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The dommant sur'face pattern and variabili
in the North Pacific-15' mode

The covariability mode of SLP and SST Obs: NCEP reanalysis,

anomalies from the CEOF1 analysis ; ‘IERSST (11958-12010),
Aleutian Low (AL) Model: CESM1.0.5 (150 yr) _
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The dommant sur'face pattern and variabili
in the North Pacific-2"¢ mode

The covariability mode of SLP and SST
anomalies from the CEOF2 analysis
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Links between the two dominant CEOF modes
Lag-correlation between Nifo3 (and EMI index) and PC1/PC2 of the CEOF
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A modified statistical model

Normalized ENSO Prediction Index (hEPI)

Ocean-Atm
coupling

r Heat content
evolution

ENSO

Tseng et al. (2016) Pr'edicTion
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nEPI(t) = oanPIWWV(t + BnEPI,_4(t (Tseng et al. , 2017a)
nEPLyyy (t) = oy D 20a, g0 (t-25) T 0D20a, 70y ¢-15) + 03D 200550y

NEPIly_4(t, nEP Ly, Wy) = Sign(event(t, Wx)) - dH(t,nEPI,) event(t, wy) = {positive w, in[t—50,¢ |

negative w, in [t — 50
[”nEPIwwv(t) B nEPIwwv(t - 5)” + ”nEPIwwv(t - 5) - nEPIwwv(t B 10)”]
dH (t,nEPl,y) = 2 ,1/2 < P(event(t,wy))
0 ,P(event(t,w,)) < 1/2
(@) 1997 (b) 2004 (c) 1998 (d) 2000
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Multi-model ensemble mean skill

Hindcast skills (Barnston et al., 2012)

ead fime | oource ear ' nEPI wwv

TAO 1994-2015 : 0.66 0.72
TAO 1994-2015 0.67 0.62 0.75 0.78

PR TAO  2002-2011 059 (0.42) 0.81
GODAS 1980-2015  0.64 0.77
GODAS 1981-2010 0.68 (0.65) 0.73
TAO  1994-2015 057 0.49 0.82
GODAS 1980-2015 058 0.79

Percent correc’r of six-month ENSO forecast

|+ Nific3.4index | 100°/o (67%) 68%
- Nino3.4 index 83% (750/0) 87 %

upper tercile Nino3.4 index (El Nino 86% (57%) 73%
lower tercile Nifio3.4 index (La Nina 86% (71%) - 82%

(Larson and Kirtman, 2014) A ;’-
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IRI ENSO plume prediction in July

Model Predictions of ENSO from Jul 2018
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War'rn Blob in The Northeastern Pacific after late 2013

. Mean SLPa (hPa) in the
. 55Ta (€) in NE Pacific  NE Pacific Ocean for
~ Ocean for Feb. 2014 2013/10-2014/1
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Record El Nifio brought more rain to L.A.
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Southern hemisphere pathway:..

Zhang et al. (2014a,b), Ding et al. (2015c¢)
(a) SLP

8ON f
60N P = S
,,f - )
" . .
40N pd T . .
| - . Super El Nino development:
20N . ' Hong et al. (2014) GRL
fQ [ ]
@ Australian High, equater-ward flow, additional westerly an the equatar {1} Eastern Pacific 557
20S . L & Enhanced deep convection (2) Enhanced deep convection
- . @ Dewvergent winds (thin arrows), RWS-adwvection term (gray shades), () Westerly winds
“““ RWS-stratching term {dashed contour)
408 . @ Subsidence
N (e) MJJ(0)

60S {027 ‘ e 60N
. 40N

80S T T i . 40N
120E 150E 180 150w 120W 10}/ 20N 20N
EQ EQ

(b) SST 2054 208§

80N

405 ] 405
S 4 e ~N
6ON BOSPISS L PP 60
120E 150E 180 150W 120W 9OW 120E 150E 180 150W 120W 9OW

40N
20N 4
EQ

(9) SON(0)
60N -

40N 1y
20N 17

205§ EQ Vi EQ
208+ S A e e ) PR 208
40S - 405 Nt YT PN 408 -
60S - B R sos{__ e PR A es{ N emdygilue -
—— 120E 150E 180 150W 120W 9OW 120E 150E 180 150W 120W 9OW
|

—~—oglE ] I [ T—
- ~ -055 -0.45 -0.35 -0.25 0.25 0.35 0.45 0.55

80S . . .
120E  150E 180 150w 120W



%8 i N
@ AITRATGHALE  yiheng Tseng e

Institute of Oceanography, National Taiwan University

New Nor‘rh PGCIfIC cllma're paradlgm

70 s -"5"1
Mlller' al. Z% e
( n eT-Q ‘/ ’ 2RQ P \ 6‘70)
| ¥ L, |

2L Tmpkcu’rqex’rr'a’rr'opm \ ’
= meracﬂon e -~ ——
=
— 80 4 /[ )/
)
©
2
5
- 10 A

-10 =

Longitude ( °E)

~ Ding et al. (2017b)

1y uppuaie—anygn
90

Tropical-extratropical
intferaction

=
E=1
L

Ding et al. (2015¢); Ding et al. (20126“)

[
o

Probability (%)
8

04
Normal Week Strong Nermaol Weak Strong



oy B35 BAY b i it @ @;
A modified statistical model

Normalized ENSO Prediction Index (hEPI)

Ocean-Atm
coupling

r Heat content \

r Extra-tropical
evolution

forcing

ENSO

Tseng et al. (2016) Pr'edicTion




AT
q !

oy B 35 BAY 6 1§t T g

Institute of Oceanography, National Taiwan University CODA Lab %

Extra-tropical forcing
nEPI;y = —[(—nSLP; + nSLP,)+ (sSLP; + sSLP,)]
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GODAS (1980-2018) 6-months prediction
[nino34= +0.39nEPIwwv+0.23nEPloa+0.19nEPlex]

dt N
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1981-2010 Multi-model ensemble mean:

skill: 0.65 6-month lead :

Hindcast skills (1980-2018)

Correlation pentad (monthly)
Lead time nEPI nEPT

(WWV+OAEX)  (WWV+OA) Wwv-
Sy 0.65 (0.71) 059 (0.67) 055 (057) &
Eight-month 0.63 (0.67) 052 (058) 048 (051

TaieRemi 0.57 (0.60) 0.44 (049) 0.41(0.44) I

For nEPT \wwy.0asex), Nino 3.4 SSTa hindcast skill based on the linear =
regression model is generally better in terms of the monthly cor'r'el.__‘ ion.
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Conclusion

+ Two dominant modes of NPCV are linked
- ENSO/PDO: the zonal variability in tropic and mid-latitude %

- NPO/VM: a footprint of the meridional variability through t
tropic-extratropical teleconnection (precursor of ENSO/PD

* Hindcast skill of SSTa is generally better than the °
commonly used WWYV index and all other prediction f
models in terms of the monthly correlation '

- WWV propagation+O-A coupling greatly improves the
ENSO prediction skill '

- 6 to 10 months lead time hindcast skill can be even
enhanced by further incorporating the extratropig
Nor’rh/SouTh Pacific forcing (Spring barrier may
an issue) P
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