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Fig. 2 The MV-EOF spatial and temporal distribution of the barrier layer thickness and precipitation

MNEE RS 23 () 3 AT AT A, Bl )2 5 i 3 S I w0 A PR AE bl BEAA O AT 5 35—
B ATRAR EARR, TR FE A 150° E LATE T ALACFEE, G A B NR I
FERRIMARER, AW BB IUAERR I R L, KR W B RS AARRE, TR BEAz
VAT PEFUAR A RR, (S48 1 R MRt DX, /NS o3 1R 53 tH BRI M AR B PRI 2 90 5
DRIAX LB K S H 37, 150 RAPE (A AL AT BRI J2 I 7 16 N P K U
EIHZ IR BERG 2 AN H1 BB R . B 2(d) 58 LSRN ] 5338, W] LLR 2 B
IR 5 RN Nifo3.4 FE A0SR R BARH /N, A7 %5 RS K D ai RAE A
Wige FIHM0 AR AN EEK 7 BlEAT EOF 23l IR AT A 22 [R5 P 1B 5 20 AR KT IR A
RS ARF LAY & (IS, BB P I B R S A2 0T B /K AR b )2 PO I 225 0 A

6



e PN TP
2.3 Morlet /NE3HT

FH 5 2 GURR T 0 58 — RS IR A0 ARFAE o AT, 5B — RS M R R % (PCL) AN
Nifo3.4 Fa5ufil 7 /NE i . B 3(a)RI(b) Ay PCL (FI/INEE Th &R sk AL /N A B, 1B 3(c) A (d)
N Nifo3.4 Fa ) /N T Z ik BNV s 18], 2005240 95% M5 FERL IR 2k . AR 1 /N
AR AT LUE H PCL Al ENSO (55 #EA 1~2 SRR (LA 11, RS PCL 7E1Z 8 W 1
BB 95%[ B A5, (HZAHEXTM [ 2009~2012 £ 2015~2017 4F AN [H BL Y ) 1~2
FHEEBRAR LA IR 95% B AE . [FIFE, PC1 Ml ENSO #AA 2~4 FHIERRAZML T
JAES, PCLIEZE IG5 2007—2016 SEH (A Bt N #IE IS T 95% 15 A S, Hi%
JA WS S 1E 2007—2012 SE&y w2, MIEIN B Nifp3.4 SR8 LI 2~4 FHIF PRl
JA WA B ARG B0 R, S35 PCL AT PC2 CIEIIE D F/NB 7 A R RE WL 5% 3 2= 75 A2 A0 R
WG R AP T ARG 5. WETTRY] ENSO FFX A 2~7 SRR, A
PAERI3 BT LIS Y ENSO Fi 2ot With [X 35 ) 28 7R T8 KT PERERS 2 1 00 A S AR Ak 7 A5
il o

(a) PCAI/NBh (b) PCA /N A2 i

JASIEE

2004 2006 2008 2010 2012 2014 2016 0 5 15

10
e
(c) Nino3.44a % /Mg Th 3k (d) Nino3.44a 51/ 4 i

JA IR

2004 2006 2008 2010 2012 2014 2016 0 5 10
, 2
HEREIC
I | 1 [ |
5 4 ] 2 4 0 1 2 3 4 5

3 [E152-FEK ) MV-EOF PC1 1 Nifo3.4 F5 51/ INsk 43 #r

Fig. 3 Wavelet analysis of PC1 and Nifp3.4 index
7



3 RIERFPERESERE RIERS ENSO BI<ER

AT 15 B PR A R AE AR M X A7 AE B R AR B s, 1 H 5 ENSO AR VIR . #%
TR ARIE ARG I 2 LA 5 ENSO 5CHEE, Bl 4 FIE 5 45 T 2004—2017 4F
WK WD R R AR TE R T (5°5~5°N 44D [ E-2 5 . B 4 250 EoR
T SST. SSS. BLT #i7FiE RIS AIEAL, ASCLL 285 CHIZHRAMREMM AR MBLL (&
4@ HIHBSEL), LL34.8 psu HIAFERZ 2L SSS 8 (I 4(b) PR tskd). RIS E
Aty (CPCH Z3HIK Nifp3.4 f530 (7D K€ L ENSO FHAF, HERr#Ey Nifn3.4
HEH (A HEEIEY) %S 5 =05 C (<05 C) MILEH A EINifo (La Nifa)
o MRIEIZAPRE, £ 2004—2017 I [a] Be, K5 2004, 2009. 2015 5% X4 El Nifp 4,
2007, 2008, 2010. 2011 4F3E XA La Nife 4. WA 4G L0 «+7 AR LT El Nifd
B, WO “—7 AR T La Nifa 5. 0T SST RN [a]-Z2 BE /3 A, ARIE P RSP BRI AE
FEhRRE BRIV ), XMARIREAAAE T ARE R ACEERAEIX, 5 ENSO
TEIRE VIR . £ EINifD 4, VOESHIRRI ]R8 (2015 ERR MR ML ZIA B AR, AT
130W BRIED, ZAREHIAEHUCAR; T(E La Nife dEAHR (2008 -z it AR i I8 B i v, K
WEAL T 160E ). 534k SST FEARIE AN TR M RIVET RN, BAKKMENAESRL, %
IKHIERK A, XM RAEFIR R EA & I (B 4()). =W SSS B4, BKAL 7%
TERSPPEF R, SSS>35.2 psus MR K 3 EEAL T P8 AT Az 4 K1, SSS<<34.2 psu,
BUONRE) SSS BAFAE T H A LIL. [k, SSS Her)&im#% 5 A % W & 14 bRz ik,
SFEEPE 4() B AR A sk, BERIL SSS B MIBEI AR SIA L L MRS s KB UL T [ —
RLAH, IXFIR R 25 AT Fe g R — 302228, £ B n %N SSS B AN 48 5 1 Sk (1 26 [+
Fa R B35 1 5 ENSO FHHH R IAERR AL, 1 HAEXFheh e s, SSS B mIf &
IRAFEMRIB AR BN VUM, 50 R I v X AP A LB LA



(c) BLT

SN
5%
2017 - 2017 4 "L
30 35.6 v
295 2016 - P 2016 =1
35.4 _|_
29 2015 - | 2015 -
352 K
285 2014 A 2014 4 © -
= 35
| o8 2013 - 2013 4 -
| 1075 2012 1348 2012 -
{27 2011 4 {346 2011 o
{265 2(:1) 1 Bl 20_1*2 18
- 26 2009 2009 1%
— 342 __
255 2008 - 2008 - 5 Sa
— P
25 2007 - 2007 -
33.8
245 2006 - | 2006 -
24 2005 - 338 2005
2004 2004 A

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

(a) WFRIREE, PANC, AMOSLE 285 CHFRL: (b) BRI, BA08 psu, BESILMAR
34.8 psu MAFERREL:; (o Bl )2 IERE, AN m, LEALER 20 m JERIRG)E: B B am“+7
REALT EINIPD 4, HER “—” AARLT LaNif 4.
Bl 4 FRIERFFE (5°5~5°N) MFRIRE . MR, R 5 1IN h) -2 FE 5 T A

Fig. 4 Time-longitude distribution of SST, SSS and BLT along the equator Pacific (between 5°N and 5°S)

AEXT N5 P 4(a)F1(b)I) SSS Al SST 17484k, K 4(c)th iR T Bahs Z IR bR RE LAFAE
EW LA 5, 12 ENSO (I, X b [a) 20 AR IR AT = 78 R 18 VG R 2B
A1) BRI AT o BT AT T RS R v Z2 2 AT P R, B 2 R AR R A AR R il X
B (& 1b)), XA A IE S T R REAG E 4 n # ) frid 29, 7E El Nifo 4F

(2004, 2009. 2015 ) EHIREATZ B R K52, LL 20 m LLERRERS 2R IEREIGE (K 4(c)
LSRR, Tfi7E La Nife 45 (2007, 2008, 2010, 2011 4F) JE[\fehs 2 B9k, 4
) F% B sl 50 AN RE, T ST ST I N (R R, B BATGVA HE i 3R BLT A1 ENSO
AR AR, AL 10 4F2R 1) Argo U AE AR bR R B B INaf Itk 7P ok R .
[FIFE, H128.5 CAFIRLAN 34.8 psu S5 L AL 20 m S5 )R EAL T LLE Y, AFEERGES

it AR EL L LS. SSS B4 MRS s KEAL TR — A, fERZHIFL T, BIFMESZ
9

45

40

35

30

25

20



IR TR 2R ERIA 2 N, AT SSS BT B Wt (1 4D,

B 5 4t T ARIEARTE (5°S~5°ND ZBIARSL Ay BEIK L 0 1A I O BN [R]85 T
K, ERZHON ], BEAIRE R EELUR RN N T, BORIZR RS g AR 7R TE oK
SRR, T PE RS ) EEHIAE El Nifp I3, AL R T H S LATY, 7E 2015 475 XN /)
R ARERE, 76 LaNifa B, JLFBARER AR RS, 75778 AT
I ECIE A SR AR XS ) (] 5(a)) o 7RIE KPR PR K & T 2 AR /e H A2 LAVE,
[FFELE EI Nifo B, PRk A%, 78 2015 fFRFKI A 2R A FRELUR, fEAREH R T
SR 0.04 N/m? [ FE RS 77, BE/K BiA 2] 15 mmid (B 5(b), P#fAEE ERBERM . Xt
THERA R, EINifo (La Nife) I, PEEER TS () KB/ TE, JRIEZS i 220
AR [AE (B 5(c)). XtF EINifp, BSRATE RN A% T AR R ARELE R, 7T LK
TE 7R TE P KPP AR B 7Kk s 1) H AR Pa i, 1% 5 H SR 2708 i) s FE K 4 & ik — D B AIC
TIZHIX #5341t Vialard £55-81 i W5HG AR SZ PR TT R SCR AR, _ETHRG¥IT/K
SOPALRERTE AW, NIRRT R OB AR AT = A2 &, EJE/RJE v A AR, om0 7 XU 7
G T IR /R SR, AR REREE K TRGE, XS ERE T SSS #H)
FE, RIS REARTRRERRERGZ; T La Nife, BERIR RS 5] E PG A R E 2
T R AR AR = B K A ZRTE PO RTINS, 5 /RE AP m iR E AR AR 3R W
U, SHERGSR T UEE), EKKEEIYIRa g, AR5 ZERE, WRERESZ,
Wi SSS HE M I ¥ 5L ERG R R RE U R T KPR SRR AR AR S A THI3R A SRR A 2
A7 B B ILAE SSS #EHir, WIZZHI{E 2015 £ 9 H & 2016 4F 2 A M|, RiEH AT
TR SSS BN, XA RS ZE A K, AAERBE KRG (& 4(b)Fi(c)), Tt
V) BN 12 A5 50 o P g 7 R 2 S DG R o 5 B s ()L, G SR, 0 [ 2 P R AR JlE R
SRR AR B H LT, mEK S H LRI s oK e &, A S A H R
& SSS %, MBI X NFE SSS BRI k. 1X AT e 5 1% X IR R 4 1) It LA S 7K 1) 2 1)
T CETHRD AR, BMmEZ, ERRESGERAE SRR AR BILZ N SSS B4
PLEAAERYIR, HEAERRIE MR Rt — D i B B 5L

10



(a) Zonal wind stress

ey

(b) Precipation (c) Zonal surface current

2017
03

2016 -

0.02 +

2015 £

0.01 h
2014

0
2013

[ 2212012

H-0.02 2011

-0.03 2010

+

2009

—-0.04

2008
-0.05  w—
2007

-0.06
2006

-0.07 2005

_|_

2004

120E 150E 180 150W 120W 90W 120E 150E 180 150W120W 90W 120E 150E 180 150W 120W 90W

() ZhI ARy, AN NIm?, RS RAR A AR L (b)) FEK, FAy mm/d, RESLAA
6 mm/d FIBEKE: (o) MR, AN m/s, BREOSLAMRE RN TL; WG O Er <+
REAET EINiF 4F, Bt “—7 ARLT LaNife .
KI5 FRIERFE (5S~5N) Sl WS Jy FoK . HERE ) AT AR I )-8 2 351 T P
Fig. 5 Time-longitude distribution of zonal wind stress, precipitation, zonal surface current along the equator

Pacific (between 5N and 5<5)

4 BE5TR

ARICFIF T 2004—2017 4F Argo MRS 4 4E (BOA_Argo) (1R #h 44 1 GODAS $i2 it
(1)~ ST IR EE DL . NOAA F24E[F) CMAP [R/K BTk, X R E T REAT =
FRAE. AR NS ENSO HISRHAHEAT 0. S5 i RK-FiEats B AR R IB X A7 A
HWHEMERES, HEEDIIEERE 15 m Bl b, BRSNS 2 - %K ) MV-EOF 4y
PR T2 RS R B I Tl DX I B /K e W 1 SRS 2 R W I A RS AR R Y, # R I R
(IE) 75 (570D [ ARRL M A AR, BEKIIE (50D SeHEmk 7RG ERIE (F0 S, Hi
] 2405 Nifo3.4 $RBUHCIEILE] 0.87, fFEH BEK) 2~4 FFHIFEIRREABIE S, &Y
PERG = M AERR A 5 ENSO HAF R YIMHK . #E— &) ENSO 4T, JRIERFHRE

11

0.5

0.4

0.3

0.2

0.1



W32 AEAFE bR [ R AR MR A [ # 5), 12 EINifo (La Nife) )5 [FRAT 2 9 R
(B9 ¥, I H SR ARFRIAZA SSS M4 MM s KBUE T F—fi, ERZHIFILT,
BRI RIR TR ARSI SN, AL+ SSS ML elE M, SSS HeMiiLifems/z
FTREVARR /KT smBEK . PR 71/ BUAE 2015 4211 9 H $1] 2016 4 2 J3391H],
FRIETR TR SSS B K, XNEJEREMGEANER, RYJE KRG Z KA B 7Rk
IRERILGE A SSS BRI A M L E A K o

ARSCACE I E M 7306 AR IE AT FRehes R 3EAT 1R AT 2 I P PR =5 B AR AR
i AN RE IR R Lt AR AL . BRAS IR IO K, ATRES AR, EIHRA R, FIRERE
% R AVENTRE BN T LRSI, Qu SRR T R AR AT i e 7K R LI B 1) L X (i R
JRURAE, A ERK T LU 5 ENSO A2 Ekman ZE A G R PR AU MRLER JZ J& 6 21 1R
R NWHEEEASMERA, € B LIREGE P NAEICR H oA .

S35 3CHR:

[1] CANE M A. Climate Change: A Role for the Tropical Pacific[J]. Science, 1998, 282(5386): 59-61.

[2] TRENBERTH K. Spatial and temporal variations of the.Southern Oscillation[J]. Quarterly Journal of the Royal
Meteorological Society, 1976, 102(433): 639-654.

[3] LUKAS R, LINDSTROM E. The mixed layer of the western equatorial Pacific Ocean[J]. Journal of
Geophysical Research: Oceans, 1991, 96(S01): 3343-3357.

[4] GODFREY J S, LINDSTROM E J. The heat budget of the equatorial western Pacific surface mixed layer[J].
Journal of Geophysical Research: Oceans, 1989, 94(C6): 8007-8017.

[5] VIALARD J, DELECLUSE P. An OGCM study for the TOGA decade. part I: Role of salinity in the physics of
the western Pacific fresh pool[J]. Journal of Physical Oceanography, 1998a, 28(6): 1071-1088.

[6] VIALARD J, DELECLUSE P. An OGCM study for the TOGA decade. part Il: Barrier layer formation and
variability[J]. Journal of Physical Oceanography, 1998b, 28(6): 1089-1106.

[7] MAES C, PICAUT J, BELAMARI S. Salinity barrier layer and onset of EI Nifp in a Pacific coupled model[J].
Geophysical Research Letters, 2002, 29(24): 2206.

[8] MAES C, PICAUT J, BELAMARI S. Importance of salinity barrier layer for the buildup of EI Nifp[J]. Journal
of Climate, 2005, 18(1): 104-118.

[9]1 LEWIS M R, CARR M E, FELDMAN G C, et al. Influence of penetrating solar radiation on the heat budget of

12



the equatorial Pacific Ocean[J]. Nature, 1990, 347(6293): 543-545.

[10] SMYTH W D, HEBERT D, MOUM J N. Local ocean response to a multiphase westerly wind burst. Part 2:
Thermal and freshwater responses[J]. Journal of Geophysical Research: Oceans, 1996, 101(C10): 963-979.

[11] ZERAL, BRKW]. R AP e 2 5 (M SR AE 2 BT [0]. e 241 98, 2012, 30(2): 14-20.

[12] WANG X, LIU H. Seasonal-to-interannual variability of the barrier layer in the western Pacific warm pool
associated with ENSO[J]. Climate Dynamics, 2016(1-2), 47: 375-392.

[13] MAES C, ANDO K, DELCROIX T, et al. Observed correlation of surface salinity, temperature and barrier
layer at the eastern edge of the western Pacific warm pool[J]. Geophysical Research Letters, 2006, 33(6): L06601.

[14] BOSC C, DELCROIX T, MAES C. Barrier layer variability in the western Pacific warm pool from 2000 to
2007[J]. Journal of Geophysical Research: Oceans, 2009 114(C6): C06023.

[15] CRONIN M F, MCPHADEN M J. Barrier layer formation during westerly wind bursts[J]. Journal of
Geophysical Research Oceans, 2002, 107(C12): 8020.

[16] QIN S S, ZHANG Q L, YIN B S. Seasonal variability in the thermohaline structure of the Western Pacific
Warm Pool[J]. Acta Oceanologica Sinica, 2015, 34(7): 44-53.

[17] LU S L, LI H, LIU Z H, et al. User Manual of global ocean Argo gridded datasets (BOA_Argo)[DS],
[2019-05-14]. ftp://data.argo.org.cn/pub/ARGO/BOA_Argo/BOA_Argo_readme_CN_2018.pdf.

[18] XIE P, ARKIN P A. Global precipitation: A 17-year monthly analysis based on gauge observations, satellite
estimates, and numerical model outputs[J]. Bulletin of the American Meteorological Society, 1997, 78(11):
2539-2558.

[19] BEHRINGER D W, XUE Y. Evaluation of the global ocean data assimilation system at NCEP: The Pacific
Ocean. Eighth Symposium on Integrated Observing and Assimilation Systems for Atmosphere, Oceans, and Land
Surface[C]//AMS 84th Annual Meeting, Washington State Convention and Trade Center, Seattle, Washington,
2004: 11-15.

[20] MONTEGUT C D B, MADEC G, FISCHER A S, et al. Mixed layer depth over the global ocean: An
examination of profile data and a profile-based climatology[J]. Journal of Geophysical Research: Oceans, 2004,
109(C12): C12003.

[21] WANG B. The vertical structure and development of the ENSO anomaly mode during 1979-1989[J]. Journal
of the Atmospheric Sciences, 1992, 49(8): 698-712.

[22] MAES C, PICAUT J, KUODAY, et al. Characteristics of the convergence zone at the eastern edge of the

Pacific warm pool[J]. Geophysical Research Letters, 2004, 31(11): L11304.
13



[23] QU T, SONG Y T, MAES C. Sea surface salinity and barrier layer variability in the equatorial Pacific as seen
from Aquarius and Argo[J]. Journal of Geophysical Research: Oceans, 2014, 119(1): 15-29.
[24] QU T, GAO S, FINE R. Subduction of South Pacific tropical water and its equatorward pathways as shown by

a simulated passive tracer[J]. Journal of Physical Oceanography, 2013, 43(8): 1551-1565.

Interannual evolution of the barrier layer in the
equatorial Pacific and its relationship with the El

Nifp-Southern Oscillation events
LIANG Changshuo, PAN Aijun”

(The Third Institute of Oceanography, Ministry of Natural Resources, Xiamen 361005, China)

Abstract: Based on the temperature and salinity data of 2004 to 2017 from the gridded Argo
(BOA_Argo), Interannual evolution of the barrier layer in the equatorial Pacific and its
relationship with the EI Nifb-Southern Oscillation (ENSO) events were analyzed in this study.
The results show that the tropical Pacific barrier layer has obvious interannual variability in the
warm pool, and its thickness varies by more than 15 m. The main mode of MV-EOF indicates that
the distribution pattern of precipitation anomaly in the western Pacific is in good agreement with
the anomaly in the barrier layer, both of which show obvious anti-phase distribution pattern of east
(positive) and west (negative), the positive (negative) anomaly of precipitation causes the positive
(negative) anomaly in the barrier layer, there is a significant 2-4 year cycle in the variation of its
time coefficient and its correlation with Nifp3.4 index is 0.87. Analysis of zonal migration of the
barrier layer in the equator Pacific Ocean shows the thick barrier layer moves eastward during El
Nifb and westward during La Nifa, and is roughly in the same phase as the zonal migration of the
eastern edge of the warm pool and the sea surface salinity (SSS) front. In most cases, the thicker
barrier layer is confined to the eastern edge of the warm pool (west of 170°W), near or west of the
SSS front, and the barrier layer near the SSS front may be due to horizontal advection, heavy

precipitation, and Kelvin wave. It is worth noting that during the period from September 2015 to
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February 2016, the SSS front of the equatorial central Pacific disappeared, corresponding to the
disappearance of the thick barrier layer, which indicates the position of the thick barrier layer
region can be closely related to the zonal position of the SSS front at the eastern edge of the
western Pacific warm pool, and its specific mechanism needs further numerical simulation.

Keywords: equatorial Pacific; barrier layer; EI Nifb-Southern Oscillation (ENSO); multi-variate

empirical orthogonal function (MV-EOF); sea surface salinity front
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