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& EPS-5G sensors - Polarimetry with 3M|

3MI : Multi-viewing Multi-channel Multi-polarisation imager

»  The primary objective of the 3MI mission is to provide high Filter wheel T
quality imagery of aerosol variables over ocean and land; spectraland polarization

CCD VISNIR Detector
(509x509 useful pixels)

. . . CMOS SWIR Detector
+  The 3Mlinstrument concept has a direct heritage from the (255x499 useful pixels)

POLDER instrument;

VISNIR Filter Row

»  EPSSG : Polar orbit at 09:30 — launch 2025, 3 redundant |
instrument/platforms = 25Y. of operation SWIR Filter Row

e 12bands from 410 to 2130nm + Polarization

SWIR VISNIR
Optical Optical
Head Head

«  4km nadir — 2200x2200km? swath (for VISNIR)
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The added-value of directional polarimet

Associated Information Content

— - "f.-continent” s "' C-CONtINENL" e "C-polluted” ]
"f-oceanic" “c-oceanic" b ' C-JuSE"
— - "f.smoke" —"C-smOkeE" it ' C-y0l CANIC"

C) Polarized phase function




& 3MITOA and L1C

www.eumetsat.int

The data prepared using Hygeos & LOA TDS in form 3M! data simulated 3MI data simulated
of by Hygeos & LOA by EUMETSAT
Q Reformatted TOA L1B to L1C; 50°N Lot e - 50°N TOA reflectance (RGB)

O Generation of L1C using in-house prototypes;

« This TDS contains clouds, gas absorption, Aerosol

and surface properties from climatology (MACC) 30°N 30°N

The 3MI TOA data simulated using GRASP forward

mode:

* To produce this data, the geometry is taken from
Hygeos/LOA simulated data and Climatology of
POLDER/PARASOL and MODIS used for aerosol and
surface properties,

* No gas absorption and no cloud.

10°N 10°N

10°S 10°S

Caveat: S05S 30°5
« The differences in inputs and forward model impact

the performance of L2 GRASP retrieval.
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eneralized etrieval of tmosphere and urface roperties

3ML:
» Radiances and polarization

(410, 440, 490, 560, 670, 870, 1650, 2103 nm)
» 10-14 viewing directions

Swath: ~ 2200 km

Global coverage: every .

Pixel spatial resolution: ~ 4 km

Viewing direction: 10 — 14 (80° - 180%;

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

for gas abso
polarization (0.41, 0.44, 0.49, 0.56, 0.67, 0.87,1,65, 2,13);

ﬂ 240 - 336
measurements

- Absorbing AOD (8 wavelengths)
- Angstrom Exponent

Surface
- BRDF (3 Spectrally dependent parameters)
- BPDF (10or 2 spectrally dependent parameters)

Complex Refractive Index at

AERQSOL o.gfffif,'i g:szoti)?r:rsi;)gl;%nuim )= 0.44; 0.67; 0.87; 1.02 ym

- AOD (8 wavelengths) i i *

- Size distribution 1 -

- Spectral index of refraction (8 wavelengths) | # 4 =

- Sphericity fraction T T i .
- Aerosol height S e e
- SSA
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See the presentation on Friday:
Aerosol retrieval proaucts retrieved from

different satellite observation using GRASP
platform by Oleg Dubovik

Architecture of the GRASP

Control Unit

Canﬁguraﬁan manager (runtime settings, configuration parser and checker)

104 = 8 (AOD) + 5(SD) +16 (ref. ind.) + 1 (nonsp.) + 24 (BRDF) + 8 (BPDF) + 1 (height) + 1 (AEx) + 8(AAQOD) + 8 (SSA) + 24 (CoxMunk)
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eneralized etrieval of tmosphere and urface roperties
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3ML; SMI: | By | S e o -
» Radiances and polarization Y |
(410, 440, 490, 560, 670, 870, 1650, 2103 nm) el oo e
« 10-14 viewing directions or 02 bacrpic 0763, 0TS, 10K )
. polarization (0.41, 0.44, 0.49, 0.56, 0.67, 0.87,1,65, 2,13);
Retrieved & derived parameters ﬂ 240 - 336
in GRASP HighPrecision version: measurements
AERQSOL | Faricle s Distrbutin: | [ Compiex Reractve i
- AOD (8 wavelengths) i i i A Architecture of the GRASP
- Size distribution E :; /\/\ : Control Unit
- Spectral index of refraction (8 wavelengths) | § o s e T i e
- Sphericity fraction " i I T
- Aerosol height | ke B | M= Rl Ty s (€] contrfler i rogram ] ot
- SSA T
- Absorbing AOD (8 wavelengths) o <: e Un,ﬁq} ARy
- Angstrom Exponent eereerame || | i ] [mmoemen]| |
Suface |G Y| e || == T nas e coreprogram || |
- BRDF (3 Spectrally dependent parameters) P ot
- BPDF (10r 2 spectrally dependent parameters) - o

104 = 8 (AOD) + 5(SD) +16 (ref. ind.) + 1 (nonsp.) + 24 (BRDF) + 8 (BPDF) + 1 (height) + 1 (AEx) + 8(AAQOD) + 8 (SSA) + 24 (CoxMunk)
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& 3MI|-AQOD
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AOD @555, 3MI-GRASP, input: simulated data S)
Multi-pixel retrieval, 23.02.2008 Lo AOD @555, Climatology, POLDER/PARASOL

1.0

« Aerosol and surface properties are retrieved g,f;: T &g ] !
using 3MI-GRASP; 450 < .. 1450 <
« The comparison of retrieved AOD to the AOD v
of climatology shows a high agreement and
therefor_e |nd|_cates the consistency in the 54 +30° 0o
GRASP inversion,
« Areas to be investigated In input, eg.
Mediterranean sea. +15° +15°|-
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& AOD, error estimation and surface reflectance

rror estimation

AOD410
- . surfaceReflectance410
Multi-pixel zetrleval, 23.02.2008 Lo errAOD410 0.05 Multi-pixel retrieval, 23.02.2008
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AODA410 _
Multi-pixel retrieval, 23.0

+45°

Sz 0

+30°

+15°

OO

-15°

-30°

-45°

OO

+15°

reff_index_real410_0
Multi-pixel retrieval, 23.02.20

+45°

+30°

+15°

OO

-15°

-30°

-45°

&z ]
c\r

——

it

OO

+15°

+3

reff index_imag410 0
Multi-pixel retrieval, 23.02.2008

— N
45 I R o
Dust O e
P LS - -‘l\a/
+ o P« X X "’r)
/ 2 \
D .“ /
+15° 2
X;
\,.\/ £
0° Iy R e T
RO \
Boi T IN ‘
-15¢ ) Qe z?
-30°
mass
rming -45°

-15° 0°

+15°

+30°

0.05

T 0.04

- 0.03

- 0.02

0.01

0.00




& Ahcnrhinn ANN and Snheriral frartinn
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& More parameters

/Quartz (fine) Black Carbon Brown Calm | SSA 955nm Angs.tmm exponent stsat.int
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Cal/Val approach for Aerosol validation

1/ Qualitative analysis:
« Visualisation of AOD maps, associated parameters (error, surface, geometry, models...)

« 2/Space-based comparative analysis:
»  Other space references: MODIS, VIIRS...
*  Other EUMETSAT sensors: PMAp, SLSTR

*  3/Ground-based validation: See the presentation on Thursday:

www.eumetsat.int

«  AERONET matchups (diversity of situations, time-series...) Harmonised Cal/Val strategy, and FRM
e Other sources: ACTRIS requirements by Bertrand Fougnie

« 4/ Consistency with aerosol sources (detection and type):
« Use of Fire products (FIR/FRP)
* Volcano bulletin...

« 5/Model-based validation:
« EMACS, CAMS...

6/ Alternative algorithms:
«  SRON (3MI), GRASP (S3)...

EUM/RSP/D0C/23/1385848, v1 Draft, 7 November 2023
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& Qualitative analysis
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Analysis of the Land surface parameters:
GRASP BRM is presented as the sum of:
 The semi-empirical Ross-Li sparse BRDF model = linear combination of 3 kernels representing isotropic (fiso), volumetric

(fvol), and geometric (fgeom) optics surface scattering
* The reflection matrix based on semi-empirical Maignan-Breon BPDF (Bidirectional Polarization Distribution Function) model

LandBRDFRossLi410_3 , 3MI-GRASP, input: si
Multi-pixel retrieval, 23.02.20(

LandBPDFMaignanBreon1650 , 3MI-GRASP, input: simulated d

LandBRDFRossLi410_1 , 3MI-GRASP, inp
Multi-pixel retrieval, 23.02.2008

Multi-pixel retrieval, 23.0

LandBRDFRossLi410_2 , 3MI-GRASP, inp
Multi-pixel retrieval, 23.0
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&  Qualitative analysis
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ition between AOD and surface reflectance

Retrieval AOD @555, 3MI GRASP, Input: Simulated data by GRASP,
Multi-pixel retrieval, 23.02.2008

surfaceReflectance410
Multi-pixel retrieval, 23.02.2008
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Multi-pixel retrieval, 23.(
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& Ground-based validation: Global performance of GRASP/ POLDER

Time series of AOD GRASP POLDER and AERONET

—— AOD POLDER GRASP
—— AOD AERONET
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Comparison of GRASP/POLDER to AERONET -
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Comparison of AOD GRASP POLDER with AERONET

| AERONET station:

Time series of AOD GRASP POLDER and AERONET
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Comparison of GRASP/POLDER to AERONET -
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Different versions of GRASP processor has been installed and tested successfully in the
offline environment of EUMETSAT,

* The results are evaluated and analysis of retrieved parameters is ongoing to identify and
propose the room for improvement;

* An improvement Is expected Iin term of performance compared to previous retrieval
algorithms but also wrt the content of the product;

» The prototype of operational processor is under development to transport GRASP to
Ground-Segment of EUMETSAT,

« We can tailor the product to better meet the requirement (in term of product content and
accuracy) from users.

« 3MI GRASP will be contributing to the MAP synergy product as the scientific core of
retrieval algorithm.

EUM/RSP/D0C/23/1385848, v1 Draft, 7 November 2023
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