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a) Perfect c) Skill

d) Autocorrelationb) Spread/Error

Lead Time (Months)
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a) Perfect c) Skill

d) Autocorrelationb) Spread/Error
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a) Perfect c) Skill

d) Autocorrelationb) Spread/Error
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Predictability	is	an	intrinsic	limit	of	the	climate	system	due	
to	uncertainty	 in	 iniGal	 condiGons	 and	 the	 chaoGc	nature	
of	the	atmosphere.			No	maMer	how	good	models	become,	
there	 will	 always	 be	 a	 limit	 to	 our	 ability	 to	 make	
predicGons.	
	
EsGmates	 of	 predictability	 together	 with	 calculaGons	 of	
current	predicGon	skill	are	oOen	used	to	define	the	gaps	in	
our	 predicGon	 capabiliGes,	 inform	 future	 model	
developments,	and	set	expectaGons	for	stakeholders.	

Different	models	give	different	esGmates	of	predictability	
How	do	we	know	which	predictability	esGmate	is	most	representaGve	of	the	true	

predictability	of	the	climate	system?	

Perfect	Model	Predictability	(Nino3.4)	

Lead	Time	(Months)	

Perfect	model	predictability	
	

Ø  Used	to	assess	how	skillful	a	predic7on	system	would	be	
due	to	the	growth	of	errors	associated	with	uncertain7es	
in	the	ini7al	condi7ons.	

Ø  Calculated	by	withholding	each	member	of	an	ensemble	
forecas7ng	system	in	turn	as	the	``truth''	and	calcula7ng	
how	well	the	ensemble	mean	of	all	other	members	
forecasts	the	withheld	member.	

	

Spread/Error	RaGo	
	
Ø  In	a	perfect	ensemble	predic7on	system,	the	spread-error	ra7o	

should	be	one.		
	
Ø  If	the	spread	is	underes7mated	rela7ve	to	the	error,	then	the	

ensemble	is	under-dispersive	(over-dispersive),	leading	to	over-	
(under-)	es7mates	of	predictability.		

	
Ø  All	models	have	a	spread-error	ra7o	less	than	one	except	at	the	

longest	lead	7mes.	Given	the	uncertain7es	due	to	ini7al	
condi7ons	and	model	errors,	the	spread	is	generally	too	small	
in	these	models	to	represent	the	forecast	uncertainty	(leI).	

Idealized	framework	using	the		North	American	MulG-model	Ensemble		
(NMME)	Re-forecast	Database	

	
1.  Take	each	model	in	turn	as	the	truth	and	calculate	“true”	predictability	
2.  Compare	how	well	all	other	models	es7mate	this	predictability	
3.  Apply	metrics	to	see	if	they	can	provide	any	informa7on	about	how	well	

a	model	represents	“true”	predictability	

Example	
	
•  Figure,	right,	shows	the	predictability	es7mates	of	each	model	rela7ve	to	the	

NCEP-CFSv2	model	selected	as	“truth”.	

•  Most	of	the	models	have	higher	predictability	es7mates	than	the	NCEP-
CFSv2	model,	although	some	have	lower	es7mates	than	NCEP-CFSv2.		

•  Could	we	iden7fy	whether	a	model	will	have	a	higher,	lower,	or	similar	
es7mate	of	predictability	to	the	NCEP-CFSv2	by	looking	at	characteris7cs	of	
the	predic7ons	rela7ve	to	the	NCEP-CFSv2?	We	apply	the	three	metrics	that	
represent	characteris7c	of	the	predic7on	systems	--	SE	ra7o,	
autocorrela7on,	and	skill	to	test.	

	

Results:	Nino3.4	

NCEP-CFSv2	as	Truth	 ALL	MODELS	as	Truth	
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Temperature	PrecipitaGon	

þ Spread-Error	RaGo	
•  But	only	at	short	lead-7mes	
•  Perhaps	useful	for	weather	and	subseasonal	7mescales?	(Future	work)	
	
ý AutocorrelaGon	
Not	robust	across	regions	or	lead-7mes	
	
ý Skill	
Nothing	useful	here	

METRICS	

AutocorrelaGon	
	
Ø  This	metric	provides	a	measure	of	persistence.			
	
Ø  If	a	model	is	more	(less)	persistent	than	the	observa7ons,	then	

it	seems	intui7ve	that	it	would	beVer	(worse)	predict	itself,	
leading	to	predictability	es7mates	higher	(lower)	than	the	true	
climate	system.			

	
Ø  Figure	to	right	shows	the	autocorrela7on	of	the	Nino3.4	index	

as	a	func7on	of	lead-7me	for	each	model's	ensemble	mean.		
The	gray	dashed	line	indicates	the	autocorrela7on	for	the	
observa7ons.		Clearly,	some	models	are	more	persistent	than	
observa7ons,	while	others	are	less	persistent.		

	

Skill	
	
Ø  Given	that	skill	is	a	measure	of	how	close	an	ensemble	

predic7on	system	is	to	the	truth	on	average	over	many	cases,	it	
seems	reasonable	to	expect	that	the	most	skillful	model	is	the	
model	most	similar	to	observa7ons	and	therefore	may	have	the	
most	realis7c	predictability	es7mate.		

Ø  Figure	leI	shows	the	actual	skill	of	each	model	for	the	Nino3.4	
index	rela7ve	to	observa7ons.	As	with	predictability	es7mates,	
there	is	also	a	wide	range	of	skill,	par7cularly	as	the	lead	7me	
increases,	ranging	from	about	0.65	to	0.85	at	6-months	lead	
7me.		

	

METHODOLOGY	

RESULTS:	Nino3.4	

r2	 r2	 r2	 r2	 r2	 r2	

Individual	Models	

Each	line	represents	an	individual	model	

Each	line	represents	an	individual	model	

Solid	lines	=	individual	models	
Dashed	gray	line	=	observed	

Each	line	represents	an	individual	model	
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