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Eric Guilyardi
NCAS-Climate (UK)

& LOCEAN/IRPSIL (France)

TR
—r
y

t..

.---hi-i.“'"-.'

e = T
R e o = T J_.f_._

L COTAVISUmmERSchooll RPIK 2 1ﬂ7 =5

[
Sim on
Nl_\TURAL ENVIRONMENT RESEARCH COUNCIL

Laplace

ciences P,{gif?ém National Centre for ey University of
] Atmospheric Science -::- Readlng
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« ENSO impacts
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A natural climate anomaly arising from the coupled ocean
and atmosphere in the tropical Pacific
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A natural climate anomaly arising from the coupled ocean
and atmosphere in the tropical Pacific

El NiIno event
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Extreme El Nifio 2015/16
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Neutral conditions
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< Warm Episode Relationships

El Nifio time evolution

Peak
Amplificatigg—\ Terminati
N

Initiatiofn
March Dec. March +

NWS/NCEP
CLIMATE PREDICTION CENTER -

< Cold Episode Relationships

NWS/NCEP &
CLIMATE PREDICTION CENTER



TESTS FOR HI-RES NWP
HURRICANES AND CLIMATE
IMPROVING CMIP ENSEMBLES

Bulletin of the American Meteorological Society

So Its Impacts vary

Beware of over attribution




Ecuador
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El Nino in the Peruvian coast
Monthly rainfall in El Salto (3°S; mm/day)
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Food Security Situation
Aug 2011

None or Minimal
Stressed
Crisis

- Emergency

- Catastrophe / Famine
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USAID/Famine Early Warning Systems Network, FSNAU.




Rice crops In Indonesia
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Nino 3.4 SST Anomaly
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- The subsurface temperature anomaly
averaged in 1°S-1°N in Dec 2015 was
warmer (colder) in the western-central
(eastern) equatorial Pacific than in Dec
1982 and 1997, suggesting a westward
shift of maximum warm anomaly and
overall weaker amplitude of anomaly.
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Current (Aug 2017) evolution of Pacific NINO SST Indices

Monthly Tropical Pacific SST Anamaly
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NINO3 4 SST Anomaly (°C)

Current ENSO forecasts

Mid-Aug 2017 Plume of Model ENSQO Predictions

3.0

_ | IRI/CPC

Dynamical Model:

B MNASA GMAD
m MCEF CF5wv2
m A
|

BCC_CSM11m

SAUDI-KAL
LODED

&
»

ALLS/POAMA
ECMWF
LIKMO

KMA SHU
IQCAS ICM
COLA CCsSM4
MetFRANCE
CE-IRI-MIM
GFDL Chi2 A
CMC CANSIP
GFDL FLOR

Statistical Model:

oy
Lo

o

DYN AVG
2ok STAT AVG ]
CPC CON
15 -
1.0— —
10 -
15
20k -
OBS FORECAST

-25 1 | | | | | | | |

MJJ  Jul JAS ASO SON OND NDJ DJF JFM FMA MAM ANMJ

2017 2018

- The majority of models favor ENSO-
neutral through the Northern

Hemisphere winter 2017-18.

Anomaly (deg C)

@

— System 4

-
L LT
we®

I‘-'

FebIMarIAprIMay Jun | Jul IJﬂ\un:.]ISepIC.‘m:’r Nov Dec Jan Feb Marlﬂpr
2017

CPC MREOWV
CPC CA
CSU CLIPR
UBC MMET
FSU REGR
UCLA-TCD

LEECMWI

Probability (%)

100

8o

&0

70

B0

50

40

30

20

10

Mid—Aug IRI/CPC Model-Based Probabilistic ENSO Forecast

JAS AS0 30N OQOND NOJ

OJF JFM FMA  MAM

2017 2018

Time Period

20

EMNSO state based on NINO3.4 35T Anomaly
Meutral ENSQO: -0.5°C to 0.5°C
= I i Nino
[ Meutral
o — o B L= Mina
Climatolkgical
Probability:
= E| Ning
Meutral
—— La Mina
AS0 B0OM OMD MNDJ DUF  JFM FMA S MAM  AMJ
2017 Time Period 2018
Early-Aug CPC/IRI Official Probabilistic ENSO Forecast
100
90 ENSO state based on NINO3.4 SST Anomaly
_ Neutral ENSQ: -05°C to 0.5°C
BD - El Mina
[ Neutral
70 ] '
— Bl L2 Nina
E __
> B0 — — -
g 50 Climatological
Pro bability:
-§ 40 Il —— El Ning
o ./;J’;""—: ~ Neutral
30
e I — LaNina
20
10




International Research Institute

for Climate and Society
EARTH INSTITUTE | COLUMBIA UNIVERSITY About Us Our Projects Our Expertise Resources MNews Contact

> EL NINO 2015 CONFERENCE

F|-Nifo-2015 Confelen

El Nifho 2015 Conference

Shared Experiences: 20 Years of Climate Services and Framing the Next Steps in the
Research and Development for Climate Resilience

To view the recordings of the videos, please click on the following links. There are some technical problems with Day 1, and it ends around 12:30. We

are working on resolving this. Please contact the IRl webmaster <webmaster@iri.columbia.edu> if you want to be notified when the issue is
resolved.

Recording of Day 1: https://livestream.com/LDEO/IRI-elninoconf-1

Recording of Day 2: https://livestream.com/LDEO/IRI-elninoconf-2

Full Agenda
@ hﬁ &
94 US&IHDI 1
WMC:GMM

Tuesday, November 17 - Wednesday, November 18, 2015




IRI Multi-Model Probability Forecast for Precipitation
for February-March-April 2016, Issued January 2016
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Predicting El Nino in Peru

Observational data
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Winter impact of El Ninho in North America
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Precipitation records in Los Angeles
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Tropical Cyclones, 1945-2006

Atlantic Ocean
Low wind shear High wind shear
(Average year) (El Nifio year)

Storm's
latent heat it orm's
15 focused
over small

latent heat
Is focused
area. over larger
area.

SEP 2015 SST Anom. {°C)

2015: 23 tropical cyclones over the Pacific
 Previous record: 18
e Patricia: strongest cyclone ever recorded (320 -
(m/h) —2.5-1.6-0.5-0.6-030.3 0.8 0.9 1.5 2.5
... until Irma in Sept. 2017 (360 km/h)




Two possible links:

1. El Nino impacts are modified
« Warmer atmosphere holds more moisture
* Precipitation anomalies and floods more intense
« More and stronger tropical cyclones



20 centuries of NINO3 SSTs in GFDL 2.1

annual means & 20yr low-pass
Wittenberg (GRL 2009) ~ 0bs (by Chance) !

(b) CM2.1 PI control simulation
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TABLE 1. Dependence of the 90% WPI confidence interval width on model subinterval length, from confidence intervals averaged over
the 2-6-yr band. The A, and AB, refer to the bounds of the 90% confidence intervals on those coefficients; L, is the minimum length
required to achieve 90% convergence in Nino-3.4 statistics for each model and AL, 1s the range between the upper and lower limits
on Lin.
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CCSMcontrol —0.891 —0.0057 ~1.09 to —0.694 ~0.0067 to —0.0047
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Stevenson et al. (2010)

Minimum length of simulation needed to distinguish ENSO
amplitude change: 250-300 years !



 No change of mean El Nifo SST statistics from CMIP scenario
e Using a process-based criteria (rainfall > 5 mm/day in east Pacific)
 Doubling of occurrence of extreme El Ninos in unmitigated climate change
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Cai et al. (2014, 2015)

e But no change before 2050 or under RCP2.6



e Local impacts of climate change strongly influenced by
ENSO and its potential changes

« ENSO in a changing climate:

« Model ENSO right for the right reasons (correct processes)
e Better processes, and ENSO, also come with better mean state

 To understand iIf ENSO has changed, statistics will only help us
In 200+ years. In the mean time we have to rely on physical
understanding

 Model evidence of increased frequency of extreme El Nino in
RCP8.5

e But still many open science questions






Part 2: ENSO mechanisms,
extreme events and role of
INntraseasonal variations



atmospheric
circulation
zonal
advection,
cooling

upwelling, mixing

van Oldenborgh al. 2005

Non linear processes:
 NL dynamical heating

(

T+ Uin phase)

Multiplicative noise"

WWE

Atmosphere response to SSTA

 Bjerknes wind stress feedback
 Heat flux feedbacks

° UpWG”Iﬂg, mixing, ("thermocline

feedback", "cold tongue dynamics”)

 Zonal advection
« Wave dynamics
 Energy Dissipation



Delayed oscillator (Suarez ,Schopf 1988, Battisti,Hirst

1989)
Recharged/discharged oscillator (Jin 1997)

West Pacific oscillator (Weisberg and Wang 1997)

Advective-reflective oscillator (Picaut et al. 1997)
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Delayed oscillator

Recharged/discharged oscillator



* Delayed oscillator (Suarez ,Schopf 1988, Battisti,Hirst

1989)
 Recharged/discharged oscillator (Jin 1997)

 West Pacific oscillator (Weisberg and Wang 1997)
 Advective-reflective oscillator (Picaut et al. 1997)
* Unified oscillator (Wang 2001)

(Lau 1985, Moore and
Kleeman 1999, Philander and Fedorov 2003, Kessler 2003,...)

 Can help explain observed events irregularity
 Role of atmospheric higher frequency (MJO, WWE)



PACIFIC WALKER CIRCULATION

East-west SST gradient

MOIST AIR RISES, AND /&
BECOMES DRIER AS IT
FEEDS RAIN

Trade winds

Equatorial upwelling in the east

SST increase in the east

DRY AIR RETURNS TO THE EAST, AND SINKS AS IT COOLS

Modified heat fluxes (SHF, LHF)



( : atmosphere heat flux
feedback

ping feedback
e feedback i./u’a 3 h <

H(w)w U5 : Bjerknes feedback

or ‘coupling strength ”
oy H(w)w
— 3, + a).
)y > Muh Hm

d is a negative feedback (damping)

Jin et al. 2006

,U IS a positive feedback (amplification)



Standard deviation SSTA (C) In

Observations

Modelling centers

« ENSO amplitude in CMIP3: very large diversity of simulated

amplitude
« Range reduced in CMIP5 (improved mean state ? tuned In

modelling development process ?)

Bellenger et al. 2013



Bjerknes M ad Total Heat Flux

- .r__-q'..i_i_-j..i_:_-q'.

 Surf. Fluxes feedback |- -

aLH Latent
Heat Flux

Models underestimate both Tl and a (error

compensation . . . .
S%oﬁwave fee)dback dsw main source of errors and diversity (sign

change!)

No clear evolution from CMIP3 to CMIP5 Bellenger et al. 2013,

based on Lloyd et al. (2009, 2010,
2012)



dsw map (ISCCP)
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VAR Ay Both co-exist in Nifio3
RN .*f Subsidence regime asw >0

Convective regime asw <0

BW _dvgy JCC W

ST ST ., “arcc”

150E 160W 110W Aswerrors wrt OAFlux

*aswerror have their origin in the AGCM 8 Coupled
e cloud response to dynamics
 (low) cloud properties

E'_'ﬂ
o
=

g, bias w.r.t. OAFlux (Wm-2C-1)

 When coupled, the dynamics also plays

arole (SST drift)
Lloyd et al. (2011, 2012)




SWFA vs. SSTA in Nino 3

SUBsident  MiIiXed CONvective
regime regime regime
(a) = () \

2

Shortwave anomaly (Wm )

160W

(ﬂ) ENSO amplitude vs alpha SW nonlinearity

MIX

Non-linearity of shortwave feedback

ENSO amplitude

Strong to extreme El Nino

simulation requires dsw non-
linearity

dsw honlinearity

Bellenger et al. (2013)




Impact of intraseasonal variablility on EI
NINo

Puy et al. (2015, 2016, 2017)

And now with Yann Planton, Matthieu Lengaigne and Jérome Vialard



East Longitude West Longifude
20° a0*100*140*180"140°100° 60° 20"

« Atmosphere equatorial intraseasonal mode (30-90
days)

e Involves moist convection

 Slower mode over warm sphere (IndoPac WP), faster
over cooler waters (East Pacific)

 Active phase generates Westerly Wind Events
WA=y

POWER(OLR S)/BACKGROUND
By b B FLREYT AT RS FSE R R

Evolution of Clouds and Layers in Tropical Mesoscale Convective System
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WWESs promote the onset/development of ELl Nino

* WWE: Unpredictable high frequency (5-30 days) westerly wind anomaly

SST(°C)
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* Onset: 1. Eastern Pac = Deepen thermocline | 2.Central Pac = Advect warm pool eastward

’ DEVElOpment: Favor the occurence of Subsequent WWES  (Fedorov 2002; Boulanger et al 2004; Lengaigne et al 2004)

= Warm pool

eastern edge
(28.5°C)



The active phase of the MJO/CRW favours WWE occurence

WWE - MJO/CRW relationship
AR DR - Virtually all (89%) WWESs are associated
! with the occurence of MJO and CRW

« WWE associated with the MJO last longer
and have a larger fetch.

Convective MJO

—p More likely to impact EL Nino

« Not all MJO are associated with WWE

« Sensitivity tests = Very robust

Puy et al. (2015) Climate dynamics




All WWEs don't have an impact on El Nino

 Similar favorable conditions for EL Nino in
2014 et 2015

Time

- Recharged equatorial Pacific (anomalous heat content)

- Strong WWE in JFM

 Why such a different evolution between
2014 and 2015 ?

« No WWE in summer/fall 2014

Time

e Can this difference be attributed to the
WWEs?
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El Nino precursors: heat recharge and westerly wind event

Well documented EIl Nino precursors in Spring :

March 1997 March 2015
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» Similar precursors in March 2014 and 2015 :

e Equatorial Pacific recharge (WWV ~1.5 std)

e Strong WWE (WWE Strength ~ 6 std)
Puy et al 2017



Similar subsurface and WWEs initial conditions ~ similar forecasts

» ECMWF El Nino (Nino3-SSTA) forecasts initialized Apr, 1512014 and 2015

o

Nifio3 SSTA (std)
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Lack of subsequent WWEs

Zonal Wind Anomalies Zonal Wind Anomalies (m s™1)
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» Forced oceanic simulations: Lack of subsequent WWES in summer could explain the
weak El Nifio amplitude in 2014



Model analog to March 2014 and 2015 preconditioning

» 150 years control run using the CNRM-CM5 coupled model.
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» March 2154 in model has preconditioning similar to March 2014 and 2015:
- WWV ~15std / WWE ~6 std

» 100-members ensemble simulation starting on the 1st April 2154
Puy et al 2017



Control ensemble simulation

Nifio3 SSTA evolution Nifilo3 SSTA December
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» Impact of the initial conditions : no Nina

» Large warming diversity [0 - 4 °C]

Puy et al 2017



Role of summer WWESs In control ensemble spread
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Role of summer WWESs In control ensemble spread

—— 10 warmest El Nifio 10 coolest EI Nifio  «——
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El Nino Magnitude linearly related to Summer/Fall WWESs activity

Statistics for 50 members

» Cumulative WWE Strength from April to November
WWE - Warm Pool Eastern Edge (WPEE) position
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» Do summer WWEs passively respond to El Nifio or do they actively

participate to its magnitude? Puy et al 2017



Removing Summer WWEs weakens El Nino ensemble mean

» Sensitivity experiment : April to November WWEs have been removed
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» Summer / fall WWEs strongly impact final El Nifo magnitude

Puy et al. 2017




Implications for El Nino predictability

» Strong WWEs likely to impact El Nino are associated with the MJO

Better MJO predictability could lead to better WWEs predictability

» WWESs are modulated by ENSO (deterministic component of the WWEs)

WWESs more likely to occur when the warm pool is shifted eastward

= Even during favorable conditions for El Nino, the inherent stochasticity of
the WWEs limits El Nino predictability

Puy et al. 2017



Large scale precursors vs. stochasticity and error growth

Simulation protocol to isolate coupled instability induced SST error growth in the ENSO region

December NINO-3 Signal in Equatorial Pacific Subsurface T’
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4 50 ' 50 4
/ : 100 4

200 1

Jan(Q) t _ Feb(0) _ Mar(0) | .eq | Apr(0)
1S0E 160W 110W 1S0E 160W 110W 1S0E 160W 110W 1S50E 160W 110W

Iy, B e
. B -16 14 -12 -1 pg 06 04 02 0 02 04 06 08 i 1.2 14 16 1.8 2

L

Climatological Wind Experiment (CWE) Release Experiment (RE)

0 1 -~ i &0 0 - ED 4
; | INearly 100 | Nearly 100 | Nearly 00 4 100
- Neutral Neutral Neutral X
150 150 : 150 4
)

el 200 200 4 200 4

Jan(0) | e, | Feb(0) | ,ep - Mar(0) | g0 | Apr(0)

[
|

'
A
3

Dec(-1) | .en
b

150E 160W 110W 150E 160W 110W RO0E 160W 110W 1S0E 160W 110W 150E 160W 110W

T T T Z
1 0% 08 0.7 06 05 04 4 e U 0 ¢ e 03 04 0O 06 07 08 09 1

Larson and Kirtman (2015)
ENSO occurence similar without large-scale precursor

Amplitude weaker (cannot get the large El Nino events)




e Understanding ENSO diversity is a hot
topic

« Some classifications proposed (EP/CP) but
debate as very few events

e EXperts agreement on a “continuum’

« ENSO impacts influence by location of
heating anomaly

 El Nino extremes stand out — but only 3
well observed

e Can we use models ?



Lag-correlation of potential EI Nino precursors

Observations Models

OBS: correlations with SSTA during ENSO peak MME: correlations with SSTA during ENSO peak
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10 selected models using criteria on amplitude, seasonality and skewness

Warm water volume in West Pacific (WWV,,) best
precursor up to one year in advance

Planton et al. in prep



Observations Models

OBS: WWVWA leading by 13 months MME: WWVWwA leading by 13 months

all  R=+0.38 P=98 15=+0.38 . all R=+0.46 P=100 15=+0.46 |
3.0} nina R=+0.46 P=90 15=+1.82 | 3.0} nina R=+0.34 P=100 1S=+0.87 1
R=+0.30 P=64 15=+0.24 L nino R=+0.08 P=100 15=+0.10

|

« SSTA - WWV,, relationship asymmetric between EI Nino and La Nina
« WWYV,, better precursor for La Nina strength but not for El Nifio strength

o Can we predict extreme El Nino events before the Spring predictability
barrier ?

Planton et al. in prep



* ENSO Is complex phenomena with many
Interacting processes

 Occurrence forecast is now possible after the
Spring barrier

 But understanding — and predicting — ENSO
diversity, including extremes, Is a challenge as
observations lacking

 Models are choice tools but need process-based
assessment



e Diversity and extremes

e Role of intraseasonal variations
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