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Synergistic retrieval of aerosol optical properties and mass 

concentrations from scanning LiDAR measurements and AERONET 

inversion products 

Atmospheric aerosols significantly affect the environment and human health, 
making their quantification and spatial mapping essential. Advanced laser 
remote sensing systems, such as the PMeye scanning LiDAR by Raymetrics 
S.A., enable continuous, high-resolution monitoring of urban pollution and its 
evolution. 

This study analyzes data from two campaigns conducted in 2024 at the 
Vasilikos Power Station (Cyprus) and the Port of Piraeus (Greece). 
Measurement days were selected using aerosol-type classification from 
AERONET optical properties, ensuring the presence of dust. Numerical 
models (SKIRON, CAMS, GEOS-5, HYSPLIT) were used to confirm 
meteorological conditions and dust transport, supporting both day selection 
and data interpretation. 

The novelty of the study lies in using near-ground scanning to separate 
aerosol backscatter into dust and anthropogenic emissions, and to derive their 
horizontal concentration distribution—an approach not previously applied, as 
earlier work mainly relied on vertical measurements. Low-altitude horizontal 
scans enable direct detection of aerosols most relevant to human exposure. 

Overall, combining PMeye measurements with models and satellite data 
demonstrates the system’s potential for accurate pollution monitoring and for 
identifying emission sources, offering valuable support for urban 
environmental management. 
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Spatial Variability of CCN and INP Conversion Factors in European 

AERONET Stations 

An extended analysis was conducted using AERONET Version 3 Level 1.5 
inversion products from all available European sun–sky photometer stations, 
incorporating the full temporal record of both long-established and recently 
deployed sites to maximize spatial coverage, observational 
representativeness, and overall regional completeness. Only retrievals 
obtained under sufficiently strong aerosol loading were retained to secure 
robust optical inversions. Aerosol-type separation was performed following 
established optical criteria based on the Ångström exponent (AE) and the 
particle linear depolarization ratio (PLDR), allowing distinction among dust-
dominated, pure dust, pollution-dominated, and pure pollution aerosol 
conditions, while the single scattering albedo (SSA) at 1020 nm was further 
used to differentiate the absorbing characteristics within polluted aerosol 
classes. This harmonized and physically consistent classification framework 
provided a coherent basis for the subsequent CCN and INP conversion 
analysis across Europe, upon which the computation of conversion factors 
was then carried out. AOD at 532 nm was reconstructed from AOD at 440 nm 
using the Ångström exponent to ensure direct compatibility with the 
AERONET inversion products.  From the retrieved size distributions, number 
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concentrations in CCN- and INP-relevant radii were derived, enabling a 
physical link between aerosol microstructure and column extinction. The 
resulting conversion factors provide a transferable relationship between 
column optical properties and particle microphysical abundance and can be 
applied to ground-based lidar extinction profiles to retrieve CCN and INP 
concentrations as a function of height across the European domain. 
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A study cloud – aerosol interaction over the Mediterranean region using 
active remote sensing 

Within the Space-derived Aerosol-dependent Cloud Properties (SCOPE) 
project, we combine CloudSat’s Cloud Profiling Radar (CPR) and CALIPSO’s 
CALIOP Lidar, in order to retrieve cloud microphysical properties and aerosol 
types over the Mediterranean for a three-year period. Firstly, cloud liquid and 
ice water paths are derived from the CPR and evaluated against ERA5 
reanalysis. Results show that ERA5 underestimate the ice water path, 
especially above the sea, while satellite observations indicate a significant ice 
content. We also examine the seasonal variations in cloud phase and we 
represent the spatial distribution of the different cloud types across the region. 
Our final step is to introduce an algorithm developed for investigating cloud–
aerosol interactions above this climate-change hotspot, providing statistics for 
each cloud type about their correlation with the aerosols. 
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Spaceborne lidar CCN retrievals with the SCOPE algorithm: The 

important role of smoke 

An improved algorithm based on the POlarization LIdar PHOtometer 

Networking (POLIPHON) method is presented for retrieving cloud 

condensation nuclei (CCN) concentration profiles from spaceborne lidar 

observations. This algorithm was developed within the Space-derived 

Aerosol-dependent Cloud Properties (SCOPE) project, building on earlier 

studies that demonstrated the feasibility of using measurements from the 

Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations 

(CALIPSO) mission to estimate CCN. The results are validated against aircraft 

measurements, and the importance of selecting appropriate conversion 

factors is examined in detail. We also introduce the use of conversion factors 

derived from CALIPSO aerosol typing for CCN retrievals, an advancement 

first established within SCOPE. The analysis underscores the strong impact of 

smoke on CCN concentrations and shows that assumptions regarding the 

aging state of smoke can significantly influence the retrieval outcomes. 

 


