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WWVW:	a	precursor	for	ENSO	

ENSO	peak	in	NDJ	

OBS:	lag	correlation	with	ENSO	
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WWVW:	a	precursor	for	ENSO	

95%	confidence	interval	

OBS:	lag	correlation	with	ENSO	
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correlation	with	WWVW	peaks	at	15	months	(consistent	with	Meinen	and	McPhaden	2000)	



WWVW:	a	precursor	for	ENSO	

La	Niña	events: 	SSTA	<	-0.5	STD	
El	Niño	events: 	SSTA	>	0.5	STD	

OBS:	lag	correlation	with	ENSO	
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SST: 	Niño3	
WWV: 	equatorial	Pacific	
WWVE: 	eastern	equatorial	Pacific	
WWVW: 	western	equatorial	Pacific	



WWVW:	a	precursor	for	ENSO	

slope	of	the	linear	regression	
La	Niña	events:	1.82	(0.40	to	4.07)	
El	Niño	events:	0.24	(-0.21	to	0.66)	

	

è strong	nonlinearity	
è but	strong	uncertainties	(12	La	Niña	events,	11	El	Niño	events)	

OBS:	lag	correlation	with	ENSO	
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è 	Asymmetry	in	the	WWVW–ENSO	relationship	
	
•  Can	CMIP5	models	reproduce	the	asymmetry?	

•  How	does	the	asymmetry	affect	ENSO	prediction?	
	
•  How	can	we	explain	the	asymmetry?	



OBS:	lag	correlation	with	ENSO	
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MME	
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Asymmetry	&	CMIP5	models?	



OBS:	lag	correlation	with	ENSO	
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MME	
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slope	of	the	linear	regression	
La	Niña	events:	0.87	(0.76	to	0.99)	(obs:	0.40	to	4.07)		
El	Niño	events:	0.11	(0.05	to	0.16)	(obs:	-0.21	to	0.66)		

	

è strong	nonlinearity	
è  weaker	uncertainties	(1800	La	Niña	events,	1607	El	Niño	events)	

Asymmetry	&	CMIP5	models?	



Asymmetry	&	ENSO	prediction?	
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WWVW:	a	precursor	for	ENSO	
occurrence	

SSTA	>	0.5	STD	:El	Niño	events	
	

La	Niña	events:	SSTA	<	-0.5	STD	 Neutral	

	
The	discharge	is	a	better	predictor	of	La	Niña	events	

than	the	recharge	for	El	Niño	events	
	

MME:	probability	of	events	13	months	after	
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WWVW:	a	precursor	for	ENSO	
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WWVW:	a	precursor	for	ENSO	
amplitude	
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WWVW:	a	precursor	for	ENSO	
amplitude	
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WWVW:	a	precursor	for	ENSO	
amplitude	

SSTA	>	1.5	STD	:extreme	El	Niño	events	extreme	La	Niña	events:	SSTA	<	-1.5	STD	

	
The	discharge’s	amplitude	is	a	better	predictor	of	La	Niña	

events’	amplitude	
than	the	recharge’s	amplitude	for	El	Niño	events’	amplitude	
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1)  Preconditioning	(year-1)	

2)  Triggering	(spring)	

3)  Amplification	(summer-fall)	

How	can	we	explain	this	asymmetry?	



•  Izumo	et	al.	(2018):	WWVW	related	to	Rossby	waves	è	integral	of	zonal	wind	
stress	anomalies	(τx)	over	the	equatorial	Pacific	and	the	previous	10	months	(τx’)	
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1)	Preconditioning	(year-1)	
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1)	Preconditioning	(year-1)	

Ø  Stronger	El	Niño	than	La	Niña	events	=>	stronger	positive	zonal	wind	stress	
=>	stronger	discharge	



1)  Preconditioning	(year-1)	
•  Strong	El	Niño	events	=>	strong	positive	τx	=>	strong	discharge	

=>	strong	preconditioning	for	La	Niña	events	

2)  Triggering	(spring)	
	

3)  Amplification	(summer-fall)	

How	can	we	explain	this	asymmetry?	



1)  Preconditioning	(year-1)	
•  Strong	El	Niño	events	=>	strong	positive	τx	=>	strong	discharge	

=>	strong	preconditioning	for	La	Niña	events	

2)  Triggering	(spring)	
•  strong	WWE	can	trigger	an	event,	like	in	1997	or	2015	

(e.g.,	Lengaigne	et	al.	2004,	Fedorov	et	al.	2015)	

3)  Amplification	(summer-fall)	

How	can	we	explain	this	asymmetry?	



2)	Triggering	(spring)	
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1)  Preconditioning	(year-1)	
•  Strong	El	Niño	events	=>	strong	positive	τx	=>	strong	discharge	

=>	strong	preconditioning	for	La	Niña	events	

2)  Triggering	(spring)	
•  strong	WWE	can	trigger	an	event,	like	in	1997	or	2015	

(e.g.,	Lengaigne	et	al.	2004,	Fedorov	et	al.	2015)	

3)  Amplification	(summer-fall)	

How	can	we	explain	this	asymmetry?	
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•  Collocated	linear	regression	in	Niño3.4	

steeper	slopes	for	El	Niño	
than	for	La	Niña	

non-linearities	in	the	atmospheric	response	to	SST	anomalies	
(e.g.,	Graham	et	al.	1987,	Bellenger	et	al.	2014,	Takahashi	et	al.	2016)	

3)	Amplification	(summer-fall)	
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•  Collocated	linear	regression	in	Niño3.4	

nonlinearity	of	the	
Bjerknes	feedback	

favours	the	growth	of	
El	Niño	

3)	Amplification	(summer-fall)	



1)  Preconditioning	(year-1)	
•  Strong	El	Niño	events	=>	strong	positive	τx	=>	strong	discharge	

=>	strong	preconditioning	for	La	Niña	events	

2)  Triggering	(spring)	
•  strong	WWE	in	spring	can	trigger	an	event,	like	in	1997	or	

2015	(e.g.,	Lengaigne	et	al.	2004,	Fedorov	et	al.	2015)	

3)  Amplification	(summer-fall)	
•  nonlinear	Bjerknes	feedback	(e.g.,	Takahashi	et	al.	2016)	
•  subsequent	WWEs	(e.g.,	Puy	et	al.	2017)	

Ø  Others?	NDH?	biological	feedback?	...	

How	can	we	explain	this	asymmetry?	



Asymmetry	in	the	WWVW–ENSO	relationship	
	

è reproduced	by	CMIP5	models	(at	least	the	11	used)	
	

è WWVW	is	a	better	predictor	of	both	La	Niña	event’s	
occurrence	and	amplitude	than	El	Niño	event’s	
occurrence	and	amplitude	

è 	hypothesis	will	be	tested	through	modeling	studies	

Conclusions	

è La	Niña	
è El	Niño	

=	
=	
stronger	
weaker	

preconditioning	
+	
+	
weaker	
stronger	

atmospheric	
processes	
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d)	Niño3	PR	Niño	/	Niña	asymmetry	metric	
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c)	ENSO	Niño3	PR	seasonality	

S1:	model	selection	



S1:	model	selection	

•  selection	based	on	two	criteria:	
1)  accurate	representation	of	ENSO	seasonality,	with	a	peak	of	variability	

in	boreal	winter	
(correlation	obs-model	of	the	Niño3	SSTA	standard	deviation	>	0.6)	

2)  ability	to	simulate	strong	El	Niño	events	(defined	as	massive	
precipitations	in	the	eastern	Pacific)	
(skewness	of	the	
Niño3	PRA	in	DJF	>1)	



S2:	MME	evaluation	

a)	OBS:	El	Niño	 b)	MME:	El	Niño	



S2:	MME	evaluation	

c)	OBS:	La	Niña	 d)	MME:	La	Niña	



S3:	ENSO-WWVW	asymmetry	
intercomparaison	



Impact	of	ENSO	transition/extreme/long-lasting	events	
and	extreme	recharge/discharge	
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transition	

1.	no	transition	El	Niño	to	La	Niña	
2.	no	transition	La	Niña	to	El	Niño	
3.	1	&	2	

4.	no	transition	extreme	El	Niño	to	La	Niña	
5.	no	transition	extreme	La	Niña	to	El	Niño	
6.	4	&	6	

7.	no	long-lasting	El	Niño	
8.	no	long-lasting	La	Niña	
9.	7	&	8	

13.	no	extreme	recharge	
14.	no	extreme	discharge	
15.	13	&	14	

extreme	ENSO	
transition	

long-lasting	
ENSO	events	

extreme	ENSO	
events	

extreme	
recharge/discharge	

10.	no	extreme	El	Niño	
11.	no	extreme	La	Niña	
12.	10	&	11	


