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GRASP: Generalized Retrieval of Aerosol and Surface Properties

Strength of GRASP algorithm concept:

POLDER

AERONET

lidar Based on accurate rigorous physics and math;

Versatile (applicable to different sensors and retrieval of
different parameters);

v' Designed for multi-sensor retrieval (satellite, ground-

! based, airborne; polar and geostationary, );

v" Not-stagnant (different concept can be tested and

laboratory

— open source ~ R compared within algorithm);
1Tooooo=o ! | ; v Flexible:
l l - generalizable (to IR, hypo spectral, to retrieval of gases
and clouds, etc.);
. SOMBIAR AEROSOL Surface reflectance - or degradable (to less accurate but fast solution, LUT,...);
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Current and potential applications:

Satellite instruments:
polar: POLDER/PARASOL, 3MI/MetOp-SG, MERIS/Envisat, Sentinel-3 (OLCI, SLSTR), etc.
geostationary: Sentinel-4, FCI, GOCO, Himawari-8, etc.

Ground-based, airborne and laboratory instruments:
passive: AERONET radiometers, sun/luna/star-photometers, etc.
active: multi-wavelength elastic and non-elastic lidars; airborne and laboratory: polar nephelometers,

Multi-instrument synergy:
ground-based: lidar + radiometers + photometers , sun/luna/star-photometers, etc.
satellite: OLCI + SLSTR, polarimeter + lidar (e.g. PARASOL + CALIPSO)

Support: CNES (TOSCA, RD), ANR (CaPPA), ESA (S-4, MERIS/S-3, GPGPU, CClI, CCI-2,CC+); EUMETSAT (3MI NRT),
FP6-7 (ACTRIS 1-2), Catalysts GmbH, etc.

Collaborations: NASA/JPL, NASA/GSFC, NASA/GISS, NASA/Langley KNMI, JAXA, Catalysts GmbH (Austria),
Chinese Academy of Science and Space Agency, Belarus, Ukraine, etc.




Multi-Source LSM approach:

-

where A, =f;"- f,(a) and f,"- measurements or a priori data

P (...) - Probability Density Function (Likelihood)

- More “sophisticated”
- Generally more time consuming
(Jacobean calculations)

- Optimum data combination
- Optimum use of a priori information
- Continuous solution space
- Rigorous error estimations
- Large number of retrieved parameters with less assumption

AC-VC-13, Satellite aerosol for AQ, CNES, Paris, France, 29 June, 2017



March 3, 2013 D

INTENSITY (1)

for aerosol: (0.44, 0.49, 0.56, 0.67,
0.865, 1.02 um)

for gas absorption): (0.763, 0.765,
0.910 um)

POLARIZATION (Q, U): (0.49, 0.67,
0.865 um)

PARASOL: the space-borne instrument most
suitable for enhanced aerosol/surface

characterization
PARASOL daily coverage image, P

| “life time: dec. 2004 — 2013

-

Swath: about 1600 km cross-track
Global coverage: every 2 days

1 pixel spatial resolution: 5.3km x 6.2km
Viewing directions: 16: (80° - 180°)

Multi- Angular Polarimetric
Imagery:

What is a real value?

BMI: | g Fommm o oo
P /N N

Swath: ~ 2200 km 4 / \ N\

Global coverage: every . / « . N

Pixel spatial resolution: ~ 4 km

Viewing direction: 10 — 14 (802 — 1809,

for aerosol (0.41, 0.44, 0.49, 0.56, 0.67, 0.87, 1.37, 1,65, 2,13);
for gas absorption (0.763, 0.765, 910);

polarization (0.41, 0.44, 0.49, 0.56, 0.67, 0.87, 1.37, 1,65, 2,13);




The concept of multi-pixel retrieval
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X-Variability Constraints
AC-VC-13, Satellite aerosol for AQ, CNES, Paris, France, 29 June, 2017



PARASOL:

- radiances: (443, 490, 560, 670, 870, 1020 nm)
- polarization: (490, 670, and, 870 nm)

- up to 16 viewing directions

l 144 measurements

AEROSOL e | i

- size distribution (5 or more bins) i F " s

- spectral index of refraction (8 1) il - =
- sphericity fraction; " ”

- aerosol height g s

SURFACE: Sl
- BRDF (3 spectrally dependent parameters) -

- BPDF (1 or 2 spectrally dependent parameters)

43 = (5 (SD) +12 (ref. ind.) + 1 (nonsp.) + 18 (BRDF) +6 (BPDF) + 1 (height)

AC-VC-13, Satellite aerosol for AQ, CNES, Paris, France, 29 June, 2017



SIMULATED

GRASP/3MI AOD670 23/02/2008 08h55m Algerl a_LIbya simulation GRASP/3MI AOD670 23/02/2008 08h55m AIgerIa_LIbya retrieval
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3MI / Metop

, éﬂ.ngstrom Exponent simulated vs retrieved (AOD443>0.2)
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Retrieved Angstrom Exponent

3MI / Metop

SSA443nm simulated vs retrieved (AOD443>0.2)

1.00
Y¥=1.024X+-0.023
— R=0.984 RMSE=0.008 1
N=29188 -
0.95} 1
L]
e . ‘s
0.90 o !ae--
SSA I S N
0.85 , UV TR
: ) [ o. 3.1.” LI
- e gl
0.80 . v .t
" ’U. - -
NG "
0.75 ' > .
.'.'4 R ]
N R TI
0.70} R LA ]
:?
0.65) P ]
- y LT}
-~ -8
g : 1 L L L L .
065 070 075 080 085 090 0095

Simulated Angstrom Exponent

1.00

Retrieved Surface Albedo

0.25

0.20

0.05

Surface Albedo 443nm simulat_ed vs retrieved

¥=1.007X+-0.001
— R=0.997 RM5E=0.003
N=40918

Surface Albedo '

0.10 0.15 0.20

Simulated Surface Albedo

0.05

0.25

AC-VC-13, ,Satellite aerosol for AQ, CNES, Paris, France, 29 June, 2017



10° 20° 30° 50° 60° 70° 80°

GRASP: towards aerosol classification
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GRASP/PARASOL AQD443 18/02/2008

o e o e e e Dust detection with GRASP
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Validation vs AERONET 2004 - 2013
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polder ssa670

probability

PARASOL Validation vs AERONET 2004 - 2013
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AOD (565), Autumn (PARASOL archive average)
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size distribution (spectral AOD)

refractive index (~ water fraction)
scale helght
PM2.5 from

polarimetry
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Correlation of population density and pollution
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AODCOBI’SG

Distribution of coarse mode aerosol Asia

Coarse AOD 565nm 2011 Winter
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Angstrom exponent, Summer (PARASOL archive average)

Averaged Summer data of POLDER Angstrom Exponent 670-865 (2005-2013)
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Scale height (m), Winter (PARASOL archive average)

Averaged Winter data of POLDER Vertical Profile Height (2005-2013)
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Aerosol Scale Height: winter, 2009 PARASOL/GRASP

Bodéle Depression
AOD(565 nm)

- =

GRASP/PARASOL VertProfileHeight Winter 2009
Scale height (m

el = 7 T

0 1000 2000



=—=Step function
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=—=Normal
=——Rayleigh
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=—=Step function
=——Exponential

=—=Normal
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Altitude, km

Conclusion of sensitivity tests:

v PARASOL data have solid sensitivity to aerosol height;

v’ Sensitivity is higher to fine mode aerosol and less to

large non-spherical dust;

v" There is dependence on assumption about atmospheric

aerosol vertical profile.

Aerosol vertical distributions

——=Step function
——=Exponential
10 Normal
-—=Rayleigh
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Normalized vertical distribution, km'1

Which profile to use?
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Particulate matter for 2.5 mum

Combine (Particulate matter for 2.5 mum, Particulate matter for 2.5 mum) (none)
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Sensitivity to particle drying

PM2.5
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Real Part of Ref. Index (565), Summer (PARASOL archive average)
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WHO Global Urban Ambient
Air Pollution Database PARASOL/GRASP 2008
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WHO Global Urban Ambient PARASOL/GRASP 2008
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a3 L

“n =L : : "

&‘_3/ 3 '(‘a,i ’“ra

ET’_P/

"

_-

4
3

August 2008

Particular matterr 2.5 (ug/m3)

)] IEEEE—— |

24.0 14.0 46.0 58.0 70.0




WHO Global Urban Ambient PARASOL/GRASP 2008
Air Pollution Database 2016
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Advancement of POLarimetric Observations

Calibration and improved aerosol retrieval

Welcome Letter
@ Important Dates

# Organizing Committee
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@ |[nvited Speakers
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@ Abstract Submission
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@ Sponsorship

@ Tours Information

@ Useful Information

@ Contact Us

October 24-27, 2017 Hefei - China

Welcome Letter

Dear colleagues, EUMETSAT

We are glad to announce that the 15t International Workshop on “Advancement of polarimetric
observations: calibration and improved aerosol retrievals” (APOLO2017) will be held in Hefei, China
from October 24 to 27, 2017. This is the first workshop of a series of polarimetry workshops

(http://www-loa.univ-lille1.fr/iworkshops/APOLO-2017).

Several polarimetric missions are scheduled for launch in the coming years by international and
national space agencies. Satellite polarimetry is one of the most promising and, at the same time,
largely underexploited fields of aerosol remote sensing. This is the 15t meeting of the planned series
of workshops on satellite polarimetry. These scientific workshops aim to promote international
collaboration as well as in-depth exchange of ideas and experiences on diverse aspects of
polarimetric remote sensing, in particular: advances in the theory of polarimetric remote sensing,
optimisation of strategies of polarimetric Earth observations, improvement of polarimetric observation
quality and information content, advancement of retrieval algorithms and data processing, and long-
term Cal/Val.



Multi-term LSM Multi-Pixel Solution:

q
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

____ _

)
~ ~ -~
0o . a =
S.I oooooooooooooo e & = & & = oo =
L]
be ee o boososeec®®®®’ =
) ] | e <o o Fe o Fo
— n H ]
Il - - e e . o e o Lo o
s coco cace - o
) E— = =
Q coo cooo - - - " ) .
e o - - -
. G § & o o e o
n .0 =oe cace = =
(] " ™ ~
Soo D WA oame o oo
e S —/————
) coceo ~ FF oceoe e & o o o o
Il .
VJ oo o - - - cc o ~ - ~
- . -
A“ ) =~ FF cee e = o - oo =
s —_— -~ ~ e fo e JFeo o Feo
fa o =
S -t eoe oo - T =e e _fao o
= c oo
s. - - - coco coco -
° °e 5 =
Il - - eae s -] 0
> o
n“ Il
)
(2] =~
™ N
cceo coco - F
b R
-] -] - - -
eco coo = - -
™ ~ -~
cooco - F eeoe
e & & oo e & OOM
A- dl! da dﬂ
al oco - - - cooo
eceo = T eee
® ® © oo ® © -}
o
~ ™ ~ ™~
S A F eoeoe eco
e & & oo e e o . .
a - = oo ceoce
i - - - oo ceco
e & o OOOQAO e o
S Il
e o o000 © © © o
=~
e o coco® & & & (1)

c
brdf 1

e e am o
)

braf 2
brof,3

43 parameters




GRASP over land and ocean

Dust events
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Ocean/ land discontinuity as averaging artifact

GRASP/PARASOL AQDA4] O1/03/2008 GRASP/PARASOL ADDA4] 02/03/2008
=30° =-20° -10° 0° 10° 20° 3Ip° 40° S50° &0° 70° &0° -30° -20° -10° 0° 10° 20° 30° 40° 50° &0° 70° ap°
5“" - - - 1 I. — 1 L 1 1 1 1 . 1 - 1 1 - 1 l I_ —

g . £ i ) et S o
i . "y 'y ‘.”- . J i -. ol By -_-.-:, ot 2
.uw - at : ug® o = “ f- .r'.. M‘ﬂ a 3 .u‘
= i S el | . Ty
Ly Al - e Fty, i e - F = 1
L e, o s M ‘ =

50°

— T T T T T T —
-30° -20° -10° 0% 10° 20° 30°\ 40° 50° &0°

0.0 0.2 0.4

1
0.4 0.6 0.3 1.0

Gaps in spatial coverage (due to cloud mask or PARASOL swath)
can be source of ocean/land discontinuity.
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First parameter (670 nm) of Ross-Li BRDF, 2008
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PARASOL water living radiance December 2008,

GRASP LAND_AND_OCEAN.Fast.WaterBRMCoxMunklso 1.2008-12
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GRASP LAND AND OCEAN.Fast.WaterBRMCoxMunklso 1.2008-01
PARASOL 2008 Chlorophyll-a Concentration (mg/m~™3)

20
18

Chlorophyll

Preliminary result...

January

July




polder tau4d43

Validation against AERONET for high AOD biomass cases
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PARASOL Validation vs AERONET 2004 - 2013
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AOD (565), Autumn (PARASOL archive average)
Averaged Autumn data of POLDER Log AOD 565 (2005-2013)
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PARASOL:

- radiances: (443, 490, 560, 670, 870, 1020 nm)
- polarization: (490, 670, and, 870 nm)

- up to 16 viewing directions

l 144 measurements

AEROSOL e | i

- size distribution (5 or more bins) i F " s

- spectral index of refraction (8 1) il - =
- sphericity fraction; " ”

- aerosol height g s

SURFACE: Sl
- BRDF (3 spectrally dependent parameters) -

- BPDF (1 or 2 spectrally dependent parameters)

43 = (5 (SD) +12 (ref. ind.) + 1 (nonsp.) + 18 (BRDF) +6 (BPDF) + 1 (height)

AC-VC-13, ,Satellite aerosol for AQ, CNES, Paris, France, 29 June, 2017
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