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The interdecadal shift of interannual relationship between
Victoria Mode (VM) in the North Pacific and autumn
precipitation over the Maritime Continent

ZHU Kexu, REN Baohua®, ZHENG Jianqiu

School of Earth and Space Science ,University of Science and Technology of China,
Hefei 230026, China

Abstract: Using HadISST and ERSSTvVS sea surface temperature (SST) data, EN4
subsurface ocean temperature data, CMAP precipitation and ERAS reanalysis data,
this paper studies the interdecadal shift of interannual relationship between spring
SST in the North Pacific and autumn precipitation in the the Maritime Continent. The
results show that: 1) Victoria mode (VM) is the second mode of EOF analysis of
spring SST in the North Pacific, which has a significant negative correlation with
autumn precipitation in the Maritime Continent. 2) When VM is in positive (negative)
phase in spring, it is usually accompanied by the positive (negative) phase of the
Pacific meridional mode and the cold (warm) SST anomaly in the Western North
Pacific. The SST gradient would lead to the westerly (easterly) anomaly in the
equatorial Pacific, impacting eastward propagation of equatorial Kelvin wave and
leading to warm (cold) SST anomaly in the central and eastern Pacific. SST gradient
and westerly (easterly) anomaly persist into autumn through Bjerknes feedback, so the
mature El Nifio (La Nifia) event forms in autumn. Then, through the Walker
circulation, the abnormal sinking (rising) movement, low-level divergence and
high-level convergence (low-level convergence and high-level divergence) over the
Maritime Continent occur, resulting in precipitation decrease (increase). 3) This
interannual relationship between the variation of springtime VM and the autumn
precipitation over the Maritime Continent has changed in 2003, which was a
significant negative correlation from 1979 to 2002, but was insignificant from 2004 to
2020. The reason for this interdecadal shift is that the magnitude and position of
North Pacific Oscillation altered from 2004 to 2020, which led to the weakening of
the influence of the North Pacific Oscillation on the southern SST key area of VM,

thus weakening the amplitude, weakening the meridional gradient of the key area of
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SST between the southern and northern part of VM, weakening the VM amplitude,

and finally reducing the correlation coefficient.

Keywords Victoria Mode in the North Pacific, Maritime Continent, Autumn
precipitation, North Pacific Oscillation, Interdecadal shift
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WEPEPE KRG ALHE TV 2 U RN B vk, 2 B K B 11 B2 3 Ay
(Ramage, 1968) , XTI ESFERA BEMW. af AT, BEEMEGENEKR
Bt B 7K 32 Bz B R o sm, FE BB R WK TR (BEAP) /KT
—HARRL (PP, A [ VL g AT b X 77 AR SR AN R K S8 (%%, 2010;
Lietal,2016) , AR PE R R By s oo Pa . s o pg 2 B bRl
T 1A 1) 8 i b X (g K PR Bt 5 350 ) e o X v iR D W (R AR AR 2009; Xia et
al., 2019) o WFEEME KRG E 0 SAR IR R BB B RGE R, 6~8 H @it
SN ZE NI R E R &, SRR TR ERKRE, (B2 6~7 R 8 HilES
FHEAE 520 2 51 5 i [ A B K A BB L R AN /] (RTS8, 2012) &

JERP R IGEE EOF 8 — SR R PFHEFEAPRIRY (Mantua et al., 1997;
Zhang et al., 1997) o X-FEEFERRIRG TS A DETE, JLRFEE A7 E
X 35k — BRI S 5 2 AR 0 AN BAT R 0 s 0 R4 2 S 76 3 2 e A
BTN N I R IR . AR VPRiE RIS EOF 38 MG R4 L
FEAEZ (VM; Bond et al., 2003) , & RIL-FUm AR FEE . VM 2L
%% (NPO) #ijg 1 MH MR, (Ding et al., 2015a) , NPO F2& db A PR+ 4
T0RR B R X TSR R A AR B S, Rl s A3, SiE H B RSP
=T AR R POl = T Y, S 2 VM I A (Alexander et al., 2010; Yu and
Kim, 2011; XIFLAIRLMIL, 2015)

— U\ N, NPO A] LU i 2= 75 2 78 B8 IR JB /R JB 15— B 77 %5 8))
(ENSO) , JuH 5 fia Tk % ENSO, itk NPO A #2 R4l ENSO
HI77 4= (Alexander et al., 2010; Yu and Kim, 2011; Daniel, 2003) . FJik (2019)
iE N B R R T VM 5 7R4FE ENSO 342 [AIfEAE R SR 56 &, VML Al g it
AN EEMFERMA ENSO: 5 RATER A RALK PR RS RS
(PMM) HFH R HHEFE R TH A1 0 R s 718 5 70 P X el g 2R 1 B A
SRR R 2R I5 IR A B (B, 2020) 5 DA K K- Bl A 48 B R g
HIE G4, 2019) o 7EGLTE L VM A S EUR ER AR A ENSO HAFRE
B (WL, 2020) , 3 HAREST NPO, VM & F1#% ENSO ¥ A iz 5 (Qi
and Mao, 2021) .

AFZET VM AMUZ ENSO WRTIRGES 5, X AU X S B A B2
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S . ELn VM ] DLSCR IR S R IR0 S iy B R R K AR e, I HLX P
Ui a7 T ENSO H4: (Dingetal., 2015b) o It4h, VM XL R TFHEEEES
RHIAERL (Puetal., 2019)  Fgifg = Z= R BRI 8] 2 385 (Ding et al., 2018; Hu
etal,2021) « HFEHRKSAZTHIRY (Wenetal, 2020) . RFELZH[EErH
XFEIK (Zou etal., 2020) « H4F B 723 YRAFE B ZR 10 75 KT B vt i AR 7 K7
FERRM AR I (3B RAE, 20200 HAAREMM.

O 1 KR Bk it 7 R AR h T 2, X KR il . H Riaf
FTELHE H ARV P K 7R 0 DA R o0 L X K B K N 4 4E i % (Yang et al.,
2019) , T ZR3E DAAGE) S s P A b T R 2= AR AR K AR (Hu et al., 2020)
I HL M el K 2 Bk 32 3[R 0 ENSO A ED FEE VAR 1 0 3 [5) 98 ) 4 FH (N
utami and Hidayat, 2016; Kurniadi et al., 2021) . {HJ&, X} 5200 fk 2= 7K 1 AT HH
B9 M. VM AENACR PR BB, O R g e P KTt B K (1 e
AR, B A SO 5T ZE GRS PR S 5 K R M K bk B K IR AR B
ALK R S T REBIIR R AL, FF 7 BT AR AR s 0% 2R TS B AT REJE R, 1% 06 T-FK
P Kt B /K ) 4 i T B B R S
2 BEEATE

R F BB A 1D 5 E S 43 b 1) 4 B0 3R IR FE AR 4R

(HadISST, 1°X1°) FMEEEZKEFESTRE (NOAA) ¥ @i Rk E 4
P55 (ERSSTVS, 2°X2°) , ¥4 HadISST #fifE 2] 2° X 2° 7K F-4% s ., 5 ERSSTv5
6, BERARRIEELGE, DMERRIEEEEFE TS (Huetal, 2018) , B
Pl AL, AL R G R R AR 5 s 2) SEEIGEESE O IR R )R
WHREHE EN4, KFrgiR 10X 1°, EE 7 M Sm ) 5350m, HAIESERFE
142 2. 3) EEBEZEESSRF (NOAA) AR L (CPC) F2A4EH)
CPC Merged Analysis of Precipitation (CMAP) H-FYJ[E/KEHE, ZE75HEEN
2.5°%2.5°; 4) R AR S TR F 0 (ECMWE) KAGHISH 5 AR KA H
okl (ERAS) B KPR F SRS A i 8dE, =m0
HER 10x1°; 5) ERBRAMERPFEEATIEE (CTD 4551 PMM $8%, H
t, TR BUE U 6°S~6°N,  180°~90°W [X I8 T i Ik & 8, PMM f5 %1
JE SN 21°8~32°N,  175°~95°W X380t & ia FE I F X e oK W 77 2240 B (MCA)
(R IR K R A R B AR AR SR 28R & (1) 32 LS (Chiang and
Vimont, 2004) , [ #Huht 4 https://www.aos.wisc.edu/~dvimont/MModes/Data.html
[2023-03-01]. H7H EHE £ B I BES N 19792020 45, FHAE BT 2 7l L bt
kN

VMI #54]: Dingetal. (2015a) KH2HE H MILRKFE (20°N~66°N,
124°E~99°W) R IEE I ¥dE, B EOF J7iE8 5] VM #iZ . A Z % Ding et
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al. (2015a) , {HEMUTHEZE =/H FHMERIEERYE, H2EE5HEE VM L
MIEEFS . T 5 PMM 880/ F— 3, 7E1F4T EOF 20, £FR T HERR
HieB M S S . Hd EOF % —#4 (EOF2) mifE VM. Ktk VMI #5%50E X R
EOF2 Frxt M bR dEAL I 18] 5241 (PC2) , A3 VM Bl [a] 2R L REAE

PI $6%: FKZHGVFEME KRG (90°E~150°E, 10°S~20°N) [X I P15 Bf /K 4

NPOI #5%k: @it 243 H AL (20°N~66°N, 124°E~99°W) 3K [H
SEEAR, N EOF 43 #1152] NPO BiZs . X EOF2 Firxf B (AR A IS 8] 7 5]

(PC2) HE4T 2~4 H =A~A-FYy, BIAI{S 25451 NPOI 544,

WA FER, FEAFH T EOF 4081, BT Mot AR T 11 4F
lanczos il NIEN, AIREUSHEEIN MG S, JEHE T 11 FEEaEKE, L
FEE VM 59 P DR R K 22 [ 7K 4 s o0 3 IR A AR i AR R AE
3 bR FEERRREE SHFEEREKERKERZNZ BIFRER

HHEEF=AHFHNEREEY, FBUHESRNA SR, ARIEREE
Wit ENSO 255, ZJEXTAEARFEEX I, (20°N~66°N, 124°E~99°W) &
TR 4T EOF 2304, S5 R 1 Fis. #4E North #E (North et al.,
1982) , Hi 2 MEEHEA LR .. HEERIEE EOF1 FIERET 28 31.9%,
Fe R RSP AR BR R 154 . EOF2 MIRRE T 28 16.8%, s2 4L VM #H
A, NZRAC-VEEE AT R IR FEARAR 1, AIIRIAE JE V. PG i 5 A A 31 5 -3
IS Bt DR i i R 2 S AR MR SR A oy S 1) S ) DR 74 v 2 i P S A
J, I R ORI R R R AR
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K 11979~2020 FEEZ LA TR IEE EOF B MEZS (EOF1 F1 EOF2) 5% B f bt
LIRS (PCL AT PC2) AR/ BT (JEEE, 1 mlXIEORIEIT 95% 115 BE k48> FlElH 4y
Mr (ZEME%k, #47: 0.1K) : (a) EOF1, (b) EOF2, (¢) PCl. PC2. Hth, WHERIEE
WO EBBEEATIRBLIE S, 2N EOF X1 (20°N~66°N, 124°E~99°W) , WHES)
) R b AP 4 22 )P B A (VMDD (R RS 7 (20°N~28°N), 159°E~160°W) AL i (38°N~47°N,
179°E~147°W) 3R E REEX

Fig. 1 The correlation (shading, dark dots denote statistical significance at the 95% confidence

level) and regression (contour, unit: K) analysis of the first two EOF modes (EOF1 and EOF2) of
springtime SST with/onto their two standardized principal components (PC1 and PC2) in the
North Pacific during 1979-2020: (a) EOF1, (b) EOF2, (c) PC1, PC2. The springtime CTI signals
were linearly removed before the correlation/regression. The red box is EOF region (20°N~66°N,
124°E~99°W), and the blue boxes are the southern (20°N~28°N, 159°E~160°W) and the
northern (38°N~47°N, 179°E~147°W) SST key areas of North Pacific Victoria Mode (VM),

respectively

% 13 PC1. PC2 (VMID) . PI fl PMM F5% 2 [ fAHE R 50, 18R4T 11
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FRIBIEENT, PC1 5 PLARHAHR RN -0.12, H25 PMM fEAUNAHTC R
& 0.73, MLZF, PC2 (VMD 5 PILIEHUMAR R E0N-0.53, (HE S5 PMM &
BRI R REUL 031, £ 11 F BBt 2 )5, PCL 5 PTHREUH < R 4548
HA30.03, 5 PMM Fa50H c R b4 21 0.39, 10 VMI 5 PTIREHIAHC S50 E
THE|-0.63, 5 PMM a8 HUAMH < R ETHE] 0.46. Ui MITERZ IR -FIEHER IR
JERAS T, AT VM PR RS AR B o, 47 b RUZ_E BT Z2 AR
LN 40% (12 .

R 111 BT 5 I EOF 20 M7 A PR 1 J2 573 70 B PMM A P AR EUIAH 5C 2R 8 (*
oA R R BB 95% 1M BE R

Tab. 1 Correlation coefficients of PC1 and PC2 of the first two EOF modes, PMM and PI index

before and after 11-year high pass (* denote statistical significance at the 95% confidence level)

PCI PC2(VMI)
JRUE %)/ PI -0.12/0.03 -0.53%/-0.63*
Fe I Y PMM 0.73%/0.39* 0.31/0.46*

X 11 A EEE S S I PLAB S B LR iR IR FE AT St (&
2a) , KINEZARFE 20°N DAL AE P A 35 1 R IR B S, oy, )
A8 6 I 7 7 S 1) [ 41 A PR 3R R FE 5 B /KA A S 3 BRRH G, T SR B T A
A 380 SV P 7 PR VA U 2R T 5 B /KA A 3 TE A DG, X Ak ) IR S 1Y)
TIMEEHRHES VM AL, B 2b @I T VM 5 PLIREU AR R R, (HE,
VM 5 PLABELOC RAE 2003 4F R THEARPREAS, 7 1979~2002 4 (P1) B EX,
THERKAEE, (HEATE 2004~2020 £ (P2) BB, RHAAEE (K20 .
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B2 1979~2020 4 (a) 11 FFENEIEBUE I PLRELS LA T FEEZERIE AR T OR
@, FTRXEOVER 95%MERERE S Ml Hr (SR, 4. 0.1K) , #RIREY
CEBRFEFR TS S . (b)) 11 FRIEIERJE K VMI AT P b AL 8] 741 .

(¢) VMI 5 PLIRELIN 11 SRR R AL, SE2k: MR AREUN 90%E R, sath. 41t
A € i 28 53 79)403% HadISST. ERSSTvS Fliih i 72 il 24 (¥ 45 S
Fig. 2 (a) The correlation (shading, dark dots denote statistical significance at the 95% confidence
level) and regression (contour, unit: K) analysis of 11-year high pass PI with/onto springtime SST
in the North Pacific. The springtime CTI signals were linearly removed before the
correlation/regression. (b) Standardized time series of PI and VMI after 11-year pass. (c) 11-year
slipping anticorrelation coefficients between VMI and PI (solid line denote statistical significance
at the 90% confidence level). Yellow, red and blue lines represent the outcomes of HadISST,
ERSSTv5 and merged SST data) during 1979-2020

53 PRI P2 I B, % 11 4F il RIS (19 VMI F8805 PR R ZR R K i

R (B 3) o ££ P1IBL Mg EtE KRR S VM FECE O OC, Tk
(R RAE X AL T 110°E~140°E 2. [6], Ui B VML %of R ¥ A DK i 1) s e i P8 VA A 12
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e EBREFR T IRELNE S
Fig. 3 The correlation (shading, dark dots denote statistical significance at the 95% confidence
level) analysis of 11-year high pass VMI with autumn precipitation over the Maritime Continent
region during P1 (1979~2002, a) and P2 (2004~2020, b). The springtime CTI signals were
linearly removed before the correlation
4 FZFE VM FEMRK T 1 K i [ K F) AT RE AL A1

B PL BE 1T A RREIEBUE I VMI RS 20 ZI0IERIRZ . 925hPa K
LA R AR L R R IR B AT A A B b, 25 RanlEl 4. 5 R, FZE
W R IR I B SR ) VM AEES, JF ARG KPS E 5 PMM A K i
RARSE R, BARI R FAATT o T AR R TR BE S A R AR R PR R A R
25 . VM ALIE S PMM AR R -Z8 K -SST Jx i5i#L#i| (Xie and Philander,
1994) , FEAGH AT DU R IR AR R R 7% . BRI,
VM AR, #s o RTAE 0 F XR  S 1URAS IZR AR X, XA K
ST XD/ 5 AT A T o A B 1 K AR A 1 R el A T AR T AT
RFKJZ18HE (Chiang and Vimont, 2004; Chang et al., 2007) . HUt[EE, PEILA
RN R L R . iAW LR T PMM APE AR TR R
FERRAS XS JH Bl ENSO A A B E M (Zhang et al., 2009a, 2009b; Wang et al.,
2012, 2013; Jiet al., 2023) o PUALAC T B /A HE 200 5 57 5 AN 7R 18 P TP B RR
IR L S H 7 A T A 1A IR RO B 2, A A T iR R R S XU
JER% (Lindzen and Nigam, 1987) . B Z&, FI|#ir of TV B BR i R 06 FE 7 T
AR5 K —-SST UL (Xie and Philander, 1994) iZ#i & JE S REHIX, X5
VA DI R0 ) 4 Y 0 R P58 e 5 T RS2 [ W 2 TR FEE B JEE Y IR PR o P 2 {8 7



232
233
234
235
236
237
238

239
240

241
242
243
244
245
246
247
248
249

P i — 2B FE, G SR E KU AT DL SE AR B UK AR AR SR IE TR ST . JRiE
FFIRSCPE 0T DI P8 RSP 3R 2 B B 7K ik B 7 HR AR K, S EUCEZERT S)
PR 7 iR T8 H O3 ) 1 2 T P AN R 3R 2 U I TR B 57 8 TR) ZR S (Qi and Mao,
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Fig. 4 The correlation (shading, dark dots denote statistical significance at the 95% confidence

90E 120E 150E

level) and regression analysis (contour, unit: K) of 11-year high pass VMI with/onto (a) MAM, (b)
MJJ, (c) JAS, (d) SON SST during P1 (1979-2002). The regressed winds at 925hPa (vector, unit:
m s!) are also shown. Only winds at the 95% confidence level are exhibited. The springtime CTI

signals were linearly removed before the correlation/regression
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Fig. 5 The correlation (shading, dark dots denote statistical significance at the 95% confidence
level) and regression (contour, unit: K) analysis with/onto (a) MAM, (b) MJJ, (c) JAS, (d) SON
subsurface ocean temperature in the Equatorial Pacific (averaged in 5°S~5°N) during P1

(1979-2002). The springtime CTI signals were linearly removed before the correlation/regression
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Fig. 7 The same as Fig. 5, but for P2 (2004-2020)

P1 B, VM BURBONREE) ENSO SF 5, FREERGIR e IR I 22 K A e
2 (B 8a) o fEAREF AR, BAAIRZAAE ETHEs 75, JFERZE



267
268
269
270
271
272
273
274
275
276

277

278
279
280
281
282
283

REAAETRGEE, EXRE SEAFER N . IR, BAXREY
AAE NULEsh rE, HHIRAEREEE. S2REMIREs, BRRINNTE
SRZERIZE, 140°E DLARAAE T RS H, TMAE 120°E LPAAAE R K&, FEXHR
JZR)Z S 140°E LLARAAAE R AT &, MAE 120°F LAPE MIAZLE 75 X7 5 - iR 4 200hPa
[P JE A FEEHOR (K 8b) - WM RFRI N EZE S, M AR PRI
N Z L. 850hPa i E A ANEE BUXRFE S 200hPa NITFAH . CEIBGD o FF H.,
VM X} 3 B 52 78 110°E~150°E [X 35 L 90°E~110°E XI5 5% (& 8¢)
AR TN A5 2R VM 0T ZR I A DR il B 7K B0 52 el o T P8 g e 14 KB o P2
B, VM AH 2 I AL ) B R S e K IR, (R A 5s, A B 95%
M5 FER S, SECT VM 5B KX REA RS (E 8d-D

100

10l0E 15I0E 16(')W 11l:JW

150E 160W 110W

100E

50E 100E 150E 160W 110W 50E 100E 150E 160W 110W

I [ I [ [ [ | l I [ .
07 -086 -05 -04 -03 02 02 03 04 05 06 07

B8 Zl: P1BTE (1979~2002 45) 1) (a) MR HIL (5°N~5°S X F1)) 5FHZF 11
DB EBUE 1 VML 8B R8T IR BB AR (AR ms) FISE EDHEE (5%
HE, AL Pas™, L1000 FAE, SOy EEZHEN 95%F K% . (b) #Z= 200hPa
SR (BEZ, A 100 m? s FEEEUA (RE, A msD 5FZF 11 il
JE B VMI F8EUR R T 53 Hr,  SE O B 8 GmaL 95% 15 BEREIG, X2 i AR BURGE I 95% (5
JERIGHIE . () F (b)) Hh, 20 (EE/BE) RRERERT CMNF/ET) 0. (o



284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306

307

BKF= 500hPa T FIEJE 52 11 4FmIBIEEJE B9 VMI 5 EUASC T, 4T 0y T H IR 15 il
i 95% G AL . T K M1 B 3 O R FE A SR E S . AYIFRES,
B4 P2 I Bt (2004~2020 %)
Fig. 8 Left panels: (a) regression maps of the Walker circulation cell (averaged in 5°S~5°N) in
autumn onto 11-year high pass springtime VMI during P1 (1979-2002). The Walker circulation
cell is depicted by the zonal wind (unit: m s') and the vertical velocities (unit: Pa s”!, multiplied by
a factor of —100). The shaded areas represent values of the vertical velocities at the 95%
confidence level. (b) Regression maps of the velocity potential (shading, unit: 10° m? s™') and
divergent winds (vectors, unit: m s') at 200 hPa in autumn onto 11-year high pass springtime VMI
during P1. The shaded areas represent values of the velocity potential at the 95% confidence level.
Only divergent winds at the 95% confidence level are shown. In (a) and (b), blue (red/black) lines
represent values above (below/equal to) 0.(c) Correlation maps of the vertical velocities at 500
hPa in autumn with 11-year high pass springtime VMI during P1. Dark dots denote statistical
significance at the 95% confidence level. The springtime CTI signals were linearly removed
before the correlation/regression. The right panels are the same as the left panels, except during P2
(2004-2020)
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Fig. 9 The correlation (shading, dark dots denote statistical significance at the 95% confidence
level) and regression (contour, unit: K) analysis of EOF2 of springtime SST with/onto their
standardized principal components (PC2) in the North Pacific during P1 (1979-2002, a) and P2
(2004-2020, b). The red box is EOF region (20°N~66°N, 124°E~99°W), and the blue boxes are
the southern (20°N~28°N, 159°E~160°W) and the northern (38°N~47°N, 179°E~147°W) SST
key areas of North Pacific Victoria Mode (VM), respectively. The springtime CTI signals were
linearly removed before the correlation/regression

NPO X KA kA 2 VM TE R B ZE A (Vimont et al., 2003a, 2003b;
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Fig. 10 (a) Time series of early spring (February-April) NPOI during 1979~2020. (b) The

correlation (shading, dark dots denote statistical significance at the 90% confidence level) and
regression (contour, unit: K) analysis of 11-year high pass VMI with/onto early spring sea level
pressure during P1 (1979~2002). The regressed winds at 925 hPa (vector, unit: m s™') are also
shown. Only winds at the 90% confidence level are exhibited. The early spring CTI signals were
linearly removed before the correlation/regression, and the blue boxes are the southern

(20°N~28°N, 159°E~160°W) and the northern (38°N~47°N, 179°E~147°W) SST key areas of
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North Pacific Victoria Mode (VM), respectively. (¢) is the same as (b), but for P2 (2004~2020)
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Tab. 2 The standard deviations and variations of PC2 (VMI), northern and southern SST key areas

of North Pacific Victoria Mode (VM) during P1 (1979~2002) and P2 (2004~2020)

PC2(VMI) Je R Jb g &
Pl 1.10 0.94 1.03 1.07
P2 0.82 0.93 0.62 0.89
Ak -25.45% -1.06% -39.81% -16.82%
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