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Zonal wind stress and trends
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=>Increased trade wind

=>Strengthened STG and Ekman pumpmg

=>Spin-up STC

=>Enhanced EUC

=>Increased equatorial upwelling
=>Negative SSTA (warming hiatus)
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Lag-corrlation at interannual time scale
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Questions:

« Is this the whole story?
*  Why do we still have the spring barrier and why the
current models give the false alarm in 2012?

WWYV and STC tell us ONLY the
interannual variability
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Questions:

« Is this the whole story?
*  Why do we still have the spring barrier and why the
current models give the false alarm in 2012?

Mid-Jul 2012 Plume of Model ENSQO Predictions
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The dominant surface pattern and variability
in the North Pacific-1st* mode

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

anomalies from the CEOF1 analysis ] ?RSST (11958-12010),
AIeu’rian Low (AL) Model: CESM1.0.5 (150 yr} ..
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The dominant surface pattern and variability
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 rnodes
Lag-correlation between Nifo3 (and EMI index) and PC1/PC2 of the CEOF
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Ding et al. (201

Pacific SLP and surface wind anomalies regressed on the VM
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"Surface wind anomalies associated with the NPO for:c“:cé “d W
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Linking between VM and ENSO

MCA mode for the FMA(O) North Pacific
SSTA field and the following JFM(+1)

tropical Pacific SSTA field
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How VM affects ENSO?

Corr. maps of the FMA(O)-
averaged VMI with averaged
SST and surface wind anomalies

Previous proposed mechanisms

1) SFM
2) PMM
3) TWC

- Ding et al. (2015a)
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Why cannot some VM

excite ENSO?

Composite diff. of the 3-month
averaged SST and surface wind
anomalies between VM followed G S o PRG0N
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Implication on the 2015 El Nino
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N Warm Blob in the Northeastern
()%J}Igﬁ\ﬁg Pacnflc after late 2013
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SSTa lag PC2 ~2-4 mon
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3-mon-averaged

SST (shaded),

SLP (contours) and
surface wind anomalies
in 2014,
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\‘INCIS\B Simple ENSO prediction scheme

NEPI(t) = anEPlyyy (t) + BREPI,y_4(t) (Tseng et al. , 2016)
NEPLywy () = 04D20a4g0: 125 + 0D 20a470-yyt-15) T 03D 20a455:y

nEPIy_,(t,nEPlLyyw, wy) = sign(event(t,wy)) - dH (t, nEP,) event(t, wy) = positive wy ln [t — 50,
* negative w, in [t — 50,

[[IMEPILyyy (£) — NEPLyyy (t — 5| + [REPIyyy (t — 5) — nEPI,,, (t — 10)][]

dH(t,nEPI,,,,) = 2 ,1/2 < P(event(t, wy))
0 ,P(event(t,w,)) < 1/2

2000

1

(a) 1997 (b) 2004

|

Jan Jan .

Feb :

Mar

Apr

May

Jun

Jul Jul | -8

Aug Aug| - 10

Sep Sepa L1

Oct Oct

Nov Nov | B .

Dec Dec % da= -24

Jan ) N | e, ] Jan | = -32

Feb 8  " : L) | — B F -40
¢ 1 — ' : — T - -48

140E 160E 180 160W 140W 120W  140E 160E 180 160W 140W 120W  140E 160E 180 160W 140W 120W  140E 160E 180 160W 140W 120W

e — — AR, T T~ T, A




1994-2015 Nino3.4 and nEPI
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Hovméller diagram of D20a and zonal wind anomaly (2°S-2°N)

El Nifios La Nifias
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Multi-model ensemble mean skill

Hindcast skills (Barnston et al., 2012)

ead time source ear ; nEPI wwVv

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

six-month TAO 2002-2011 0.59 (0.42) 0.81
GODAS 1980-2015 0.64 0.77
GODAS 1981-2010 0.68 (0.65) 0.73

TAO 1994-2015 0.57 0.49 0.82 0.87
GODAS 1980-2015 0.58 0.79

Percent correct of six-month ENSO forecast

o e | o or5 tracy |ions. 5ot comacy 8
1994-2015 (TAO 1980-2015 (GODAS) i

+ Nino3.4 index 100% (67 %) 68% | @
- N|ﬁ03.4 iﬂdex 830/0 (750/0) 870/0 R
upper tercile Nifho3.4 index (El Nino 86% (57%) 73%
lower tercile Nifo3.4 index (La Nifa 86% (71%) 82%
(Larson and Kirtman, 2014) 4 - " oy

Using WWV W
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The only missed event: 2000/01 La Nifia

(b) TAO (1994-2015) with monthly data
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(b) Jon1998—Apr2001

o Hu et al. (2014)[*
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Why 2014/15 boreal winter is a neutral state or
weak El Nifio (TAO/ERSST.v3b)?

(b) TAO (1994-2015) with monthly data
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Southern hemisphere
Suppression in 2014

Min et al., 2015; Zhu et al.,
2016; Tseng et al. 2016b
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Southern hemisphere paThway

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

A Supzr':/El Nino development:
: Hong et al. (2014) GRL

Transwverse cell I

Blerknes Feedback

90w

150E 180 120W

80S
120E

150W

20S ¢
40S P
60S 1=

180 120W  90W

150F

809
120E 150W

@ Australian High, equator-ward flow, additional westerly on the equator
@ Enhanced deep comection
@ Dévergent winds (thin arrows), RWS-advection term (gray shades),

{1} Eastern Pacific 55T
{2} Enhanced deep convection
{3) Westerly winds

RwS-stretching termn |dashed contour)

@ Subsidence

(e) MJJ(O)

1“‘%\\*“""‘”

120E 150E

120E 150E 180
(h) NDJ((})

180 150W 120W 9O0W 150W 120W 90W

(9) SON(D)

120E 150E 180 150W 120W QOW

1500 120W 90W

120E 150E 180

| |
=0.56 =0.45 =0.35 =0.25 0.25

0.35 045 055



h NCAR Joint impact of North and South

NATIONAL CENTER FOR ATMOSPHERIC RESEARCH PC if ic extra?ro p ic a I fo rc i ng

(o) == auEse

B ICGy

Y

(g0}

n NCAR Earth System Laboratory
80N

Same-—sign

Ll D : 60N 3
40N vl N 40N
0 = —0.1) 20N 4

EQ 8
2051
405 4

60S

MAM

= =~

60N 1
40N 1

N
T

120E  150E 180 150W 120W  9OW

—99.9%—-99% —95% —90% 90% 95% 99% 99.9% 20N
EQ-
e NINO3.4 —— NP SPI NPI&SPI aas
4081
60S-

JUA

60N
40N 1=
20N

EQ
+(NPI,NINOS3.4)=0.47 20S

—3.01 7(SPLNINO3.4)=0.42 v 4054
7(NPI&SPI,NINOS.4)=0.61 60S

~*0-1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
Year (with respect to ENSO)

(e) Same-—sign 9% (f) Opposite—sign BON

40N

20N g
EQ g/
208§
408 4-3
60S

SON

3 8
3
DJF

(]
o
1
(]
(=]
L

Probability (%)
Probability (%)

e T r T
120E 150E 180 150W 120W 9QOW

Normal Weak Strong i Normal Weak Strong 12'0E 15'OE 180 15bw 12bw de



B NCAR

NATIONAL CENTER FOR ATMOSPHERIC RESEARCH

Summary

A modified North Pacific climate paradigm connects and

explains the observed ENSO and its precursor

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 the
tropic-extratropical teleconnection |

VM, forced by NPO, is closely linked to the development of

ENSO (ocean br'ldge)

- Warm Blob after 2013 is an example leading to 2015 El Nifio

Subtropical SSTa can enhance/suppress the ENSO
developmenT (affechg the O-A coupling)

h NCAR Earth System Laborat
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New North Pacific climate par'adlgm
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Future work

Enhance the prediction skill by further including the
subtropical SSTa
How the interannual variation of NPO/WP is modified?

- Indo-Pacific Warm Pool (O-A interaction from maritime
continent, MC)

- Impacts from the North Atlantic

How are the STCs connected with the Pacific decadal a
multi-decadal Variability? What force the STC variabilit
Can we enhance the decadal predictability?
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