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Aerosol and its

characterization in remote = F e e "

sensing

Dust outburst Aerosol from volcano eruptions

s ¥

LPS25, 23-27 June 2025, Vienna

Full aerosol characterization
1. Size

3. Particle structure: morphology, homogeneity,
shape etc

4. Vertical distribution

Spatial and temporal variability

|

Aerosol remote sensing is based on the
models of aerosol and atmosphere

o

Physical/chemical aerosol Aerosol optical

characterization characterization

1. Size distribution 1. AOD: aerosol concentration

2. Aerosol chemistry (complex 2. AE, Angstrom Exponent
refractive index) —) (spectral dependence of

3. Nonsphericity AQOD): aerosol size

4. Concentration vertical profile 3. SSA: aerosol absorption

5. Atmosphere temperature 4. dSSA (spectral dependence
vertical profile (for TIR) of SSA): size and absorption




Surface and its characterization
In remote sensing

Surface reflectance

Ocean color: sediments and
chlorophyll

Land use & Deforestation

Atlantic
ocean

4. Temperature (TIR)

Full Surface characterization

1. Topology

2. Surface structure : morphology,
heterogeneity, scatterers distribution etc
Surface scatterers chemistry

w

Too complex!

BRDF derived from dessert
surface (Banizoumbou)

BRDF parameters to be derived: @50, Qo1 , Ageom

Surface Remote sensing for atmospheric studies is based on
BRDF models: Bi-Directional Reflectance Distribution Function
A soybean field
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LPS25, 23-27 June 2025, Vienna

/ Volumetric

backscattering  forward scattering
https://www.umb.edu/spectralmass/
terra_aqua_modis/modis
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Atmospheric
studies and
applications

Aerosol ECVs
(GCOS-245)

Aerosol dynamic,
aerosol-cloud
interaction etc

Global and regional
climate models

Aerosol as auxiliary
product for
Atmospheric and
surface studies

AQOL

Advanced aerosol characterization

2. Extended properties

Absorp- Size Microphysics,
tion (AExp) Chemistry,
(i.e. SSA) Hygroscopicity
X X -
X X X
X X X
X X -

3.
Vertical
profile

4. Spatial

Resolution/

Coverage

5. Temporal
resolution



Aerosol characterization

from space: current status

1. Single angle

observation:
= moderate or coarse

MODIS-,
Sentinel-3-like

spatial resolution TROPOM I-like:
- wide swath - Wide spectra range
- Hyperspectral

4 angular pola ete PARASCO
D ARD A
5. Active Space LIDAR

AQOU

TIR sensors

AOD

Advanced aerosol characterization

Rather not

Rather not

High accuracy

2. Aeroso De

3. Vertical 4 oF o]o
profile BSQ 0 0
Rather not odera
D3
Possible Rather
02A coarse
JdllQ
High A few days
Rather not Spatial per week
Rather not Rather High
coarse temporal
20 Rather D3
coarse
+ - =
Rather not Coarse D3



Multi-angular Polarimeters for aerosol studies
PACE mission

PACE mission

® 385-770 nm continues
o5 viewing angles

*30+ day global coverage
©2.5 km spatial resolution

high information content;

high meas. precision;

* 440, 550, 670, 870 nm
e viewing angles:

- 10 for 440, 550, 870 nm

- 60 viewing angles for 670
e 2 days global coverage

® 3 km spatial resolution

high information content;

wide coverage;

3SMI/METOP

-SG

@ eumetsat &

MAP/CO2M

eSa

Polarimeters greatly
advance aerosol
characterization

but

still have number of

limitations:
» Temporal coverage
» Vertical profiling



2. Solution: Multi-mission synergetic constellations and

aerosol/surface retrieval

MAP

y,

INOFRAMATION:

- spectral
- multi-angular

&
“\%&!

Multi-Angular Polarimetry

Aerosol spectral

Spectrum

Quantity
Layer height

Composition

properties: e
1 ) w
ATUD/EarthCare
Advanced ABOLUS
CALIOP/CALIPSO

Aerosol microphysics:  Aarosol

properties

Space Lidar Geostationary

Aerosol spectral

E
IADD(h)
Aerosol 'days

Aerosol microphysics: vertical

Type : ol
. properties | o

FCYMTG
5 10 min

U 25 days

INOFORMATION:

@ o
Surface;
3 -
S [+ NOVI
5 + DHR
+ BPDF

columnar aerosol properties

Advantage:
high information
content regarding
columnar prosperities

Limitations:

- limited sensitivity to vertical
variability of aerosol;
- limited temporal and
spatial coverage

vertical aerosol properties oL ARY Spatlal VaHEsHE of
Adva ntage: aerosol properties
Advantage:

high sensitivity to
vertical variability
of aerosol

|

detailed spatial
and temporal
coverage

<

> Transfer of information from one instrument to another!

A 4

» Filling gaps in information content: several instruments as a single one!



Requirements on the retrieval
algorithms for synergy: MERIS/ENVISAT

1.

GRASP for Multi-mission, Multi-instrument synergy

Geostationary Polarimeters

IRS/Sentinel-4 POLDER-1,-2 & -3
AHI/HIMAWARI-8 3MI/EPS-SG
MAP/CO2M

4 HARP/Cubesat
 DPC/GF-5

a SGLI/GCOM-C

Polar orbiting

MSI/Sentinel-2 »
OLCl/Sentinel-3 | &
TROPOMI/Sentinel-5

Algorithm should be based on
advanced inversion approach and

) Photometers
adaptable flexible forward models.

Algorithm should be able to P o
account for diverse measurements (N S Multi-angular

from different instruments. e B sorsenvsn
Algorithm should be able account _ B sis7e/sentinel
for multi-temporal and multi- Lidars from ground vertical -

structure

spatial measurements

(not collocated measurements).

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

Litvinov et al. “Synergetic Retrieval from Multi-
Mission Spaceborne Measurements for Enhancement
of Aerosol and Surface Characterization, AMT, 2025

Nephelometers

Chemical %
composition

CALIPSO =

.e“@@
Spectrometers @ 4

Lidars from space

CALIOPE/CALIPSO
7% ATLID/EarthCARE
ALADIN/AEOLUS
ACE




Multi-mission synergetic constellations and
aerosol/surface retrieval

Synergy Instrument/ Spectral Range Resolution Specific sensitivity to dedicated

Platform Spatial Timporal products and added value

Aerosol:
AOD, AODF, AODC, AE, SSA,

TROPOMI, S5, 3MI UV + VIS + NIR + : .
Aerosol microphysics and

LEO+LEO (HARP-2, SPEX), SWIR chemistry etc.

Solar Sentinel-3A/B/C etc 2 few hours  Surface:
Spectrum BRDF, BPDF, Surface albedo etc.

UV + VIS + NIR + + Aerosol layer hight
SWIR +
Hyperspectral (S5)

LEO+LEO LEO+LEO (Solar) UV + VIS + NIR + 12 km + DLH + Dust Chemistry +
Solar + + IASI-NG () SWIR + TIR Surface TIR emissivity +

Spectrum Surface Temperature

LEO + GEO  LEO+LEO+FCI UV + VIS + NIR + 1-12 km 10 min LEO + LEO +
(HIMAWARI) SWIR + high temporal resolution of the product

LEO+LEO+TIR+ FCl UV + VIS + NIR +
SWIR + TIR

CEOS AC-VC #22, 1-4 June 2026, Leiden




=~ GRASP

REMIS

cloudflight

GRASP multi-mission synergetic retrieval:

Satellites Description

Sentinel-3A /OLCl and - Polar-orbiting, global coverage
Sentinel-3B/OLCI - One observation per pixel
- Moderate spatial resolution
- Radiance measurements in VIS and NIR spectral range

Litvinov et al., AMT 2025

Sentinel-5p/TROPOMI - Polar-orbiting, global coverage, from 1 to a few observations per day
- Hyperspectral measurements in UV, VIS, NIR, SWIR spectral range

Himawari/AHI - Geostationary. Coverage area: Asia
- Every 15 min daily measurements
- Radiance measurements in VIS, NIR and SWIR spectral range

i. Multi-spectral ii. Multi- iii. Multi- iv. Multi -

SYREMIS Synergy VIS - NIR SWIR angular Polarization Temporal
Qua5|

S3A/OLCI +
S3B/OLCI +
TROPOMI +
HIMAWARI angular

multi-




LEO+LEO and LEO+GEO synergy

VA Litvinov et al., AMT 2025 OLCI-B
Jen OLCI-A ~10 20 a.m. LTTROPOMI

,\, IS

cloudflight

» Extended spectral +
range

Loyn O15000 -0 Ongors Orgarsoor Ongars APy, -, A(P]\’f; ST SNV

\

» Quasi multi-angular measurements

» Hight temporal resolution

measurements!
1. Better surface BRDF sampling and surface/atmosphere signal separation

2. Hourly (or better) extended aerosol properties variability!
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¥

~ GRASP

REM

IS/GRASP LEO+GEO synergy and extended aerosol characterization
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AOD550nm all from S3+S5P+AHI
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AOD550nm S5p from S3+S5P+AHI

Y=0.940X+0.026
R=0.944 RMSE=0.140
N=368 GCOS=150 (40.8%)

Tropomi

15 2.0 25
AERONET AOD
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SSA 550nm S5p from S3+S5P+AHI

Y=0.544X+0.417
R=0.568 RMSE=0.026

N=55

Tropomi
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GRASP SSA550
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AOD550nm S3 from S3+S5P+AHI

Y=0.837X+0.082
R=0.925 RMSE=0.147
N=376 GCOS=136 (36.2%)

OLCI
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SSA 550nm S3 from S3+S5P+AHI
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(d)

GRASP SSA550

AOD550nm AHI from S3+S5P+AHI

Y=0.874X+0.043
R=0.928 RMSE=0.155
N=5773 GCOS=2152 (37.3%)
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1. Extended aerosol properties (AOD, AExp, SSA etc) are improved for all instruments

2. The biggest improvements are for the instruments with smaller information content (OLCI, AHI)
3. TROPOMI is a driver of the considered synergy
4. Consistent retrieval for all instruments in the synergy!



SYREMIS/GRASP synergetic retrieval

» Consistent retrieval from OLCI A, B and TROPOMI

Aerosol Optical Depth for 560 nm

Aerosol Optical Depth for 560 nm
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AOD(560nm)

0.8

0.0 0.2 0.4 0.6

OLCI A/B (~10 a.m.)

> Better spatial coverage

AOD(560nm)

0.0 0.2 0.4 0.6 0.8 1.0

TROPOMI (~13.00 p.m.)

v’ Extended aerosol properties: AOD, AExp, SSA etc.

» Several measurement per day
(aerosol transport):

OLCIA/B (~10 a.m.),

TROPOMI (~13.00 p.m.).

Angstrom Exponent
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TROPOMI (~13.00 p.m.).




OLCI - AOD (560nm) - 2019-03-11T00:00:00 AHI - AOD (510nm) - 2019-03-11T03:00:41

LEO+GEOQ:..

high temporal
(diurnal)
resolution
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2

aerosol retrievg
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Consistent -
retrieval from

all instruments
in the synergy:

- OLCI-A
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- AHI

- TROPOMI
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LEO+LEO synergy with polarimeter

RGB Composite Image: March 10-11, 2024, at HARP2 viewing angle of ~ 7° RéB ‘onnosics Taagss Nexcl 1011, 12024, 5t HARRS viswing sngle o =425

- Multi-angular
measurements

__ + - Polarization + Radiance
L -;, . — N @ s - Scveral measurements
. e per day!

OLCI-A

May.

OLCI-B

March

OLCI-A



SYREMIS/GRASP HARP-2 and OLCI synergy: added
value of HARP-2
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OLCI-B
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Multi-mission synergy with GRASP: status and future perspectives

Synergy Instrument/ Synergy
constellation platform Driver
LEO+LEO TROPOMI + TROPOMI:
Single-viewing  QLCI-A + 1. U\(-SW|R
Intensity-only 5| |-B 2. Wide
measurements swath
instrument

LEO+LEO

Single-viewing

OLCI-A + HARP-2:

OLCI-B +

Intensity-only + HARP-2

- Polarimetry
multi-angular

polarimeter

LEO + GEO TROPOMI + TROPOMI:
OLCI-A + - UV-
OLCI-B + SWIR
HIMAWARI (FCl) - wide

swath

- Multi-angular

Aerosol characterization

Microphysics,
Chemistry,
Hygroscopicity

Should be
improved!

Improved )
P Basic aerosol

typing

» Hyperspectral

Improved measurements

Can be further
improved by

Improved

Improved .
» Synergy with
: Space LIDAR
synergy with

ground-based! BN Synergy with

ground-based
LIDAR

Improved Basic aerosol

typing

1. AOD | 2. Extended properties 3. Vertical profile

4. Temporal

resolution

Improved
(several
measureme

nts per day)

Improved
(several
measure-
ments per

day)

Improved
(hourly or
better)



New instruments in the synergy

Instrument/ Orbit  Spectral Resolution Specific sensitivity to dedicated products
Platform Range YeEE] Timporal

S5/EPS-SG LEo  UVVIS, 7 km ~1-2 AOD, ALH, Surface albedo
NIR, SWIR days

EPS-SG VIS, NIR, 4 km AOD, AODF, AODC, AE, SSA, ALH, Aerosol type and
SWIR composition, BRDF, BPDF, Surface albedo

IASI-NG/ TIR 12 km DOD, DLH, Surface TIR emissivity, Surface
EPS-SG temperature

Sentinel- VIS, NIR 300 m AOD, Surface albedo

3A/B/C

FCI/MTG-I GEO VIS,NIR, 1km AOD, Surface albedo

Sentinel-4 etc SWIR

CEOS AC-VC #22, 1-4 June 2026, Leiden




GROSAT synergy
(Optional slides)




* GRASP esa
GR @ SAT: Synergetic GROund-based and SATellite retrieval with GRASP algorithm

Input: Satellite + Nearest AERONET TOD + Almucantar (and/or Principal plane) measurements

Surface properties Aerosol properties mainly

mainly
Direct sun y Almucantar
pop AN «\

P
’ 4

P 4 \\ 4

+

+/-6 hours

+/-60 min +
P TN A _dem

https://download.grasp-

Output: Conditions: open.com/download/grosat/surface_reference/v02.0/
1. Surface reference dataset for 1. Good fit of measurements (better than radiometric error)
remote sensing studies 2. Good correspondence of the retrieved aerosol properties with AERONET

2. Aerosol retrieved properties 3. Space-borne instrument is well-calibrated


https://download.grasp-open.com/download/grosat/surface_reference/v02.0/
https://download.grasp-open.com/download/grosat/surface_reference/v02.0/
https://download.grasp-open.com/download/grosat/surface_reference/v02.0/

Geostationary

GROund-based and SATellite synergy  ..ialite:
for local aerosol monitoring FCI: measurements

every 10 min!
30 km area around Mongu_Inn AERONET station (1 km pixel resolution)
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Diurnal variability of aerosol properties in local scale around AERONET!
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LEO+GEO synergy: FCl and AH|




