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1. Motivation

CP El Niho
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Ashork et al., JGR, 2007

* The CP- and EP-EIl Nino induced climate effects are different and even opposite somewhere



1. Motivation
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Xue et al., 2013, JC
* Most models can only distinguish/predict two types of El Nifio at 3-month lead time

EQ

10S

even 1-month in some models (e.g., Hendon et al., 2009; Jeong et al.,2012; Yang and Jiang, 2014; Zheng and Yu,
2017; Ren et al., 2017)



1. Motivation

To improve the prediction skills regarding to ENSO diversities...

To improve the initial conditions

> More observations
> EnKF
> 4D-Var

> Hybrid data assimilation, e.g., 4DEnVar

BUT...

» The persistent barrier for EP El Niio is larger than CP El Nino (zhang et al., 2014; Ren et
al., 2016)

» Initial error-induced error growth during CP EI Nino prediction is less than during

EP El Nino prediction (Tian and Duan, 2016).

The CP El Nino is not as sensitive to initial condition as EP El Nino



1. Motivation

Locggion of the Max_SSTA
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* CMIP3 and CMIP5 models still have large bias in CP El Nifio simulation (e.g., kug et al., 2010; Yu and

Kim, 2011; Ham and Kug, 2002; Capotondi, 2013; Ham and Kug, 2012; Taschetto et al., 2014, Xu et al., 2017)

* Improving model will effectively improve the CP El Nifio prediction



1. Motivation

source oi model errors

Equator }

* Air-sea coupling * Extra-tropical forcing
e Convection and cloud * Subgrid scale parameterization

e (Ocean mixing .



2.1 IOCAS ICM

Model Predictions of ENSO from Nov 2018
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ICM (Zhang et al., 2003; Zheng et al., 2010)

Simplified or missing processes in the ICM

 Air-sea heat interaction Model uncertainties are

* The stochastic atmospheric forcing (i.e., MJO) complicated and diverse
* The fresh water flux (FWF) and salinity

* Tropical instability waves (TIW) 0 How to give a comprehensive consideration

* Subtropical-tropical teleconnection to model errors and correct the model?

* |nteraction between multi oceanic basins . . . e er e
» Nonlinear forcing singular vector-assimilation

* Ocean ecological/biological feedback (Duan et al., 2014)



2.2 NFSV-assimilation
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" is the NFSV-tendency error, which represents the combined effect of kinds of model errors



2.2 NFSV-assimilation
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2.2 NFSV-assimilation: ENSO simulation

CP El Nifio: 1994/1995
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2.3 NFSV-tendency error forecast model

1960 Training period 1996 Prediction period 2018
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2.4 NFSV-ICM

Estimated NFSV-error at 6-month lead time
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2.4 NFSV-ICM

NFSV-tendency

error model
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3.1 Mean prediction skill
ICM

NFSV-ICM

Correlations between observed and predicted SSTA
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3.2 ENSO diversity predictions

Correlation
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5 months => 10 months
EP ENSO: 8 months => 12 months
CP ENSO: 4 months => 7 months

The prediction skills for ENSO-related SSTA is
significantly improved.

The improvement of ENSO prediction skills is
attributed to the high performance for the CP
ENSO: lower RMSE and higher correlation
coefficient



3.2 ENSO diversity predictions

Composite EP El Nifo event
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3.2 ENSO diversity predictions

Composite CP El Nifo event
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3.2 ENSO diversity predictions

ICM NFSV-ICM
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* Prediction of the major differences in pattern of SSTA between two types of
El Nino is extended to larger than 2-season lead time.



3.2 ENSO diversity predictions

EP El Nifio CP El Nifio

(a) Observation (b) ICM (c) NFSV-ICM (a) Observation (b) 1o © wrovom

180 140w 100W 180 140W 180 140W  100W 140W

7 S
140E 180 140W  100W 140E 180 140w 100W 140E 180 140W  100W 140F 150 oW 100w i = —r -~ — —

Jul(0) Jul(0) Jul(0) (o) o)
20N

co {1

DO Ry

20S

=
140E 140w 100W 140E 180 140W 100w 140E 180 140w 100W 140E 150 TN 100W 40 e ——— -~ e —
0ct(0)

Cbidarnr e st vane N

/4 s xmsennassaanias
R S B S

lunnuur\»-. .o
e A A

i A Y

M R R R

180 140W  100W 140E 180 140W 100w 140E 180 140W  100W 140E 180 140W  100W 140E 180 140w 100W 140E 180 140W 100w

FeenanIIinn

140E 180 140w 100W 140E 180 140W 100w 140E 180 140w 100W 140F 150 0N 1008 40 o ryYTRT v — —
Apr(1) Apr(1) ot
20N

PTE
KA
S

20S . ¢

1 W
e 1OF 180 oW 00w 140E 180 140W - 100W 140E 180  140W  100W 140E 180  140W  100W 140E 180  140W  100W
Jul(1)

ON /l‘l'\.—,,,,:‘..v ~ A

i PR .- v %
HEOARE T eteies,

NFSV-ICM can not only improve the identification to the El Nifio diversities but also

heir evolutions



4. Dynamics of NFSV-tendency error: CP El Niho

NFSV-tendency perturbation effect on SST predictions
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4. Dynamics of NFSV-tendency error: CP El Niho

NFSV in CP El Nifo prediction
(a) NFSV for the CP El Nino
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5. Summary

» How to use NFSV in correcting the ENSO model during predictions?

NFSV- s ENSO forecast >
assimilation model (IOCAS ICM)
NFSV-like error Historical SST et NFSV-ICM
NFSV-tendency
P
error model

» The NFSV-ICM can successfully identify CP- and EP- El Nifio at least 6-month
lead time

» Additional to the local effect by the NFSV-tendency perturbation, it can
enhance the thermocline feedback in the EP El Nifo prediction but enhance

the zonal advection feedback in the CP El Nino prediction.
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