52 1 Vol.52, No.1
2021 1 OCEANOLOGIA ET LIMNOLOGIA SINICA Jan., 2021
ENSO '
1,2,3,4 1,2,4,5 1,2,4,5 1,2,4,5
(1. 266071; 2. 266071; 3.
100049; 4. 266071; 5.
266237)
Hadley ORAS4(Ocean Reanalysis System 4)
NCEP(National Centers for Environmental Prediction) ,
1948—2018 (South Pacific meridional mode, SPMM North

Pacific meridional mode, NPMM)
Oscillation, ENSO) ,

- (El1 Nifio and Southern

, ENSO Nifio3.4 10 ,
; Nifio3.4 6 R s
( , )1 a
( ; ) ; )
ENSO , Nifio3.4
Nifo3.4 0.57,
ENSO; ;
P731 doi: 10.11693/hyhz20200400115
- (El Nifo and Southern ENSO
Oscillation, ENSO) , ) )
, ENSO ENSO
21 s ENSO Vimont (2001)

ENSO

(Wyrtki, 1985)
(Luther et al, 1983; McPhaden et al, 1992)

> >

R 21
, ENSO ,
(Ashok et al,
2007), ENSO
* , 41976027 41876008 ,
: R , E-mail: fengjunqiao@gqdio.ac.cn
: 2020-04-08, :2020-05-13

(sea surface temperature anomalies, SSTA)

> >

(wind-evaporation-sea surface temperature (SST)

feedback, WES, Xie et al, 1994) ,

ENSO Chiang  (2004)

SST (intertropical

convergence zone, ITCZ) s

, E-mail: luyunlongl8@mails.ucas.ac.cn



ENSO 17

(North Pacific meridional mode,

NPMM) Chang (2007) ,

ENSO ,

(Yu et al, 2010; Su et al, 2014a) Su
(2014b) 2012

SST ,
, 2012—2013
, Di Lorenzo (2015)
NPMM-ENSO
Zhang (2014)
(South Pacific meridional mode,
SPMM) - -
, -SST
2014 ,
1997—1998 ENSO ,
SSTA ,
s (Min et al, 2015)
Zheng  (2018)
, ENSO
ENSO , Larson (2014)
ENSO ,
, Larson (2018)
, ENSO ,
ENSO

ENSO

>

(Zhang et al, 2014; Lin et al, 2015) Min
(2017)
SSTA ,
SSTA ,
ENSO

ENSO 5

ENSO ,
ENSO
1
Hadley (HadISST)
(sea surface height, SSH)
ORAS4(ocean reanalysis system 4),
, (Rebert et al,
1985)
(NCEP-NCAR Reanalysis 1, Kalnay et
al, 1996),
1948—2018
3

(maximum covariance analysis, MCA)

Student’s ¢-test

2

2.1
) 10m
SSTA ,
, (6°S—6°N, 180°—90°W
SSTA, CTI, Deser et al, 1990), ENSO
(0°—35°N, 175°E—95°W)
72.5%,
principal components)-Wind
NPC-Wind NPC-SST ,
( 2a), SST
, 0.75,
la S 10m SSTA

(sea level pressure anomalies, SLPA)

NPC(north
NPC-SST



18 52

BE (°C)

15°N

0° g
15°S}
30°s|
45°s|

] 1
: : : ' ' 60°S = : :
150°E  180° 150°W 120°W  90°W 150°E  180°  150°W 120°W  90°W

c h — SST

2 | f I }‘-(‘

( \ M '” ML I
gy O s )

=08
o

2

g - I I I I I I I I I I I I I
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
Fn

ar ——sST
d

] k ‘Nﬂuu’ "1\1 MI ‘“1’ i M

& Of '.wk" w,‘ﬁ.}\(\‘,\, 'l' "t' Yv ’ W \'J" |‘H"""‘ \ /»

il 1”1\,';,’[

4L I I I I I I I I I I I I I
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

FHn
1 (a, b) (c, d)
Fig.1 North and south Pacific meridional modes and the time series
ca: ;b ; 95% ( :°C); 10m 95%
( :m/s)a b ) () ( :mb); (W),
() () e ;d:
NPC-Wind 0.54 , 1b 10 m
SSTA
la SPC-Wind
(150°—125°W, 12°—25°N), (100°—70°W, 20°—35°8S),
(180°—160°W, 25°—32°N), (140°—120°W, 32°—45°S),
SSTA
( 160°—140°W, 25°—40°N) ,
, SSTA SST 2b ¢
(12°—38°S, 180°—70°W), (12 3, DIFM)
10m SSTA R , SST (1—5 ,JFMAM)
44.4%, , 2e f R
SPC-Wind  SPC-SST ( (5—8 , MIJA)

2d), : SST SST (11 3,



1 ENSO 19
MO 4 NPSST-Wind b. NPC-SST 20| ¢ NPC-Wind
15
15
] 1.0
c 0O ——— = = — — = i e
$ D iy 1.0
2
05 05 0.5
-1.0 0
Z20 0 20 1234567 89101112 1234567 89101112
HERB (M) Bt B
10 f. SPC-Wind
d. SPSST-Wind e. SPC-SST
15 15
A
E
iﬁ ol S " 1.0 HH 1.0
2 iR R
05 0.5 0.5
0 0 20 42345678 9101112 01234567 89101112
\ N Bt Rt
TR (D)
2
Fig.2 The lead-lag correlations between PC-SST and PC-Wind, and the seasonality of the PC-SST and PC-Wind
:N(S)PC-SST: () SST s N(S)PC-Wind: () Wind ;a: NPC-SST  NPC-Wind
;boc NPC-SST  NPC-Wind ; d: SPC-SST ~ SPC-Wind ;e f SPC-SST
SPC-Wind
NDJFM) SST 3b ,
(mixed Nifio3.4 SPC-Wind , ,
layer depth, MLD) 95% ; Nifio3.4 SPC-Wind ,
(Ding et al, , 6 ,
2014), SST , 0.34, 95% ,
, SST , 6 )
2.2 ENSO EI Nifio NPC-Wind
SPC-Wind  ENSO >
ENSO R NPC-Wind SPC-Wind ENSO ,
Nifio3.4 , ENSO ENSO
SSTA ,
(Chiang et al, 2004), 2.3 ENSO
, ENSO 4 5 SSTA
(Kelvin) (Thomas et al, 2016) ( ,
3a , Nifio3.4 NPC-Wind s )
, ENSO (sea surface height anomalies, SSHA)
; , Nifio3.4 NPC-Wind 2—4 (FMA)
NPC-Wind 8—11 , 99% 4a s 1—3  (JFM) ,
, 10 s , 0.45 , )
ENSO s
10 , EI Nifo



20

057 057
a. Nino3.4-NPMM (Wind) b. Nino3.4-SPMM (Wind)
— — 95%NEEKRRE
_______ —— 1BXAH
R £
K& o K&
K K
[exy) @
-05 . : : , -0.5 : : : :
-20 -10 0 10 20 -20 -10 0 10 20
EBRE () TEERE(T)
3 (a) (b) Nifio3.4
Fig.3 The lead-lag correlation between NPC-Wind (a), SPC-Wind (b), and Nifio3.4
Nifio3.4 NPC/SPC ; Nifio3.4 Wind

—
45°N | a. JFM~ To- 1 | b.MAM, _ —==u8 ( T
e = £ TTRez
[ : N RN AN
30Np T /H‘“\ij % 3/,?4& , :
a -~ N I& - - 0 ll“'.~
15°N/¢////\\\‘ G WA N
~ . Nl -— \ ~ - —= -~
o;_,.\ \\,—/'/ LI NGIEE. S e :_//7 . AN UL NE SN
0 K.‘,W\ S, K«%’,' R PR N N, .
15°5 fin AR RN S s VIl ‘*\.-7“”“‘-///.'
L £ . <
45°N dIAS 2 L e
30°N \! Vool N AN N ~
N 2V B T T S W \ ~
15°N §\\\‘ . - =
——z—
—7/
0° & oo z 3 o
E;"%“Lr P Y
15°S AT T T T TNV
45°N %NDJrj“’\N
oo
30°N ?,”'4\
b - - S

ey

g A

0o nfg
P )
158, : VLo SNV el ! . .
150°E  180° 150°W  120°W  90°W 150°E  180° 150°W  120°W  90°W
—> 10 MR (ms) i . I
-1.0 -0.5 0 0.5 1.0
—> Eﬁ95%§%g*ﬁgﬁ \‘EJEF (°C)
inlid
4 3 SSTA 10m NPC-Wind 2—4 (FMA)

O KFB%NESEKRLR

Fig.4 The lag regressions of 3-month averaged SSTA and surface wind anomalies at 10 m on February-March-April

(FMA)-averaged NPC-Wind

95% ( °C); JFM: 1—3  ; MAM:3—5 ; MJI: 5—7 ;JAS:7—9 ; SON:9—11

;NDJ; 11—1 NDI: 11-L  ; SSTA: ; NPC: ; 6

, ( 5al), ,

, , , SSTA ( 5a3)
: , SSTA



1 : ENSO 21

, . ( 5¢3,d3),
5—7 (MJI)  7—9 (JAS) SSTA ,
: , SSTA  ( 5¢2,d2)
, 9—I1 (SON) 11—1 (NDJ) ,
R SSTA , SST- , SSTA
, Matsuno-Gill ;
(Matsuno, 1966; Gill, 1980), s
, (Rossby) ,
, : , SSTA
45°N} a1, JFM a3, JFM k=
on b -
. \ N
16°S, R e
45°Nfb1. MAM b3 MAM
30°Np oo 2
A e
O - EAe-.
15°S e <
45°Nf 1. M) c3. MJJ T
30°Np ¥ 2 .
. 3 g
15°Nfgy ol B a—
0° K Lo Yy R~
15°S [ B .
45°Nf d1.JAS
30°Np*
15°N "
0 Rine g
15°S N -

f2. NDJ T
-~ { L —
150°E‘-T_é6; 156°W120°W 90°W 15‘0°E‘1§O; 156°W120°W 90°W 150°E‘150:’ 156°W120°W 90°W

oy, [
-20 -10 0 10 20 -20 15 -10 -5 0 5 10 15 20 -0.2-0.15-0.1-0.050 0.05 0.1 0.15 0.2
EIEE (Wim?) KR ABET (Wim?) BE (m)

5 3 NPC-Wind 2-4 (FMA)
Fig.5 The lag regressions of 3-month averaged latent heat flux, short wave radiation heat flux, and sea surface height anomalies on
February-March-April (FMA)-averaged NPC-Wind
( s W/m?), ; : ( : W/m?), R : ( 1 m);
95% ; 7



22 52

2.4 ENSO SSTA 9—11 (SON) 11—1
, 6 7 (NDJ) , ,
SPC-Wind 2—4 (FMA) ,

6 ., 1=3 (JFM) ( 7e2,2)
,  SSTA 2.5
) 9 3 4
ENSO ,
: ENSO
, SSTA ,
, , ( ,
. 0.2), :
,  SSTA Y(1)=aX,(t—,)+bX,(t~1,), (1)
, Y(0) t Nifio3.4, X\(t-1)) 1
5—7  (MII) 7—9 (JAS) NPC-Wind, Xo(t-t,) 1t SPC-Wind
( 7c3,d3), : f
, t , . 4=10, =6,
SSTA : NPC-Wind  SPC-Wind 10 6 :

150°E  180°  150°W 120°W 180°  150°W  120°W  90°W

—>0mRES ms) . I
ofosvEsrriag 10 0.5 0 0.5 1.0
—> BYSUESEN a0
6 3 SSTA 10m SPC-Wind 2—4  (FMA)

Fig.6 The lag regressions of 3-month averaged SSTA and surface wind anomalies at 10 m on February-March-April (FMA)-averaged
SPC-Wind



23

15°N & 1. NDY —— A R ~o A f.NDy b
*Ere T X : - . e .
Uio., S e Bi¥oo., oo, —

15°S \" R * \\ e N d N .

30°S ~ / //J:S / :S /

el N Z <

150°E 180° 150°W 120°W 90°W

-20 -10 0 10 20

EREE (Wim?)

7 3

150°E 180° 150°W120°W 90°W

-20 15 10 -5 0 5 10

FTRAEEY (Wim?)

SPC-Wind 24

150°E 180° 150°W120°W 90°W

| ____
15 20 -0.2-0.15-0.1-0.050 0.05 0.1 0.15 0.2

BE (m)

(FMA)

Fig.7 The lag regressions of 3-month averaged latent heat flux, short wave radiation heat flux, and sea surface height anomalies on
February-March-April (FMA)-averaged SPC-Wind

, : 11—1 SSTA
Y (1) =0.4X,(-10)+0.25X, (—6). 2) : Ding  (2014) SSTA
1950—2018 Nifio3.4 1—3
Nifio3.4 0.57(  8), , 11—1 Nifio3.4
99% , NPC-Wind ENSO
SPC-Wind :
ENSO ENSO 10 6
, You (2018)  CMIP5 Nifi03 .4, ENSO
2—4 : Nifio3.4 : ENSO



24

52

— OB
MLMIE

8 Nifio3.4

1
1952 1957 1962 1967 1972 1977 1982 1987 1992 1997 2002 2007 2012 2017

FHm

Fig.8 Observed and model predicted Nifio3.4 index

ENSO

, ENSO
8—11 ,

5—10 ,

ENSO ,

ENSO ,

s Matsuno-Gill s

ENSO
CMIP5
(You et al, 2018) s )
(Wang et al,

2019) , ENSO ,

Ashok K, Behera S K, Rao S A et al, 2007. El Nifio Modoki and
its possible teleconnection. Journal of Geophysical Research:
Oceans, 112(C11): C11007

Chang P, Zhang L, Saravanan R et al, 2007. Pacific meridional
mode and EI Nifo-Southern Oscillation. Geophysical
Research Letters, 34(16): L16608

Chiang J C H, Vimont D J, 2004. Analogous Pacific and Atlantic
meridional modes of tropical atmosphere-ocean variability.
Journal of Climate, 17(21): 4143—4158

Deser C, Wallace J M, 1990. Large-scale atmospheric circulation
features of warm and cold episodes in the tropical Pacific.
Journal of Climate, 3(11): 1254—1281

Di Lorenzo E, Liguori G, Schneider N ef al, 2015. ENSO and
meridional modes: A null hypothesis for Pacific climate
variability. Research  Letters, 42(21):
9440—9448

Ding R Q, Li J P, Tseng Y H, 2014. The impact of South Pacific
extratropical forcing on ENSO and comparisons with the
North Pacific. Climate Dynamics, 44(7—38): 2017—2034

Gill A E, 1980. Some simple solutions for heat induced tropical

Geophysical

circulation. Quarterly Journal of the Royal Meteorological
Society, 106(449): 447—462

Kalnay E, Kanamitsu M, Kistler R ef a/, 1996. The NCEP/NCAR
40-year reanalysis project. Bulletin of the American
Meteorological Society, 77(3): 437—471

Larson S M, Kirtman B P, 2014. The Pacific meridional mode as
an ENSO precursor and predictor in the North American
multimodel ensemble. Journal of Climate, 27(18):
7018—7032

Larson S M, Pegion K V, Kirtman B P, 2018. The South Pacific
meridional mode as a thermally driven source of ENSO
amplitude modulation and uncertainty. Journal of Climate,
31(13): 5127—5145

LinCY, YuJY, Hsu H H, 2015. CMIP5 model simulations of the
Pacific meridional mode and its connection to the two types
of ENSO. International Journal of Climatology, 35(9):

2352—2358



ENSO 25

Luther D S, Harrison D E, Knox R A, 1983. Zonal winds in the
central equatorial Pacific and El Niflo. Science, 222(4621):
327—330

Matsuno T, 1966. Quasi-geostrophic motions in the equatorial
area. Journal of the Meteorological Society of Japan. Ser. II,
44(1): 25—43

McPhaden M J, Bahr F, Du Penhoat Y ef al, 1992. The response
of the western equatorial Pacific Ocean to westerly wind
bursts during November 1989 to January 1990. Journal of
Geophysical Research: Oceans, 97(C9): 14289—14303

Min Q Y, SuJ Z, Zhang R H et al, 2015. What hindered the El
Nifio pattern in 2014? Geophysical Research Letters, 42(16):
6762—6770

Min Q Y, SuJ Z, Zhang R H, 2017. Impact of the South and
North Pacific Meridional modes on the El Nifio-Southern
Oscillation: observational analysis and comparison. Journal
of Climate, 30(5): 1705—1720

Rebert J P, Donguy J R, Eldin G et al, 1985. Relations between
sea level, thermocline depth, heat content, and dynamic
height in the tropical Pacific Ocean. Journal of Geophysical
Research: Oceans, 90(C6): 11719—11725

SulJ Z, Li T, Zhang R H, 2014a. The initiation and developing
mechanisms of Central Pacific El Nifios. Journal of Climate,
27(12): 4473—4485

SuJ Z, Xiang B Q, Wang B et a/, 2014b. Abrupt termination of
the 2012 Pacific warming and its implication on ENSO
prediction. Research 41(24):

9058—9064

Thomas E E, Vimont D J, 2016. Modeling the mechanisms of

Geophysical Letters,

linear and nonlinear ENSO responses to the Pacific
Meridional Mode. Journal of Climate, 29(24): 8§745—8761

Vimont D J, Battisti D S, Hirst A C, 2001. Footprinting: A
seasonal connection between the tropics and mid-latitudes.
Geophysical Research Letters, 28(20): 3923—3926

Wang B, Luo X, Yang Y M et al, 2019. Historical change of El
Nifio properties shed light on future changes of extreme El
Nifio. Proceedings of the National Academy of Sciences of
the United States of America, 116(45): 22512—22517

Wyrtki K, 1985. Water displacements in the Pacific and the
genesis of El Nifio cycles. Journal of Geophysical Research:
Oceans, 90(C4): 7129—7132

Xie S P, Philander S G H,1994. A Coupled ocean-atmosphere
model of relevance to the ITCZ in the eastern Pacific. Tellus
A: Dynamic Meteorology and Oceanography, 46(4):
340—350

You Y J, Furtado J C, 2018. The South Pacific meridional mode
and its role in tropical pacific climate variability. Journal of
Climate, 31(24): 10141—10163

Yul Y, Kao HY, Lee T, 2010. Subtropics-related interannual sea
surface temperature variability in the Central Equatorial
Pacific. Journal of Climate, 23(11): 2869—2884

Zhang H H, Clement A, Di Nezio P, 2014. The South Pacific
meridional mode: a mechanism for ENSO-like variability.
Journal of Climate, 27(2): 769—783

Zheng J, Wang F M, Alexander M A et al, 2018. Impact of South
Pacific subtropical dipole mode on the Equatorial Pacific.
Journal of Climate, 31(6): 2197—2216



26 52

RELATIONSHIP BETWEEN THE SUBTROPICAL SOUTH/NORTH PACIFIC
MERIDIONAL MODES AND ENSO

LU Yun-Long"***, FENG Jun-Qiao"**° JIAFan"**° WANG Qing-Ye"**?

(1. Key Laboratory of Ocean Circulation and Waves, Chinese Academy of Sciences, Qingdao 266071, China; 2. Institute of Oceanology,

Chinese Academy of Sciences, Qingdao 266071, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China; 4. Center

for Ocean Mega-Science, Chinese Academy of Sciences, Qingdao 266071, China; 5. Laboratory for Ocean and Climate Dynamics, Pilot
National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266237, China)

Abstract The relationship of the subtropical South/North Pacific Meridional Modes (SPMM, NPMM) with ENSO was
investigated using sea surface temperature (SST) data from Hadley center, Sea surface height (SSH) from ORAS4(Ocean
Reanalysis System 4), and wind and air-sea heat flux from NCEP-NCAR reanalysis 1 (1948—2018). Results show that the
SSTA associated with the two meridional modes both show north-south dipole patterns and are closely related to ENSO.
The significant maximum positive correlation appears when Nifio3.4 lags NPMM for 10 months, there are significant
maximum positive correlations when Nifio3.4 lags for 6 months, with the peak correlation appearing at 6-month lag. In
other words, about one year after a positive NPMM (North Pacific: warm in the southeast and cold in the northwest)
appears in the north Pacific, or half a year after a positive SPMM (South Pacific: warm in the northeast and cold in the
southwest) happens in the south Pacific, and there will be an El Nifio event in the tropical Pacific. A binary linear
regression model was constructed based on SPMM and NPMM to improve ENSO prediction. The correlation between the
reconstructed Nifio3.4 and the observed Nifio3.4 reached 0.57.

Key words ENSO; subtropical South Pacific meridional mode; subtropical North Pacific meridional mode



