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Fig.1 Research methods for coral reconstruction of ENSO



%40 55 6 )

2L, %5 PO A A BT T ENSO 284k 2 HALHIBT 7T il 15

i ENSO A5
1.1 HEAIE % ENSO BOfEHR

B IE S B VF Z 48 bR e R 1 R IR B AR AL
5 ENSO i ahA k. a4 KiEfs g iad K
R RS, W AR bR A B SO,
BRAL 2 AEHR U 8% Sr/Ca . 8'°0 . 8°C B4, %
BFEFRBEAS TS /8 5 ENSO &1 SST. SSS. ¥
I R B TR S AR e . Horp, S0 Sr/Ca
1 6"°0 7E ENSO 2 5% JH, 3X & [ i ENSO
FENF SST AP F=A: 520 o W% Sr/Ca &
e 5% SST 1Y K 4f 45 #% Z —, Wl ALIBERT HI MC-
CULLOCH **' 1] J§ 8 ok i 7. 2 il 30 4% 2 0t 351
Sr/Ca fHE T 1965, 1972 } 1982—1983 4E 5 El
Nifio A ¢ SR IR PR 4 . 33 B 8% 8"°0 { ) i 52
SST FIME/K 6°0 BIsE I, Hrbigsk 80 AT LIS %
P 1R ) AR AE, 40 Bl Nifio S35 18], 76K
SV 1] AR Y 5K SR T B R Y AR R AR R
AT B0, 3 B L VG 2 8 AP DX I B
(1) 6"°0 BA & 1 S, T La Nifia A A2 0
1 AR D0 5 I 50 m i S YL B, BFgE
ik ] 6°°0 5 Sr/Ca 21 4575 5 ENSO S 41
et IREE R R AL

1.2 EIRHERRRIRT B 5

3 BB S T A s IR ENSO 15 3, B
S X W IR G HEAT I 4F S A AR R A
P IUBIAR AR 5 7 B RO a0 4R A
SR AT (COTh)MIAE S, 1 WIAE )y 1 32 M PR A
AR 62 DR 25 Y S, SEE AP R 7 DU 10 1 A PR
b AR A5 7 R S ST A i K
U-Th 4, FATRE RS . MIARESE LR (208 50 Ji4R
DASK ) 255 LR S 0 4 AR 0 5 o 17 o
B RO EA R AR SR .
BEER M HERIY St/Ca S M BRIk 16 b ELAT 1 28 14
JEIM A A, T LR — 4 56 3 (TR St o %

J2 . HERAL SR b 0 AT LT R, T
ASBHEIRE S ARG R
1.3 1EEVENSO 2

ENSO J&: 4Bk il N AR B U A2 R Y e 351
5o TEAEI R R I, ENSO {55 B4R B F54E
ARl S PR, T 8 S B T R 35 2 ol I

BRAG AR R B IR A0 v B AR . PR
I BRAR I8 1) b BR b2 T S 5 8 U S 1Y) EN-
SO I Bt A7 % AR, 3 3 3 S Y RRAE A
WS 781 vl SR D s i & 4E Y ENSO 34
F. 4 COLE fl FAIRBANKS ™ FfH 2 St i i
IR £ T 1959—1979 4EE 4 60 ¥4I, 4%
WK, RCRAE 1960—1961 . 1963, 1965, 1969,
1972—1973. 1976 1 1977 4F Hi B 0.5%~ 0.7% 1
TARES, X ARy 1 5 25 KPP ENSO S4hy &
AEAR R, I WAL AR 5 ENSO S5 {45 B Al 1 3%
FHIG

FEAEBR R SR B[R] RUBE |, ENSO {75 3%
PR S E] A P R 2~ 7 a BRI B @
UL SNy o NN 1 e B ket s AT 5 2
GBI 5 A R A, PR RS 4 A L
HAEAE AR BRAS 2R, AT LU 8 I AR 4l ENSO 1% 5]
WIHREUE 5 o AE ELREE g b it A A0 4 B R
by L7 7 O TINTINRE S 702 N [ e s L S O
WA 28 U AT . &5 il oAl . 280 IS, T
BN AN AT I TS, R R
A EVRRRITR L . = TR | R R | i g
ARG DB A5 o e, 3t e P Aol 3 D 7 1) E T
NBFE A 25, W 2~7a . 3~7a""
2~8 2", DO PR AR SS A HF S X 3 LA 891 T
ICSRAY % ENSO JEIHE AR 4

1.4 7%= ENSO X

AT DA B T U0 H S B ) 3 ) EN-
SO 555, Fr it — 4k ENSO B8 {bAg ML, 1M
ENSO 78 S i 6] ]EE | ENSO 28 b 451 % 55 I Al
WREFSE A/ N A B i, A R A R P ] — B
P ENSO =5 1/f (1 431 22 FH 41 I 3 95 /7 T K 4 £ EN-
SO A, Ji & — g i BL N ENSO Ji A Tk
UEL, LU IR ENSO S04 4 SR 1 5 HiR iR 2 o
UK ENSO =58 J3 ] i 38 21 i B K AE, A LA b
ENSO 4 (143 55 82 B2, 767 ABF58 thid 56 H 3=
WORBREE | 7 22 0R B

H A5 (8 I 5 5 3 0 7 25 B i
25 3¢7R ENSO #e i, [A] i+ AR 45 LAY El Nifio #1 La
Nifia S5 {4 BIEZKF, 50751 H 9 ENSO F -1
FI W ENSO 1 2 5 55 R4 . W MCGREGOR F1
GAGAN"" J£F 1950 4FJ5 Nifio3.4 %% BUAL E
Nifio S F 0958 X, - I0AC I 1950—1997 4F- i 55
10 a WEHTH4ERR 60 S FHI(E(0.18 4 0.06) %o



16 Marine Geology Frontiers ML T

2024 4E 6 A

5E CAEAR EL Nifio “F- Y 58 (8, Z 54 @ T 34R
El Nifio “FH# 55 # {8 + 1o WAFEGE X EE/RJE
WEFE, B T I El Nifio V-2 5% {f+1-20 (U4
035 Ry Bl Nifio S o B E 43 Bz A2 e i 5
(1) ENSO BFge v i H#R Z2, Horh, BB A E 48 02 ¢
B, T LA A A5 U XA SEPR IS B0 43 A Ak El Nifio
il La Nifia B BIEE X5k . XHEBG PA 07 2
AU ) ENSO F 473 sh & 11 1 H40nT DLk
— L4t fk ENSO #i#% 754, fil MCGREGOR %"
A3 % FES B 75 2% 1 ENSO S 4:3E17 17 16 a F1 30
a it s H RIS, IPFAG B 1650 4F LUK 1) EN-
SO Z8#%., COBB %™ ¥ 30 a ¥ 21 %7 [+ El Nifio
H1 La Nifia F54 (19 5l & Lk ENSO {6 shi#8 44, Jf:
WAL THA 2~7 a HF B BE I PN 30 a T ShbR iR
22(LL s a K, DRTEAR IR KB 5 908 4
§"°0 J¥%IH ENSO 715,

30 NI 3 S BTS2 TN i v 30 TN S 523 i
SEATE 3 M LA R 5% P pR B e A5 s T L
B ENSO 2537454k . fil COLE 45 %43 By4E
BRIAIG 9 8'°0 FEF BEATHEIL /387, ENSO 7EA
I] JE A A PR AR AL /R T 1930—1950 4 ENSO 78
AL, LEONARD %5 i il i 2 /N s v i
R I A2 e Y S0 114 20 5 B (A 740 AT, 7T 5
LT 1880—1985 4FHAHI Y ENSO ZE 4.

PL_E IS E S R 4R B ENSO 28 b5 B A 7
P D Y ENSO 3 3h 0 5 B AT, HAp
FE T RS SR AL RE 2 Bl o 55 43 B ENSO 1 3 i fk

Pitle) Sr/Ca A FAbiEbR

0° 90°E 180°

R R E S R RIS R TR
ARSI 7 15, DR AT 22 A 1 9741 5 B 40 B s
(AT HERE E 32 I B R B, I R
ARAEZ B ENSO 2 RIEL 0 1 X B 55 ., I
LR Y 9 B, 4 R R I g 2, A
I, AT Ao R T T M X 725 4
IO TR AE K FERFH, I s 1

2 LSRR AT ENSO 221k

T, 45 AR 55 L 0 B 3 S W 76 350 ka BP
ZHTHLC 2 A7F1E ENSO W63, HAR Rk 4
BRVE T L BARAE 2 120 m, BLAEAE DL SR 4R 24 1Y
RS 5%, F ELIMN R 1 it b R RS 5 %
WeaE - MGE, DA T ENSO B 5E S v
FEA B, H 4R ENSO i 30 i s
Gy P (] 2) T L, SF 1 35 A3 h 3 R G 3 £
WA 0 7 A 3 LA U X, 2 s AP
HREB A2 T ENSO i gl 6 HR U Y5, 32 DX 380 155 43
PR I 0 S 2 B 7 S ) ENSO 1 36 i 34
R S P KT P AR T 32 5 ENSO
TE SN B, (%X B2 B 1 T RGP,
AR SO TR 88 S ARS8 B B 1 2 7, PRI A K
S PEFIE XT 4 1 ENSO I 85 9 T H 0 R D
LA, T ENSO R4 AT 38 | R
1Z BYAEPRAS SARAS, o 1 ENSO {7 23 AH S H X
PEACT- 7 . EREVE . KTV AT %5 R

FEBUE/AS o <5 5~15 16~30 >30

MR/ C

90° W 0°

L0 Y o 3 TN 4% 60 9 ENSO BRI, K5I o3 THIHI B85 Sr/Ca 9 ENSO SHHBISY, % (0 = it Jy 3 FHABIEHRA) EN-
SO THEBFSY; BB /IR G IR e 20, BRI L 810 S, HATII FIRERE s B asole I T OV AN T 4 32 A S i e 4
ENSO #fF5E, PEILMHA 1; K5 ] Ocean Data View #fF2: ], Ky 2018 AR HHFfEF: &1 42 (World Ocean Atlas 2018) 4R 113 R B2 AU,
BAEARIET https://odv.awi.de/data/ocean/
2 £ ENSO E@FRM#icRo M
Fig.2 Coral records of Holocene ENSO


https://odv.awi.de/data/ocean/

%40 55 6 )

2L, 45 TIRC SRy 4R i ENSO A8 Ak KRB KW T Ef 17

ICSRAETT o LA 42 B4t B [RDIDUR IF-% LA
[7] DX 355, %) 3 12 5% LA L 45 ENSO FE 287 tH AN [R] Bisf
By id i

2.1 B2Ffiti ENSO TR A 8ERGR

FLA i (11.7~8.2 ka BP) I, M3 A FEVS
TRER VKIZ WK E o (HC R SV T AR, 24 A
K 0 IR A S AR K T sk 5 ok & Ak
P P 5, M L SR A 0k — Hsf 0T A S AE i, A iz
MBI e FWARA . HETCE 9 48 i EN-
SO (4 I 1 S5 2k I V4 pig FAGH AV, 1% X Sl pe
(RS T FR TR A i % B R IRt Hh R R R
SEF T R AT

BECK %5 "' ] FiI L %% ] [ (1) 5 I 38) Se/Ca (i
T A 3 NITEL(10 344, 9 688 F19 509 a BP)
Ay SST J¥ 4, 455 7R, 10 344 a BP BB
SST HLBARAAANR T 6.5 °C, HAERAIF Y 1 500 a A
Wr b TF; S50 48ttt 4 166 a BP A3 S AIBLLL
MRS A L, At SST AT iR K
BECK %" 3£ T B El Nifio 5513 1 1 V5 K F
TR DX 3 SST FRAIK, I H e in il 1% X 4k SST 2
M LR B LS = SI2, HHEI EE 1 SR e
PEPRIEFE 7R 2B HEPEROF- 1 32 ENSO R i 3%
MCCULLOCH %" | Ffl J& 43 9 5% 1ty 35 ) Sr/Ca
(EEH T A B L R 4258 i 3 8 920 a BP
() SST ¢4, BRI 5 L2 5 a, 45 S F WA 1Ay SST
T B HLAFAE T 8 3 2 AR R (+2 °C B
), X5 1982—1983 4F 5k El Nifio & 7 & 4 5
SST EFRAIK 2 C AR AR ISR, H A R4
T 1% El Nifio S5 44 1) & A= LIRS 2, &1 3
BLAE 4 BERAE Y SST ic st 5, Attty
B C S UEAT LR A, T AE AR 4t SST AR IR

28 ¢

W 53T I B, T AT 1 () SST 7746 5 Ji
BEET AL, MR ENSO {8055 B K.
AL, B4 BEIF 51 b S B BT O R, T4
S0 0 A L e At B A R T &
(9 AR RS , 0L 4 37 1R ENSO 0 % A 4
ELir

DALty S TG 3 1 S 0 S R T A
Fritt ENSO 75 5% 4 e, s fa 8 7ok [ [/ —
B 4 R REBEC S 0 3 Y (R H e R
0 S AR 2 A 0L T A 1Y B RO A 42 BT 1 9 EN-
SO AL 7R, 72t ENSO A8 SR 5555 1fif 5 76
v 4 s ) PRk H RTX TR At i EN-
SO T #45 FATSR B AHSE 1. T BLA 1 7 A
IO S A L A/, X T A ) T B T
15 B UE AT, 270 TC 0 L4t K L Py
ENSO 75 245 (b Tl i i

2.2 LA ENSO TE 2RSS, BEAER
UK T

rh 43T (8.2~4.2 ka BP) S {515 8 1031 , T
MR A2 WO SR R, 76T AR IR
15 5T, ENSO R4 T . “F##, El Nifio 3+
TFBATRA . 38 /N, th 4 it ENSO 78 57
A AT R A A, HABAR R R s
L IR BT BT O R T R R L5
TR SUENIE S 00 228 || A T S 3 iR
B ERE Ap S A I R LS. A
H R BFSE 3 I T4 Bt ENSO 2 48R i IR, H
T4 W 1 SR 0 57 8 %% oh 4 3 tH 1 9 EN-
SO AEFAFAEW AL, BCHE LI AR 2 ik
ARV T 2 A 1 1D 4 o 4 7 S 30950 4
8.2~6.8. 6.8~5.5 F 5.5~4.2 ka BP 3 i [a] Bzt

1 28

g fiad 3
20t - ALY L
£ s/ e 2 R AT, &
o4t 1 1w i gy J24p
2 YR AR ARULYEAIEY ' 2
St 1f ] vy 28
= v v o =
70} 2]
20 ¢ 4 20
8 A it At v iniin 8
10 345 9685 9505 8920 7370 4166 1 980AD
4Ef/a BP
Pl (4 BECK %5 AOH1ictsi; 4 €l MCCULLOCH 45 frygihssiict
3 REIHLSRAHE R TEEEMH Sr/Ca iLRH ENSO iE3)
Fig.3 ENSO activity of coral Sr/Ca reconstruction since the Early Holocene in the western Tropical Pacific
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Fig.4 ENSO variability of coral §"°0 reconstruction since the Mid-Holocene in the Tropical Pacific
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Fig.5 ENSO variability of coral St/Ca reconstruction since the last two thousand years from South China Sea
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Coral records of Holocene ENSO and its revealed mechanism

LI Yueerl, YU Kefu"”’

(1 Guangxi Laboratory on the Study of Coral Reefs in the South China Sea, Coral Reef Research Center of China, School of Marine Sciences, Guangxi
University, Nanning 530004, China; 2 Southern Marine Sciences and Engineering Guangdong Laboratory (Guangzhou), Guangzhou 511458, China)

Abstract: The El Nifio-Southern Oscillation (ENSO) is the strongest interannual oscillation in the Earth's climate
system, which has a significant impact on global weather and climate. The Holocene is the geological time most
closely related to humans, and reconstructing the activity history of ENSO and exploring the change pattern of
ENSO in this period will help to improve the accuracy of future ENSO prediction. In this regard, based on coral, a
high-resolution climate record carrier of tropical oceans, we firstly introduce the method of extracting ENSO sig-
nal from coral skeleton index and measuring ENSO variability; then compares the history of ENSO variability in
early, middle and late Holocene; and finally summarizes the mechanism of ENSO variability in different time
scales in Holocene based on coral record. The results show that the ENSO signals in the coral records can be dir-
ectly identified from the extreme changes of their environmental proxies; or the ENSO cycles of the environment-
al proxies on the time series can be extracted by spectral analysis and filtering, and then the frequency and amp-
litude changes of ENSO can be quantitatively analyzed by using threshold analysis and sliding window methods.
The coral records show that the Holocene ENSO is characterized by fluctuating changes, with a general trend of
decreasing ENSO variability from the early to middle Holocene and increasing ENSO variability in the late Holo-
cene. Based on the coral record, it is concluded that the change in surface solar radiation distribution due to the
age difference is the main factor of the century-millennium scale ENSO variation in the Holocene, while the in-
ternal drive of the climate system may be the main reason for the interannual-interdecadal scale ENSO fluctuation
in the Holocene. However, compared with the long time span of the Holocene, the accumulated time window of
the coral record is only a few hundred years, which is far from revealing the patterns and mechanisms of ENSO
activity. Therefore, it is necessary to further extend the time series and increase the spatial area of the coral record
in the future to reveal the patterns and mechanisms of ENSO variability.

Key words: ENSO; variability; Holocene; coral; fluctuation
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