, R RIAECE A R T SCEF. a5 28 KA 58 K 5 0 Bl s B 28 U5 o b 4h,
RIE H AR IS S T RV, AT BIDRE Y AR TR Ay e 2R AU XA XU I B A R T 7l Hh 4ROK
PH AT R A IEE), EARERCFE I EUEs), RIN Walker HikSs. 7£&)Z 200 hPa
g b, ARTE RO I SRR, PRy B ORI g e T U, 3 XU e 23 A 1 BT
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Figure 5. Composite differences of the wind field anomalies at 850 hPa (a) and 200 hPa (b) corresponding to the strong and
weak years of Nino3.4 in summer (units: ms ')

[E 5. B2 Nino3.4 B, A {IHEEXT AT 850 hPa Xi%i(a) 5 200 hPa R IF(b)ELAREMESL: ms™)
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RACFEE 110°W I A R AEBUE 8 ; IR ST RE (K 5(a)s 1] 5(b)), 558 4K P SSTA
ETHCRBERF, A Walker PR3 S0 55 (H 5) o

6 K ZE Nino3.4 W& WO AHFEXT B SLP 3P & ZE, FTUVEH, “EFE/REF RFF
SSTA fRHEHS, 778 AR SLP S BRAK, S KRG HVR R 58, A7 T #4178 AP AR 8 5% & i
IR, SRIE TP A ED B VR AR AL B IX SLP 3 BT, XN R R YA T e
R AL BRI SRR B 7380, A R F 7518 T X 79 s SR %, % SCEF B35k [ 2 IR3R.
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Figure 6. Composite differences of the sea level pressure field anomalies corresponding to the strong and weak years of Ni-
n03.4 in summer (units: hPa)

6. B2 Nino3.4 B, A NHEEXS A SLP AETFAREME(ENL: hPa)

7 43 AN E 25 Nino3.4 1R« ALAH AR N 758 ATV T B AR BT A i Z (] 7(a))~ OLR 3%
FEAPA R ZEE (B 7(b)) AR 25 Nino3.4 1E . F 575 4540 N 2 T3 [X 28 B8l A I R PO 46 B — v 3 T
B REEIE 7(c). HEFIRE A KT SSTA RN 5| iR imi AdB B N, H Es K2 #77 4
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Figure 7. Composite differences of the vertical circulation along the equatorial Pacific (a), OLR field ((b), unit: W-m2) and
the composite differences of latitude-height vertical profile of meridional circulation over East Asia ((c), meridional wind
speed unit: m-s™', vertical velocity unit: 0.01 Pa-s™") anomalies corresponding to the strong and weak years of Nino3.4 in
summer (units: m-s ")

& 7. EZ Nino3.4 B, ANHEEMHAAFERFFEENRETAREE (QSENELN: ms', BEERES
fiL: 0.01 Pa's™), OLR HIEFEREE((b), BML: W) RELMXEBIFRETHGE - SEHEAREME(() &
BRERENA: ms', EEEREHEM: 001 Pas)

FTFHEZ)(E 7(a)), OLR RIUAFH FEX, XA B R 7(b)), M7EARE G ACF X BT
Uligsh(El 7(a)), OLR RIAFH IEEX, XiEsIH SmE(E 7(b), SEREERE KT FoPE
K H, Walker Hy B S0k 55( ] 7(2)); SULEIEF, ZRVHLIX 51 Hadley PR RN 7 H WI5(E 7(c)),
K25 SCEF S B9 AE 20°N i 55k A bR =S8l Bt R2ZTFR.

6. &g

ASCHIFH NCEP/NCAR % H [1JR37)« i~ E 3% PA K HadISST 32 H g2 L S o r vt k. i
T HBRE R R T SSTA X SCEF 5 AL al gERZm, 15 30U F R 24518

1) 7= SCEF & fFARL 5 [ A FRIE HH R KT SSTA 2 535 I IEAH R R, 3 I REUX 0.52,
IS 0.01 1) KA .

2) BZF/REFREKTHE SSTA X SCEF FFrAg fb = A= B 2250 m ;1) B 227838 78 AT Sl v K
[X SSTA FEZ KM, 20 SCEF i FE 2 H 1,

3) MEZFEIREF R SSTA R, Walker R T HIRTS, 7R PG AP EE R BLT ® N UTE3),
BT AR T8 T KPP B PR KB AR R 36 SLP S BTt SibRINF, 78T Hadley FRif 54 059
AR PEAC A T¥E SLP S BRAK, AR T A m b M K%, Mifi 515 SCEF 35

AT R LW, HZ= SCEF W3R fER M5 FIHRE R K7 SSTA KREY),  HHut st ki
AR CPEE SSTA 7E SCEF (W BN ZERE Ay, A Tk — D3 g AR 9 & 2 A -5 i 1
FHEAER o ASCHIFAR X B 227518 o AR RSP 3 60 SCEF ] BERZ I IR0 404, A 1R FH 3L
BRI — DT

E&WE

T-EA R R EWE T3 4 (1AM202108) % Bl .
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