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•  The	antecedent	environments	associated	with	con1nental	U.S.	
extreme	temperature	events	are	characterized	by	considerable	
North	Pacific	Jet	(NPJ)	variability	during	the	medium-range	
forecast	period	

•  This	NPJ	variability	mo1vated	the	development	of	the	NPJ	
phase	diagram	as	an	objec1ve	tool	to	characterize	the	
instantaneous	state	of	the	upper-tropospheric	flow	paGern	over	
the	North	Pacific	
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•  The	antecedent	environments	associated	with	con1nental	U.S.	
extreme	temperature	events	are	characterized	by	considerable	
North	Pacific	Jet	(NPJ)	variability	during	the	medium-range	
forecast	period	

•  This	NPJ	variability	mo1vated	the	development	of	the	NPJ	
phase	diagram	as	an	objec1ve	tool	to	characterize	the	
instantaneous	state	of	the	upper-tropospheric	flow	paGern	over	
the	North	Pacific	

•  This	presenta?on	explores	the	poten?al	of	the	NPJ	phase	
diagram	to	increase	confidence	in	opera?onal	probabilis?c	
temperature	forecasts	during	the	medium-range	period	
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The	Development	of	the		
NPJ	Phase	Diagram		



•  Removed	the	mean	and	the	annual	and	diurnal	cycles	from							
6-hourly,	250-hPa	zonal	wind	data	from	the	CFSR	(1979–2014)	
(Saha	et	al.	2014)	

•  Restricted	data	to	the	cool	season	(Sept.–May)	
•  Performed	an	EOF	analysis	on	the	zonal	wind	anomalies	within	

the	domain:	10–80°N	,	100°E–120°W	

Analysis	techniques	and	resultant	EOF	paDerns	are	consistent	
with	related	work	on	the	NPJ:	
•  Athanasiadis	et	al.	(2010)	
•  Jaffe	et	al.	(2011)	
•  Griffin	and	Mar1n	(2017)	
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250-hPa	wind	speed:	shaded	0000	UTC	16	February	2017	

Instantaneous	250-hPa	zonal	wind	anomalies	can	be	
projected	onto	EOF	1	and	EOF	2,	resul?ng	in	a	point	
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250-hPa	wind	speed:	shaded	0000	UTC	18	February	2017	
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250-hPa	wind	speed:	shaded	0000	UTC	20	February	2017	
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250-hPa	wind	speed:	shaded	0000	UTC	22	February	2017	
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250-hPa	wind	speed:	shaded	0000	UTC	24	February	2017	
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250-hPa	wind	speed:	shaded	0000	UTC	26	February	2017	
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Influence	of	the	Prevailing	NPJ	
Regime	on	North	America	
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250-hPa	Wind	Speed	(shading),	Geo.	Heights	(contours),	Geo.	Height	Anom.	(contours):	
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250-hPa	Wind	Speed	(shading),	Geo.	Heights	(contours),	Geo.	Height	Anom.	(contours):	
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GEFS	Forecast	Skill	in	the	
Context	of	the	NPJ	Phase	

Diagram	



NPJ	Phase	Diagram	Forecast	Skill	
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Best/Worst	NPJ	Phase	Diagram	Forecasts	

	
Criteria:	Forecasts	must	rank	in	the	top/boGom	10%	in	terms	of	
both:	
	
(1)  The	average	GEFS	ensemble	mean	error	for	the	Day	8	and	9	

forecasts		

(2)  The	average	GEFS	ensemble	member	error	for	the	Day	8	and	9	
forecasts	

Comparison	between	the	periods	characterized	by	the	best/worst	
medium-range	forecasts 		



Best/Worst	NPJ	Phase	Diagram	Forecasts	

Comparison	between	the	periods	characterized	by	the	best/worst	
medium-range	forecasts 		
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Avg.	
ΔPC1	

Avg.	
ΔPC2	

Avg.	10-d	
Traj.	Length.	

Best	Forecasts	
(N=475)	

0.09	 0.16	 3.50		
PC	units	

Worst	Forecasts	
(N=763)	

0.01	 –0.21	 4.33		
PC	units	

Best/Worst	NPJ	Phase	Diagram	Forecasts	

Comparison	between	the	periods	characterized	by	the	best/worst	
medium-range	forecasts 		

•  The	best	forecast	periods	are	typically	characterized	by	poleward	shi\s	over	the	
next	10	days	and	anomalously	short	trajectories	within	the	NPJ	phase	diagram	

•  The	worst	forecast	periods	are	typically	characterized	by	equatorward	shi\s	over	
the	next	10	days	and	anomalously	long	trajectories	within	the	NPJ	phase	diagram	

Poleward	
	Shi\	

Equatorward	
	Shi\	

Sta?s?cally	
significant	at	the	
99.9%	confidence	

interval	
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Comparison	between	the	periods	characterized	by	the	best/worst	
medium-range	forecasts 		
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Comparison	between	the	periods	characterized	by	the	best/worst	
medium-range	forecasts 		
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Ini?aliza?on	of	a	Worst	Forecast	during	Jet	Retrac?on		(N=145)	

Ini?aliza?on	of	a	Best	Forecast	during	Jet	Retrac?on	(N=63)	
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8	days	following	a	Worst	Forecast	during	Jet	Retrac?on		(N=145)	

8	days	following	a	Best	Forecast	during	Jet	Retrac?on	(N=63)	
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m	
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99%	Conf.	Interval	

Composite	Difference:	(Worst	–	Best)	at	192	h	

•  Rela1ve	to	the	best	forecast	periods,	the	worst	forecast	
periods	are	frequently	characterized	by	significantly	higher	
heights	at	high	la1tudes	and	significantly	lower	heights	at	
low	la1tudes	over	the	North	Pacific	

•  The	above	composite	difference	paGern	suggests	that	the	
worst	forecast	periods	are	ocen	associated	with	upper-
tropospheric	blocking	events	over	the	North	Pacific	



Summary	
	

•  Forecasts	verifying	during	jet	retrac?ons	and	equatorward	
shi\s	are	characterized	by	substan1ally	larger	errors	than	those	
verifying	during	jet	extensions	and	poleward	shi\s	

•  The	worst	forecasts	are	more	frequently	ini1alized	during	jet	
retrac?ons	and	equatorward	shi\s	

•  The	worst	forecast	periods	are	associated	with	equatorward	
shi\s	and	longer	trajectories	within	the	NPJ	phase	diagram	
during	the	10-day	period	following	forecast	ini1aliza1on	

•  The	worst	forecast	periods	are	ocen	associated	with	upper-
tropospheric	blocking	events	over	the	North	Pacific	



NPJ	Phase	Diagram	Web	Interface	



•  A	web	interface	has	been	developed	that	offers	real	1me	NPJ	
phase	diagram	forecasts	and	extreme	event	composites:		

	hDp://www.atmos.albany.edu/facstaff/
awinters/real?me/About_EOFs.php	

	

Contact:		acwinters@albany.edu	
	

Collaborators:	Mike	Bodner	(WPC),	Arlene	Laing	(NOAA),	Dan	
Halperin	(ERAU),	Bill	Lamberson	(WPC),	Josh	
Kastman	(WPC),	and	Sara	Gane1s	(WPC)	

NPJ	Phase	Diagram	Web	Interface	
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NPJ	Regime	Composite	PaDerns	
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250	hPa	

•  The	worst	forecast	periods	are	
frequently	characterized	by	
significantly	higher	heights	over	the	
North	Pacific	and	lower	heights	over	
North	America	

•  The	composite	difference	paGern	
suggests	that	the	worst	forecast	
periods	are	ocen	associated	with	
upper-tropospheric	blocking	events	
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250	hPa	

•  The	worst	forecast	periods	are	
typically	characterized	by	an	
equatorward	shiced	trajectory	
within	the	NPJ	phase	diagram	

•  The	best	forecast	periods	are	
typically	characterized	by	a		
poleward	shiced	trajectory	within	
the	NPJ	phase	diagram	
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m	

250	hPa	

•  Rela1ve	to	the	best	forecast	periods,	the	worst	forecast	
periods	are	frequently	characterized	by	significantly	higher	
heights	over	the	eastern	North	Pacific	at	the	1me	of	forecast	
ini1aliza1on	

99%	Conf.	Interval	

Composite	Difference:	(Worst	–	Best)	at	0	h	



m

(a) Jet Extension (b) Jet Retraction

(c) Poleward Shift (d) Equatorward Shift

99%	Conf.	Interval	

Composite	Difference:	(Worst	–	Best)	at	0	h	

•  Rela1ve	to	the	best	forecasts,	the	worst	forecast	periods	exhibit	
significantly	higher	heights	over	the	eastern	North	Pacific	
irrespec1ve	of	the	NPJ	regime	at	the	1me	of	forecast	ini1aliza1on	



m

(a) Jet Extension (b) Jet Retraction

(c) Poleward Shift (d) Equatorward Shift

99%	Conf.	Interval	

•  The	composite	differences	suggest	that	the	worst	forecast	periods	
are	ocen	associated	with	upper-tropospheric	blocking	events	over	
the	North	Pacific	8	days	following	forecast	ini1aliza1on	
irrespec1ve	of	the	NPJ	regime	at	the	1me	of	forecast	ini1aliza1on	

Composite	Difference:	(Worst	–	Best)	at	192	h	



NPJ	Regime	Distribu?ons	



NPJ	Regime	Characteris?cs	
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•  The	frequency	of	each	NPJ	regime	exhibits	considerable								
inter-annual	and	intra-annual	variability	



NPJ	Regime	Frequency	and	ENSO	

•  Jet	Extensions	
and	Equatorward	
Shics	are		
favored	during	
an	El	Niño	

•  Jet	Retrac1ons	
and	Poleward	
Shics	are		
favored	during	a	
La	Niña	
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NPJ	Regime	Frequency	and	the	MJO	
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NPJ	Regime	Frequency	and	the	PNA	
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•  Jet	Extensions	
and	Poleward	
Shics	are		
favored	during	a	
posi1ve	PNA	

•  Jet	Retrac1ons	
and	Equatorward	
Shics	are		
favored	during	a	
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Addi?onal	NPJ	Phase	Diagram	
Verifica?on	Sta?s?cs		
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Forecasts	ini1alized	during	jet	retrac?ons	exhibit	significantly	larger	errors	than		
jet	extensions	in	the	192–216-h	forecast	period	



NPJ	Phase	Diagram	Forecast	Skill	

• Forecasts	ini1alized	during	jet	retrac?ons	are	characterized	by	
larger	errors	than	those	ini1alized	during	jet	extensions	and	
poleward	shi\s	
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NPJ	Phase	Diagram	Forecast	Skill	

• Forecasts	verifying	during	jet	retrac?ons	and	equatorward	shi\s	
are	characterized	by	substan1ally	larger	errors	than	those	verifying	
during	jet	extensions	and	poleward	shi\s	
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NPJ	Phase	Diagram	Forecast	Skill	

• 	Jet	retrac?ons	and	equatorward	shi\s	are	ocen	characterized	by	
high-amplitude	and/or	short-wavelength	flow	paGerns	over	the	
North	Pacific,	which	may	be	a	contribu1ng	factor	to	the	reduced	skill	
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More	Worst	Forecasts	More	Best	Forecasts	

Best	

Worst	

•  The	worst	forecasts	are	most	frequently	ini1alized	during	jet	
retrac1ons	and	equatorward	shics	

•  The	worst	forecast	periods	frequently	feature	equatorward	shics	
during	the	10-day	period	following	forecast	ini1aliza1on	

Best/Worst	NPJ	Phase	Diagram	Forecasts	
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More	Worst	Forecasts	More	Best	Forecasts	

•  The	worst	forecast	periods	are	associated	with	longer	trajectories	
through	the	NPJ	phase	diagram	following	forecast	ini1aliza1on,	
sugges1ve	of	rapid	NPJ	regime	change	

Best/Worst	NPJ	Phase	Diagram	Forecasts	



NPJ	Regime	Forecast	Frequency	
The	percent	frequency	that	an	NPJ	regime	is	over/under	forecast	rela?ve	to	

verifica?on	at	various	forecast	lead	?mes	in	the	GEFS	ensemble	mean	reforecasts	
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NPJ	Regime	Forecast	Frequency	
The	percent	frequency	that	an	NPJ	regime	is	over/under	forecast	rela?ve	to	

verifica?on	at	various	forecast	lead	?mes	in	the	GEFS	ensemble	mean	reforecasts	
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•  Equatorward	shi\s	are	
substan1ally	under	
forecast	at	every	
forecast	lead	1me	
compared	to	all	other	
NPJ	regimes	

•  The	degree	to	which	
equatorward	shi\s	are	
under	forecast	
corroborates	the	
reduced	skill	of	forecasts	
verifying	during	
equatorward	shi\s	



Reliability	Diagram	
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GEFS	Ensemble	Mean	Error	–	Season	
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Circles	on	a	par1cular	line	indicate	sta1s1cally	
significant	differences	to	the	95%	confidence	
interval	with	respect	to	another	jet	regime.	



GEFS	Ensemble	Mean	POD	by	NPJ	Regime	
For	forecasts	verifying	within	a	par?cular	NPJ	regime	
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Frequency	of	Best/Worst	NPJ	Forecasts	
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Frequency	of	Worst	NPJ	Forecasts	
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Frequency	of	Best	NPJ	Forecasts	
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Best/Worst	NPJ	Phase	Diagram	Forecasts	

Ensemble	Mean	Posi1on	
Individual	Ens.	Member	

Verifica1on	

Hypothe?cal	Best	Forecast	

Comparison	between	the	periods	characterized	by	the	best/worst	
medium-range	forecasts	

	
Criteria:	Forecasts	must	rank	in	the	top/boGom	10%	in	terms	of	both:	
(1)  The	average	GEFS	ensemble	mean	error	in	the	Day	8	and	9	forecasts		
(2)  The	average	GEFS	ensemble	member	error	in	the	Day	8	and	9	forecasts	

		



Best/Worst	NPJ	Phase	Diagram	Forecasts	

Ensemble	Mean	Posi1on	
Individual	Ens.	Member	

Verifica1on	

Hypothe?cal	Best	Forecast	Represents	a	forecast	with	
negligible	ensemble	mean	

error	
(1)	Ens.	Mean	error	≈	0	

Comparison	between	the	periods	characterized	by	the	best/worst	
medium-range	forecasts	

	
Criteria:	Forecasts	must	rank	in	the	top/boGom	10%	in	terms	of	both:	
(1)  The	average	GEFS	ensemble	mean	error	in	the	Day	8	and	9	forecasts		
(2)  The	average	GEFS	ensemble	member	error	in	the	Day	8	and	9	forecasts	

		



Best/Worst	NPJ	Phase	Diagram	Forecasts	

Ensemble	Mean	Posi1on	
Individual	Ens.	Member	

Verifica1on	

Hypothe?cal	Best	Forecast	Represents	a	forecast	with	
negligible	ensemble	member	

error	

(2)	Avg.	Ens.	Member	error	≈	0	

Comparison	between	the	periods	characterized	by	the	best/worst	
medium-range	forecasts	

	
Criteria:	Forecasts	must	rank	in	the	top/boGom	10%	in	terms	of	both:	
(1)  The	average	GEFS	ensemble	mean	error	in	the	Day	8	and	9	forecasts		
(2)  The	average	GEFS	ensemble	member	error	in	the	Day	8	and	9	forecasts	

		

(1)	Ens.	Mean	error	≈	0	



Best/Worst	NPJ	Phase	Diagram	Forecasts	

Ensemble	Mean	Posi1on	
Individual	Ens.	Member	

Verifica1on	

Hypothe?cal	Intermediate	Forecast	

Comparison	between	the	periods	characterized	by	the	best/worst	
medium-range	forecasts	

	
Criteria:	Forecasts	must	rank	in	the	top/boGom	10%	in	terms	of	both:	
(1)  The	average	GEFS	ensemble	mean	error	in	the	Day	8	and	9	forecasts		
(2)  The	average	GEFS	ensemble	member	error	in	the	Day	8	and	9	forecasts	

		



Best/Worst	NPJ	Phase	Diagram	Forecasts	

Ensemble	Mean	Posi1on	
Individual	Ens.	Member	

Verifica1on	

Represents	a	forecast	with	
negligible	ensemble	mean	

error	

Comparison	between	the	periods	characterized	by	the	best/worst	
medium-range	forecasts	

	
Criteria:	Forecasts	must	rank	in	the	top/boGom	10%	in	terms	of	both:	
(1)  The	average	GEFS	ensemble	mean	error	in	the	Day	8	and	9	forecasts		
(2)  The	average	GEFS	ensemble	member	error	in	the	Day	8	and	9	forecasts	

		

(1)	Ens.	Mean	error	≈	0	

Hypothe?cal	Intermediate	Forecast	



Best/Worst	NPJ	Phase	Diagram	Forecasts	

Ensemble	Mean	Posi1on	
Individual	Ens.	Member	

Verifica1on	

Represents	a	forecast	with	
considerable	ensemble	

member	error	

(2)	Avg.	Ens.	Member	error	>>	0	

Comparison	between	the	periods	characterized	by	the	best/worst	
medium-range	forecasts	

	
Criteria:	Forecasts	must	rank	in	the	top/boGom	10%	in	terms	of	both:	
(1)  The	average	GEFS	ensemble	mean	error	in	the	Day	8	and	9	forecasts		
(2)  The	average	GEFS	ensemble	member	error	in	the	Day	8	and	9	forecasts	

		

(1)	Ens.	Mean	error	≈	0	

Hypothe?cal	Intermediate	Forecast	



Best/Worst	NPJ	Phase	Diagram	Forecasts	

Ensemble	Mean	Posi1on	
Individual	Ens.	Member	

Verifica1on	

Hypothe?cal	Worst	Forecast	

Comparison	between	the	periods	characterized	by	the	best/worst	
medium-range	forecasts	

	
Criteria:	Forecasts	must	rank	in	the	top/boGom	10%	in	terms	of	both:	
(1)  The	average	GEFS	ensemble	mean	error	in	the	Day	8	and	9	forecasts		
(2)  The	average	GEFS	ensemble	member	error	in	the	Day	8	and	9	forecasts	

		



Best/Worst	NPJ	Phase	Diagram	Forecasts	

Ensemble	Mean	Posi1on	
Individual	Ens.	Member	

Verifica1on	

Hypothe?cal	Worst	Forecast	Represents	a	forecast	with	
considerable	ensemble	mean	

error	
(1)	Ens.	Mean	error	>>	0	

Comparison	between	the	periods	characterized	by	the	best/worst	
medium-range	forecasts	

	
Criteria:	Forecasts	must	rank	in	the	top/boGom	10%	in	terms	of	both:	
(1)  The	average	GEFS	ensemble	mean	error	in	the	Day	8	and	9	forecasts		
(2)  The	average	GEFS	ensemble	member	error	in	the	Day	8	and	9	forecasts	

		



Best/Worst	NPJ	Phase	Diagram	Forecasts	

Ensemble	Mean	Posi1on	
Individual	Ens.	Member	

Verifica1on	

Hypothe?cal	Worst	Forecast	Represents	a	forecast	with	
considerable	ensemble	

member	error	

(2)	Avg.	Ens.	Member	error	>>	0	

Comparison	between	the	periods	characterized	by	the	best/worst	
medium-range	forecasts	

	
Criteria:	Forecasts	must	rank	in	the	top/boGom	10%	in	terms	of	both:	
(1)  The	average	GEFS	ensemble	mean	error	in	the	Day	8	and	9	forecasts		
(2)  The	average	GEFS	ensemble	member	error	in	the	Day	8	and	9	forecasts	

		

(1)	Ens.	Mean	error	>>	0	



Real	?me	NPJ	Phase	Diagram	
Verifica?on	Sta?s?cs		

2016–2017		
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Reliability	Diagram	(Sept	1	–	May	31)	



GEFS	Ensemble	Mean	Error	–	Regime	
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Time	series	of	2016–2017	GEFS	ensemble	mean		
9-day	forecast	error	classified	by	ini?aliza?on	date		

Real	Time	NPJ	Phase	Diagram	Forecasts	



NPJ	Phase	Diagram	and	ETE’s	
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Events	during	
Sept.	–	May		

1979–2014	projected	
onto	the	NPJ	phase	
diagram	(N=154)	

Each	“x”	is	an	
average	of	the	PCs	
	3–7	days	prior	to	a	

precip.	event	

West	Coast	Extreme	Precipita?on	Events	

−4 −3 −2 −1 0 1 2 3 4
−4

−3

−2

−1

0

1

2

3

4

PC 1

PC
 2

Je
t R

et
ra

ct
io

n

Je
t E

xt
en

si
on

Equatorward Shift

Poleward Shift

 46  27 

 41 

 40 

West	Coast	Extreme	
Precipita?on	Events	

are	most	o\en	
preceded	by	Jet	

Extensions	



NPJ	Phase	Diagram	Technical	
Slides	
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Real	Time	North	Pacific	Jet	Phase	Diagram	



•  Each	point	on	the	phase	diagram	is	a	weighted	average	of	the	
principal	components	within	+/−	1	day	of	the	1me	under	
considera1on	
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(0-h	forecast)	
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GEFS	Ensemble	Trajectories	Ini1alized	0000	UTC	24	May	2016		

0000	UTC	2	Jun	(verifica1on)	

250-hPa	Zonal	Wind	Anomalies	and	EOF1:	0000	UTC	2	Jun	

250-hPa	Zonal	Wind	Anomalies	and	EOF2:	0000	UTC	2	Jun	

m	s–1	

m	s–1	

250-hPa	zonal	wind	
anomalies	at	0000	
UTC	2	Jun	project	
strongly	onto		
EOF2	>	0	


