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1	Most	of	the	French	studies	were	supported	by	



•  The	number	of	polarimetric	observa'ons	is	increasing.		
	
•  Why	polariza'on	is	aMrac've?	

•  What	type	of	informa'ons	can	be	derived?		

•  Incomplete	(and	biased!)	summary.	
		

Aerosol	proper'es	derived	from	polarized	
observa'ons		
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Aerosol	proper'es	derived	from	polarized	
observa'ons:	Venus		

•  In	the	50’s	polariza'on	observa'ons	were	made	for	planets	like	
Jupiter,	Mars,	Saturn,	Mercury	and	mainly	Venus	because	of	its	
dense	atmosphere	(e.g.	Coffeen,	Dollfus,	Gehrels,	etc)	

Analysis	of	VENUS		ground-based	polarimetry	(from	Hansen	and	Hovenier,	JAS,	1974)	

Cloud	par'cles	size	follows	a	
Gamma	Distribu'on	
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•  Polarized	observa'ons	by	the	Orbiter	Cloud	Photo	Polarimeter	(OCPP	)	
in	1978	(Pioneer	Venus	Mission,	Travis	et	al.,	1979)		

•  Existence	of	a	haze	layer	above	the	clouds	(same	refrac've	index	m=1.44)	par'cles	with	radius	not	larger	than	0.4	µm	
and	op'cal	thickness	of	0.05	to	0.1	in	the	visible	

Aerosol	proper'es	derived	from	polarized	
observa'ons:	Venus	
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•  These	are	typical	examples	but	there	are	other	studies	
available	for	Mars	(dust	storms)	or	Venus	(VENERA/USSR,	
MARINER/USA)	

	
•  Needs	for	advanced	«	tools	»:	
–  Full	scaMering	proper'es	using	Mie	theory	
–  Development	of	Polarized	Radia've	Transfer	models	for	
exploi'ng	such	polarimetric	observa'ons	

See	the	pioneer	works	of	Van	de	Hulst,	Chandrasekhar,	Hansen,	Hovenier,	
Coffeen,	Ka?awar,	Sobolev,	Sekera,	Deirmendjian,	Lenoble,	Herman,	etc).	

Aerosol	proper'es	derived	from	polarized	
observa'ons	
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•  Polarized	transmiMed	radiances	
– Ground-based	observa'ons	
–  	Stratospheric	balloons	(stratosphere)	
	

•  Polarized	reflected	radiances	
– Airborne	imaging	polarimeters	sensors	(POLDER,	RSP,	
AirMSPI,	SPEX,	AirHARP,	Airborne	DPC,	etc;		

– Satellite	sensors.	

Aerosol	proper'es	derived	from	polarized	
observa'ons	of	the	earth	in	the	solar	

spectrum		
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•  First	observa'ons	Arago	in	1809,	(Coulson,	Sekera,	
etc)		

Illustra'on	from	Horváth	et	al.,	1998	
From	Sekera,	1967	and	based	on	computa'ons	made	
by	Dr.	J.	V.	Dave,	

Aerosol	proper'es	derived	from	Ground-
based	polarized	observa'ons		
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o  «	Extreme	»	cases.	

o  Use	of	polariza'on	brings	informa'on		for	the	fine	
mode	dominated	aerosols	

o  High	sensi'vity	of	polarimetric	data	to	par'cle	
shape		and	models	for	non-spherical	par'cles	are	
needed		(see	works	of	Bohren	Dubovik,	
Mischenko,	Muñoz,	Volten,…)	

o  Real	part	of	the	refrac've	index	(no	effect	on	SSA)	

Li	et	al.,	JQSRT,	2009	
Fedarenka	et	al..	JQSRT,	2016		

Aerosol	proper'es	derived	from	Ground-based	
polarized	observa'ons:	AERONETsun-photometers			

8	Desert	dust	(Dakar)	

More	results	:	Sinyuk	et	al.,	Monday	17:00–	17:15	

Urban	site	(GSFC)	



Stratospheric	Aerosol	proper'es	derived	from	ballon	
polarized	observa'ons		

Herman	et	al.,	AO,	1986		
Santer	et	al.,	JGR,	1988	

Radia've	Transfer	considering	
spherical	geometry	(Monte	Carlo)	 9	

Radiometer	

(hydrated	sulfuric	acid	par'cles	m=1.45)	



•  The	major	Challenge	is	the	surface	or	underlying	layer	contribu'on.	

•  Airborne	imaging	polarimeters	sensors	(usually	simulators	for	space	instruments,	see	
papers	by	Chowdhary,	Cairns,	Deuzé,	Diner,	Vanderlei,	Knobelspiesse,	Gu,	Cheng,	etc)		

	
•  Satellite	sensors:	

–  First	mul'angle	satellite	instrument	measuring	polariza'on	in	the	solar	domain	is	
(POLDER-1)	lauched	in	1996	on	the	ADEOS-1	plauorm	(with	8	months	of	data),	
followed	by	POLDER-2	on	ADEOS2	in	2002	(with	7	months	of	data)	and	by	POLDER-3	
on	PARASOL	in	2004	(with	8.5	years	of	data	and	5	years	within	the	A-Train)		

–  For	more	than	20	years,	the	POLDER’s	serie	remained	the	only	instrument	that	
measures	the	polariza'on	of	the	Earth	reflectances	(Polariza'on	capabili'es	of	
GOME,	GOME2	and	SCIAMACHY,	were	too	limited	to	use	for	aerosol	retrieval).	

–  Recently:	SGLI	(limited	polarimetric	capabili'es:	2	direc'ons/2	wavelenghts	670/865)	
was	launched	in	December	2017	on	GCOM-C1	(see	presentaFon	by	I.	Sano	
Wednesday	9:00	–	9:20)	and	the	Direc'onal	Polarimetric	Camera	(DPC)	(similar	to	
POLDER)	launched	in	May	2018	on	GF-5	satellite	MAI/TG-2	(see	presentaFon	by	Z.	Li	
Monday	14:40	–	14:55).		

(CalibraFon,	registraFon,	etc,	see	papers	by	B.	Fougnie	et	al.,		IEEE,	2009,	2016)	
	

Aerosol	proper'es	derived	from	reflected	polarized	
observa'ons		
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R=
La(670nm)
La(865nm)

Easier	over	Ocean	thanks	to	Cox	and	Munk	model	(JOSA)	published	in	1954!!.	
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Aerosol	proper'es	derived	from	satellite	polarized	
observa'ons	over	ocean		

Fine	Spherical	mode	
Coarse	mode	:	mixture	of	spheres	and	spheroids	

Deuze	et	al.,	JGR,	2000,		
Herman	et	al.,	JGR,	2004	
Hasekamp	et	al,	2011	
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Aerosol	proper'es	derived	from	satellite	polarized	
observa'ons	over	Land		
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•  Surface	polarized	reflectance	(BPDF):	
o  over	vegetated	areas:	small	and	preMy	uniform	and	can	be	parametrized	as	a	func'on	of	surface	type	

and	NDVI	(semi	empirical	model	;	review	Breon	and	Maignan,		Earth	Syst.	Sci.	Data,	9,	31–45,	2017.	
o  desert	or	snow:		larger	polarized	reflectance,	more	challenging	

•  Algorithm	is	based	on	polarized	reflectances	at	670	and	865	nm.		
o  Fine	mode	(sulfates,	biomass	burning)	+	op'cal	thickness		
o  Does	not	work	for	coarse	non-spherical	aerosols	(desert	dust)		

Herman	et	al.,	JGR,	1997	
Deuze	et	al.,	JGR,	2001,		



•  Concept	of	mul'-pixel	retrieval		
•  Detailed	aerosol	informa'ons	(size	

distribu'on,	absorp'on,	chemical	
composi'on,	aerosol	height)		

Dubovik	et	al.,	2011,	2014	

•  Development	of	sta's'cally	op'mized	inversion	algorithm.	
		
•  GRASP	(Generalized	Retrieval	of	Aerosol	and	Surface	Proper'es):	Retrieval	

use	prac'cally	no	informa'on	about	surface	and	type	of	aerosol	and	both	bi-
direc'onal	intensity	&	polariza'on	reflectance	and	aerosols	are	retrieved	
simultaneously	

Aerosol	proper'es	derived	from	satellite	polarized	
observa'ons	over	Land:	new	approach		

	(see	presentaFon	by	O.	Dubovik	Tuesday		10:00	–	10:15)	
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•  Polarized	 radiances	 are	 mostly	 sensi've	 to	
scaMering	processes.	

•  Cloud	 +	 fine	 mode	 aerosol	 (reff	 =	 0.1μm):	
Addi'onal	polariza'on	at	side	scaMering	angle	
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Waquet	et	al.,	JAS,	2009,	AMT,	2013,	JGR,	2016		

the	scaMering	AOT	is	set	

Peers	et	al.,	ACP,	2015		

AOT	=	AOTscaM	+	AOTabs(k)	

increasing	k		=	increasing	of	
the	aerosol	absorp'on	
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Aerosol	proper'es	derived	from	satellite	
polarized	observa'ons	over	clouds		

	(see	presentaFon	by	F.	Waquet	Tuesday		11:00	–	11:15)	



CONCLUSION	
•  With	new	genera'on	retrieval	algorithms	exploi'ng	mul'direc'onal	polarimetric	

observa'ons		:	
–  	Almost	no	restric'on	to	prescribed	aerosol	models	and	retrieval	of	AOD,	size	distribu'on,	

refrac've	index,	al'tude.	
–  	Simultaneous	retrieval	of	surface	proper'es,	retrievals	are	possible	over	all	types	of	land	

surfaces	and	also	above	clouds.	

•  SWIR	(1.6	and	2.2µm)	addi'onal	informa'on	will	improve	the	retrieval	of	coarse	mode	aerosols	

•  Extension	of	spectral	range	toward	shorter	wavelength	will	improve	the	aerosol	specia'on	
through	the	spectral	SSA	(and	retrieval	of	layer	al'tude)	

•  Aerosols	and	clouds	interac'ons:		
–  high	resolu'on	is	needed.	
–  Radia've	transfer	models	taking	into	account	3D	effects	(such	as	shadows,	cloud	induced	

enhancements,	etc)	are	needed	(Stap	et	al.,	2016;	Emde	et	al.,	2018).	
–  Needs	for	core-shell	par'cle	models	(aerosol	in-cloud	processes).	
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Future	Missions		
•  Extensive	review	of	future	polarized	missions	in	Dubovik	et	al.,	JQSRT,	2019.		

•  Two	missions	that		will	be	launched	soon	:	
–  Fougnie	et	al.,	JQSRT,	2019	(3MI)	
–  Remer	et	al.,	Front.	Earth	Sci.,	2019	(PACE)	

•  Projects	presented	during	the	conference:	
–  T.	Marbach,	3MI,	Monday	11:50	–	12:10	
–  D.	Diner,	MAIA,	Monday	14:20	–	14:40	
–  A.	AlMaazmi,	DMSAT-1,	Monday	15:10–	15:25	
–  B.	Cairns,	PACE,	Tuesday	11:30-11:50	
–  J.	Vanderlei	Mar'ns,	HARP,	Tuesday	11:50	–	12:10	
–  O.	Hasekamp,	SPEXone,	Tuesday	12:10	–	12:30	
–  G.	Milinevsky,	Aerosol-UA,	Wednesday,	9:20	–	9:40	
	

	 	 	 	+	Airborne	simulator	measurements	during	field	experiments	
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