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Co-polarized	 and	 cross	 polarized	 components	 of	 the	 aKenuated	
backscaKer	coefficient	at	532	nm	 retrieved	by	CALIOP	 are	used,	on	 the	
basis	 of	 [1]	 and	 [2],	 to	 es^mate	 the	 column-integrated	 total	 (δT)	 and	
ocean	subsurface	depolariza^on	ra^o	(δw).	
	

	
	
The	column-integrated	ocean	subsurface	lidar	backscaKer	(γ)	is	obtained	
combining	(1),	(2)	and	the	ocean	surface	mean	squares	wave	slopes	(σ2,	
es^mated	 using	 the	wind	 speed	 from	 scaKerometer	 ASCAT	 and	OSCAT	
and	from	ECMWF	analysis).	
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Methods	

Annual	Cycles	

CHL,	BBP	and	γ	comparison	

ParFculate	opFcal	properFes	in	the	Mediterranean	and	Black	
seas	through	CALIPSO	spaceborne	lidar	measurements	

Different	trophic	and	op^cal	regimes	in	MED	
and	BS	

Similar	phytoplankton	biomass	annual	cycle	
•  summer^me	minima	
•  winter^me	maxima	

	
Different	par^culate	(bbp)	annual	cycle	

•  BS:	semi-annual	cycle		
•  MED	summer^me	maxima	

	
	
	

Sub-surface	γ annual	cycle	
•  BS:	semi-annual	cycle	
•  good	agreement	with	bbp	

•  MED:	summer	min+	winter	max	
•  agreement	with	Chl	

MED	

BS	

Ø  Full	 mission	 (2006	 -	 2017)	 analysis	 of	
CALIOP	depolariza^on	 ra^o	δ  and	 sub-
surface	 integrated	backscaKer	γ	 in	MED	
and	BS	

Ø  Analysis	of	ADM-AEOLUS	measurements	

What’s	next	

Ø  Par^culate	 op^cal	 proper^es	 in	 the	
Mediterranean	 and	 Black	 seas	 were	
es^mated	 through	 CALIPSO	 spaceborne	
lidar	measurements	

Ø  Depolariza^on	 ra^o	 δ  well	 compares	
with	 the	 sub-surface	 backscaKer	 γ	
observa^ons	

Ø  Sub-surface	backscaKer	γ presents	good	
correla^on	 with	 the	 backscaKering	 as	
derived	 by	 OC	 in	 op^cally	 complex	
waters	 (coastal	 and/or	 dominated	 by	
terrigenous	load)	

Ø  Sub-surface	 integrated	 backscaKer	 γ	
demonstrated	 to	 be	 as	 efficient	 as	 OC	
parameters	 for	 the	 phytoplankton	
dynamics	at	seasonal	and	basin	scales	

Conclusions	

Mul^-sensor	CMEMS	OC	product	

VIIRS
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Combina^on	of	all	available	OC	sensors	at	any	given	^me	

CALIOP	

Sensor-Merging:	Band-shiring	+	Inter-Sensor	Bias	Correc^on	
Applica^on	of	regional	algorithms	

Data	sample	

-Star^ng	data	(integra^on	of	30	profiles)	

-Filtering	for	surface	height	and	satura^on	

-Clear	air	condi^on	

-Transient	response	correc^on	and	filtering	

-	Filtering	on	δT	and	γ	and	rebinning	at	0.25°	

Dataset	used:	CALIOP	 version	4.1	 L1	data	product	 ((horizontal	
resolu^on	of	1/3	km	and	ver^cal	resolu^on	of	30	m,	22.5	m	in	
water)	

(1)	 (2)	

(3)	 (4)	

The	Objec)ve	

The	Ra)onale	

1	
2

4	
3	

•  QAA	for	IOP	computa^on	
	
•  MedOC4.2018	for	Chl	as	
in	[3]	

	
•  BS	Algorithm	for	Chl	as	in	
[4]	

Filtering	procedure	
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N°	of	profiles	per	year	

Ocean	 subsurface	 par-cle	 distribu-ons	 have	 been	
successfully	derived	using	CALIOP	(Cloud-Aerosol	Lidar	with	The	Ra-onale	

orthogonal	Polariza<on)	lidar	measurements	on	the	CALIPSO	(Cloud-Aerosol	Lidar	and	
Infrared	 Pathfinder	 Satellite	 Observa<ons)	 satellite.	 Assessing	 the	 oceanic	 surface	
layer's	op-cal	proper-es	through	CALIOP	is	one	of	the	reasons	of	the	extension	of	the	
CALIOP	mission	for	another	3	years	(2018-2020).		

seas	have	been	considered	as	study	cases.	Mul4-sensor	L3	Ocean	Color	(OC)	
product	 (MODIS-AQUA	 and	 NPP-VIIRS	 data)	 provided	 by	 the	 Copernicus	
Marine	Environment	Monitoring	Systems	(CMEMS)	were	used	as	reference.	

The	Objec;ve	 is	 the	 evalua;on	 of	 the	 poten4al	 CALIOP	 ocean	
products	at	regional	scale.	Mediterranean	and	Black	
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γ	vs	CHL	 1	 2	 3	 4	 MED	 BS	

N°	of	
points	

2678	 7920	 955	 520	 10905	 1105	

R	 0.35	 0.35	 0.50	 0.57	 0.32	 0.09	

a,	b	
[logy=alogx

+b]	
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γ	vs	BBP	 1	 2	 3	 4	 MED	 BS	

N°	of	
points	

2678	 7920	 955	 520	 10905	 1105	

R	 0.58	 0.48	 0.41	 0.80	 0.54	 0.85	

a,	b	
[logy=alogx

+b]	

0.31	
2.18	

0.18	
-2.48	

0.21	
-2.39	

0.43	
-1.84	

0.25	
-2.33	

0.	61	
1.34	

According	to	different	‘trophic	regimes’	[5],	MED	is	divided	in	four	bioregions:	West	Med	(1),	East	Med	(2),	Tyrrhenian	Sea	(3),	Adria^c	Sea	(4).	

Distribu^on	 of	 CHL,	 bbp	 and	 γ	 along	 the	
CALIOP	 groundtracks	 (a,	 b	 and	 c	 panels,	
respec^vely)	 obtained	 from	 CMEMS	
computa^on	and	from	eq.	(3),	respec^vely.	

a	

b	

c	

Day	and	night	data	provide	similar	coverage	and	correla^on	
consistent	with	day+night	analysis.	

Annual	cycle:	
	

BS:	day-night	difference	is	
due	to	spa^al	sampling	
	
MED:	day-night	difference	
≈	30%		
between	may	and	
september	(real	signal?)	

Day	vs	Night	

-	 γ  and	 CHL:	 	 significant	
correla^on	for	Adria^c	
	 Sea,	 low	 correla^on	 for	
the	other	bioregions	
	
-  γ  and	 bbp:	 high	
correla^on	 for	 BS	 and	
Adria^c	 Sea	 (R≥0.80),	
significant	 correla^on	 for	
West	Med,	 low	 signal	 and	
correla^on	 in	 no	 bloom	
regions	(2	and	3)		

to	 es^mate	 the	 sub-
s u r f a c e	 s i g n a l	
contribu^on	


