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Abstract El Nino-Southern Oscillation (ENSO) influences global weather and climate through teleconnection patterns.
In tropical regions, ENSO can induce precipitation and sea surface temperature anomalies over remote ocean basins by
influencing tropical tropospheric temperatures. In extratropical regions, ENSO can pose climate impacts over regions such
as North America and Asia through the excitation of quasi-stationary Rossby waves. The background mean-state fields
are of vital importance to ENSO's tropical and extratropical teleconnections. On one hand, the background mean-state
atmospheric circulations can influence the position and intensity of ENSO teleconnection wave trains through barotropic
and baroclinic energy conversion. On the other hand, the tropical background mean-state sea surface temperature and
convection fields can influence ENSO’s tropical teleconnection processes through the adjustment of moist static energy
distribution. These studies suggest that analyzing energetic processes can help to understand the mechanisms through
which the background mean-state fields influence ENSO teleconnections. The present study reviews the progress in
energetic analysis researches on the impacts of the background mean-state fields on ENSO's tropical and extratropical
teleconnections in recent decades. Based on it, this study will further review the potential changes of ENSO

teleconnections under global warming, and propose some important scientific questions that need to be studied in the

Vol. 48

future.

Keywords El Nifo-Southern Oscillation, tropical teleconnection, extratropical teleconnection, global warming, energy
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Ju. /R Je & -F 77 % 3 (El Nifio-Southern
Oscillation, ENSO) & #iy il S & - B AR 2 fp 32 22
MRS . AT Ol O K RIE A SRR A BROR R
P2 AR SAM, R R EROR R ZE T TR U Tl
I f B E A5 5 RIEZ —  (Fuand Ye, 1988;
Trenberth et al., 1998; Wallace et al., 1998; Huang et
al., 2004). ENSO 7] LU if 22 /> ¥ B id e 3t A 42
BRIEAHR o

FEFHT FMHLIX, ENSO 3 AH O 32 25 $iiy X
18 BT S B 2 0 DL AL #6 OC . 0 Wallace and
Gutzler (1981) I HIWLM Bk} K B Ak 2 3k 4 = 4
FETA RSB RAL: 7R RPEERL. AR
FRL KCPE-JE3E R (Pacific-North America, PNA).
PRSP EE R FIERE Y . Horel and Wallace (1981)
BE— 28 R I PNA R AH K A1 ENSO K R % 1) .
fE ENSO 42, ENSO & S8 R K1
FEXTIUZ ARG TR e DU Bk dE e
w2 DL B [ B SR AR R, X2 PNA REAH RIS
TR EELH . 7E ENSO B4 E 7, ENSO fi¢
IR AR M-I OTFE- HL A (East Asia-Pacific/
Pacific-Japan, EAP/PJ) 2 2E #H I I F1| 52 Wi 25 7. < fige
( Huang and Li, 1987; Nitta, 1987) . El Nifio 3 i
5 Z= EAP/PI 3EAH G 55 BN Ve G I () A7 AE 2E — 38
(Y IE SOBERE RS, RR O B RE -0 K- F 2 i R
(Indo-western Pacific Ocean capacitor effect, IPOC ).

XS I A U UM A I R AR R AR R T A

ENSO {5 5 17 il 12 2 2R TBOHOR 15 AL P
RABE, TPOC PR f#RE 1 4 ENSO EIRER
Z= A PR i B 2 U S A S A E A B - T
JERPPEXC I, RN AR 7 ot 4 EAP/PY BEAH
KA B BEPE-FE AL PP R IX H B R 1 £ 7
A& (Kosaka et al., 2013; Xie et al., 2016; Du et al.,
2022),

ERA X, BT RHR I REURN, X ZR
B KA B R BE R FF R /NII{E (Charney, 1963;
Sobel et al., 2001). ENSO 5 iffl 5 57 % 5: 35 1) %)
TSR T 28 A I B A% 4 22 A T B X
(Sobel et al., 2002; Su et al., 2003) . X Jii /2 ¥ £
JE ol R R B R, G EE . PERP
FENUCR PO PR R W, BORZ 9 R AW A2
(Lau and Nath, 1996; Klein et al., 1999) . It 4},
Xof UL S i e 2 SRR TR A T 23 AT AT T B
Wy PEOK R, MR NI RE A R A2 (Neelin
and Su, 2005),

ENSO i 238 i 52 1 22 Pl PR 3 B0 A<l
R K 5% (Seager et al., 2003, 2005) . fE El
Nifio i, & Ay SO 9 I H 1) 7R 38 i 72 .
SRR SR S sh T BT XS B4R & XA 1]
FRERES, MR T e Ab BT Tl E
BN . SRR R S RPN RE R
FEmAG FEK 2

SAEE TS S5 ENSO BEAH S H B 5 .
Simmons et al. (1983) &I PNA AY3AH A7 B
ARSI DX A SV R EKFF
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Rl 2R DX, Zin PP PR BE W 55t
YR BhAE, MM AE R PNA B8 AH G 51 1)
WK FN4ERF . Huetal. (2020) WFREFWHEZFEIGIL
ISP AR A R P AR AT XA R T RS
e TS 537 h 3R B SN AE,  El Nifo 38 B K0 5h
AT DAYE 1223 X I8 I 1F i e 1 KR 8 R S R
HEOK EAP/PI P41 . fE#GHTHIIX, ENSO 2%
AH I FE AR T S A SRR X S ) A A .
Neelin and Su (2005) 5T & 8 El Nido i& 1) H
EH XL JE R P e S A A R X B KV e
N G LT AL o R 95 % 1 i N PE RS
V. bl X B 7K A7

X BLAIF 5T 2R B ENSO S fi 52 i AN o T
ENSO H &4 TS %15 53  (Simmons et al.,
1983; #1113 -+ #4, 1992; Neelin and Su, 2005;
Hu et al., 2020). H HE AN 7% ENSO F2EAH A
1R 22 [al UM o (1) SC 3, HR S 5 535 78 ENSO 3%
A E B g5 5/ o AR SC 3 B B 2 A 5 (] st
TAMEYE SN ENSO BRI . AT R4
i [ X e AT AR, ARSCHE TR R
2R T R0 ENSO #4856 1 5
M s 25 3 9545 H T S 0 ENSO #Aay 18 A5 G 1 52
Ml 25 4TS T AEKARRE T ENSO 1E A ¢ 1 ]
R fb; 25 5 A T AR g MTHS.

2 EEiFX ENSO #iiIMEHE X

=AU

ENSO (#3471 4/ 2 AH 9% 35 L B AT I R OR
(HEE T D T DU AR R ), S A BRR A EH
HEEm (B D, KAYE S ENSO BUK 1
8 H I AN AN 4R A/ R, AN
MIE TR 5 R B 827 4 00 1 BE X — i A2 .

2.1 PNA 5 PSA iZtH%E

s AR PNA 2EFH G 2 8 35 44 1) ENSO 2
FHOG, ol B e OB ER 200 hPa 5% 500 hPa
P34 B 50 IR A8 A R AR — 1A, 8 & ENSO
Somidbse T AL R VEILIX I T . BRAK R i
IR —, X Jm A i R A e A B I
YEF . PNA IR ARE R I AL KR 21024 1
WHNEER, EEBRER. JERPE. IRt
ERBE AN ANESH 0 (Wallace and Gutzler,
1981). 7F PNA IE (1) fiAH, B R SR
FERVGE LA S ENE (5O ®BE, JEKF
PEAAEE RN (B %, Jb3EX R Es
AR 5B R W K (3298 ) .« Horel and Wallace
(1981) R I IRTE A AP ¥ I 5 R A8 1) K S
TEAH G 5 PNA UM — 2, N PNA & KX
F ENSO HJW M., Simmons et al. (1983) ¥ —35
RILPNA FIH SR IE AR A VIR
TEACAR PR #As 15 XUE T DAL, Pahe WS 5t
Wk Eh e, T FT PNA A 5B 1) & A A
Yedp. AT NAFFLHE— P Fa H, El Nifio 5 La Nifia
X PNA A B 52 W AN & X FR ¥ . 5 El Nifio &K 4E
Wi AHEL, 7E La Nifia SR 80R [ PNA 3 5147 B 2
RAEVEF, 1X] LAE PR T #vis 5 5 A B A )
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Fig. 1 A schematic illustrating the major teleconnections through which ENSO affects the global weather and climate. From Yang et al.

(2018) .
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. (Hoerling et al., 1997). #F & 5 A
I EAEH, Wangetal. (2021) #H T —4
i) ENSO X PNA 3% 41 4% #R 0i B2 AL #1 . ENSO
BEHA, TG R AR X AR E X R,
IR b X 705 T8 5 ) A DX ek ] P 428 [ 3L P55 s P55
AL, BETT S BRGSO I O XA B R AR AR
o BIFGH 2R H X R 32 il i S e F 1 3l e
A1 H 20 50 B 1) R B 46 5 B0t i B 67 B AR B
JEER 1) PNA W51 2 48, ENSO [R]FfE 4 52 00 7 f
BRIV F-74 5% (Pacific-South America, PSA) 3%
FHOCUE A, H B2 H P 22 DAR L Bl S AR bt
IR RPN ISR BN, 8 H S T AR A R
AN AR A 1, v DAz el o] 52 AR AR R s g, it
T R AR R HEUKES . RIS W AL It R AR
XEE IR R, KAHE s FRE T i 2 5e &
4 T3 PSA BUREAH G AEXTFRYE  (Wang et al.,
2022b), XFEHATRHLHIAEE— & .
2.2 EAP/PJEfHX%

Horel and Wallace (1981) i B #v i s 1 18 K
S B H BT DU 3OS R Th i B T ENSO B
PNA BB A, H G, BEX R -2y 1 i
FHOR BRI FE H 2 oM [ B A% 30 5 25 U ) #4 i Tv)
., Huangand Li (1987) 5 B ZEHHTHARFF
AR S R 2 S R PR AR AR T
Wi, ARATTRE X Rl A S RURR N EAP BAH R AL, [H]
4, Nitta (1987) FIF 1978-1984 4F 4L 7 411 12
EnEREHANI I T EE R RS EN S
BESRIPLEEX =82 KRR, B2
SN PIREMKR, K, ZEAHCE M PRRZ
79 EAP/PI 3EAH SGAL . 4 EAP/PY 2EAH KRB A7 T 1E
REARE 2R A 24 B b DR o i, 3 g H AR
KRR EIT R FE K (Tang et al.,
2023a), SRz, A8 AR IR T VHE I R R K i
% 171 $E A I 3k B K R 2D (Nitta, 1987; 3 21 #E A Fih
R e, 1994), [Ktt, EAP/PJT 3 A I B 7E 450 S i
BN T G A

EAP/PJ & #H 5¢ Y J2 1% 4% ENSO 2R 7% 1Y
FKEERSM . IRZHE 7 KB El Nifio REIEIT 587
KBEih  (Huang and Wu, 1989; Wang et al., 2003) .
ENEEVE  (Xie et al., 2009; Wu et al., 2010) DL K K
P (Rong et al., 20100 i 7 SRIUK B #4 7
PE AP 7 I AU SO I 7 . 1 R T R TLE
El Nifio K JEFEKZEHIN, 7] —HE4EFF 2 El Nifio 3

BERZE, EWMEAE EAP/PT & A S 51 i #AH
e BR T TR I 5RIE SN, EAP/PY A
KA — A IR SN AR, AT DL R
TE B LA Rl I IE R AR e e i TS e AR
RIS 4R H B KR AEE . Kosaka and Nakamura
(2006) & EAP/PJ 3EAHC M B A & E b Wi Rt
(25 A5 0, X ol 2 ) 45 44 A R T AR - P B oK
PHEHL X B SRS R R Re E, A BT iE
FHRBTE A 4ERF  (Hirota and Takahashi, 2012 )
Luand Lin (2009) #5H EAP/PJ 3% FH 5 B i fl
B 28 50 Bl s B 7K 7 0 EAP/PT 3&EAH AL 5 J2
KRG gERF R T EZ/EM . Huetal. (20200
9T 3R B B ZE P ALK AR A0 A5 XURTTE R 2R AT
XA F T 50 [ AU N 5t RS Re, AT
i EAP/PJ B 5 4EFF (& 2). Tangetal. (2021)
P BE RS S 20 M R EAP/PY WAL B 2 ik AR 2=
WIEAR, I HX A= A AR A S S A 1 2=
WARNETIMEG. N6 AZ 8 H, RI#HTERER
B mALHERE, KA RAF T K RIS
P B WAEZ D W dLHEdE, TS5 2L Bl Nifio 51 21
SAAE S AR IE D AR R s R 545,
2019), XFMHT EAP/PY 38 AH A B 1A Jb gk
2.3 ERREREBEES

Hoskins and Ambrizzi (1993) K& Bl L%
30y DL AN 2 [F) ORI DX S AT 5, AT £E 78 XU AR
G R A B s O [ M N o e N SN E = |
P S FAERE AR OGRS (L g i
P& AH 2% ; Lu et al., 2002; Enomoto et al., 2003; Ding
and Wang, 2005) FI#THE R B ik T 4% 1% 1) 28 AH
KW A (Xu et al, 2022), XL 1% AH 56 gk 1) 32
P EA4 KANEEL  (Ding et al,, 2011), {HZ
5 ENSO 7 — €8t R. W Huetal. (2018) &
P El Nifio 5 BUR AT R AR BOIR 2 8O- i Rl
Pty QUL B IE A G A, T EUR LA ZEfF /KR
AR . {H 2 ENSO X P XS B3 A (152
BONE AR, R IR AL E LR RGE 2 E &
FHAAE ZEY) B R (Lietal, 20060, Song et al.
(2013) KRHLAE El Nito 424k 3k 28 KAAL H R
FE 22 m) b P 18 5 5 B A6 OK P R W SR R S
B 2% HE, 7E La Nifia 22403k B4 KS407
ST 28 ) P 0 555 BT K VG 3 Bl O (1) 5
NEWESRMAERE. Huetal, (2018) WER KM
5 ENSO 1B £ % %5 11 30 9 B 3 20 9k 81 B AT [
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Fig. 2 The energy conversion between the background mean flow and perturbations in the Northwest Pacific during the El Nifio decaying summer.
2 3

(a) Boreal summer 850-hPa wind climatology (vectors, unit: m/s). (b) Conversion of kinetic energy (CK, unit: m /s ) at 850-hPa from the basic state to
2 3

perturbations. (c) and (d) are the zonal and meridional parts of CK (unit: m /s ), respectively. From Hu et al. (2019) .
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FEFR R oTER B, S8 IE K R e LL R R RE
EAIRACRES, R SRR AL AE B E R
HEEEE =EEH  (Kosaka et al., 2009). ItA4h, 7E
i P DA I X5 U 3 AR AR AR IR, M
A ) T 2 2 7 DU s B AERR R R 2

3 H=IF3T ENSO #HEHE a8
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X R AR
3.1 ENSO HXIREREIEEX

Py RARHR I REARE /N, KAUKPFR R

FE X RELERF BN IR, LR RIS 58 S
BN I 2 R S B I A AT U Bk R R
AP X (Charney, 1963; Sobel et al., 2001) .
1R Z Wt 70 R B ENSO J2 #4 iy 0) i J2 I 4 B AR %
() FEEIKE R 7, El Nifio £F v H 2 16 i
1M La Nifa 4F #4717 % 3t /2 & BE W 2 (Sobel et al.,
2002 P XTI U HE 2 FT JR) M I 5 e R SO
EEERREZENGH  (Neelin and Su, 2005). £ #
HERTILDX, A2 Lk KA T %o VA A 1 2 4 TR 2
LigERIEEI AN, URERRABE ST, 1
HRAKZE R SIRFR IRE. SRR R, @R
Y 1T =D N RLTA - AL O Nk s X S DA el C
245, MMIE B B E SRR T . EIERR
X, #iis H B R RS 2 T AR A IR 55
[Ait, Sobeletal. (2002) Ay ENSO X #4i H B
P E T (IR, 2 R B AR A X I
WOk . {H &, Suetal. (2003) FIJHEE
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AR SRS IR, KA E R IH 252 2
WREE R, 2Rl R KERES R,
M ] BE S [ R R SR
3.2 ENSO &8 RIEHEX

fEBE% El Nifio B4, FE¥g. ENEFEAIFG AL
KPP 2 1E BT R RSP PRI IR S i 1A B 5 2 3
£ 6/MHHIEIEIER . Lauand Nath (1996)
Al Klein et al.  (1999) & H ENSO &= & @ i ok
A% 75 DA B 36 25 R Rt 1 L 8 W 2 R T S
TE AR BT VARG A 9, B Nifo 3918 /) 8 3038 5
W T o EE R, W TR KBRS, M
MSBOERELIERE . ERAWILKEF, El
Nifio H [A145 XUk 55 ek /b T Bb R 28k, 3G m T i
T AL, R B ) AR B AE ENSO ) #4
7 R A S HP RE AR (Xie et al., 2002) 6
4% El Nifio 275 AR’ B FEVEIIUR KSR U
R T NUTHEEE S W DU S, FRAE El Niflo (K&
FAEF B PG TREN . T ARG P e B R VE TS 5t
SRS IRER 2B, VO A% I 2 i DL i il
()N U 2> T BT 78 e B BE VR o FAHT PE E ED
o VERE i 1 — 20 2 S B0 B VE R SO IR IR I X
BRE  (Wuetal, 2008), I8 551k BB 7 XU A1
AR, MG G BN R S e, S ImEE T
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ML (Du et al, 2009; 2 NI%E, 2016) . #7F FiF
PR VR R R Z IR FEAAAE FARBR 24, ST ENSO
XoF B E U T 3 AH S I AR AR A4k (Huang et al.,
2010; Xie et al., 2010).
3.3 ENSO A PEKIERX
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Neelin and Su (2005) #5 H ENSO [ #y fE /K &
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6], AT AR RSP R IR S 1G58 T R M 1)
KAGeEEE, FEEFEKLLE HAZERSEE
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WA I BURT [A) S AR A 1) 22 52 2 35 7N O VFA
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T 1 RRIREE, P AR MR R Lk, kil
BE 5 5t . ENSO R AH G A2 7T A2 R A28 4k
(Yeh et al., 2018; Johnson et al., 2022), XFhAZ{LFl
B AUES KA AR LIRS DA G .
4.1 ENSO #IMEMHXIEN

B BTG R B 4 BRAEIE T ENSO S 501
PNA Ml PSA REAH R ALK [0 R A8 5 . KB TR
PNA. PSA 3EAH IG5 1 3 5 #1581
AEVIRR, RRRARNE T #viy v 2K PG iR 52
W&, 330 El Nifio FE/K 78 17 A5 3, 1T & Bl
ENSO 2 fH K FI ) %  (Kug et al., 2010; Zhou
etal,2014). {H5—J5i, — BT FTHa oAl o
TSRS AT T PNA R PSA Wi (145 {2
B — E B AEH (Meehl et al.,, 2007; Miiller and
Roeckner, 2008), Wang et al. (2022b) & I R fif
AN AR R TG 1) 40 AT AL, g1 S g Rt ]
PAUFE PSA REM R AR IR, XRVIRL S
RN AL B S BOR SRR 25k, 34 HiAth
R =X A TR 3 — DT R AR SR A5 2 I 4
S DX 2R A%, AT DU 5200 1 He Be f i
S HI AL E RS . X KBRSk ENSO #ury
HMEAH G RISt 2 MR R AL R 28, Raish
KAE SN BAAEH P RIEETE.

4.2 ENSO #HiEHEXHEN

ENSO HAIEH S H Bt i, XL istid
FE N TG 4 BRARBE N ENSO i35 37 18 242 1k 15 ok
A#yE  (Collins et al., 2010). #H# T ENSO %
T BEAR M, A A5 U Pl R ok ENSO /KA 4k
ERRBL S, R ERI A R K SR
eIt Hm &3 (Power et al., 2013; Cai et al.,
2015; Huang and Xie, 2015). Huetal. (2021) Z&
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Fig. 3 Schematic diagram of the upped-ante mechanism and the anomalous gross moist stability (rich-get-richer) mechanism. Adapted from Neelin
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