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GRASP: Generalized Retrieval of Atmosphere and Surface Properties

GRASP is advanced algorithm for retrieval of aerosol, gas and
surface properties from diverse remote sensing observations and

any combination of them based on:

Forward Model for rigorous simulation of atm. radiation.
+

Inversion with applying multiple a priori constraints

GAS
VERTICAL RADIATIVE INVERSION
PROFILES TRANSFER
L 3

Dubovik et al. “A Comprehensive Description of
Multi-Term LSM for Applying Multiple a Priori
Constraints in Problems of Atmospheric Remote
Sensing: GRASP Algorithm, Concept, and
Applications”, Front. Remote Sens., 2021
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More about inversion @16:00 by Oleg Dubovik




Generalized forward model

Geostationary Polarimeters
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The concept of multi-pixel retrieval

Dubovik et al. 2011

“segment”

Combining complimentary observations
using multi-pixel retrieval

CALIPSO
lidar PARASOL imager




—— Established synergies

Main GRASP Applications
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= GRASP results validation against AERONET

Globally over Land and Ocean for 2004 — 2013 years (Chen et al., 2020)
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MODIS AE(470-660)
° - -

CONSLUSIONS from POLDER aerosol product analysis :

Detailed properties - AE, fine /coarse AOD (ocean), from MAP generally
notably more accurate than from MODIS like instruments;

Angstrom Exponent, 2008 (LAND) Validation against AERONET
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Angstrom
Exponent

AOD(550)

Biomass burning

Winter
2012
" The same aerosol
77
Very different
Spring .D‘ust
2012 =

Larger particles Smaller particles




Evolution: GRASP Component approach

Approximation by Log-Normals
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(Li et al., 2019, 2020, 2022)
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Coarse mode

Absorbing insoluble (FeOx)
Non-absorbing insoluble (Dust)

Non-absorbing soluble (SS, etc.)
Water Coarse mode

GOCART modeling

By using prescribed
spectral refractive index

of components,
GRASP/Component
approach provides
consistent and stable
results for AOD as well as
detailed properties.
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Sentinel-3A/OLCI Chen et al., 2022, Rem. Sens. Environ

Ocean and Land Color Instrument (OLCI)
Onboard Sentinel-3A Single-viewing

Overpass: ~10 a.m. L.T. (descending node)
Bands: 412 - 1020 nm

OLCI/GRASP - product. (2018-2019)

GRASP/OLCI AOD550 201808
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v AOD retrieval over ocean

OLCI/GRASP (Initial) - MAN
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Observed improvements:

a. Clear evolution from Initial to Optimized
OLCI/GRASP retrieval over ocean

b. The AOD BIAS decrease from +0.11 to +0.01
with AERONET coastal sites and ~0.00 with
MAN deep ocean measurements.

c. Comparable quality of AOD product with
MODIS/TERRA. The OLCI/GRASP bias is even
smaller than MODIS/TERRA over ocean.

1 yr validation with MAN/AERONET
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TROPOMI/GRASP (2019-2020, ...)
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Aerosol products:

AOD(A), AODF(\), AODC(A), SSA(A),
AODF(\), AAOD(A), AE, Aerosol Height

Surface products:

DHR(\), BRDF())

10 wavelengths:

0.340 0.367 0.380 0.416, 0.440 0.494 0.670 0.747
0.772 2.313

Litvinov et al., 2024
Chen et al., 2024

=~ GRASP
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S-5P/GRASP aerosol product validation
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S-5P/GRASP products show to:
- be of comparable accuracy of those of MODIS;

- provide Some information about SSA and aerosol height
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I/GRASP vs MODIS AOD Comparison
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AHI/GRASP vs AERONET Validations (AOD Diurnal Cycle)
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HIMAWARI/ GRASP-NN 4 times faster
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Multi-instrument synergies



MERIS
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Lopatin et al, 2025 (in preparation)

ENVISAT vs MODIS

ENVISAT AOD (560 nm) complete 2008

180° 120°wW 60°W [ B0°E 120°E

MODIS/TERRA DT+DB AOD (550 nm) complete 2008
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Diff. (MODIS - ENVISAT) complete 2008
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Synergy of TROPOMI+ OLCI-A + OLCI-B

+HIMAWARI

OLCI-A

HIMAWARI -8

= GRASP

REMIS

cloudflight {-esa

Pseudo “multi-angle”, multi-temporal measurements

OLCI-B
OLCI-A "‘10.20‘a@.m. LT. TROPOMI
~10a.m.LT. % ws ~13.30 p.m.

More exciting details in talk by Pavlo Litvinov (@ 14:30) 5o



Back to Earth

Ground-based applications



*

GR@PSAT Synergetic Satellite + AERONET retrieval with GRASP

Satellite + Nearest AERONET TOD + Almucantar (or Combined Almucantar and Principal plane) measurements

Surface properties
mainly

Aerosol properties mainly

Direct sun w
AOD /

+

+/-60 min

4 _dem

+/-6 hours

A0 e

Principal Plane

Validation tool for forward models of aerosol and

Surface Reference Database for surface validation

Conditions: New Possibilities:
1. Reasonable fit of measurements (less than 1.
radiometric error). surface
2. Good correspondence of the retrieved aerosol 5
properties with AERONET. 3. Instrument inter-calibration.

3. Instrument is well calibrated.

22



Synergetic satellite + AERONET | ESA GROSAT project:
retrieval: validation of aerosol models

*
GR@SAT Surface Uncertainties

BRDF/albedos

Surface reference dataset Selected satellites o
AOD 550nm (TROPOMI/GROSAT) Threshold Max (0.02 or 20%)

T —— o Satellite | Resolution Product Target Max (0.01 or 10%)
R=0.998 RMSE=0.015

- N=8228 GCOS=8137 L= GCOS (Optimal)  Max (0.0025 or 5%
§ _ Target=8228 (100.0%) SZ/MSI 20m BRDF, albedos ( P ) ( )
g
& S3/0LCI 700 m; 10 km BRDF, albedos : : )
,°°£ / ’ ! Synergetic satellite + AERONET retrieval:
surface reference dataset
PARASOL/ 6 km BRDF, BPDF, -
025 050 075 100 125 150 175 200 POLDER albedos 0.6 DHR (6 km - postfilter) -
AERONET AOD All wis: Y=0.933X+0.011, R=0.987, N=33576 y
RMSE=0.021, BIAS=-0.002 L
—1 05{ THR=90.1%, TGT=65.6%, OPT=33.8%
S5p/ 0.1 deg BRDF, albedos Q| esonm: amse-0.012, Bus=0.002 .
SSA 440nm (TROPOMI/GROSAT) _ TROPOMI (~10 km) é 0'4_;65“: - 02‘3 BIAS=OO‘15 +k
Y=0.859X+0.117 E 670nm: RMSE=0.021, BIAS=-0.003 + +
_ R=0.802 RMSE=0.028",- . »* B oo srceeo oar sen o on
N=1341 0ptima|=964=(7‘;,'9" s 2 031 ) o
< Target=1252 (93.4%) ° A o i}
4 : % G ;
s £ °?] THR=92.3%, TGT=61.9%, OPT=18.8%
' (o] THR=90.2 TGT=63.1 OPT=29.6%
g AT e - BOKER = + THR=73.7%, TGT=43.3%, OPT=21.8%
o) y : \ @ 0.1 THR=89.3%, TGT=65.2%, OPT=37.8%
E Dalar  Banizoumbou - S 3 THR=97.2%, TGT=79.2%, OPT=46.1%
g t THR=98.0%, TGT=81.1%, OPT=49.0%
3 0.0

T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6

Surface from synergetic retrieval (PARASOL+AERONET)

0.80 0.85 0.90

AERONET SSA

WWwWw.grasp-sas.com/projects/grosat/
eo4society.esa.int/projects/grosat 23




HIMAWARI8/AHI+MPL synergy

N
7

Surface Aerosol

v

Aerosol scattering

Altitude

Time

v

Surface reflection

24



a 2 b H
(a) - 20180420 09:00 ( )5000 20180420 10:00
—MPL —MPL
4000 —AHIIMPL 4000 ~—AHIMPL -
E 3000 E 3000
=) =)
8 2000 / 2 2000 5
1000 ——;)C 1000 F———
o Y~
0 0
0.4 0.2 0 0.2 0.4 2 1 0 1
d) Layer ACD () Layer AOD
B e .
- 20180420 12:00 - 20180420 13:00
—MPL —MPL
4000 — AHIIMPL 4000 —AHI/MPL A
£ 3000 E 3000
z £
o =
% 2000 % 2000
1000 1000
%) \ﬁ
0
0.0 0 0.05 0.1 0.15 002 0 002 004 006 008
(g) Layer AOD Layer AOD

HIMAWARI+MPL

20180420 11:00

—MPL
~—AHI/MPL -
—
0
1 0 1 2
Layer AOD
20180420 14:00
—MPL
—AHI/MPL
0
-0.02 0 002 004 0.08
Layer AOD

0.08

AOD

1.6

1.4

1.0

0.8

0.6

Beijing_PKU 2018-04-20

——t— AERONET
—&— Retrieval With LIDAR
-e~- Retrieval Without LIDAR A8
09:00 10:00 11:00 12:00 13:00 14:00 15:00
Time
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Not only space!!l Advanced processing of ground-based observations
using GRASP

- combining observation during several days;
- combining day and night observations; lidar AERONET
- combining passive (photometric) and active (lidar);

- combining ground-based and satellite observations;
- retrieving as many parameters as possible;

Lopatin et al., 2013, 2021, 2024

ACTRIS

Exploring the Atmosphere

Expectations: more accurate and more complete validation data set

Multi-temporal multi-instrumental =
retrievals concept ... | L aroso

( *

i i ——)
i i ——
v¢ ; —) COLUMNAR AEROSOL
: || fine & coarse
— > n
3/ }
\ / Inr g 26

&<_ aerosol parameters inter-temporal _)&
smoothness conSTRAINS More details @ 12:30 by Anton Lopatin




In-Sjtu Nepherometers

P11(4,0) P1,(4,0)
y 11\4, L=
easurements @PM 1,2.5, 4, 10 'P12/P11 ()[,@)
Forward: 5°,10.5% 31.8°, o ° 1°
Angles 790" 03.5, 953, 1165 fesol1u7ti50;11
& Backward: 148.2°, 169.4° (170 angles)
90°-173° (8 angles) °

Wavelengths 450, 532, 660 nm 471,529, 621 nm 405, 515, 660 nm




In-neph Combined with Aethalometer Adding Size Cut-off

1U°

x &~ reference 10° =
3 e etrieved 3 e ztrir::ec; 008 | —&— reference 0.08 | —4~ reference
£ 10 o - —— retrieved —~ 007 { —* rtrieved
> £ 1 T 007 T 00
>
S .“2’ 3 006 3 006
g 10 F "t "t
- 005
& & w0 5 005 5
; — K} = o004 = o004
S 107 S i e 2 T — | Z o, £ oo
£ T 10 T T
2 =y T 002 T 002
E o g . 3 o0l 3 ool
= 10"
400 450 500 550 600 650 e P s = s pm 0.00 i 1 1 000 1 i f
Wavelengths (nm) Wavelengths (nm) 1071 100 10! 107 100 100
Radius (um) Radius (um)
: —&~ reference w —&— reference S5 0.0200
z ed é ieved ~&— reference —&— reference
g —— retrieve - —— retriev 00304 —— retrieved —~ 00175 { —— retrieved
£ 1 £ 10 L "
o 0 P [ £
g g 3 0025 3 00150
S S T =
9 9 00125
£ 10 £ 10 5 o000 5
2 2 g ous - :
fay I = £ 00075
S 10 & 10 2 o010 2
£ £ S T 00050
(= o %’ %' .
< < 0005
00025
E e la & & Eelaar—aa—a u A —h
0000
r r : : r T - r r r r r 0.0000
400 450 500 550 600 650 400 500 600 700 800 900 101 100 10 o1 w o
Wavelengths (nm Wavelengths (nm) H .
gths (nm) gths ( Radius (um) Radius (um)
mbini halom informati h
= Co blnlng aethalometer iInformation enhances

10°

e e the imaginary refractive index retrieval from
: : : I integrated nephelometer significantly;
> Adding cut-off information can have some
improvements for size distribution retrieval for

400 450 500 550 600 650 0  s00 0 700 80 90

Wavelengths (nm) Wavelengths (nm) | N _ N e p h . 2 8
V4

102

Imaginary Refractive Index
]
Imaginary Refractive Index




iMAP: Dust Aerosol Example

A 470nm_reference
=—e— 470nm_retrieved
A 529nm_reference
—e— 529nm_retrieved
A 621nm_reference
- 10° 4 —e— 621nm_retrieved
-
|
g
e
—
—
o
10-1 1
0 25 50 75 100 125 150 175
Scattering angle (degrees)
A 470nm_reference
0.30 1 === 470nm_retrieved
A 529nm_reference
== 529nm_retrieved
0.25 A .
A 621nm_reference
== 621nm_retrieved
- 0.20 A
—
a
~ 0.15 1
—
&
0.10 1
0.05 A
0.00 A
0 25 50 75 100 125 150 175

Scattering angle (degrees)

>

AvV(r/din(r) (um3jum?)

dv(r)/din(r) (um>3um?)

0.03

IMAP only

—— reference

1071

100
Radius (um)

10!

—— reference

101

retrieval from IMAP data;

100
Radius (um)

10!

Real Refractive Index

1.50

—— reference

Imaginary Refractive Index

—— reference

e

480 500

520 540 560 580 600 620
Wavelengths (nm)

IMAP + aethalometer

Real Refractive Index

165

1.60

480 500 520 540 560 580 600 620
Wavelengths (nm)

—— reference

Imaginary Refractive Index

1072

1073

10°%

—— reference

\\—.

0.5

X 0.7 0.8 0.9
Wavelengths (nm)

0.4 05 0.8 0.9

0.6 0.7
Wavelengths (nm)

Combination with aethalometer data allows to reduce uncertainty for aerosol
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Future vision: AIRSENSE, PANORAMA, ECAMS, GLADIS

Multi-Angular Polarimeters

",\w

POLDER1,2 5 Space lidars
PARASOL ’.' S s CALIPSO
HARP 1, 2 ; ™~ Wiy AEOLUS
GAPMAP-0 \ ) EARTHCARE
2M \
gﬁl Ground-based EOS
MAITG-2 V S;I)Dehct;ome:ers
CAPI/TanSat E- g meters
_ DPC/GF-5 aars
Geostationary Clouds
HIMAWARI8 Gases

Sentinel4
FClI

Aerosol spectral properties:
AOD

+ SSA
+ AE
+n, k
Aerosol microphysics:
Size
+ Quantity
+ Vertical distribution
+ Composition
Surface:
g BRDF
-+ NDVI

+ DHR 30

+ BPDF

Spectrum '

Polar orbiting " umm
MERIS
Sentinel2 |
Sentinel3
Sentinel5

Multi-Angular / 5 i

————
MISR T e ——
AATSR
SLSTR

i
i

1
1
N

Nephelometers
PI-Neph
iMAP
IN101T







