Chinese Physical Society

%fg%"—*ﬁActa Physica Sinica

Institute of Physics, CAS

ENSOAT IR SRR R 48 S5 AL 22 57 SR B R 43 4
Wik £&7 IE BT NA HEK

Analysis of structural differences and causes of ENSO temperature network
Hu Heng-Ru  Gong Zhi-Qiang Wang Jian  Qiao Pan-Jie  LiuLi  Feng Guo-Lin

55 &, Citation: Acta Physica Sinica, 70, 249201 (2021)  DOI: 10.7498/aps.70.20210825
TEZE[R]1E View online: https:/doi.org/10.7498/aps.70.20210825
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20210825
http://wulixb.iphy.ac.cn

) 32 2 3R Acta Phys. Sin. Vol. 70, No. 24 (2021) 249201

ENSO Sim X Bk W& &1 FFIEE R KB E 51

HEGY ZHBEY ER/Y FuEY xFHY HEAKD
1) (BHMRF YRS SE RS, B 225009)
2) (WP LB T 515 LY, M 215100)
3) (EFRA MO FT LY, Jb5T 100081)
4) (BWI TR, BB 650504)
5) (P aUE B TRERZ R AR50, Mt 210044)

(2021 4F 4 A 29 HY#; 2021 4£ 6 A 19 HUEMEHH)

T Rk RSOk, 42 BIA A T EL Nifio Al La Nifia 5544 % 5 (1 4 BRASIR SCHE M 45, 43 BT 19 2% 25
FRAAE 1Y 22 57, IRIT AT RERY LA . 45 5R K W], 5 La Nina FFRIMZ (7% La Nina [94%) A1 12, El Nino JF
SR R 2% (TRTFR EL Nifo 926 ) vha s il B2 Fe 910 18] A R S a3 , =0l 100 4% 1% 34 30 32 X 35 MG, o 1 T g
A5 BT R il 1 DX S AR A TE O K . AR AR RSP L IR P KT | R B B T AR IR R PG A 1 R %
T AR XS R, A EL Nino 9 28 A il A 57 b 1] 8, 2 3 S50 218 0 2465 45 1 AR AU 22 5 1k 1) 4 RO B DX . A 1t
St LRI T W A RRAE 25 5 00 SR, BBE % Nifio3.4 XS VIR T 85, AR AR KT TE L R TE B TR AR

s ey

DX S A P, O R R S S X AL T 2l 3, AP £ R e 4 R DI A AR EL A i, p R A R AR T
AR5 220K, 3 B OG B DX i SR 9155 4 B Al b DX AR AR DG P 35 , 4 R =R I 246 326 5 P o

KA : URRGI I, SRR v, RLbs I, ity

PACS: 92.60.Wc

RGN EAZVFZ R K, Hord i
=L R JE i F e 77 %80 (EL Nifo-southern
oscillation, ENSO)2, ENSO 1k #hi7 A -7 Hh
DX AR [ AR o R SOA BV IS, HAT AR
FRIAFEPRAS A B AL (EL Nifio) A1 AH
fi (La Nina) 288 IAYREIE, I AT DL3E i o2 o
T KT X 1Y) Walker PR XA 3 X AT ECAth b [X
R S8 7 A )2 R R i B9,

2004 LK, B2 BUSE R 22 RGN
AR T Z B 012, SR GiE N R
PR IE RG22 — 1501 H P A7 S8 () JE 46

DOI: 10.7498/aps.70.20210825

A A F 19, Tsonis fil Roebber!' SR H T
SR GG Z ML S, B T7EAI 5 24 2% 31X
— T H AR 1 B2 T Joe S fige 5= i TR) R 9%
500 hPa /5 B35 1) SCHR 28 v, D% 1 8 2479 o5 m]
DIEAE R G HATE M, PBRRe &
MR UYL ZERnR A 192 pF Y T R AR
YW 45 1 30 1 28 it PE i A b 2R R R SE M 45
FARFAE, SEER T 42 24 N 25 BRISAE S A2 Wi AT P Y
I H.
SERFERE LM BCH i RET
ENSO B4, Proc. Natl. Acad. Sci. 3648 T & L
N AFET R M4 1) ENSO 444U A i
iff 5 2225 ENSO & 2% M 28 (1) i 90 iR 32 20 4
1) s |5 ENSO AHEK R 12 BKiE AH CRHIE.

*ERE SR (S 2018YFA0606301) FTESK A ARl 2= I 4 (Ui 42075057, 41875100) ¥ B RS

t BIE1E#E. E-mail: gongzq@cma.gov.cn
©2021 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

249201-1


http://doi.org/10.7498/aps.70.20210825
mailto:gongzq@cma.gov.cn
mailto:gongzq@cma.gov.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 70, No. 24 (2021) 249201

Tsonis fll Swanson!'™® % A R EFEH R B/R T El
Nifio [ 4% it 3% 18 J& % La Nifia 2% 5 2 A%, 15
T 4 R AR X BTG, 3 A EL Nifio 454>
BRI B9 A T4 La Nifia 2R K. Yamasaki
8 R 2 H PORHBIE R T 2R [R] DX 38 T
A 2% 45 4 fEAE E1 Nifio 4F453 %5 1 9 4% Fb i 141 %
¥ La Nina B1E 00 2. 2) AFEIZEAI ENSO
FAF I E MRS, Radebach 25 29 REG5000r T 48R
A ) 4% 23 ) 25 48 R B TRDJBALARRAIE , 20 ST T3
i fb 5 W28 ENSO 498X & . Wiedermann
A5 20 BT AR R Bk B 25 B AR T AN A
R ENSO 5514 1 9 45 Jey i FN & 10 25 #4 R AE
G55 ML AL AR B ST — P RE B AT AKXl
TR RN AR ENSO S (R BiH8 41 Lu 46 7 f
FI AR 28 SR R 5 R AR B X 43 H
EP B CP 2 ENSO Fi4. 3) FII A 45 AH 4R
20T T TR S G S . L 458 280 BT R o S
S BN A TR IR DR A X I P 4 R ek, R FH AR D)
2% Th B AH AR T8 bR A8 7R BT ATV b DX RCIR S 1Y)
FEAR | VR MPER AR R G A A AR mT L
Aih, 5 ENSO MM E &M itsd, B
Ry R A BRI BE X 4%, 3@ 2k 434 El Nifio/La
Nitia 4F [ X 26 RRAIE 2 9 A8 £b A 52 BT L 12 W Fn
TIMAFFY. AEARE AR, AR KEZ R K —
AN R ENSO =S4 R v 28 T3 1R
S, EANIR] D HE DX ) I 28 5 R RRIE AN S R
SHEMNZES, USIGRT ST i i 4k
T P 48 S5 R0 AR ) A2 4.

AR SCE S MM E T El Nifio A1 La Nina 2
X5 IO P AR AR OCIR M 4%, 7347 La Nifa S5
2% (LLF Wik La Nifia M%) F1 El Nifio 25 4%
(LA % El Nifio I%%) L5 RRAE & 10 25 5k
SR I DX 3N ) SRR DX K] IO 45 R AIF 25 57 AR ), e
JE BRI SAEAEHIRIT ENSO S IX Sl i3 T
55 A BRI IR I 2 S5 A8 R AR A Ak 22 8] 1 7T REED
Z, AT ENSO F ML ZEFRIE & A AR () AL

2 BARANTT &
21 & #

ABHFEEIA TR ERFORAR A https://psl.
noaa.gov/data/, £ NCEP/NCAR 43 #7531 H
R4 Bk H -1 3R SOREE A, KF 2 BRI
5% x 5% AEKH P B i il i OLR £

#EAE RN 500 hPa T EL# Y Omega K, K-
OIPEAR N 2.5° x 2.5°%9; LR 23R V-2 R IR
I (SST) #udle, KFar ¥R Ny 1° x 1°. J35MH
Nifio3.4 1 $ ok H NOAA ML ER R G5 0F 58 92 30 &
(ERSL) i1 https://psl.noaa.gov/gcos _wgsp/Ti
meseries/Nino34 /3R H. R IR FREIEEE Z [ A9 —3K
P, BORHC EZARENR 19502020 4.

Ohy SRR AN M A B B AT | RS ) v AR S
ARSCHERL T0°N-—T70°S LAN FOHS i M R 2. 9T 25
6] 20 /MK AR, WE 2w 72 A& A SR 2088 A%

(AR RE AR SR AL R (LA (D 25 H 1<
ESEYIME). HBFFE A ENSO 15 1 M 45 45 4 5
TEf2E 520, % Nifio3.4 #5014 3 A~ 15 30
SERME, BFELE 5 N H =(<) + 0.5 (-0.5) I H 64y
5E X El Nino (La Nina) $H4. RS, h TAES
ek P 5 IR R R IR 2, Sy ke i R R 19 155 A DG (L
HERICE A ENSO FRAE M 11 A—3 H %k
EHEAT /A 17 5 R IR HUT 51 4> El Nifio F 4
J i1 52 A~ La Nina F504 7 5 R RS S AT
[E] 741, 43501 F SR A8 2 ENSO AN [ A7 A1 1 4 3RS
TR CHR Do 45%.

2.2 £¥k ENSO SiBXBEM Kt

K 1254 T El Nifio /41 La Nifa F{4rh
ER T K S SR 51 9 Bz 2R A 56 R BHE R
A3 AR . AT LLE Y, El Nifio 354 % 1 1 5 5 18]
B AH 5 REAE O A BT ) 14 {225 T La Nifa [
TGO, BEAb, XS S50 S 51 R Bl AL Ak A 38 120,
BR A — %o 5 a5 1 A5 8 B B ) 0 B U 4 T

3.5
=== El Nino x Shuffled El Nino

3.0} —— La Nina o Shuffled La Nina
7 o25f A@l
o
=<
> 2.0t
= >§ P
2 15¢ 7R
Q 2 S,
2 O )
A, 1O} )

0.5

—0.7 —0.5

K1 ASIE ENSO AL T M s IR T B AH ¢ 3R B0HE 5 43
i, Herb shuffled 2278 X4 5 R 5145 T B AL A 21

Fig. 1. Probability distribution of correlation coefficient of
grid temperature series under different ENSO phases, where

shuffle represents randomization of grid temperature.

249201-2


 https://psl.noaa.gov/data/
 https://psl.noaa.gov/data/
 https://psl.noaa.gov/gcos_wgsp/Timeseries/Nino34/
 https://psl.noaa.gov/gcos_wgsp/Timeseries/Nino34/
 https://psl.noaa.gov/data/
 https://psl.noaa.gov/data/
 https://psl.noaa.gov/gcos_wgsp/Timeseries/Nino34/
 https://psl.noaa.gov/gcos_wgsp/Timeseries/Nino34/
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 70, No. 24 (2021) 249201

GLEEHESS, THE B SR R B R S BR 1A) AH 56
AL, BEALICAC B AT DA PR JF R B[R] 5 30 ) ] S
FESRRIE S, [R5k 2508055 1> 471 22 18] A AH OC
P R LB, LA AL PR E EL Nifio A1 La
Nifia J3 81 i 4H 3¢ 2 BCEAA B 09 1E 28 70 A1 FEAE,
MR A A AE O i BRI A9 I { B B 4 K, H EL
Nifio Ml La Nifia % B A4 AH 5 22 E0E 2R 437 Hh
LT HEA. MU, SRR SRR
Yy B T8 SR AH PR RRAE, FLIX P A G 38 7E La
Nifia 4E 43 B0 T El Nifio 4E4y, T AT 51 By e
HLA AL PRI 25 7™ B i DR M AARRAE

R T Al e S T O 2 [ i,
ST T N RE Y A5G B B 1] 37 22 ) 6 2 2R A
KFRE X BEWE—NEE Q, BAT Y7 S i+
KRZBAIHE| Ciy| = QI AU BB EMRL,
T EAFTE . 255 B 1 TAE Y A R 5L
() i B PR BG, AS SCGEIU R Q = 0.5, DR
BT A5 (R 9 34 10 LS 80 TR RS BE T SR AN
ESBAL PR RS, — 7T, 18T N 50,
1E N =50 1Y t K36 rh C = 0.5 B R EuE T
0.05 {51 Ji—Jrii, C = 0.5 %%ﬁl@%*@@.tﬁ

AT R LR fE =20, HoR— XA B,

XTI A WZR T, G i B 45 25 RS
EAEATIATEIE . A SO R G AR S IB AT A 53k
55 A RBE T BRI A 20 M EZ R
DI [7) 25 PR R AR B B A5 3 8503 4 S D7 T g L
SERRIE R, 8 IR ARG SRS M S A

1) JEJE, SOPR DX R 2 18 L. AR SCRETY 1
T PR 322 22 50 2 342 Y o 8 B2 1) R/ A — R Y AR
B, THBR T 43 B 22 5 R 973 s o A AN ) Y ]
AR AR A ST AN SRR SE N AN Al
A, W Cr By X B

N
E COS A\
~ =1

C; = = , 1
Zover dl Aand O A v
Hb o RERRE. AR T 14 RREgE
PR Y 4R DS He A9, 3 B g , 1 R TR
28 P AR A RS, X 19 265 A S MR b O, e =2 )
HHI.
2) HEEE Y, MPREERSEE RS, 25 P R 2 T
AT, WU E AT TR] A 3 S B A g D DAy 342 B
oS B

2 lal — la2

S =2R x arCS\/sin 3

Xl fURAE, o fURASE, RIEHERPAEN
6371 k. I8 I B PR GT T M 2% 142 i B R 0 73
A B7AE Ak, T P B (R, S A5 8] A A A
B A XA .

3) B AR AT A AER kT b, S
BR300 s KT AP R o — 1) 2
A FABLAE SR R i IR R R AR, xR BLasl:

2F;
ki(ki — 1) ®)
P AR R R B IEO FRER R A, R
KU RGP DRI S T, 22 AR

4) BEGE P E . A2 CIEIRI 45 T, 45 5 i LA
AN T e B O 15
A BE dij , T SO0 2 ) fe T AR B 1 T3
(EACER P28 R AFIE B AR R, 2t R B8l

1
LO =y, X de @

I A K T /)N, 0 AT 22 O 1 2 i g 7 B

C; =

2 l01 — l02

+ coslay x coslag X sin 5 (2)

\
Rt LTI PR BB, 28 N ER(E B 1Lk
BRI e

3 ENSO A if W % 4 A4 FAE 4
3.1 EBRKMKIFE

Kl 2 45t T ENSO Sl 48 25 F RRAIE 1 A 25
[ AR L. Al 2(a) Hhid i B 1 23 (8] 43 A iR, El
Nino 1 La Nifia < JCHK P 2% # 2 2 A #9457 55
BRI, {H E1 Nifio W 4% 3% 38 J& i (2 B B/ F
La Nifia (. 4B B 5 0 DX 3 3 24 v e Ay
P IRIE R PEVE | IRIE B BEVE | PO AT RIN 2R K
4 Y, IR X A A D R Y A T
H 3% 3 A R A ERIE AR R FR A 1 2(b) M
E 2(c) 45 T 42 R R BN B AR K B Y 45 [8) 43
1, WU e S 1 B 1 o AR A — R R
KFR, X FMA = FTE S (R R 25 R sk B AR
T — B0, T ELAE R b XS R AR A AR S
SEUT

249201-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 70, No. 24 (2021) 249201

(al) El Nino

(b1) EI Nino

(c1) El Nino

60°N A

60°N {oe™
50N {5 ¢ Y

30°N A

60°N -

30°N A

0° 0° v 0°
30°S - 30°8 1 30° 1
60°5 4 7 7 T T ; 60°5 p - s . : 4 608 7 7 T T ;
0°  60°E 120°E 180° 120°W 60°W 0°  60°E 120°E 180° 120°W 60°W 0°  60°E 120°E 180° 120°W 60°W

(a2) La Nina
=P i A

60°N &7

60°N A
30°N { ™ 30°N 4 “X

0°

(b2) La Nina
23 T RS

(c2) La Nina

W 60°N -
E 30°N {

0°

30°S {1 30°8 : 30°S 1
60°S - 60°S e - . 60°S
0°  GO°E 120°E 180° 120°W 6O°W 0" 60°E 120°E 180° 120°W GO°W 0°  60°E 120°E 180° 120°W 60°W
0% 4% 8% 13% 18% 23% 28% 0 052 065 075 085 1.00 190 210 225 240 260 4.00

B2 ML 2 24T (al), (a2) B E; (b1), (b2) ERBEG (1), (c2) FEBAR I E
Fig. 2. Spatial distribution of network characteristic quantity: (al), (a2) Connectivity degree; (bl), (b2) agglomeration coefficient;

(c1), (c2) characteristic path length.
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Table 1. Average connectivity and difference rate.

Chi nifo Cha nifa FERHED
R 0.035 0.055 55%
JbiRA 0.024 0.025 2%
oy 0.057 0.097 72%
ki 0.020 0.033 63%
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Table 2.  Range of key regions in the oceans.

i 7
ARIE R PG 5°N-—10°S 40°W—10°E
IR EIEE 10°N—5°S 60°E—100°E
PSR NS S 20°N—5°N 110°E—150°E
IR IRAKTE 5°N—5°S 170°W—120°W
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Fig. 3. Probability distribution of (al)—(ad) connectivity degree, (bl

)—(b4) connectivity distance, (c1)—(c4) agglomeration coeffi-

cient, and (d1)—(d4) shortest path length of different regional network characteristic quantities. From top to bottom, four rows

correspond to the global network, the northern temperate network, the tropical network, and the southern temperate network.
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Abstract

Based on the global surface temperature data, the global temperature correlation networks corresponding to
El Nino and La Nina events are constructed respectively, and the differences in their effects on the network
topological structure properties are analyzed. The results show that compared with the La Nifia temperature
network, the correlation between grid temperature series in El Nino temperature network is weakened, and the
connectivity of the network is significantly reduced, especially in the tropical region and the southern temperate
region. The network connectivity degree of equatorial eastern Pacific, equatorial western Pacific, equatorial
Indian Ocean and equatorial Atlantic Ocean are relatively large, and the decrease in El Nino network is notable.
They are also the four key regions leading to the differences of the structural characteristics of the two types of
network. On this basis, the reason for the difference between the two types of network characteristics is
preliminarily discussed. With the increase of SST in Nino3.4 region, the SST in equatorial eastern Pacific,
equatorial Indian Ocean and other areas rise, which strengthenes outgoing long wave radiation and convection
activities, and the interaction between low latitude and mid-latitude areas, and the variance of air temperature
changes in the north and south temperate regions increase. As a result, the correlation between the temperature
series of the four key regions and the rest of the world is weakened, therefore the connectivity of the global grid

temperature network is reduced.
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