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Abstract Based on the 25 models in the Phase 5 of Coupled Model Intercomparison Project (CMIPS) piControl
simulation, the present study assessed the spatial distribution of the sea surface salinity (SSS) for the Eastern-Pacific (EP)
and the Central Pacific (CP) El Nifio in the tropical Pacific Ocean and explored the relationships among SSS, the sea
surface temperature (SST) and precipitation. The results illustrate that: (1) Most of CMIP5 models can realistically
reproduce the features of the two types of El Nifio. The spatial skill scores of SST simulation show the best performance,
followed by those of precipitation and SSS. The simulated horizontal distributions of SST and precipitation anomalies for
the EP El Nifio were better than those for the CP El Nifio, but the results were opposite for SSS simulations. During the
CP El Nifo period, the positions of maximal SST, precipitation and SSS anomalies were clearly shifted to the west and
slightly weaker compared with that during the EP El Nifio. (2) The correlations among SST, precipitation and SSS in the
CP El Nifio were higher than that in the EP El Nifio, which showed that SST directly affected precipitation, which then
subsequently affected SSS significantly. In addition, SSS had an obvious feedback on SST. Compared with that in EP El
Niflo, the interaction between SST and SSS might be weaker because of the horizontal advection, the nonlocal effects and
other related ocean physics. (3) Based on each SSS skill score simulated, CMIP5 models were divided into two groups. It
was found that the maximal position of the variability with the low (high) scores models were located westward
(eastward) in the equatorial Pacific, probably due to the position of the equatorial Pacific cold tongue. When the
Pacific cold tongue extended westward, the warm SST anomalies moved westward remarkably during the El Nifio
events. This resulted in westward shift of precipitation and SSS anomalies at the same time. Meanwhile, the negative
SSS anomalies extended southeastward in the low skill score models, which were probably attributed to the effects of
the southeastern branch of the double ITCZ that caused more precipitation and freshen SSS. The SSS variability
showed a close relationship with SST associated with the evolution of ENSO. Furthermore, the present study in the
variation of simulated SSS spatial distribution and related physical fields can provide some information for improving
climate prediction in the future.

Keywords CMIP5 model, Two types of El Nifio, SST (Sea surface temperature), SSS (Sea surface salinity), Precipitation
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Ju. /R Jé Wi — B4 J7 % 8) (El Nifio-Southern
Oscillation, fAjFK ENSO) J&A7 Ty K P f sk )
ERRARAREAS , AT LAt B Jmy M ORI
S, T AR RSB AH OC R e B 4 BRIV SR AR A
(Bjerknes, 1969). MMM, ity K47 AL P il
RFIZE A H A ARO[ El Nifio 994 (Larkin and
Harrison, 2005; Ashok et al., 2007; Kao and Yu, 2009;
Yeh et al., 2009; Kug et al., 2009, 2010; Xu et al.,
201200 XPIFREREA SR A RB N . W IGE LA
R 4KFYE (Eastern-Pacific, f&i#% EP) (146
B0 El Nifio DA i 2 14 % H B0 7E AR 38 o OKCSP v

(Central-Pacific, fj#x CP) [rh#E% El Nifio. [
HAERBRARRE TS 5T, CP AU B E N, s
ENsEA R EP I CP AU 4647 DL KA OCJs PRI
FokfF T K&E LIE (Wittenberg et al.,, 2006;
Wittenberg, 2009; Weng et al., 2009; Kim et al., 2009;
Ashok and Yamagata, 2009; Lee and Mcphaden, 2010;
Newman et al., 2011; Stevenson, 2012; Xu et al., 2012;
Yeh et al., 2014), EP BRI CP AUy 5% i & HALHIAF
EW 22 5, AT DB AT VA I

L (STl e B 7N | B N RS
(Lagerloef, 2002, RJ DA ik i 15 ¥ 5% B2 5 1 2
Gl AR () A ) 4, HE TR ) SST 424K, (Delcroix
and McPhaden, 2002; Fedorov et al., 2004; Maes et al.,
2005; Huang et al., 2008). #iy KPR )2
(SSS) FHZRR/KIEE (FWF) R sE
[FI5%00 . FWF 154 5200 SSS 1) H B4 smia 4 7,
TE MK, &%k (B SFAM (FK—2%50. El
Nifio Hjfa], B#/KBEANMFAESE SSS, S EE#K
LR, W IR A )5 T R R G R R R S
(Lukas and Lindstrom, 1991). {7 J--h—7PH 3 K
SRR S TR S N I I ER A
B2, ¥ SST, i+ El Nifio (Maes and Belamari,
2011), 1y SST 2xitiid 51 /K 238 SSS(Zheng and
Zhang, 2012; Zheng and Zhang, 2015), Xt SSS 5
SST 2 [aJ#H H 5414 (Delcroix and McPhaden, 2002;
Zhietal., 2015),

525 El Nifio (11 1F SST 5% X I [ 73 4 22 572,
FHON N )P EE G A B AL . CP R EREK
S SSS S H LB ) Y (Kug et al.,
2009; Singh et al., 2011). #h 5 [ 75 AMUAER 2,
TR G A WARMI 5o TR R /s TR A 2 N
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B, R AR E . CP U, Eh SR R
FEAEHI LG EP BUEEYR,  [RII 5E N ) Pi 47 J& (Zheng
etal., 2012b; Hasson et al., 2013), IXLEUM 5L 58
HAZE W2 Bl Nifio W, FE/K A1 SSS 543 22 5t 1
i, XATEES M SST 255 (Singh et al.,, 2011).
A, X EBBIEST 2 El Nifio Hp 25 AR fy, J Ho 2= 5
HAEEZE Y,

iR SR I T T R AR S =W = il
DATR AN G AN A2, 5 MR 0L T B )
25 1) 7 g AN B o (R 1 T S 7 AT
flio FETHREEGHA LR TR (The Coupled Model
Intercomparison Project, CMIP), J i 2 4555 LL il
PG (IPCC, 2013) w] LAAxTi BEAARFIHE 5 g 4t
PERE S . Bofi— RIS CMIPS [#) Tk iy
S TR e % 4 I MBS0 2 EL Nifio [1F4EAE

(Kug et al., 2012). CMIP5 #5421 El Nifio #%

-5 W AR O 2 Bk CMIP3 45 43k (Bellenger et al.,
2013), {HALFE CMIPS 76 P RS A A L A K e
EAER I “RUGRIER G 7 W2 (Davey et al,
2002; Liu et al., 2012; Zhang et al., 2015), Jf/= 1)
2R FWF {ff SSS IS BRI & I, 31X
St sk n] Re4s 0 SST A1 El Nifio (4548, (Zhang
and Busalacchi, 2009; Singh et al., 2011; Liu et al.,
20120, [AEF, ZRIE RSP & T P A2 K
Z Fh A B — > i [l 2 (Zheng et al.,
2012a; Wang et al., 2014), X425 ALK
ENSO 7 [a] 45 #) % % Bk & ( Guilyardi, 2006;
Watanabe et al., 2010; Yeh et al., 2012) ., iXFf SST
FIBE /K225 5 ENSO AH H. 56032 3 T BORRE,
HE W 5 HA S SSS ARk, HE A2 AR
ENSO AU SSS ARk S ASHE 150 tbAh, 45 W
W5 R I CP ALK EP A, i H. SSS (58038 25,
X CP BUAEH KT EP A (Zheng et al., 2012b).
TX SEREAE 1l 1S AU, A LA 7 T B S PR, (B A3
B

AICKRH CMIPS A LE AL, PRI
FLFLRI P2 El Nifio #[1) SSS 28 [ 45 f4 2= 5 (5[]
BRI 15) S 5 SST FHFE/K SC R IR SSS 4
BTG5 AR R REJEUIN o S B A A 21
CMIP5 #5al. AHSCHRIRI idk; S8 =8B Wik
El Nifio “¥[AJZ5#) 22 45 R 5 El Nifo AHCHY
SSS ARy Je Ho b5 SST FHFFIK I O¢ FRAE SCH 5 U6
gy BB AR B A B I PRy E— P LA %

AU PR El Nifio #hJ8 XM &5 22 55 Ida
O PP AT R4
2 TRIFAE
21 #mH
ACHH NOAA $ftfhy e i g 1)E Hilgk
5 % Bl Extended Reconstruction Sea Surface
Temperature (ERSST, Smith et al., 2008), #FK &
ORI BO 1854 4F 1 H &4, 73 High 50X 59,
EhEETURK H 95 E A% RS EE R Ly (Met Office
Hadley Center) $2£L({] EN.4.1.1f F{/0 418 H £
Ji£ %% Kl (Ingleby and Huddleston, 2007), s BE A 1900
E1HEA, RN 10X 10, B HBKERKA
ERIF KSR Global Precipitation Climatology
Project (GPCP, Adler et al., 2003), H[RJBIA 1979 4F
1 HEA, SN 2.50x2.5°0 h 7 5L,
ASCHLIN BHRLE T 1981 4F 1 J] 5] 2010 4F 12 J .
ARICHEEL CMIPS 1) 25 MlAEE (IR D
ORFN /T VR N 5 R /A O 1 o R W
(piControl), 5% ¥ i1 H e fEA T B4 Ftomia
MIAERARWZ G T R UEAR S N K
DN R O =R W NN %29 o LR T RS
BHE 2 E 1850 4ERT 5 (Taylor et al., 2012), ATk
OB B N B B 30 4F, U A e e
(20°S~20°N, 120°E~90°W) [ AP X 4k
N T AR 0] 5 Edoum gerl g7 b, 48
I TR RN TR} KA e MR 21 10X TR #4
K, RIS et K S 34
22 HE
H1 7~ Nifio3.4 5504 RV b X 23 EP U F1 CP
A E1 Nido, 22 /b7 AR Ok HiR (Trenberth and
Stepaniak; 2001). PR FH 5€ [ B g AE RS
R (NOAA) XF EP 7Y El Nifio 52 X, B4 Nifio 3.4
FREOR T I 1 MhsEm 2, 7€ b EP 7Y El Niiio
(Ham and Kug, 2014), H ' Nifo3.4 854
Nifio3.4 X1 (5°S~5°N, 170°~120°W) “FIJ1#F
JREEP; 1 CP &Y El Nifio (15 X, AR Ashok
et al. (2007) R4 EOF 2 —#iZrh SST Ry
O BT R AE = A R e A (R R v
P SST S, A PE . RACFE SST
SHWYA) [9 EMI (EI Nifio Modoki index) 5%k,

B EMI KT 1 AMbsdE(iZE, EMI 5E SO
EMI=[SSTA]. -0.5[SSTA]_—0.5[SSTA] . (1)
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Table 1 The names, institutes/countries, horizontal resolutions of oceanic and atmospheric components of the 25 CMIP5

coupled climate models used in the study

RN b PN 11 W 5 S

hac] R 44 i WL (XXy) (xXy)
1 ACCESS1-3 LKA P /Commonwealth Scientific and Industrial Research Organization (CSIRO-BOM) 360X 300 192X 145
and Bureau of Meteorology (BOM)
2 BCC-CSMI-1 EMEETE SR W 360X 300 128X 64
3 BCC-CSM1-1m 360232 320X 160
4 CanESM2 JINZEK/Centre for Climate Modeling and Analysis 256%192 128 X 64
5 CCSM4 3¢ [#/National Center for Atmospheric Research (NCAR) 320X384 288X 192
6 CESMI1-CAM5  3£[H/National Science Foundation, Department of Energy, National Center for Atmospheric 320X384 288X 192
Research
7 CMCC-CESM 182X 149 96X 48
8 CMCC-CM 7= K A/Centro Euro-Mediterraneo per I Cambiamenti Climatici Bologna 182X 149 480X 240
9 CMCC-CMS 182X 149 192X96
10 CNRM-CMS5 ;[ /Centre National de Recherches Meteorologiques 362X292 256X 128
11 CSIRO-Mk3-6-0 i KA F/Commonwealth Scientific and Industrial Research Organization in collaboration 192X 189 192X 96
with the Queensland Climate Change Centre of Excellence
12 FGOALS-g2 o [/ o R B BRI TR R RV 4 ) 2 B B 5 T 92 = 360X 196 128X60
YRR
13 FGOALS-s2 eI/ vp EE R B RS BRI 5 RSB R RV g 27 B A0 ] 5 T e S 360X 196 128108
14  GFDL-CM3 2% [#/Geophysical Fluid Dynamics Laboratory (GFDL) 360 X200 14490
15 GISS-E2-H 2 [E/NASA/GISS (Goddard Institute for Space Studies) 144 X90 14490
16 HadCM3 i |H/University of Edinburgh, School of Geosciences 288X 144 96X 73
17 HadGEM2-CC #¢[#]/Hadley Center for Climate Prediction and Research, Met Office 360X216 192X 145
18  INM-CM4 8 |E /Institute for Numerical Mathematics 360X 340 180X 120
19  IPSL-CM5A-MR jJ[E/Institute Pierre-Simon Laplace (IPSL) 182X 149 144X 143
20 IPSL-CMS5B-LR 182X149 96X96
21 MIROCS H 4</Atmosphere and Ocean Research Institute (The University of Tokyo), National Institute 360 X368 256224
for Environmental Studies, and Japan Agency for Marine-Earth Science and Technology
22 MIROC-ESM [/ A /Japan Agency for Marine-Earth Science and Technology, Atmosphere and Ocean 256192 128 X 64
Research Institute, and National Institute for Environmental Studies
23 MPI-ESM-P 1[5 /Max Planck Institute for Meteorology (MPI) 256 X220 192X 96
24  MRI-CGCM3 H 4</Meteorological Research Institute 360X 368 320X 160
25 NorESMI-M kg /Norwegian Climate Centre 384320 144X 96

b, [SSTAlc. [SSTAIe RI[SSTALw 43l s #ifs
KAFPEEE (10°S~10°N, 165°E~140°W)., %3
(15°8~5°N, 110°~70°W) FIPG#E (10°S~20°N,
125°~145°E) XI5 it B~ (Ashok et al.,
2007; Weng et al., 2007, 2009)., EMI &% 14k i
T HBRI IR A SSTA B2, I H EMI 35303t
KRBT BRA TR, Bk A e T B
CIEZ= (T8
H TR PN HEEUX 72K El Nifio 1)
ey, 2% 2 45 T AU Nido 3.4 $RE0F1 EMI #5504k
& K] EP F1 CP %Y El Nifio [¥) 5 S b 26 0 o,
EP I CP B RkAT TR 6 IR, EE 2K, (£%

i, EP AT CP 28 8 38 B0 /D 94T bee-csml -1,
bce-csml-1-m. FGOALS-g2. HadGEM2-CC. IPSL-
CMS5B-LR %5 16 M, BIA] LB R 2 P
El Nifo; 1fi ACCESS1-3, CanESM2., CCSM4,
CESM1-CAMS5 . FGOALS-s2 . HadCM3 . IPSL-
CM5A-MR.MPI-ESM-P %5 9 /M 58 LA 4
FLIX 3 P26 El Nifo (1R )55, FHonT e Ja ke
(NI AR VA S DN [ SRV A S [ B 5/ NP 1 5 4
ATI2R FH B Nifio 3.4 5 550F1 EMI $i5 50 2 R4 0l sk
E X HEA E, REBZIX 7326 El Nifio [
ANEATY 2 T ASRE 12 IX 3 52K El Nifio R4 0AN 5K,
PRI X PR A FR RS e 4 i X 43 EP F CP AY
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Fz 2 WMME 25 4 CMIP5 X #kiEaT EP EF0 CP ! El
Nifio EHRIEELLA], *RTIEEBRZ ER

Table 2 Overlapping ratios of EP and CP El Nifio events
from observations and the 25 CMIP5 model simulations.
The * symbols indicate higher ratio models

LI B Az EP B 5 LU {3 CP 1Y 5 LAl
OBS 2/7 2/6
ACCESS1-3* 3/8 3/9
bee-csml-1 0/6 0/7
bee-csml-1-m 2/4 2/8
CanESM2* 5/6 5/8
CCSM4* 3/7 3/4
CESM1-CAM5 2/4 2/6
CMCC-CESM* 3/7 3/8
CMCC-CM 1/5 1/6
CMCC-CMS 1/5 1/6
CNRM-CM5 1/7 1/6
CSIRO-MKk3-6-0 2/6 2/7
FGOALS-g2 2/6 2/6
FGOALS-s2* 3/6 3/5
GFDL-CM3 1/7 1/6
GISS-E2-H 1/4 1/7
HadCM3 1/5 1/7
HadGEM2-CC 1/5 1/6
inmemé4* 2/4 2/5
IPSL-CM5A-MR* 4/5 4/6
IPSL-CMS5B-LR 1/8 1/6
MIROC5* 2/4 2/5
MIROC-ESM 2/6 2/9
MPI-ESM-P 2/7 2/6
MRI-CGCM3 2/6 2/8
NorESM1-M 3/8 3/7

H T ARG 2R e, B DAL
KIWZER, GIAEIIVES 771 (Taylor, 2001; Hirota
etal., 2011), EHLLFA:

(1+R)’
1 )2’ (2)

(SDR +—
SDR

Horp, ROWBLE MMM R R L, 2N

skillscore =

SDR 5 x5 M 2 Tl v g ZE (R LE R, 2350

N N
SDR :\/ﬁZ(xn —7)2 /\/ﬁZ(Vn —7)2, @)
n=1

n=1

FCrf, X AT yn 23900 0 HAT N AN i CR] LRI T

T RARZEAD (BRSBTS i B i, X
MY FiRH S x Fy BIPBIE .

3 M El Nifio &R X471 1789 1&R

3.1 #Z El Nifio B9 SST H43E
J T RPLHE El Nifio e Z55%, A X} 1981~
2010 ZEMLMITY SST S il ik A B o A P B P 2
El Nifio Z{}:, Bl EP 41 CP ¢ El Nifio. [AFfE, %}
T CMIPS5 #52 x Ik BB S (1) )5 30 4K (1) SST 5
A B H 2 EL Nifio (1) 205 0] 0 A sias, BUE 1 A1 2,
Pi2& El Nifio [/ 22 5 F 2RI A Al KB SST 5+
W 2E A 2 5, B EP 24 El Nifo FHFH #is 45 K°F
7 SST e Hiilh, VEAFAEFRU; 1 CP &Y El Nifio
AP RSEE SST iR, Hul 4. UK
SST [&¥58 (Kao and Yu, 2009; Yeh et al., 2009; Yu and
Kim, 2010). M 1 ool F 2PYMIK EP B4 1 SST
e R R AR AR TE R, Hadg K 5 o
T 120°W [ffil, H0MEHR 1.97°C, 25 > CMIP5 i
I BERL T EP A El Nifio S, # T 2R S
(Multi-model ensemble: MME) ki, HARIESH
HUOEE T, L9467 126°W, {HIE SST 5%
TR P E (kT 0.8°C L), [N S
AR LRI 500 Je) FRAE AR T o 225538 REBLAUL L Il
AR SST S i, HBLRLT) SST S5 4
WA X PR JE I RR A2 . 20 AV
S ARE AP S i S T I PE e, A5 MR
A AR ST /N . SR T, 7E Nifio3.4
[X, bee-csm1-1-m, CCSM4, CESM1-CAMS., CMCC-
CESM. FGOALS-s2. IPSL-CM5A-MR. MIROCS,
MPI-ESM-P %5 8 AMBEAMTLLAOULNI B Sl 5 (8/
25), LA bec-csml-1-m A4l it H AR 55 ,
Il MIROC-ESM #5405 59 .

T LA A P Vo nT BUR I, 28804
F4r 4T 029 #] 095 1A, GFDL-CM3 i
NorESMI-M 5 A 40 B 42 3 I (R T 0 43 oA
0.95), HF: 1594 KT MME (0.93); [ CanESM2.
GISS-E2-H. inmcm4., MIROC-ESM 4}, #ix#15
PEA L E] 0.7 BLE (21/25) H 16/25 [k 15
P RT 0.80 BEE TGP g 5 i i ik
TR RE TR G,

XFF CP AU, M SST i X CK
T-0.8°C) LA H AR HLE IR, TP T 166°W,
HIHA 0.98°C, ALK EP AU, S O B vt ,
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Fig. 1 The composite SST anomalies (units: °C) corresponding to the EP El Nifio events from the 25 CMIPS model simulations, the multi-model ensemble

(MME), and observations. The model skill scores for their simulations of the SST anomaly are given on the top right corner of each panel
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Fig. 2 The composite SST anomalies (units: °C) corresponding to the CP El Nifio events from the 25 CMIP5 model simulations, the multi-model ensemble

(MME), and observations. The model skill scores for their simulations of the SST anomaly are given on the top right corner of each panel
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Fig.9 Scatter diagrams of the skill scores and maximal intensity of precipitation—SSS, SSS—SST, and precipitation—SST in the EP and CP El Nifio events from
the CMIP5 models and observations: (a—c) Skill scores in the EP El Niflo events; (d—f) skill scores in the CP El Nifio events; (g—i) maximal intensity in the EP
El Niflo events; j—1 for maximal intensity in the CP El Nifio events. The line represents the diagonal, and No.1-No.25 correspond to the 25 CMIP5 models listed
in table 1, No. 26 is for observation and No.27 is for MME. The correlation coefficients are given on the top right corners of the panels. The units are °C for

SST, psu for SSS, and mm d”! for precipitation
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models. The units are °C for SST, psu for SSS, and mm d ™' for precipitation
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Fig. 12 Scatter diagrams of (a—b) climatological SST in Nifio4 region, (c—d) climatological precipitation in Nifio4 region, and (e—f) climatological

precipitation in ITCZ area with the skill scores of SSS in EP and CP El Nifio events from the CMIP5 models and observations. No. 1-No. 25 correspond to the

25 CMIP5 models listed in table 1, No. 26 is for observation, and No. 27 for MME. Correlation coefficients are given on the top right corners of the panels. The

units are °C for SST and mm d™" for precipitation
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