48 6 Vol.48, No.6
2017 11 OCEANOLOGIA ET LIMNOLOGIA SINICA Nov., 2017
IOCAS ICM ENSO '
1,2 1,2 1,3 1,2,30
(1. 266071; 2. 266237,
3. 100049)
(ENSO) ,
ENSO
(IOCAS ICM), ENSO
IOCAS ICM (IRI),
(SST)
) SST ( ) (Te)
IOCAS ICM )
SST IOCAS ICM ( 2017 9
) ,2017 SST ,
, (La Nifa) , SST 2018 ,
, (4D-Var) (CNOP)
IOCAS ICM
IOCAS ICM; ENSO ; ; CNOP
P732 doi: 10.11693/hyhz20170500132
(El Nifio-Southern ENSO
Oscillation, ENSO) -
- (Bjerknes, 1969),
2—17 , ENSO
( » 2003; , ; ENSO
2008) ENSO [ L
, (Columbia University) International
( , 2008) Research Institute for Climate and Society (IRI)
1997—1998 El Nifio , ENSO . http://iri.columbia.
300 , 1998 edu/climate/ENSO/currentinfo/update.html]
( , 1998) 2015 (ICMs; Zhang et al, 2013)
El Nifo , (HCMs; Zhang et al, 2015) -
( , 2016) , (CGCMs; Philander ef al, 1992),

o [E R 2 B R s R SR S R B IA 25T H, XDA11010105 5, XDA11020306 5 5 AR IEE T H, 41705082 5,

41690122 5, 41690120 5, 41475101 5, & )Il, {1, E-mail: gaochuan@qdio.ac.cn
: R , E-mail: rzhang@qdio.ac.cn

:2017-05-16, :2017-09-22



1290 48

6 1 ENSO Mu et al, 2002),

ENSO (Zhang 2014—2016

etal, 2013; ,2016; ,2016) ENSO El Niflo , ENSO

2014

(Chen et al, 1995, 2004, , 2003; Zhang et El Nifio , 2015 El Nifio

al, 2013) (D ENSO
, ENSO , ENSO

ENSO

ENSOWii§ (20144:35—20154123)
T I —— o = RN
P NN © NASA GMAO
* NCEP CFSv2
¢ JMA
— *SCRIPPS
LDEO
AUS/POAMA
‘ ECMWF
o _| *uUkmo
* | ©KMASNU
D
COLA CCSM3
* MetFRANCE
© SINTEX-F
+ CMC CANSIP
FIHET
© CPC MRKOV
1= ~1 scDC LIM
CPC CA
CPC CCA
© CSU CLIPR
2 — © UBC NNET
2014 2015 ©FSUREGR
® UCLA-TCD

Nino3.4X/EFRBE R (°C)

1 ( ) « IOCAS ICM) 2014—2015 Nifio3.4

Fig.1 The Nifio 3.4 sea surface temperature (SST) anomalies in 2014—2015, observed (black line) and predicted (colored lines) by

different dynamical and statistical models, including the IOCAS ICM
5 3 ( MAM 3 -4 -5 ) s IRI

(http://iri.columbia.edu/our-expertise/climate/forecasts/ enso/2015-Dec-quick-look)

(Institute of ENSO , 2010—2012
Oceanology, Chinese Academy of Sciences, IOCAS) (Zhang et al,
(IOCAS ICM)  2013), ,
ENSO , ENSO
(IRD), ENSO (Gao et al, 2017a) T.

( 1; ENSO , ENSO
http://iri.columbia.edu/our-expertise/climate/forecasts/ (Zhang et al, 2016a) , 2014—2016
enso/current), El Nifio (Zhang et al, 2016b),

ENSO (Zhang et
IOCAS ICM al, 2017a) ,IOCAS ICM 2014
(T.) (Zhang et al, 2003), —2016 SST ,
> SST

SST IOCAS ICM IOCAS ICM



6 : IOCAS ICM ENSO 1291
IOCAS ICM 2017—2018 ,
IOCAS ICM )
(4D-Var) , ,
(CNOP) IOCASICM
1 TOCAS ICM LOCAS ICM
IOCAS ICM (31°S—31°N, 124°—30°E),
, SST 10°
, 0.5° 3°, 2°,
SST ( ) 5500m
(T.) (  2) IOCAS Levitus(1982) 33
ICM 125m 8
, SST T. , 125m, (
s SST , Levitus
, ENSO )
, (IOCAS 1.2 SST T.
ICM), (IRI) IOCAS ICM , SST
(1)
SSTh iR a—r:—u'a—T—(L7+u')a—T—v'a—T—(V+v')a—T
ot Ox Ox oy oy
~{(@+ WM (= —w') - WM (-W)} (s
il TEVESR ) @ ()
MIEBFEIR —(WH+ WM (—w—w')—= —aT’
Ky , 2k, R
| 2 10CASICM . +EVh'(HVhT)+H(H—+H)(T6—T)
Fig. 2 The schematic diagram illustrating the IOCAS ICM 2
: (SST) u, v, w > Te
(SL) T. CH (H,
, u, v, w
, H+H,=125m); “.
1.1 , ; M(0) Heaviside
IOCAS ICM , [ =0 ,M(©)=6; o 0 ,M(6)=0,
(McCreary, 1981) )
(Keenlyside SST LK, K
et al, 2002), , o [
, SST ,0=(100 )]
, 10 (
, 11-30 )
, T (




48

1292
) , Te et al, 2003)
SST SVD ,
SST 7-SSTinter
SST , SST ,
Zhang  (2003) ICM T,
, SST SST 14
T , 2
SST SST [ (1) 1 (4800s/ ), SST
(1) T, SST , , SST
, (1 T [
T, , SL
SST ( ), ; .
SST , SL T, ; ,
] ) SST
(SVD) (EOF) , T
T ( SST ; , SST
SL) SL T. SL ,
T, SST SST , SST SST
SST ICM 8
ICM  HCM (Zhang et al, 2003, 2005b, ,
2006; Zhu et al, 2013)
T, : , (
1960 1998 r SST Te) SVD EOF
SL ( , T. =
); ; SST (a;  are)
[ @O 1 (T) ., . ,
(1) 1960 1998 T ;
, , (o); T.
( T, SL ), EOF T. (are) ICM
1960—1998 T, SL , a~=1.0 or=1.0
[ T'=are Fre(SLinter), Qe > 5 a.=0.87
1, ore=1.0 , 4
EOF ; Oy Ore ) )
Te-SLinter , ENSO
(Zhang et al, 2005a) 1.5
1.3 IOCAS ICM SST
IOCAS ICM , SST
, r  SST IOCAS ICM
[ . =0 F(SSTinter), a, 3 (Zhang et al, 2016b)
] , : SST
SST (Zhang et al, 2013) ,
SVD , SST SST
SST

SVD (Zhang



6 : IOCAS ICM ENSO 1293
(NOAA/EMC) T ECHAM4.5 AMIP
(Reynolds et al, 2002) 2015 1 24 , 1950—1999
, , 1982 1 SST
2014 12 SST 2015 SST ,
1 1 SST , SL
SST NCEP/NCAR
SST (1962—1999  );
; , 2015 NCEP/NCAR
L,
( 2015 1 1 ) , 2015 1 T. SST : ,
1 IOCAS ICM , NCEP/NCAR
IOCAS ICM SST ; , NCEP/NCAR
, ICM )
2003 , ICM SST ; Reynold  (1994)
12 , IRI SST SST ,
IOCAS ICMFR SST Te .
\%%@% R T (1963—1996 34 )
5 EI Nifio
G  [mrex| o . 1
| | , ( 34 )
—
R - % EOF SVD , 12
(SSTA 745, SEHE) - , ,
, EOF(SVD)
EOF(SVD)
3 IOCAS ICM , 5 EOF(SVD)
Fig.3 The schematic diagram showing the real-time prediction (Zhang et al, 2005)
system
O ocasien a 2 2017—2018
; 2015 , El Nifio
( o , 2016
« ) IOCAS
CM( ) , 2017
ENSO
1.6 ) )
v I : ,  ENSO
IOCAS ICM
SST Reynolds  (1994); ( 2017 9 ) ,2017
SST ,
(NCEP/NCAR) ; ; (La Nifia) , SST
2018 ,
(TAO) 2.1
(http://www.pmel.noaa.gov/tao/) SVD (IRI)



1294

48

ENSO )
ENSO )
6 IOCAS ICM
4 2017 9
2017—2018  Nifio3.4 SST
ENSO

18

> >

2017

SIRINENSOKIIFURBR (2017F95)

3.0 T T T T T T T
IRI/CPC

DYN AVG
STAT AVG
CPC CON

25

20+

1.0

IR
= NASA GMAO:
~ = NCEP CFSv2
= JMA
BCC_CSM11m
SAUDI-KAU

= LDEO

m AUS/POAMA
ECMWF

—- = UKMO

= KMA SNU

COLA CCSM4
MetFRANCE

Nino3.4XBREERH (°C)

+ SINTEX-F
CS-IRI-MM
GFDL CM2.1

+ CMC CANSIP

+ GFDL FLOR
SR

o CPC MRKOV

o CPC CA
CSU CLIPR

-| © UBC NNET

SST

FSU REGR
UCLA-TCD

sl

5 1 1 L 1 1 1
JJA Aug ASO SON OND NDJ DJF JFM FMA MAM AMJ MJJ

RURI|
1 1 | |

2017 2018

>
>

4 ( ; IOCAS ICM) 2017 9 2017—2018  Nifio3.4
Fig.4 The Nifio 3.4 sea surface temperature (SST) anomalies in 2017—2018 predicted (colored lines) in mid-Sep 2017 using different
models, including the IOCAS ICM

9 3 ( ASO 8§ -9 -10 ), IRI (http://iri.columbia.
edu/our-expertise/climate/forecasts/enso/2017-Sep-quick-look)
1 , , IOCAS
ICM 2015—2016  El Niifio
s 1 2017 9 , IOCAS ICM
2017—2018 Nifio3.4 , 2014 El Nifio ;
SST , IOCAS ICM 2015 2015
SST ; R
) ) , SST 2016
SST , IOCAS ICM ,
2017 ,
SST , , IOCAS ICM 2017
, 2017 ,
La Nifia ,
IOCAS ICM 2017—2018

2.2 TOCASICM
IOCAS ICM 1 4

>



6 : IOCAS ICM ENSO 1295
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Tab.1 The Niflo 3.4 sea surface temperature (SST) anomalies in 2017—2018 predicted using different dynamical coupled models,

including the IOCAS ICM

(2017—2018)

9—11 10—12 11—1 12—2 1—3 2—4 3—5 4—6 5—7
NASA GMAO model -0.7 -0.7 -0.6 -0.5 -0.3 -0.2 0
NCEP CEFS version 2 -0.6 -1.0 -1.2 -1.5 -1.6 -1.4 -1.0 -0.6
Japan Met. Agency model -0.7 -0.7 -0.8 -0.7 -0.6
Beijing Climate Center BCC-CSM1.1M -0.5 0.5 —0.4 —0.4 -0.3 —0.2 0 0.3 0.5
King Abdulaziz University -0.3 —0.2 0.2 —0.2 —0.1 0.1 0.3 0.4 0.4
Lamont—Doherty model 0 —-0.1 -0.2 —0.1 0.1 0.4 0.5 0.5 0.6
POAMA (Austr) model -0.6 -0.7 -0.7 -0.7 -0.7 -0.5 -0.4
ECMWF model 0.6 -0.7 -0.7 -0.6 -0.4
UKMO model -0.9 -1.1 -1.1 -1.0
KMA (Korea) SNU model —0.3 -0.2 —0.1 0.1 0.1 0.1 0.1 0.1 0.1
IOCAS (China) Intermed. Coupled model -0.6 -0.6 -0.6 -0.6 -0.4 -0.2 0 0.2 0.4
COLA CCSM4 model -0.5 0.8 -1.2 -1.4 -1.4 -1.1 -0.9 -0.7 0.6
ME’'TEO FRANCE model -0.8 -1.1 -1.2 -1.0 -0.9
Japan Frontier Coupled model -0.6 -0.5 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.3
CSIR-IRI 3-model MME —0.1 -0.3 —0.6 -0.7 —0.8 —0.6
GFDL CM2.1 Coupled Climate model -0.9 -1.1 -1.1 -0.9 0.5 —0.2 0.1 0.4 0.7
Canadian Coupled Fcst Sys -0.5 -0.5 -0.6 -0.6 -0.5 -0.3 0 0.3 0.6
GFDL CM2.5 FLOR Coupled model -0.7 0.8 -0.7 -0.7 -0.5 -0.2 0 0.3 0.6
-0.5 -0.6 -0.7 -0.7 -0.5 -0.3 0.1 0.1 0.3
: 2017 9 3 , , IRI
(http://iri.columbia.edu/ourexpertise/climate/forecasts/enso/2017-Sep-quick-look/?enso_tab=enso-sst_table)
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THE IOCAS ICM AND ITS IMPROVEMENTS IN REAL-TIME
ENSO PREDICTIONS

GAO Chuan"?, WANG Hong-Na"? ~TAO Ling-Jiang"?, ZHANG Rong-Hua" >
(1. Key Laboratory of Ocean Circulation and Waves, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China;

2. Qingdao National Laboratory for Marine Science and Technology, Qingdao 266237, China; 3. University of Chinese Academy of
Sciences, Beijing 100049, China)

Abstract El Nifio and Southern Oscillation (ENSO), the strongest signal of interannual variability on the Earth, and
have great impacts on climate and weather worldwide. It is of great practical significance to accurately and effectively
make real-time ENSO prediction. An intermediate coupled model (ICM) is used at the Institute of Oceanology, Chinese
Academy of Sciences (IOCAS), named the IOCAS ICM, to predict the sea surface temperature (SST) evolution in the
tropical Pacific. Recently, the IOCAS ICM has been routinely used to predict the real-time ENSO events, whose result are
collected by the International Research Institute for Climate and Society (IRI) for further analyses and application. The
atmosphere component of the IOCAS ICM is an empirically statistical wind stress anomaly model, and represents the
response of wind stress anomaly to the SST anomaly field. The IOCAS ICM includes three modules of a dynamic ocean
model, an SST anomaly model incorporated into the dynamic ocean model and a T, (the temperature of subsurface water
entrained into the mixed layer) model. One distinguishing feature of the IOCAS ICM is an empirical parameterization of Tt.
This novel approach can effectively improve the simulation and prediction of the SST evolution in the tropical Pacific.
Recent prediction results (predicted from September 2017) with IOCAS ICM and other coupled model show that the SST
in tropical Pacific gradually evolves into cold condition, with its large anomaly being centered in the eastern Pacific. But
the strength of the coldness may not reach the level of La Nifia event. The cold SST condition may be gradually weakened
in the spring 2018 and become a normal condition. Additionally, the applications of four dimensional variational (4D-Var)
data assimilation method and the conditional nonlinear optimal perturbation (CNOP) approach into the IOCAS ICM are
also discussed.

Key words IOCAS ICM; real-time ENSO prediction; data assimilation, CNOP approach
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