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Relationship between El Nifio-Southern Oscillation events and regional sea surface
temperature anomalies around the Xisha Islands, South China Sea
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Abstract: Background, aim, and scope El Nino-Southern Oscillation (ENSO) is the most important mode of
interannual changes in global climate, and understanding past ENSO variability is essential for us to understand the
ENSO mechanism and predict its future trend. The paleo-climate records from the South China Sea are ideal for the
past ENSO reconstructions because of the significant impacts of ENSO on regional inter-annual climate variations.
Indeed, the investigations of ENSO periodicity have been involved in some high resolution paleoclimate records
derived from the §"°0 and Sr/Ca of biogenic carbonate. However, these studies only discussed the periodicity of
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ENSO and few of them involved a more confident quantitative reconstructions. The essential difficulty is how
to infer the ENSO signal from the South China Sea climate records which convolve the impacts from various
components and aspects the highly dynamical climate system, such as the Asian monsoon, ENSO, Pacific Decadal
Oscillation, and so on. In order to provide a detailed method for the quantitative ENSO reconstruction from the
paleo proxy records, the modern observational data were first used to establish the relationship between ENSO
events and regional temperature around the Xisha Islands, South China Sea, in this study. We analyzed the
accumulated positive (negative) percentage of monthly temperature anomalies of Xisha to determine a suitable
“ENSO threshold”. Materials and methods We used monthly air temperature from weather station, Yongxing
Island, South China Sea and gridded sea surface temperature (SST) data sets of National Oceanic and Atmospheric
Administration (NOAA) ( http://www.esrl.noaa.gov/psd/data/gridded/data.noaa.ersst.html. The resolution of SST
is 2°%2°, and we just chose the areas of 111°—113°W, 15°—17°N). We used Multivariate ENSO index (MEI)
sets of National Oceanic and Atmospheric Administration (NOAA) (https://www.esrl.noaa.gov/psd/enso/mei/)
and Southern Oscillation Index (SOI) sets of University Corporation for Atmospheric Research (UCAR) ( http://
www.cgd.ucar.edu/cas/catalog/climind/SOl.signal.annstd.ascii). Bandpass filtering of air-temperature and SST time

series in this study were performed by using ORIGIN software. Definition of accumulated percentage of monthly

x2

temperature anomalies threshold is as follows: Threshold index = , where A is the correct times of El Nifio

B+C

(La Nina) that recorded by accumulated positive (negative) percentage of monthly air-temperature anomalies of
Xisha, B is times of accumulated positive percentage of monthly air-temperature anomalies of Xisha, C is times
of El Nifio (La Nifia) events that recorded by MEI or SOI. While threshold index attain maximum, we choose the
corresponding accumulated positive (negative) percentage of monthly air-temperature anomalies of Xisha as “ENSO
threshold”. Results The analysis of the percentage of monthly air-temperature anomalies and monthly ENSO index
(MEI) during 1958 —2005 indicated that the accumulated positive percentage of monthly air-temperature anomalies
threshold responded to 75% of moderate El Nifio events, and the accumulated negative percentage of monthly air-
temperature anomalies threshold responded to 100% of moderate La Nifia events. The analysis of the percentage of
monthly sea surface temperature anomalies and monthly Southern Oscillation Index during 1866—2014 indicated
that the accumulated positive percentage of monthly SST anomalies threshold responded to 76.47% of moderate El
Nifio events, and the accumulated negative percentage of monthly SST anomalies threshold responded to 79.41%
of moderate La Nifla events. Discussion The significant correlations between ENSO events and the percentage of
monthly temperature anomalies around Xisha Islands suggested that we can detect the past ENSO activity from the
fossil coral and Tridacna shell based high-resolution paleo-SST records in the South China Sea. Conclusions Based
on modern observation data, we developed a method to extract the ENSO information from the SST records of the
South China Sea through accumulated percentage of monthly temperature anomalies threshold. Recommendations
and perspectives We developed a quantitative method to extract past ENSO events from temperature records of
the South China Sea and then we can apply this method in future to reconstruct the past ENSO variability from
paleoclimate archives under different climate background, such as Little Ice Age, Roman Warm Period and so on.

Key words: El Niflo-Southern Oscillation; Xisha Islands; sea surface temperature anomalies; quantitative

reconstruction
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TEMLIE T, TR %L =26x2/(34+35)=0.7536, % 2014 4F[H], BIA 36 RPGYD SST flEF- A 3%
KB K. TS BUT O R e A S A BB EIE, HAE 4 YRS IR i 1
SR L BB RIS 34 Uk, mPEYD SST i (1883 4 8  — 1885 4% 5 H HAE—k, HAlH] 1884
FE R R EMES ISR B P E LI B AR5 H — 1884 4F 9 H IEREFRELER Ak, HAHER
IRJEESEMAT 26 Y (1957 48 H —1958 4E 8 J1  fH/IN) , A 5 IEESRXT) SOL 845 h IE(H, {H SOI
51959 4% 4 4—1960 4F 11 HWIKIEFH R E  IREOA R SEKMPGY SST M1 A 4R R
FUE R 1957 4F 3 1 —1959 4 8 A —RJu/R e  fA, 01875 4F 3 J —1876 4F 2 J P4 b SST -
fme R, 1911 49 H—1912 4 6 H 5 1914 453 H4 R RN -19.1402%, FHXT ;A SOI F ¥
A —19154F 12 H WREEF H /-8B 28 1911 ShhJeils, (Ah e s, A2 St Rm
AE 4 H—19154F 5 JJu/RJEiEmma; ) , BIvgyd  IREE A 5%, 1876 4 9 H — 1877 4F 6 J . 1931 4F
SST X} 76.47% (26/34 ) W2 KDL FagjER)E 10 H—1932 45 H ., 1933 45 10 H—1934 4E 8 H

IR FAA BB N F12003 4F 8 H—2005 4F 5 H ¥ RZEIEN, H0
232 PEYP 1866—2014 4EH% 5 SST AR AgFI e 1EIRA, 1866 4 3 2014 4E[7], M4 R J7 1 sh35 K
kic % FICsR, BRI 34 oA K LD s hr e ik &

B SST i F i r R A B (A=, VYYD SST Gl (i 7 R AR B R A Humi )i
W-7.07% IF, ARYEE S 0 A A, PHUME 1866 4F 1 HiAp 27 Yk (1892 AF-A1 1894 J2: 5%t [] — UK A il B 5

DOI: 10.7515/JEE201702007



154 M BRI 4] ERES

1916 4FH1 1918 AFJ&X T[] — UK man; ) , BEPEY> SST  Z- R B SR (E A A I BSE, (FOERAHX R 1) SOI i
FUIES 73R B R, T 79.41% b % & aTRUR B, FE 1937 4F 2 H—1939 4F 7 H X — i 0]
HAPZELL ER R R -7.07% BB, 9 SOMECHIEME, 4T rhah ek, Bt
(A8 EL =27=2/(34+36)=0.7, kF|H| K. MK 5k [LIRE, 9D SST fiss s SHie Wiz s A,
F, 1938 4F 11 H—1940 4F- 8 HP4V) SST filliFEH  mPEHZK U B o R SHA R e iR mr 17

40
o 30
o
g
w8310 | 5
ﬁ%go |I|||||| || |||I |||| Ll FEPE | :
H‘E = 1880 1890 1900 1910 1920 1930 8
&%5 oy ear
= 8340 ; - &
=¥ 5t
SEE30 143
S 5 A
E g 12
5 20 1o
-2
< 10 -4
-6
0> . 8
1950 1960 1970 1980 1990 2000 2010

HAy Year

R AR IR SST IERE - 1 /- R B IR RE/RIE W 38 K GBI R LUk SST IERE T 11 43 3R BEZ XL /R JE T 1) B 470 1oy
AP AR AR R /R e %, (HPETYD SST 1ERET 11 70 R BB AN T SST IERE -1 /- A B E A

Light blue shade meant the accumulated positive SST anomalies was not the result of El Nifio. Grey shade meant the accumulated positive SST anomalies
was the respond of El Niflo. Yellow shade meant although the El Nifio was weak over that period, the positive SST anomalies still exceeded the threshold.

K14 PUYPRES I SST IEFEF [ /- R R CREOARRED) SEfE (ZL@Esk ) 5 SOTF8% (@A ) X b
Fig.4 Accumulated positive percentage of monthly SST anomalies of Xisha (bar graph), accumulated positive percentage of
monthly SST anomalies threshold (red line) and monthly SOI index (blue area)

1 1 1 1 1 L 1 1
1870 1880 1890 1900 1910 1920 1930 1940
4y Year

SOIF&%L SOl index

|
N BN

SSTHUEEV Fi 53 %
Accumulated negative percentage of
monthly SST anomalies/%

RN RO

1950 1960 1970 1980 1990 2000 2010
F4y Year

R B YR a Y SST HUE -1 7r 2R B EIF AR BRI 80 IKEHIRE IR I rgvd SST G- 1 43 2R B 0 i JE B0y R
GFMAIN ;RGBSR BARIRIIRL R B E5S , EVE YD SST SV A /- R BUR AR M T VE VD SST HEF 5 /- R B R B,

Light blue shade meant the accumulated negative SST anomalies was not the result of La Nifia. Grey shade meant the accumulated negative SST
anomalies was the respond of La Nifa. Yellow shade meant although the La Nifia was weak over that period, the negative SST anomalies still
exceeded the threshold.

K5 PUUPRER L SST PR [ /R 8 CREFRE) K (ZLEmRL ) 5 SOTEEL (# A mAE ) XL
Fig.5 Accumulated negative percentage of monthly SST anomalies of Xisha (bar graph), accumulated negative percentage of
monthly SST anomalies threshold (red line) and monthly SOI index (blue area)

DOI: 10.7515/JEE201702007



XA, 5. mivq VIR S WO R Je v - 1 5 U 3 Sl R

3 ifit54EiR

1958—2005 4F, P4 VD HE & 7k 2% &5 S5 0
SR T E o R B S MEL 8 5L o B
R P RIRIERE A R B R B AR
R 4 1 S N7 75.00% 1 HAE K DL 15 BE R R JE
WA, JEREHEBEFE RN 0.72; FEAIRT
PRV 4 3B SR 1A 1) A B A 4 b S g 100% 1) v
GV B R, P BIE TR ECh
0.91, 1866—2014 4F, VG YbREI IR SST S 5
[} SOI 48 H06f He /e AT 2B . PV SST IE M- F
Ay F R B B REXT 76.47% Wy K DL | s
HIJE IR e A B A RN, JE 7K e s B (i 35
Ok 0.7536; PHYD SST £V A 70 R A1 S A BIA
AEXT 79.41% i rp 45 K L DL L5 B 79 7 Je 16 = 14
R BRI R, P e B(E TR 50k 077, 1
1958 —2005 4F Fl1 1866—2014 4E {yic s, X T
JE/RJEERBLE IR, PEvb< . SST BE-F-H 43 -
FAHIBE BN RAFEI R . B IRATYIRAE 1 ) 1
i, HAWS ENSO S AR DR . SST
SR TR, HS AR E, AR R iR
FE ENSO 4 551 . SST I A 7 F A
HA RGN ER, Fik, FIFHPEYSIE. SST
PR o 3R B 1 0k 0 2 5 B ENSO B
ZIEN TR . THEPEY R . SST #EF A 43¢
FUSE, B 846 B K it o 7 A B S 1 o R
FUEAEE N ENSO (1 BI{E, 84 b B (E I hy
ENSO {545, XAV, SST B F-H /R R
{8 (8 2L BEOE IE AT 3% 70% By & R H D) b o
) ENSO . XfPuib &l 1958—2005 4% H <,
T OB SRe FH IR BE R 7 70 3 B 3R {0 I 1 1y At
ST 9 R AR KDL R R R eSS 10 1K
WA T DL R EE R R RS R, RV T 75% 1
JEIR e S5 100% Bhr e i CanfEl 2. &
3) 5 XPEVS 1866—2014 4F & H 4% &5 SST FEkLR
FH R BV 7 4 R B BB S T 26 I A5 &
HPL BBz e/ et 27 kb & R H UL o
FERLR R, VAT T 76.47% WIJE/RIE S 1F
579.41% mypje st (g 4, B5) .

PP IR GER R s AT R, VR
SST B 432 R BB 9 {5 AT AR Ry A 280 b o
25 K LD 1R EE Y ENSO ik, 7EIAR S E
BT LR L, R PG VDR S TR R A BRI
WRRE . IUREN A R AR b i SR T 15 2 19 SST 741

$e it B WP 7 2 AR BB BB {1 X id 2 ENSO
PFHATE A B AR AR A

S 3k

FAEDE . 2000. El Nifio I La Nifia 2% Z= 18 i 7 R 55 771 K
FOf v [ R BB A (9], MR L 11(2):
154-164. [Chen G Y. 2000. Influences of winter-
strengthen pattern and winter-weaken pattern of El
Nifio and La Nifna on drought/flood in summer over
China [J]. Journal of Applied Meteorological Science,
11(2): 154-164.]

TE e | FRIRES . 2003. ENSO X Z= [ Hi X [ 7K 5 i 4 4F
PR AL AL ). #47H TR F 4K, 192): 191-196. [Ju ]
H, Chen L L. 2003. The influence of ENSO events upon
Yunnan precipitation and its interdecadal variations [J].
Journal of Tropical Meteorology, 19(2): 191-196.]

MR Gk AR . 2004, ENSO S g i 15 Hi 5 5 5 1l (9 /L 248
ST [CV/ AR 42745 2004 AFAE L 208 SC4E . [Lin
A L, Zhang R H. 2004. Mechanism of the ENSO impact
upon the South China Sea SST anomaly [C]// Proceedings
of the Symposium of Chinese Meteorological Society in
2004.]

ORI WIOK, 55 . 1995, MR SR -5 ENSO
1) M 56 Ve (0], 7 2 5 ) 77, 26(4): 377382, [Tan J,
Zhou F X, Hu D X, et al. 1995. The correlation between
SST anomaly in the South China Sea and ENSO [J].
Oceanologia et limnologia sinica, 26(4): 377—-382.]

e %, NS, RIBRAS, A . 2010. 3T 50 4K g i VE 0
T 83 13 3RS A S 1Y) ENSO BB [T]. A 1 4 1R
29(5): 29-35. [Yan H, Sun L G, Liu X D, et al. 2005.
[Relationship between ENSO events and regional climate
anomalies around the Xisha Islands during the last 50
years [J]. Journal of Tropical Oceanography, 29(5):
29-35.]

Ayling B F, Chappell J, Gagan M K, et al. 2015. ENSO
variability during MIS 11 (424—374 ka) from Tridacna
gigas at Huon Peninsula, Papua New Guinea [J]. Earth &
Planetary Science Letters, 431: 236—246.

Batehup R, McGregor S, Gallant A J E. 2015. The influence of
non-stationary ENSO teleconnections on reconstructions
of paleoclimate using a pseudoproxy framework [J].
Climate of the Past Discussions, 11(4): 3853—-3895.

Berkelhammer M, Sinha A, Mudelsee M, et al. 2014. On the

low-frequency component of the ENSO- Indian monsoon

DOI: 10.7515/JEE201702007



156 M BRI 4] ERES

relationship: a paired proxy perspective [J]. Climate of the
Past, 9(3): 733-744.

Bin W, Renguang W, Fu X. 2000. Pacific-East Asian
teleeonnection: How does ENSO affect East Asian
climate? [J]. Journal of Climate, 13(9): 1517—-1536.

Chen J M, Li T, Shih C F. 2007. Fall persistence barrier of sea
surface temperature in the South China Sea associated
with ENSO [J]. Journal of Climate, 20(2): 158—172.

Correge T, Delcroix T, Recy J, et al. 2000. Evidence for
stronger El Nifo-Southern Oscillation (ENSO) events in
a mid-Holocene massive coral [J]. Paleoceanography,
15(4): 465-470.

Diaz H F, Hoerling M P, Eischeid J K. 2001. ENSO variability,
teleconnections and climate change [J]. International
Journal of Climatology, 21(15): 1845—1862.

Dilley M, Heyman B N. 1995. ENSO and disaster: Droughts,
floods and El Nifio/Southern Oscillation warm events [J].
Disasters, 19(3): 181-193.

Driscoll R, Elliot M, Russon T, et al. 2014. ENSO
reconstructions over the past 60ka using giant clams
(Tridacna, sp.) from Papua New Guinea [J]. Geophysical
Research Letters, 41(19): 6819—6825.

Heydt A S V D, Nnafie A, Dijkstra H A. 2011. Cold tongue/
Warm pool and ENSO dynamics in the Pliocene [J].
Climate of the Past, 7(2): 903-915.

Ivany L C, Brey T, Huber M, et al. 2011. El Nifio in the Eocene
greenhouse recorded by fossil bivalves and wood from

Antarctica [J]. Geophysical Research Letters, 38, L16709.

DOI: 10.7515/JEE201702007

DOI:10.1029/2011GL048635.

Mcgregor H V, Fischer M J, Gagan M K, et al. 2013. A weak El
Nifio/Southern Oscillation with delayed seasonal growth
around 4,300 years ago [J]. Nature Geoscience, 6(11):
949-953.

Qu T, Kim Y Y, Yaremchuk M, et al. 2004. Can Luzon Strait
Transport play a role in conveying the impact of ENSO
to the South China Sea? [J]. Journal of Climate, 17(18):
3644-3657.

Schollaen K, Karamperidou C, Krusic P J, et al. 2015. ENSO
flavors in a tree-ring §'°0 record of Tectona grandis from
Indonesia [J]. Climate of the Past Discussions, 10(5):
1325-1333.

Welsh K, Elliot M, Tudhope A, et al. 2011. Giant bivalves
(Tridacna gigas) as recorders of ENSO variability [J].
Earth and Planetary Science Letters, 307(3/4): 266—270.

Yan H, Liu C C, Zhang W C, et al. 2016. ENSO variability
around 2000 years ago recorded by Tridacna gigas, 5"*O
from the South China Sea [J]. Quaternary International,
Available online 31 May 2016, In Press, http://dx.doi.
org/10.1016/j.quaint.2016.05.011.

Zhou L T, Tam C Y, Zhou W, et al. 2010. Influence of South
China Sea SST and the ENSO on winter rainfall over
South China [J]. Advances in Atmospheric Sciences, 27(4):
832-844.

Zhou W, Chan J C L. 2007. ENSO and the South China Sea
summer monsoon onset [J]. International Journal of

Climatology, 27(2): 157-167.



