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Abstract

Based on NCEP-NCAR reanalysis data from 1950 to 2024, this study investigates the spatiotemporal
characteristics and dynamical mechanisms of positive Pacific-South American (PSA) events under El
Nifio background. The PSA is defined as the first EOF mode of 500 hPa geopotential height anomalies
over the South Pacific (20°~70°S, 150°E~70°W). It is dominated by intraseasonal oscillations and ex-
hibits a significant 4.8-year period on interannual timescales. Information flow analysis confirms the
causal forcing of ENSO on the PSA. Positive PSA events under El Nifio background show a quasi-ba-
rotropic structure, with the strongest center near 250 hPa. Dynamical analysis reveals that anomalous
tropical convection induced by El Nifio makes the region from northeastern Australia to New Zealand
an effective Rossby wave source. Wave ray flux diagnosis indicates that Rossby wave energy from the
tropics propagates mainly along the subtropical jet stream. Only a small portion reaches New Zealand,
where it refracts toward the high-latitude PSA center. More importantly, wave energy arriving near
New Zealand can excite secondary wave sources, whose excited Rossby waves propagate efficiently
to the PSA center, forming a “relay” effect. This study reveals the wave dynamics mechanism of El
Nifio modulating the PSA and identifies New Zealand as a key wave energy transfer station.

Keywords

Pacific-South American Teleconnection, ENSO, Rossby Wave, Wave Ray Flux

Copyright © 2026 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. 531§

AP - BB (PSA)IEAH A2 FE 3R iy A KAL) 1 SRS 22—, RIS MR IFI Y 2R B i 4E
A1 4% T 5 YN R S TR0V S 8 B0 T DL A1) [2]. PSA EE AL & A2 (B IE AL A4S (PSAL il PSA2), JHorf
PSAL 5 ENSO WBE R AE Y], A AZ ENSO F200 g =R o i 2 5 1 X (1) B M 42 (3] [4] @ i
P 2 ARUFIC R (SR BEANAL B, PSA REfE W25 52 R A P B S M UKAR Ak LA 7 S5 I AR R s AR B /K e
[5] [6]-

%F ENSO X} PSA st L], Hoskins F1 Karoly [7]f) KR B A2 24 E T FIGIERY, 48 HI a4
PR BES IR AR AN R AL % 1 B W DL A1 . Karoly [4]1 VCEHZEAE RN TR 2Bk, &3 ENSO
A P A RSP I S PR N AT DATE g Bk b = 2 B BOR Y PSA B JE SRAIE T — IR SE, PSAL
5 ENSO 17176 53 (B T m o5 &2, HLIL9RE 52 ENSO oA AI S8 LR [8]. SR, BLAE 2%
FET ENSO XJ PSA [WEL 58I, ST AN A ENSO H 5t T PSA MK A B L, Hik= WIKFE
BRI REXT PSA R BHLEI RN .

WTAESK,  Li-Yang IS 2 & 7 V2 4 Ot 70 % 7 DU AE AR 35 &) 6 v i AR B4t T 3T i il
H[9]. &R0 DU B a0 R TR OR U R AR T R 1 SR B AR AL, AR R B AR DGR 51 1T
HLEIRAE T AT B Tk, ASCHIH 1950~2024 4 NCEP-NCAR F20#r% kL, % 4HT El Nifio ¥
5N PSA IEFifl, G MR NHr. SR80, Li-Yang W@ ES Tk, RGN A HN SIS
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/U], B EHRIR El Nifio 4% PSA 30 1125 B, WERMRIGS — B AMA TR B H AL IR £
2. BiIBS &%
2.1, B

AT TR 938 H A% H 37 28 8Lk 1 NCEP-NCAR (National Centers for Environmental Prediction-
National Center for Atmospheric Research) ] 73 144 £E (Reanalysis 1) [10], BLHEO # & KA.
KR RTAE R FEK, KPaER 25° x 25°, THITMHREMZ S5 25
(1000~10 hPa 3t 17 )i A2 1950 45 1 A 1 H % 2024 4 12 A 31 H.

22. I3

2.2.1. EOF &fi¢

20560 1152 BR B0 i (EOF) 52 — e IS 2 Bt 70 it Dy 1E A2 23 RIS b Hoxet B2 3 e 73 (PCY I G it ik, T
2 N TR R A B 1) AR A 10 B0 7 R R AT R AL A, T 3RAG 4507 75 SO EE R
R 2 B X I Ay g 1) 2R 00 S ke 1 A S B I ] TR AR AR AR o A T S50 e R X B AT 43 B A (an
Fe LA AR GLHI T ITR),  PAPRAIEA-A% sl T AR B — 2

2.2.2. EYASR, HEXSHREEERE

135347 5 40 5 0 BT R F 90 S0 A8 B R G 0 0% AR IR Bt T L [12] 0 K G 2 A7 38 3k AF D% 2R By o 7 A
AR AV SCBE ISR TS 57 1A, HgaxHE T 1 Rong ot Foam . 515 0 by UL i 2 N 2k bk | e
JitE, H—ANEEA AR AR RERAT A T ECH,  [FEREUR T H AR R R AR R BTk . R
TR ()7 58 AEE B A, BT BB R T RS m il g R S, R RAE %A
M E R TAEIE[13], APPSR e O R ATEE, 8% LA 90%. 95%3:K, 99% & 15 /K- N i 2 M 4
WibsitE .
2.23. ARSHREGHALE

B 3 AT A 0 I i AR R R S R (W AR B F ) 1) 2 AN FEAR AT P38, SR MERHIE I TV [14] . Xk
SEMN AL, SRS ASFEARNFEARF . REAXUR R30I B& s B2 15 23 X FRURAs .

224 BIWMERF

Hels RO R DR 2 B HE B R a6 80 b, DRI IZ ARSI MR I 8]y 51[15]. BT =,
gETGE e, RIGEEED z (EIZES LIOBEY A%y WHBE b 3R TSR] y=ze(eTe) . ZT1E
PR TR S VRS SE AU AR Gt 5 P RIS TRL RS2

2.2.5. ThEES R

Th R 3 MK sF [8) F2 51 DRSS 3306 45 ARG, 387 17 91 o AS [R5 4y B 1K) 7 22 DT R [16] o I I PRl
AR W il T TH A RE R T, 5 200 Bl e P AT F B, PR R A AR AR R R R . 2 e i A
F—Br H B R

226. K - ZEBFEER

AR AR - 70 B 25 B (Liang-Kleeman information flow) #E47 X R 56 27047« 1% /5121 Liang
F1 Kleeman [17]3 15 218 41 (1) Shannon 1 5 —PE R B ™k HE S5 1, J54 Liang NWr523E, GEMSE &
M5 I RGO R .

X T P 2 ) B) 2 A F s DLAE T, Liang [18]45 H T8 BRI S RSt T2k 5. 1 26 ) 18] 32 471N
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2.2.7. B4tEiEE (Li-Yang WRF)

TEK AR S L Rossby 33 5 2k 18 B BRSO 36AE - [19]-[21], 51\ T 7KF Rossby i &t 2k i & (Li-
Yang WRF) 22K 12 Wr Rossby % (1) Ja i s AL A% 77 151[9], & 2o SARL I 1] P 3 5 B Ao A% i X AR i3
SR, BALE msT, DURERIEAIRME 7 EIEMW . BRI IS 3l 9k B AL 38 7 1n) A

3. El Nifio 55 PSA IEEHRIF =R ST HLFH

BT ARIFFEAEHE, RPIE - PSR YR AH OC (PSA)ME g 2 Bk M IR IRt ) B LIRSS, ENSO XL A
HEWHIER, H M ARA T T AR ENSO A7 AHE 5t TR AN PSA AT 73 KA 5T . A F Kt xf
P E B HEAE 0T, RIRTT PSA IR RFE, 25T ENSO fiAHX PSA SfFiT /03, =T
347 El Nifio & 5t F PSA IEZ 4 (pPSA during El Nifio) /K P44, T B AFAEAIEAS IS . fE b JEat |,
i ia M5 B Rossby PRSI Li-Yang J 5 26i@ 5455 757%, #7n El Nifio 4% PSA K& M3 )
P, B BT R W ATE L OR. Rossby B2 i A IR, IR PSA R ERRE R ) R
B ITHURIX .

3.1. PSA RIS FHER H S ENSO FIERXHE

Kl 1(a) 878 T ENSO 7E R AP IUR BIRE A S A, 1230 51 IR R ) S T 50 [ o vy £ 55 A it 2 B AR
&, B “UE-f - 0E - 7 o, HAERRIERE G 60°Sy 120°W. B 1(b) N AR A B R Y
B RAS(PSA), AR TT 221 32.85%, RINAMRAFINEANPHT KPR 55 1 R0, LA MR PG =3
S A AR PTARAE 1) SR S, B AR e RO TR SR ARG LS. ZAREAS S ()i ENSO W1 &
FEARBL, DRI AR SCHEAR T ENSO X PSA IS0 e 20 JibLil . 9wt 9t PSA S (1038 HiEAE, 44 500 hPa fir
A E R A 1h)E, B21IEH PSA frE(A 1(e). ZIEEIEH PSA (&l 1(d)MEFRE
WBON—E, WE T ER AR A .

Xz H PSA FEEUIAT ST RG] 1()E7R, PSA FEATRIL [ 2L E 158 RERFIE, BN
RARBERNFERBR RERZA B . £ 7~50 RN, WU E T 95% 8 (5K T 20w A ke, K9
ZA IR A g B . 60~180 RJEWIN, 69. 77. 105. 126 AP itk oK@ B E AL, H
B T i, SRRt AR . FhRREE b, 29 4.9 45(1800 K) i M A il 0 v T~ 21 e 75
i, H'5 ENSO 78 I #(2~7 4F) E B, BE/RAlAEse ENSO AL ii% . SFEAAPRE |, 4800 K(4) 13.1 4F)
JH I B AR, R PSA fEAE B E MRS Z. £5 F, PSA R—PUUFEWHRG NESFHNEZR

HPkik PSA FE, ESE L PSA IE(F)FAHIEEH, B R: (1) E(5)FREME H 1) PSA 541
s LT 15 K& 5 15 KN PSAI FRHIIH R CINE;: (2) WEE HIIRT 2 K IJE 2 KI¥ PSA fa¥idasiE5 K
T PSAI R — MRt ZE . A8 PSA IE(H)FHAFIE(E H I — UOI R UE X — Ik PSA SRIE () A
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Figure 1. (a) 500 hPa geopotential height anomalies regressed onto the October Nifio-3.4 index for 1950~2024. Dotted areas
indicate significance at the 95% confidence level; (b) Regression coefficients of the first EOF mode of October 500 hPa geo-
potential height anomalies over the South Pacific (20°S~70°S, 150°E~70°W; red box) for 1950~2024; (c) Daily 500 hPa geo-
potential height anomalies regressed onto the daily PSA index for 1950~2024; (d) Standardized time series of the first EOF
mode of monthly geopotential height anomalies, i.e., the monthly PSA index, for 1950~2024. Red lines denote +1 standard
deviation; (e) Same as (d), but for the daily PSA index; (f) Power spectrum of the daily PSA index (black solid line). The red
and blue dashed lines represent the red noise spectrum and its 95% confidence threshold, respectively. The spectral peak
exceeding the blue line indicates passing the 95% significance test

& 1. (a) 1950~2024 £ 10 B Nifio3.4 $&#EIVIEY 500 hPa (IHEERE. FTEXEIEE 5% EEKERE; (b)
1950~2024 £F 10 AfAFi¥(20°S~70°S, 150°E~70°W; £I1E)(i#A=E FE EOF F—HEASMEYIZRE; (c) 1950~2024
FZH 500 hPa UHAFEFREINERH PSA I5HAIEYIA; (d) 1950~2024 FERAMNPESE EOF E—IESI M HIFRAE
EEFS, BIERA PSA fE#. L4kRr+l BFAEE; (o) F(d), 1BAEH PSAIEE; () FH PSA IEHIMITIEIL
(FBEXLk). LEELANIIEEIE, ERELAN BUNEFKEHE, BiEETEERNET 5% EE R

BT BikbRuE, 1950~2024 EFLR NI H 635 A PSA FHAE, ABKAE 0.7 R(E 1). 1. SRR
HT, 4 A5 9 HZERERK. PSA RAESEEE 8 H(0.9 R/H), BAKE 12 H(0.4 kKIF). =15
oA b, FREERAZE(6~8 AR, HE(12~2 A)YRIK, EKENTHMARESTES, X—010
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Table 1. Monthly frequency of positive and negative PSA events from 1950 to 2024
= 1.1950~2024 FHNMALKEMIE. F1 PSA EH5UR

pPSA nPSA Total Mean
Dec. 15 16 31
Jan. 18 18 36 33
Feb. 16 16 32
Mar. 22 24 46
Apr. 34 26 60 56
May 29 33 62
Jun. 31 28 59
Jul. 29 33 62 64.6
Aug. 36 37 73
Sep. 29 35 64
Oct. 33 33 66 59
Nov. 24 23 47
Total 316 322 638

JERFE PSA IE S AR IAJARAE, 3 JHE T 314 4> PSA IEZAFFT 321 /> PSA i 341 (11 It 7] /5 %71
(A 2). ATLUE BIIE S PSA SIS AR 2 m BB, 7EUEME H (28 0 K)IMAT 6 K, A 75%I1IiE
(1) PSA FHHFERE NIE(HO)ME, H PSA $RECTFEIMELI N 0.5 MrE%, EWkE PSA HACL ML,
EVEEHEIIEE 6 K, HA 25%[MIE() PSA - M4EECE N (IE)E, H PSA fa¥-rIEI#Ed 0.5
ANIRAEZE, B K ZH PSA FARTE AT, XU PSA FE & BT FE L T A R e, 3
A JEIAZN 15 K.

T T T T T T T T T

,(a‘) pPéA

2 ——Mean -
——Median i
1.5 Interquartile range

| 1 1 1 1 1 1 1 1 1 1 1 1 | 1
-4 12 10 -8 6 -4 -2 0 2 4 6 8 10 12 14
Time(Day)

Figure 2. Composite evolution of normalized time series for (a) 314 positive PSA events and (b) 321 negative PSA events.
Blue and black lines represent the mean and median, respectively. Shading indicates the interquartile range

[E 2. (a) 314 1 PSA IEE#HH(b) 321 4> PSA A HAVFRENR B FFIRT, HAPELMEL SRR FEHEMSA
#, AREERREIIXE
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— VA S IR K - BB R RITVE[L7] [18], 1% T L AEEE M R 5 51 F iR A R ok RIAAEE S O
], CESUES S b A3 2 M . BL Nifio 3.4 #8832 1E ENSO, 5 H: A 500 hPa o7 34 & & S
M5 BRI 3@) . & B E X FE A ER A X $a0 ORI B AT m i X . #4
7 Hh X 45 SR E B T ENSO ik 5 H A R8s AR il B B A ) ey Mo, A s B s 1T R AP e s
FEIE BIR AT 5 PSA S [ —8, #E—2BiEse T ENSO X} PSA f74E 5 2 (hsmia e . 14 3(b)
NI EE B, EDANSRE SA SAE FE S R A Nifio 3.4 F8%, AR X R 7m 1% X sk ) 37 24 v B 5 0ot
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Figure 3. Information flow between the Nifio-3.4 index (subscript 1) and 500 hPa geopotential height anomalies over the
Pacific (subscript 2) for 1950~2024: (a) T1-2; (b) T2—1. Dotted areas indicate significance at the 95% confidence level

[&] 3. 1950~2024 4E Nifio 3.4 I8 H(FA T4 1 FT//R)MAXFF L= 500 hPa B SEFEF TR 2 £R)ZEHESR:
(@) Tioz; (D) Toor, FTREXEARRIET 5NEFKFEHEEERI

HAERRE, 12 A B2 ENSO s, (HEREREMEE S, KRN RETY, PSA B ANGEK,
75 SFEAUR AR 32 IR(H 4 0.43 1K), M2 R, 10 A4bF ENSO & EH, H ENSO K JELEMHH H 4K
PR R B 9 H O@ 0, ENSO (E5 W3, [, 10 A2 PSA BONISERM A 4y, 75 fERHLR
A4 63 IK(H 34 0.84 1K), 204 12 AMIFifE. Bk, AMRFEAERE, /EEH 70K L. 10 A El Nifio 3 5
SRR PSA IEFHAEAF], BB ENSO XF PSA B2 Je HALEE . A fe S:4iiA T, ASCH ElNifio 15 5t
NRA T PSA IEFF1C  pPSA during EI Nifio, JLr' pPSA J& positive PSA 1455, 1950~2024 4 [A] 3L i
% 17 ¥k pPSA during EI Nifio Fi4, FHI&fH H W& 2.

Table 2. Peak days of positive PSA events occurring under El Nifio background in October during 1950~2024
% 2.1950~2024 4F 10 A3 %&£ El Nifio B R T & 4RI PSA EEHIEER

PSA IF S 19511017, 19531006, 19571006, 19631030, 19651007, 19681020, 19691025, 19761014, 19771007,
EH 19791028, 19911001, 19911017, 19941002, 19941018, 19971010, 19971027, 20021024, 20091024,
20141008, 20141030, 20231010

3.2. pPSA during El Nifio 4G S5 H#LE

N T #5457 ElNifio 1 5t~ PSA IE$/F(pPSA during EI Nifio) (/K 14514 5 T ELASHIRFE, &K
T HAFIEAE H Bk 500 hPa 734 & 8 59 (18] 4()) S 60°S A7 34 v 5 L E 574 (R S — v 1 T

DOI: 10.12677/ccrl.2026.153065 595 SAEAR LI T A


https://doi.org/10.12677/ccrl.2026.153065

A, R

B 4(b)). tnlE 4@)FTw, MAERRRER, PSA I 3~4 W4it, TR TR AT RS, RILAN
R ORIV S i 2 AR A PR PR T 2, e P de it e 3 O A T 45°5~75°S. 150°W~90°W Z [8], HLfir B
Z97E 60°S.120°W, M TR , RSO IX — B 7 o O FCh “PSA Hily” o T B 1 /0B or (4 4(b)),
pPSA during EI Nifio FF ) f 5if H 0oz -5 3 /2 10 250 hPa FffiL, £ 1000~50 hPa i [l Py 2 4 1E K 45 1)
TP S AL Z A2 (1000~300 hPa) Al 2 (300~10 hPa) 3B & (I 1404, RENIERH, h
M2 T 700 hPa i, R NGSTE, HOfr T 30 hPa B, s Fd B S8 (o I TR IR S R 5.
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Figure 4. At the peak day of positive PSA events under El Nifio background: (a) Composite of 500 hPa geopotential height
anomalies; (b) Longitude-height cross-section at 60°S of geopotential height anomalies (shading, units: m) and temperature
anomalies (contours; solid/dashed lines represent positive/negative anomalies, contour interval: 1°C). Dotted areas indicate
geopotential height anomalies significant at the 95% confidence level. Bold contours indicate temperature anomalies signifi-
cant at the 95% confidence level

[& 4. EI Nifio = T PSA IEE{i#{E H(a) 500 hPa (iBEEFEEM; (b) 60°S AUBBSEFE(IEE; BfL: m)F
BEREEFEE THEHRREG)ERESE, FELERA 1CONEE - SESHE. TaXERRUBSE
FEBIERFER BSNEEMHREKT, MEFELRTNEEREET 5NEFKFHEZHRE

KT ENSO X PSA BIfERIALI, HTAM Rossby A FEFEAT TIRA RGBT, TERL T B TEREM)
FERHESE . Hoskins A1 Karoly [7]) K B B2 3 N BRI - #Gir AMH E/E R B9 T #E0e SEal, %P
Fit th AT PRI BE W] DASOR HH K [ B A ) Al b A DA% 9 (19 14 52 B Rossby 341 7EIGEEA F, Karoly
[4]H8 KX — BB S TR BR, I ENSO S A Fvity RT3 (18 37 5 0D I N AR B 8 76 T P R s 26
WOR IR B AN S50, FEH A 4 RS - B SR REAR G (PSA).

ASCH @I 534 pPSA during EI Nifio SE4FUE(E H 12 7137, R T RERY) Rossby JUEIX, FFHFIH Li-
Yang WRF 7772, 2WiE I HINRE RN, HRE BIEFUK 1) Rossby I Re AL IR R AT, DLSE I M HI4E
AN FAHT RE By S KA Bl J1 I R Li-Yang WRF 7352 Yang 1 Li (2025) [9]7£ /K434 21 5L 1) Rossby
RS [19]-[21 At 32 H B —FloBr vk, 1@ TS /K Rossby 3 5 2818 & (Rossby wave ray flux),
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Figure 5. At the peak day of positive PSA events under El Nifio background (pPSA during El Nifio): Precipitation anomalies
(shading, units: mm/day); 250 hPa divergent wind anomalies (vectors, units: m-s™)
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Figure 6. At the peak day of positive PSA events under El Nifio background at 250 hPa: (a) Composite of zonal wind anomalies
(shading, units: m-s™) and meridional wind anomalies (contours; solid/dashed lines represent positive/negative anomalies,
contour interval: 4 m-s™1); (b) Composite of total zonal wind (shading, units: m-s*) and climatological zonal wind (blue con-
tours, interval: 10 m-s™)
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Figure 7. Wave ray flux (vectors, units: m-s1) originating from (a) the tropical central-western Pacific; (b) the Bay of Bengal;
(c) eastern Australia; and (d) New Zealand, passing through the PSA center region. Black dotted areas indicate the wave source
regions
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