
Combined Aerosol and Cloud optical thickness 
from SLSTR observations

Marta Lufffarelli, Lucio Franceshini, Yves Govaerts

Rayference, Brussels

25/11/2021



à ATMOS 2021 - ESA ATMOSPHERIC SCIENCE CONFERENCE

Cloud’s role in Aerosol Retrieval

Traditional aerosol retrieval algorithms only 
process clear sky observation.

Broken, undetected or near clouds can cause an 
overestimation of the AOT retrieved from 
satellite.

The cloud mask is chosen to be conservative.

One of the consequences of traditional 
approaches is a large percentage of “lost pixels” 
(Schwarz et al., 2017).
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The CISAR algorithm
The CISAR algorithm is an innovative aerosol retrieval algorithm based the 
continuous variations of the state variables in the solution space to secure 
consistency within an Optimal Estimation retrieval framework.
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Abstract. This paper presents a new algorithm for the joint
retrieval of surface reflectance and aerosol properties with
continuous variations of the state variables in the solution
space. This algorithm, named CISAR (Combined Inversion
of Surface and AeRosol), relies on a simple atmospheric ver-
tical structure composed of two layers and an underlying sur-
face. Surface anisotropic reflectance effects are taken into ac-
count and radiatively coupled with atmospheric scattering.
For this purpose, a fast radiative transfer model has been ex-
plicitly developed, which includes acceleration techniques to
solve the radiative transfer equation and to calculate the Ja-
cobians. The inversion is performed within an optimal esti-
mation framework including prior information on the state
variable magnitude and regularisation constraints on their
spectral and temporal variability. In each processed wave-
length, the algorithm retrieves the parameters of the surface
reflectance model, the aerosol total column optical thickness
and single-scattering properties. The CISAR algorithm func-
tioning is illustrated with a series of simple experiments.

1 Introduction

Radiative coupling between atmospheric scattering and sur-
face reflectance processes prevents the use of linear relation-
ships for the retrieval of aerosol properties over land surfaces.
The discrimination between the contribution of the signal re-
flected by the surface and that scattered by aerosols repre-
sents one of the major issues when retrieving aerosol prop-
erties using space-borne passive optical observations over
land surfaces. Conceptually, this problem can be modelled

to solve a radiative system composed of at least two sets of
layers, where the upper layers include aerosols and the bot-
tom ones represent the soil–vegetation strata. The problem
can be further complicated by the intrinsic anisotropic radia-
tive behaviour of natural surfaces due to the mutual shadow-
ing of the scattering elements, which is also affected by the
amount of incident radiation (Govaerts et al., 2010b, 2016).
In most cases, an increase in aerosol concentration is respon-
sible for an increase in the fraction of diffuse sky radiation
which, in turn, smooths the effects of surface reflectance
anisotropy. Though multispectral information is critical for
the retrieval of aerosol properties, the spectral dimension
alone does not allow full characterisation of the underlying
surface reflectance, which often offers a significant contribu-
tion to the total signal observed at the satellite level. In this
regard, the additional information contained in multispectral
and multi-angular observations has proven essential to char-
acterising aerosol properties over land surfaces.

Pinty et al. (2000a) pioneered the development of a re-
trieval method dedicated to the joint retrieval of surface re-
flectance and aerosol properties based on the inversion of
a physically based radiative model. This method has been
subsequently improved to permit the processing of any geo-
stationary satellites accounting for their actual radiometric
performance (Govaerts and Lattanzio, 2007). This new ver-
satile version of Pinty’s algorithm has permitted the gener-
ation of a global surface albedo product from archived data
acquired by operational geostationary satellites around the
globe (Govaerts et al., 2008). These data included obser-
vations acquired by an old generation of radiometers with
only one broad solar channel on board the European Me-
teosat First Generation satellite, the US Geosynchronous Op-
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Atmospheric Solution Space

• The solution space is defined by the vertices of 

selected aerosol/cloud targets in each processed band.

• The solution space is divided into 2 sub-space for 

aerosols and cloud properties respectively.

• The total ω and phase function are computed 

considering a linear behaviour in the solution space.
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Inversion
- The inversion is based on the Optimal Estimation (OE) theory, which seeks for the best balance between the prior 

information and the observation:

PRIOR INFORMATION
Climatology
Spectral signature of the state variables
Temporal and spatial constraints
….

OBSERVATION
TOA BRF
Spectral Response Function (SRF)
Solar and Viewing angles
Spatial and temporal resolution

OE

- SLSTR observations are accumulated during 16 days, the inversion takes place at the end of the accumulation period
- During the first 2 accumulation periods only clear-sky observations are processed, in order to build a good prior on the 

surface reflectance
- Afterwards, no external cloud mask is used and all observations are processed.
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SLSTR observations
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Evaluation against AERONET
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Case study: Barbados

February 1st, 2020. The ground measurements during the Eurec4a campaign measured high dust AOT.
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Case study: Barbados

February 1st, 2020. The ground measurements during the Eurec4a campaign measured high dust AOT.

More than 70% pixels flagged as cloudy! But CISAR retrieval is present over 76% of pixels. 
Spatial coverage improved by 46%!
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Case study: Barbados
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Conclusions
• An innovative approach is proposed to address issues related to clouds in aerosol retrieval.

• CISAR consistently retrieves surface reflectance, aerosol and cloud single scattering properties.

• After a training period, no external cloud mask is applied and all observations are processed.

• The spatial coverage is improved as CISAR retrieves aerosols also in the vicinity of clouds and within 

thin clouds.

• The evaluation against AERONET shows good temporal evolution agreement and small RMSE, though 

there is still room for improvement.

• The evaluation against MODIS shows good spatial distribution agreement and no systematic bias.

• In the Barbados case study it is observed as CISAR correctly discriminate between dust and clouds.


