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Atmospheric aerosol are tiny particles suspended in the air that have strong 
impact on the Earth’s climate, environmental processes, air quality, aviation safety 
and can have important economic and social impacts. Physico-chemical 
transformations of these particles during life time in the atmosphere can significantly 
modify their optical properties and therefore radiative effects while remote sensing of 
these aging processes is highly challenging task. This thesis work will focus on 
development and application of remote sensing algorithm for advanced monitoring of 
aerosol physico-chemical properties from space and ground-based instruments.  
Several advanced satellite missions, e.g., MetOp-SG A Program (3MI and IASI-NG), 
are planned by European, French and international space agencies in coming years. 
The proposed algorithm development and further data analysis aim advanced 
aerosol characterization from these coming missions. The algorithm is built on 
heritage and developments for POLDER/PARASOL multi-angular polarimetric space 
imager (https://parasol.cnes.fr/fr) and AERONET worldwide network of sun/sky 
photometers (https://aeronet.gsfc.nasa.gov/). The work will be dedicated to 
introducing an inhomogeneous aerosol model into GRASP/Components algorithm (Li 
et al., 2019), see also https://www.grasp-open.com/products/. Retrieval of the 
inhomogeneous aerosol fraction will enable monitoring of aerosol aging processes 
and improved detection of aerosol water content. Accurate evaluation of aerosol 
water content is crucial for satellite monitoring of air quality, volcanic plumes and 
global aerosol climate impacts. Specifically, aerosol aging processes are often ends 
up by creation of core-shell particles structure. The shell often consists of liquid or 
highly hygroscopic component. For instance, oxidation or adsorption of pollutants 
onto particle surface renders the aerosol more hygroscopic. One example is the 
coating of volcanic ash particles with sulfate aerosols within volcanic plumes. The 
optical properties of a core-shell structure are different from the optical properties of 
the solid core – the directional scattering and light polarization are changing. These 
differences will be used to detect the core-shell aerosols and to evaluate relative 
contribution of liquid shell, which is the aerosol liquid (water) fraction. 
 



 

 
 
 

The work will rely on three previous PhD theses conducted in LOA and in 
partnership with GRASP-SAS start-up. These previous works established a basis for 
aerosol core-shell structure parameterization (Unga et al., 2018), a framework for 
aerosol mixing modeling and composition retrievals (Li et al., 2019) and a framework 
for synergy use of solar and thermal infrared spectrum for dust mineralogical 
composition retrievals (Herreras et al, 2022, in progress). Positive experience of the 
previous results emerges possibility of the next step by addressing the particles 
inhomogeneity. Various case studies will include volcanic plumes, major events of 
atmospheric pollution, forest fires or dust storms episodes. In addition, the results are 
expected to bridge between remote sensing measurements and global aerosol 
transport modeling. 

 
We therefore search for a motivated candidate that have notions in physics, 

atmospheric science, optics or similar related disciplines. Programming skills are 
required, we would also encourage the candidates with primary computer science 
background. During the PhD thesis, the candidate is expected to gain skills in 
satellite data treatment, atmospheric radiative transfer, knowledge in geophysical and 
atmospheric processes, the atmospheric aerosol data application for environment, air 
quality, volcanic plume monitoring and climate applications. The work will require 
international communications (remotely and travels) and team work attitude. Below 
please see an illustration of satellite aerosol composition retrievals and publications 
issued from previous PhD theses. 
 
The interested candidates are asked to contact us as soon as possible by e-
mails for the application examination and the scholarship demand preparation. 

Fig. 1. Illustration of aerosol components volume concentration in atmospheric 
column as derived from POLDER/PARASOL satellite observations by 
GRASP/Components algorithm. (left panel) Fine size soluble aerosol (like ammonium 
sulfates or nitrates), (right panel) Coarse size insoluble aerosol (mineral dust). 
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