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ATM	621:	Structure	and	Dynamics	of	Extratropical	Cyclones	
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Image	courtesy	of	NASA	Earth	Observatory		

Comparison	of	ConvecMve	
Environments	in	Polar	Lows	

and	Tropical	Cyclones	



DefiniMons…	
•  Polar	Low:	

–  Intense	mariMme	cyclone		
–  Forms	poleward	of	the	
Polar	Jet	

–  Horizontal	scale	10’s	to	
100’s	km	(AMS	Glossary)	

–  Low-level	warm	core		
–  Surface	winds	approach	
gale	force		
•  15	–	30	m	s-1	

(Douglas	et	al.	1991;	Montgomery	
and	Farrell	1992;	Moore	and	Haar	
2003,	Rasmussen	and	Turner	2003)	
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DefiniMons…	
•  Tropical	Cyclone:	

–  Intense	mariMme	cyclone	
–  Forms	over	tropics/
subtropics	

–  Horizontal	scale	(500	–	
1000	km)	

–  Warm-core,	non-frontal		
–  Organized	deep	convecMon	
–  Closed	surface	wind	
circulaMon	
•  17	–	70	m	s-1	

	(Adapted	from	NaMonal	Hurricane	
Center	2016)	
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Image	courtesy	of	the	Naval	Research	Laboratory	
archives	at	hap://www.nrlmry.navy.mil/TC.html		



DefiniMons…	
•  Polar	Low	(PL):	

–  Intense	mariMme	cyclone		
–  Forms	poleward	of	the	
Polar	Jet	

–  Horizontal	scale	10’s	to	
100’s	km(AMS	Glossary)	

–  Low-level	warm	core		
–  Surface	winds	approach	
gale	force		
•  15	–	30	m	s-1	

(Douglas	et	al.	1991;	Montgomery	
and	Farrell	1992;	Moore	and	Haar	
2003,	Rasmussen	and	Turner	2003)	

	

•  Tropical	Cyclone	(TC):	
–  Intense	mariMme	cyclone	
–  Forms	over	tropics/
subtropics	

–  Horizontal	scale	(500	–	
1000	km)	

–  Warm-core,	non-frontal		
–  Organized	deep	convecMon	
–  Closed	surface	wind	
circulaMon	
•  17	–	70	m	s-1	

	(Adapted	from	NaMonal	Hurricane	
Center	2016)	
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Because	of	their	similariMes	in	appearance	and	
structure,	Emanuel	and	Rotunno	(1989)	called	a	
subclass	of	Polar	Lows	‘ArcMc	Hurricanes’.		



Which	One	is	a	Polar	Low?	
A	 B	
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Willoughby	et	al.	1984	

A	 B	

Polar	Low	 Tropical	Cyclone	
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Douglas	et	al.	1991	



FormaMon	and	Maintenance	of	PLs	vs.	
TCs	

•  Tropical	Cyclones	
–  Pre-exisMng	disturbance	(e.g.	African	Easterly	Wave,	Chen	et	al.	
2009)	

–  Boaom-up	theory	(e.g.,	Hendricks	et	al.	2004)	
–  Top-down	theory	(e.g.,	Bister	and	Emanuel	1997)	
–  Barotropic	instability	(e.g.,	Schubert	et	al.	1999)	

•  Polar	Lows	
–  Pre-exisMng	disturbance	(e.g.,	mid-laMtude	cyclone)	
–  Cold	air	outbreaks	over	warm	ocean	(e.g.,	Rasmussen	1981)	
–  Interlocking	PV	maxima	(e.g.,	Douglas	et	al.	1991)	
–  CISK/WISHE	(e.g.,	Emanuel	and	Rotunno	1989)	
–  Baroclinic	instability	(e.g.,	Moore	and	Haar	2003)	
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•  Tropical	Cyclones	
–  Pre-exisMng	disturbance	(e.g.	African	Easterly	Wave,	Chen	et	al.	
2009)	

–  Boaom-up	theory	(e.g.,	Hendricks	et	al.	2004)	
–  Top-down	theory	(e.g.,	Bister	and	Emanuel	1997)	
–  Barotropic	instability	(e.g.,	Schubert	et	al.	1999)	

•  Polar	Lows	
–  Pre-exisMng	disturbance	(current	case)	
–  Cold	air	outbreaks	over	warm	ocean	(e.g.,	Rasmussen	1981)	
–  Interlocking	PV	maxima	(e.g.,	Douglas	et	al.	1991)	
–  CISK/WISHE	(e.g.,	Emanuel	and	Rotunno	1989)	
–  Baroclinic	instability	(e.g.,	Moore	and	Haar	2003)	

These	similariMes	and	differences	help	to	dictate	where	
deep	convecMon	occurs	in	different	cyclones!	
	
*We	can,	therefore,	infer	much	about	‘ArcMc	
hurricanes’	from	observaMons	of	TCs…	
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Two	Main	Archetypes	for	Polar	Lows	

•  ‘Arc7c	
hurricane’	(AH):	Mght	
circulaMon,	well	
defined	eye,	
convecMve	
“rainbands”	

•  Classic	‘comma	
cloud’:	circulaMon	
with	extending	
primary	convecMve	
band		

Adapted	from	Rasmussen	1981.	His	Fig.6	
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Regardless	of	Archetype…	
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•  PLs	can	occur	as	“lines”	of	waves	

Adapted	from	Douglas	et	al.	1991	



Regardless	of	Archetype…	

Adapted	from	Douglas	et	al.	1991	
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•  Will	have	a	primary	band	(B)	
•  Dry	slot	of	suppressed	convecMon	

(SC)	
•  Enhanced	scaaered	convecMon	(CC)	



“Polar	Lows”	in	the	News?	
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Satellite	images	on	lem	courtesy	of	Icelandic	Met	Office	
hap://en.vedur.is/weather/shipping/satellites/	

Does	this	consMtute	a	polar	
low	amer	fracture?		
	
Group	Discussion	Says:	NO!	
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Appreciate	the	Past	

Rasmussen	1981	
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06	UTC	24	Nov	1978	[Lem]	
1932	UTC	24	Nov	1978	[Above]	
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Rasmussen	1981	
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PL	Low-level	CirculaMon	
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•  Geostrophic	wind	vectors	
show	that	the	circulaMon	
with	PLs	is:	
•  Cyclonic	
•  Confined	to	near	the	

surface	
•  CirculaMon	driven	by	upper	

level	PV	interacMon	and	
diabaMc	destabilizaMon	
•  As	we	will	see	later…	

•  Note:	
•  Doubly	periodic	domain	

in	their	model!		
•  Z	=	0.5	is	about	mid-

troposphere	

Adapted	from	Montgomery	and	Farrell	(1992)		

<-	AdvecMve	Times	->		



Warm	Core	Nature	

Adapted	from	Douglas	et	al.	1991	

PotenMal	Temperature	

13/42	
	



Warm	Core	Nature	

Adapted	from	Douglas	et	al.	1991	

PotenMal	Temperature	
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Warm	Core	Nature	
•  Strong	staMc	

stability	alom	
•  Tilted	warm	

core		
•  Low-level	

cyclonic	winds	
extend	preay	
far	out	

•  More	
unidirecMonal	
alom	

Adapted	from	Douglas	et	al.	1991	

PotenMal	Temperature	
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Warm	Core	Nature	

Adapted	from	Douglas	et	al.	1991	

Isotherms	(°C)	960	hPa	 RH	(%)	960	hPa	
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Observed	“Theta-E	Tubes”	

Linders	and	Saetra	
2010	 Obtained	directly	from	Molinari	

2015	“Tropical	Cyclone	
ObservaMons”	Lecture	Notes	
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PL	Low-level	Atmospheric	Stability	

•  PLs	tend	to	have	appreciable	low-level	instability,	which	is	represented	
above	

•  Tend	to	have	a	criterion	of	≤	−	43°	C		

Zappa	et	al.	(2014)		

ECMWF	OperaMonal	Analysis		 ERA-I	
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Where	do	PL’s	occur?		

Adapted	from	Zhang	et	al.	(2004)		

•  Used	6-hourly	SLP	from	the	
NCEP-NCAR	reanalysis	
dataset	poleward	of	60	N		

•  Strength	and	Numbers	
tradeoff:	
•  More	in	summer	but	

weaker	and	longer	lived	
•  Less	in	winter	but	

stronger	and	shorter	
lived	

•  TransiMon	from	–AO	to	+AO	
shows	increase	of	cyclone	
count	in	the	arcMc	
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Where	do	PL’s	occur?		

Adapted	from	Zhang	et	al.	(2004)		

•  Used	6-hourly	SLP	from	the	
NCEP-NCAR	reanalysis	
dataset	poleward	of	60	N		

•  Strength	and	Numbers	
tradeoff:	
•  More	in	summer	but	

weaker	and	longer	lived	
•  Less	in	winter	but	

stronger	and	shorter	
lived	

•  TransiMon	from	–AO	to	+AO	
shows	increase	of	cyclone	
count	in	the	arcMc	

Counts	
per	105	
km2	
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Winter	 Summer	



Can	I	choose	a	flavor?	

•  Balance	between:	
– Presence	of	upper	level	cold	trough/PV	anomaly	
– Strength	of	baroclinicity	
– Strength	and	direcMon	of	shear	
– Size	of	iniMal	disturbance	and	radius	of	maximum	
horizontal	wind	(RWM)		

– PBL	moisture	
– Presence	of	CISK	
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Can	I	choose	a	flavor?	
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Adapted	from	Sardie	and	Warner	(1983)		



Can	I	choose	a	flavor?		
Forward	Shear	

Reverse	Shear	
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Adapted	from	Terpstra	
et	al.	(2016)		

•  Because	of	their	warm	core	nature,	
PLs	will	generally	be	reverse	shear	

•  Reverse	shear	environments	will	have	
enhanced	surface	heat	flux	
•  Beaer	for	convecMon!!!!!!	



Can	I	choose	a	flavor?	

Baroclinicity	(Shear)	

RMW	

Ro=20km	

Vo=7	m	s-1	

Adapted	from	Yanase	and	Niino	2007			
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VerMcally	
integrated	total	
condensed	water	
(g	kg−1)	and	SLP	
(~3	hPa)	



What	does	TC	ConvecMon	Look	Like?	
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Shear Direction

Updrams	
	
Downdrams	

•  Overall,	distribuMon	skewed	
towards	posiMve	values	of	verMcal	
velocity	

•  Exhibits	‘wedge’	shape	
•  Strength	increases	alom	

•  Presence	of	near-surface	verMcal	
velocity	maxima	(Stern	et	al.	2016)	
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What	does	TC	ConvecMon	Look	Like?	
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Updrams	
	
Downdrams	

•  In	a	general	sense,	there	is	a	
decrease	in	verMcal	velocity	
maxima	with	increasing	radius	
outside	of	the	inner	core	(~	3R*)	

•  Significant	peaks	of	convecMon	
just	outside	and	at	the	RMW		
(R*	=	1)	and	near	8R*	
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What	does	TC	ConvecMon	Look	Like?	
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Updrams	
	
Downdrams	

•  Episodic	peaks	across	all	azimuth	
•  Highest	percentages	are	above	30%	

with	updrams	in	the	downshear-lem	
quadrant	
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Updrams	
	
Downdrams	

•  Areas	of	maximum	strength	
updrams	were	down-azimuth	of	
maximum	strength	downdrams	

•  Spiral	inward	
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