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Aerosol and its 
characterization in remote 
sensing

Dust outburst Aerosol from volcano eruptions

Anthropogenic pollution Biomass burning

Full aerosol characterization
1. Size
2. Aerosol chemistry: absorption and 

hygroscopic properties
3. Particle structure: morphology, homogeneity,  

shape etc
4. Vertical distribution
5. Spatial and temporal variability

Aerosol optical 
characterization
1. AOD: aerosol concentration
2. AE, Angstrom Exponent 

(spectral dependence of 
AOD): aerosol size

3. SSA: aerosol absorption
4. dSSA (spectral dependence 

of SSA): size and absorption

Physical/chemical aerosol 
characterization
1. Size distribution
2. Aerosol chemistry (complex 

refractive index) 
3. Nonsphericity
4. Concentration vertical profile
5. Atmosphere temperature 

vertical profile (for TIR)

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

Land use & Deforestation Ocean color: sediments and 
chlorophyll

Atlantic 
ocean

Surface and its characterization 
in remote sensing

Full Surface characterization
1. Topology
2. Surface structure : morphology, 

heterogeneity, scatterers distribution etc
3. Surface scatterers chemistry 
4. Temperature (TIR)

Too complex!

Surface Remote sensing for atmospheric studies is based on 
BRDF models: Bi-Directional Reflectance Distribution Function 

Caribbean 
sea

backscattering forward scattering
https://www.umb.edu/spectralmass/

terra_aqua_modis/modis

A soybean field BRDF derived from dessert 

surface (Banizoumbou)

BRDF parameters to be derived: 𝑎𝑖𝑠𝑜, 𝑎𝑣𝑜𝑙 , 𝑎𝑔𝑒𝑜𝑚
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Global aerosol and surface characterization: status
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Satellite i. AOD ii. Aerosol extended 
properties 

SSA, AE, Size etc

iii. Vertical 
profile

iv. Surface v. High temporal
resolution

MODIS/
VIIRS

Good

poor poor good poor

MISR good poor good poor

MERIS/
OLCI

poor poor good poor

AATSR/
SLSTR

poor poor good poor

S5p/
TROPOMI

good good good poor

PARASOL good poor good poor

Geostationary poor poor good Good



Polarimeters for aerosol studies
Advanced aerosol characterization

Satellite i. Multi-spectral ii. Multi-
angular

iii. Multi-
Polarization

iv.  Temporal 
resolution

v. Spatial 
resolutionUV VIS - 

NIR
SWIR TIR Hyper-

spectral

3MI - + + - - + + Daily Coarse

PARASOL, 
PACE/HARP

- + - - - + + Daily Coarse

PACE/SPEX + + - - - + + Few days per 
week

Coarse

S7/MAP - + - - - + + Few days per 
week

Coarse

Polarimeters advance aerosol characterization 
but 

still have number of limitations. LPS25, 23-27 June 2025, Vienna



Solution: Multi-instrument synergy
Aerosol characterization 
from multi-instrument 

synergy

Extended aerosol characterization

i. Multi-
spectral

ii. Multi-
angular

iii. Multi-
Polarization

iv. Temporal 
resolution

v. Spatial 
resolution

LEO  + GEO  +
High spatial resolution +
Polarimeters
+ etc

+ + + + +

Requirements on the retrieval algorithms for synergy:
1.Algorithm should be based on advanced inversion approach and adaptable 

flexible forward models.
2.Algorithm should be able to account diverse measurements from different 

instruments.
3.Algorithm should be able account for multi-temporal and multi-spatial 

measurements (multi-pixel retrieval approach).
LPS25, 23-27 June 2025, Vienna



Synergetic retrieval with GRASP algorithm
PRISMA CCN to

Pavel Litvinov and Cheng Chen et al. RSE, 2024

Cheng Chen and Pavel Litvinov et al. JGR, 2024.

1. Synergetic retrieval from satellite and 
ground-based measurements (L1 synergy):

Pavel Litvinov et al. FR, 2022
Pavel Litvinov et al. FR, 2023

GRASP algorithm multi-pixel (in particular, multi-
temporal) approach is very suitable for synergetic 

purposes (Dubovik et al., 2011, 2021)

2. Synergetic retrieval from multi-mission 
space-borne instruments (L1 synergy):

YREMIS!

Pavel Litvinov et al. FR, 2023
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1. GROSAT/GRASP approach: 1S+2A+2T

8

Satellite

+
+6 h+/-60 min+6 h+/-60 min

AERONETAERONET

Input:
• Nearest AERONET TOD (direct sun)  + Almucantar (Scattering plane) measurements 
• Satellite measurements 

Surface + aerosol

Conditions:

1. Good fit of measurements 

2. Good correspondence of the retrieved 
aerosol properties to AERONET

3. Instrument is well calibrated.

AERONET
GROSAT/GRASP



GROSAT/OLCI 300m vs MODIS MCD43 500m. Barren

Target

Sites included: AOE_Baotou, Banizoumbou, Gobabeb, Railroad_Valley, SEDE_BOKER, Saada

Surface BRDF/albedos Uncertainties

Threshold Max (0.02 or 20%)

Target Max (0.01 or 10%)

GCOS (Optimal) Max (0.0025 or 5%)



GROSAT/GRASP benefits and new possibilities 

● Provides accurate surface reference database in 
worldwide locations 

● Robust approach:
➢ Can be applied to very different satellites
➢ Can be adapted to different spatial resolutions (from several meters to 

several kilometers)
➢ Flexible spectral band selection and spectral resolution

● Universal and robust system for surface validation 
● New possibility for instrument inter-calibration
● Easy to maintain, process data and use in operational 

mode 
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GROSAT/GRASP approach for aerosol and aerosol/cloud 
interactions

11

Constrained aerosol retrieval in GROSAT/OLCI

GROSAT/GRASP for 

aerosol/clouds interaction using 

SPEX-1/AERONET and 

HARP-2/ AERONET synergy

21 km x 21 km area collocated with Banizoumbou AERONET station

21 km

Banizoumbou

AERONET station



www.grasp-sas.com/projects/grosat/
To download:
https://download.grasp-open.com/download/grosat/

Satellites Resolution Product

S2/MSI 20 m BRDF, albedos

S3/OLCI 300m, 700 
m; 
10 km

BRDF, albedos

PARASOL/
POLDER

6 km BRDF, BPDF, 
albedos

S5p/
TROPOMI

0.1 deg 
(~10 km)

BRDF, albedos

: surface reference site
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2. GRASP multi-instrument synergetic retrieval: 
Satellites Description

Sentinel-3A /OLCI and 
Sentinel-3B/OLCI

- Polar-orbiting, global coverage 
- One observation per pixel
- Moderate spatial resolution
- Radiance measurements in VIS and NIR spectral range

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

LPS25, 23-27 June 2025, Vienna

YREMIS!

SYREMIS Synergy
i. Multi-spectral ii. Multi-

angular
iii. Multi-

Polarization
iv. Multi - 
TemporalUV VIS - NIR SWIR

S3A/OLCI  +
S3B/OLCI  +
TROPOMI +
HIMAWARI

+ + +

+
Quasi 
multi-

angular
- +



OLCI-A
~10 a.m. 
L.T.

OLCI-B
~10.00 a.m. L.T.

2.1. Polar-orbiting LEO+LEO synergy

TROPOMI,
~13.30 p.m.

1. Better surface BRDF sampling and surface/atmosphere signal separation
2. Better temporal resolution!

+

OLCI-A + OLCI-B

TROPOMI

Multi-temporal measurements are accounted with GRASP temporal smoothness constrains!

YREMIS!

➢ Pseudo-multi-angular measurements

➢ Several measure- 
ments per day!

➢ Extended 
spectral range

Litvinov et al., AMT  2025



OLCI-A
~10 a.m. L.T.

OLCI-B
~10.20 a.m. L.T.TROPOMI

~13.30 p.m.

2.2 LEO+GEO synergy

+
HIMAWARI

+

+

OLCI-A + OLCI-B

TROPOMI

HIMAWARI

YREMIS!

1. Better surface BRDF sampling and surface/atmosphere signal separation
2. Hourly (or better) extended aerosol properties variability!

ISYN (sol ,…,  sol  sat ,…,  sat      t t  )

➢ Pseudo-multi-angular measurements ➢ Hight temporal resolution 
measurements!

➢ Extended spectral 
range

Litvinov et al., AMT  2025



SYREMIS/GRASP retrieval ➢ Several measurement per 
day (aerosol transport):
OLCI A/B (~10 a.m.), 
TROPOMI (~13.00 p.m.).

➢ Better spatial coverage

OLCI A/B (~10 a.m.) TROPOMI (~13.00 p.m.) TROPOMI (~13.00 p.m.).

➢ Extended aerosol properties: 
AOD, AExp, SSA etc 

Dust

Biomass 
Burning

➢ Consistent retrieval from OLCI A, B and TROPOMI



AOD temporal 
variability from 
S3AB+S5P synergy 

and

SSA temporal 
variability from 
S3AB+S5P synergy

S. Zhai and P. Litvinov et al. (publication is 
under preparation)



From the current 
synergy to future

Synergy Instrument/  

Platform 

Spectral Range Resolution Specific sensitivity to dedicated 

products and added valueSpatial Timporal

LEO+LEO

S5 + 3MI (SPEX, 

HARP-2) + OLCIA&B

UV + VIS + NIR +  

SWIR 

4-10 km

a few hours

AOD, AODF, AODC, AE, SSA, 
Aerosol type and composition,  DOD, 
DLH, BRDF, BPDF, Surface albedo

UV + VIS + NIR +  

SWIR + 

Hyperspectral (S5) 

+ Aerosol layer hight

S5 + 3MI(SPEX, 

HARP-2) + OLCIA&B

+IASI-NG

UV + VIS + NIR +  

SWIR + TIR

12 km + DLH + Dust Chemistry +

Surface TIR emissivity +

Surface Temperature 

LEO + GEO LEO+LEO+FCI

LEO+LEO+TIR+ FCI

UV + VIS + NIR +  
SWIR 
UV + VIS + NIR +  
SWIR + TIR

1-12 km 10 min LEO + LEO +
+ high temporal resolution of the 
product 

LPS25, 23-27 June 2025, Vienna
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