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Introduction 
q Recently,	the	need	for	numerical	guidance	covering	the	weeks	3&4	period	
has	been	increasing,	driven	primarily	by	economic	requirements	to	support	
decision-makers	and	for	preparedness	to	changes	in	climate.	The	NOAA	is	
acceleraNng	its	efforts	to	improve	numerical	guidance	and	predicNon	
capability	for	the	extended	range–S2S:	the	weeks	3&4	period	that	bridges	the	
gap	between	weather	and	climate.	Covering	the	extended-range	period	will	
enable	NOAA	to	provide	seamless	numerical	guidance	to	the	public,	
protecNng	life	and	property.	Thus,	a	be^er	understanding	of	predictability	
and	numerical	model	capabiliNes	are	necessary	to	enhance	our	capabiliNes	of	
predicNon	beyond	week-2.		

q The	NCEP	GEFS	has	been	very	successful,	providing	reliable	weather	and	
week-2	probabilisNc	forecast	guidance	that	has	translated	into	valuable	
informaNon	for	the	general	public.		But	the	S2S	predic?on	capabili?es	of	the	
GEFS	have	only	recently	been	evaluated.	Specifically,	these	capabiliNes	were	
evaluated	as	part	of	the	NOAA	SubX	with	a	18-year	reforecast	is	used	as	a	
reference	system.	This	study	involves	a	comparison	of	SubX	results	with	those	
from	the	newly	developed	FV3-based	GEFS,	which	includes	a	different	
dynamical	core,	different	horizontal	resoluNon,	different	micro	physics,	etc.	
The	upper	limits	of	predicNon	skill	will	be	invesNgated	through	these	
experiments	with	various	evaluaNon	metrics,	which	include	extratropical	
circulaNons,	MJO	and	other	phenomena.		 2	



What do we present? 

GEFS	

Current	 Next	 Poten?al	
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Current:	Predic?on	skills	of	
opera?onal	GEFS		

(35d	forecast	to	support	SubX)	
Configura?on	of	GEFS	v11	and	v11+	

	
•  Model:	GSMv14	(spectrum	model	with	semi-Lagrange	Nme	integraNon)	
•  IniNal	perturbaNon:	F06	of	EnKF	analysis	
•  Model	perturbaNon:	STTP	(stochasNc	total	tendency	perturbaNon)		
•  ResoluNons:	TL574L64	(0-8	days);	TL384L64	(8-16	days)	
•  Forecast	leads:	out	to	16	days	(and	35	days)	
•  Members:	20	perturbed	+	control	forecast	
•  Frequency:	4	Nmes	per	day	(00;	06;	12;	18UTC)	
•  Output	data:	0.5d	resoluNon	globally	

•  GEFS	v11	+	to	support	SubX	in	real-7me:	
ü  SPPT+SHUM+SKEB	(SPs)	with	control	version	of	SST;		
ü  SPs	with	bias	corrected	CFSv2	forecast	SST	(SPs+CFSBC);	
ü  SPs	with	bias	corrected	CFSv2	forecast	SST	and	scale	aware	convecNon	

scheme	(SPs+CFSBC+CNV)	;	 4	



CRPSS	for	NH	500hPa	geopoten?al	height	

6	days	

10	days	

18	years	
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WMO	THORPEX	(2005-2014)	Expecta7on:	
Double	our	speed	for	improvement	–	extend	2	days	skill	by	10	years	

ENSO	year???	
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WH-MJO	Forecast	Skills	for	2-yr	Experiments	

RMM2	

RMM1+RMM2	

RMM1	

12.5	days	

22	days	
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Next:	FV3	based	GEFS	(v12)	

Configura?on	of	GEFS	v12	(plan)	
	
•  What	are	the	major	difference	from	GEFSv11	(or	V11+	SubX	
version	)	

ü  Model	dynamics	– FV3	(Finite-Volume	Cubed-Sphere	Dynamical	Core)	
ü  Horizontal	resoluNon	–	C384	~	25km	
ü  Microphysics	–	GFDL	MP	
ü  Tuned	StochasNc	Physics	
ü  31	ensemble	members	(skills	we	have	demonstrated	are	from	21	members)	

ü  ComputaNon	cost	–	factor	of	4	
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RMSE	and	Ensemble	Spread	of	NH	500hPa	height	

FV3-GEFS	shows	expected	performance	
in	terms	of	error/spread	raNo	

(staNsNcally)	
	

Reduced	error					and	increase	spread	

Forecast	days	

------		SubX	
------				FV3	

For	one	year	period	
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RPSS	scores	for	one	years	35	days	forecasts	
Weeks	3&4	average	

For	raw	ensemble	forecast	(no	calibraBon)	
Truth:	own	analysis	or	f00	at	2.5d	resoluBon	 10	

FV3-GEFS	indicates	an	big	improvement	of	T2m	for	CONUS	



MJO	skill	is	be`er	
than	SubX	 FV3	has	less	phase	errors	

For	one	year	period,	
But	winter	months	
have	higher	score	

Tropical	Predic?on	Skills	

U200	U850	 OLR	

RMM2	

RMM1	
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Poten?al	forecast	capability	
	-	Predictability	

Our	assumpNons:	
1. Model	is	perfect	
2. Ensemble	system	is	perfect	
3. Ensemble	mean	represents	best	
forecast		

4. Errors	come	from	observaNon	
uncertainNes	and	chaoNc	system	
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ü  Predictability	is	the	degree	to	which	a	correct	predicNon	or	forecast	of	a	system's	
state	can	be	made	either	qualitaNvely	or	quanNtaNvely	

ü  Charney	(1951)	indicated	that	forecast	skill	would	break	down,	but	he	a^ributed	it	to	
model	errors	and	errors	in	the	ini?al	condi?ons		

ü  Lorenz	(1963)	discovered	that	even	with	a	perfect	model	and	almost	perfect	iniNal	
condiNons	the	forecast	loses	all	skill	in	a	finite	Nme	interval	because	chao?c	system		

ü  Now,	we	are	gepng	closer	to	the	2	week	limit	of	predictability,	and	we	have	to	
extract	the	maximum	informaNon		

Stable	 Less	Stable	 Unstable	

Background	

Buizza	and	Palmer;		2002	 13	



Ying	and	Zhang,	2017;	JAS	-	PracNcal	and	Intrinsic	Predictability	of	MulNscale	Weather	and	
ConvecNvely	Coupled	Equatorial	Waves	during	the	AcNve	Phase	of	an	MJO	

Predictable	Nmescale	(days)	
for	kineNc	energy,	
temperature,	humidity,	and	
precipitaNon	as	a	funcNon	of	
horizontal	wavenumber	
(labeled	as	corresponding	
wavelength	in	km).	Intrinsic	
predictability	limits	are	
shown	in	thin	lines,	and	
pracNcal	predictability	limits	
in	thick	lines.	

One	example	of	many	interes?ng	studies	
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Based	on	all	these	
referred	studies	–	we	

could	explore	
“predictability”	to	

useful	predicNon	kills	



This investigation will focus on 
•  State-of-art	global	ensemble	forecast	system	(GEFS)	

•  Present	iniNal	uncertainty	(EnKF)	and	model	uncertainty	(SPs)	

•  Principal	assumpNons	(hypotheses)	are	
•  Ensemble	system	is	perfect	
•  Ensemble	spread	really	represents	true	forecast	uncertainty	
•  All	individual	perturbed	forecast	could	be	proxy	truth	(and	equal)	
•  Ensemble	mean	will	be	best	forecast	soluNon	for	large	scale	forecast	

•  Large	scale	systems	(or	events)	in	terms	of		
•  SpaNal	resoluNon	
•  Temporal	resoluNon	

•  CalculaNon	of	anomaly	correlaNon	in	terms	of		
•  Pa^ern	
•  Time	series	of	domain	average	

•  PredicNon	skills	are	based	on	
•  NH	500hPa	geopotenNal	height	-	PAC	
•  Tropical	MJO	RMM1+RMM2	(850hPa	and	200hPa	zonal	wind	and	MJO)	

•  PredicNon	skills	are	presented	for	
•  Useful	and	true	skills	for	current	system	
•  PotenNal	useful	skills	–	kind	of	predictability	

15	



RMSE	and	Ensemble	Spread	of	NH	500hPa	height	

Forecast	days	

------		SubX	
------				FV3	

For	one	year	period	

16	

Ques?on	–	does	ensemble	
spread	is	good	enough	to	

represent	forecast	uncertainty	
sta?s?cally?	



RMSE	and	Ensemble	Spread	of	NH	500hPa	height	

Forecast	days	

------		SubX	
------				FV3	
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RMSE	of	analysis	and	climatological	mean	
Variance	of	RMSE	=	SQRT	(2)*RMSE	

Answer:	there	is	no	clear	clue	for	short	
lead	?me,	but	we	do	know	the	

sta?s?cs	for	climatology	

4	months		average	of	
spread-error	raNo	of	
NH	500hPa	height	5	

days	forecast	

Clim
ate	variance	of	RM

SE	

90	

127	

2

2



RMSE	and	Ensemble	Spread	of	NH	500hPa	height	

Forecast	days	

------		SubX	
------				FV3	
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RMSE	of	analysis	and	climatological	mean	
Variance	of	RMSE	=	SQRT	(2)*RMSE	

Answer:	there	is	no	clear	clue	for	short	
lead	?me,	but	we	do	know	the	

sta?s?cs	for	climatology	

Spread-skill	relaNon	
850hPa	U	–	sum	month	

Bin	variance	

Clim
ate	variance	of	RM

SE	

90	

127	2

Sample	of	850U	
Summer	cases	



Over-all	predic?on	and	poten?al	predic?on	skills		
for	NH	500hPa	height	extra-tropics	(day-to-day)	

12	à	14	days	

Please	note	that	GEFS	has	
limited	ensemble	size	(21)	

For	perfect	EnKF	system,	
all	iniNal	analyses	are	
equal,	all	forecast	should	
be	trues	if	model	is	perfect	

(ASSUME	BIAS	FREE)	
Thick	lines:	ensemble	mean	.vs	analysis	

Thin	lines:	ensemble	mean	.vs	pert	members	

Real	skills	

PotenNal	skills	

19	

User	skill	line	



Predic?on	and	predictability		
for	NH	500hPa	height	extra-tropics	(diff.	scales)	

Wave	1-3	(length	scale	>	10000	km)	
Wave	4-9	(length	scale	>	3000km,	<	10000km)	
Wave	10-20	(length	scale	>	1500km,	<	3000km)	

13	days	->	15.2	days		

PotenNal	skill	

PotenNal	skill	

Skills	are	based	on	
FV3-GEFS	version	

GEFS	SubX	version	has	
similar	skill	

20	

User	skill	line	
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Predic?on	and	predictability	of	MJO	

FV3-GEFS	v12	

MJO	skill	for	ensemble	mean	

PotenNal	MJO	skill	
for	ensemble	mean	

Discussion:	Black	line	shows	the	MJO	skills	from	current	1-year	FV3-GEFS	(v12)	experiment	
(ensemble	mean	.vs	analysis);	Red	line	shows	the	potenNal	MJO	skills	from	the	same	1-year	
experiment,	but	uses	ensemble	mean	against	ensemble	control.		We	have	assumed	1).	
Ensemble	system	is	perfect;	2).	Ensemble	mean	has	best	performance	of	large	scale	
soluNon	(TRUE);	3).	Ensemble	control	forecast	is	perfect	if	model	is	perfect;	4).	Ensemble	
control	is	independent	of	ensemble	mean	(and/or	each	perturbed	forecast).	Q:	does	this	
indicate	that	there	is	large	room	for	us	to	improve	MJO	predic?on?	

User	skill	line	

MJO	skill:	RMM1+RMM2	
20170501	-	20180406	



Summary 
Predic?on	of	Current	and	next	GEFS	

• Weeks	3&4	average	
•  SubX	version	is	be^er	than	
CFSv2	

•  FV3	version	is	similar	to	SubX	

• Weeks	3&4	bias	
•  FV3	version	shows	much	
be^er	bias	than	SubX	(not	
shown)	

•  FV3	version	has	be^er	RPSS	
skill	than	SubX	for	CONUS	T2m	

•  Tropical	area	
•  SubX	version	has	be^er	MJO	
skills	than	CFSv2	

•  FV3	version	shows	be^er	MJO	
skills	than	SubX	

Poten?al	predic?on	skills	

•  Overall	
•  PotenNal	2+	days	skillful	
forecast	could	be	added	from	
current	predicNon	through	
improving	our	model	

•  Different	scales	
•  Planetary	scales	(>1000km)	
could	be	15+	days	skill	

•  Large	scales	(wave	4-9)	could	
be	10+	days	

•  SynopNc	scales	(wave	10-20)	
could	be	8+	days	

•  Tropical	area	
•  Large	potenNal	to	enhance	
tropical	predicNon,	such	as	
MJO	
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Will	conNnue	to	invesNgate	probabilisNc	forecast	skills!!!	



Thanks	for	your	a`en?on!!!	
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CFSv2	is	NCEP	opera7onal	climate	forecast	system	(coupling)	
implemented	on	2011	–	16	members	leg	(24	hours)	ensemble	

GEFS	week	3&4	forecasts	(May	2014-May	2016)	

How	about	MJO	skill	
of	coupling	model	?	

24	


