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Executive summary

In this project, the ALC data retrieval and analysis tools developed by CNR-ISAC Alicenet and IPSL-SIRTA research

groups are applied for the quantitative characterization of the aerosol vertical distribution in two major EU urban

environments.
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Scientific objectives

Objectives:

1. test different procedures to convert the ALC signal to overlap-corrected and absolutely calibrated attenuated

backscatter;

2. test and evaluate the ALC-based retrievals in two RI-URBANS pilot sites (Paris, representative of continental

aerosol conditions, and Rome, an example of urban conditions in the Mediterranean area).

Reason for choosing station/ infrastructure

Simone Kotthaus is an expert in urban atmosphere dynamics and atmospheric monitoring.

Martial Haeffelin (Directeur SIRTA, Directeur Adjoint IPSL, Head of CCRES-FR) is an expert in atmospheric remote

sensing and boundary layer-cloud processes. Melania Van Hove is a research engineer at IPSL-SIRTA working on

ALC and DWL data processing and ABL height retrievals.

Activities during the TNA (research, training, events, ...)

The aerosol layers (both within and above the ABL) and mass concentrations (both near the surface and along the

profile) were derived and analyzed in representative cases of aerosol transport events (e.g. desert dust) occurring

in Paris (June and July 2022, September 2023) and Rome (July 2017). ALC-derived information has also been

compared to independent datasets from Raman lidars, passive remote sensing and in-situ aerosol observations.
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Method and experimental set-up

The analysis was performed using as a core dataset ALC/PLC measurements collected in the two urban areas of

Paris (France) and Rome (Italy).

In Paris the analysis was developed using the ALCs (Lufft CHM15k) located in Palaiseau (sub-urban site) and

Qualair (urban site). The aerosol depolarization profiles from a PLC (Vaisala CL61) located in Hotel de Ville (close

to Qualair) and the humidity data from ERA5 were also exploited to quantify the advection of desert dust and

humidity conditions affecting hygroscopic growth of aerosol concentrations. To evaluate the accuracy of the ALC-

based retrievals, the columnar (AERONET L2 AOD) and in-situ (OPC-derived) surface PM10 from the Paris and

Vitry stations were considered. Additionally, evaluation of the ALC retrievals was performed using aerosol

backscatter profiles retrieved from a co-located ACTRIS research lidar in Palaiseau (September 2023 case study).

Finally, mean wind and turbulence profiles from a DWL located in Palaiseau were also considered to characterize

the atmospheric dynamics during the July 2022 case study.

The analysis of Rome data was done using the ALC (Lufft CHM15k) located in the CNR-ISAC Rome Tor Vergata

atmospheric observatory. Similarly to Paris, ALC-derived AOD was compared to the columnar AERONET L2 AOD. In

July 2017, co-located meteorological profiles (0-2 km a.g.l.) and in-situ (OPC-based) surface PM10 were available

thanks to the EMERGE-EU campaign (Hernandez et al., 2022, Barnaba et al., 2024). The data from the Prototype

Lufft PLC in Rome Down Town were also considered.

Preliminary results and conclusions

The possibility to upscale the tools at the EU level was tested thanks to the application of the ALC-based retrievals

in two key EU sites of the RI-URBANS Project (Paris, representative of continental aerosol conditions, Rome, an

example of urban conditions in the Mediterranean area) in representative case studies, with comparison of the

retrieved quantities with independent data (e.g., AERONET AOD, in-situ PM measurements).
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Outcome and future studies

We demonstrate the accuracy of ALCs to provide quantitative information on aerosol optical and physical

properties to the scientific and stakeholder communities. The calibrated and corrected backscatter profiles are a

product of high demand in several contexts, e.g., EU Project RI-URBANS, research infrastructure ACTRIS,

EUMETNET Program E-PROFILE, and higher level products such as ML heights and aerosol mass concentration

profiles are key for AQ monitoring and assessments.

The potential of new technologies (e.g., dual-polarization PLCs, Doppler Wind Lidars) to address current gaps of

knowledge (e.g., capability of aerosol typing, aerosol transport dynamics at local and non-local scale) are also

explored, providing the scientific motivation for future measurement strategies.

The quantitative comparison of the ALC-retrieved quantities with Raman Lidar profiles in both Paris and Rome will

be presented in a future work, as well as the analysis of additional case studies in Italy and France.
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1 Rationale

The quantitative characterization of the aerosol vertical distribution is key for Air Quality (AQ) monitoring.
Aerosol transport and transformation processes may produce complex stratifications within and above
the Atmospheric Boundary Layer (ABL), where aerosols are confined, mixed, and entrained from the
layers aloft, directly influencing surface Particulate Matter (PM) concentrations.
Automatic Lidar-Ceilometers (ALCs), including their polarization-sensitive version (PLCs) allow the
continuous monitoring of aerosol profiles at high spatial (vertical, and horizontal when considering dense
networks) and temporal resolution. Thanks to their technological advancement and specifically
developed data analysis tools, the quantitative retrieval of aerosol properties and layerìng from ALCs is
now possible. The scientific community (e.g., H2020 project RI-URBANS https://riurbans.eu/, research
infrastructure ACTRIS, EUMETNET program E-PROFILE https://e-profile.eu/) is working towards the
provision of advanced AQ products from profile observations at EU scale.
The Italian ALICENET ALC network (https://www.alice-net.eu/) coordinated by CNR-ISAC operationally
monitors aerosol profiles across the country. The network contributes to E-PROFILE and is actively
involved in RI-URBANS. IPSL-SIRTA is responsible for products of layer height detection and wind
profiling within RI-URBANS, thanks to its expertise in atmospheric remote sensing and boundary
layer-cloud processes. In this project, the ALC data retrieval and analysis tools developed by CNR-ISAC
Alicenet and IPSL-SIRTA research groups are applied for the quantitative characterization of the aerosol
vertical distribution in two major EU urban environments. In particular, aerosol layers (both within and
above the ABL) and mass concentrations (both near the surface and along the profile) were derived and
analyzed in representative cases of aerosol transport events (e.g. desert dust) occurring in Paris (June
and July 2022, September 2023) and Rome (July 2017). ALC-derived information has also been
compared to independent datasets from Raman lidars, passive remote sensing and in-situ aerosol
observations.

2 Material and methods

2.1 Sites and instruments

The analysis was performed using as a core dataset ALC/PLC measurements collected in the two urban
areas of Paris (France) and Rome (Italy). Location of the measurement sites, both in urban/suburban
configuration, is shown in Figure 1 while a summary of the overall datasets used is given in Table 1.
In Paris the analysis was developed using the ALCs (Lufft CHM15k) located in Palaiseau (sub-urban
site) and Qualair (urban site). The aerosol depolarization profiles from a PLC (Vaisala CL61) located in
Hotel de Ville (close to Qualair) and the humidity data from ERA5 were also exploited to quantify the
advection of desert dust and humidity conditions affecting hygroscopic growth of aerosol concentrations.
To evaluate the accuracy of the ALC-based retrievals, the columnar (AERONET L2 AOD) and in-situ
(OPC-derived) surface PM10 from the Paris and Vitry stations were considered. Additionally, evaluation
of the ALC retrievals was performed using aerosol backscatter profiles retrieved from a co-located
ACTRIS research lidar in Palaiseau (September 2023 case study). Finally, mean wind and turbulence
profiles from a DWL located in Palaiseau were also considered to characterize the atmospheric
dynamics during the July 2022 case study.
The analysis of Rome data was done using the ALC (Lufft CHM15k) located in the CNR-ISAC Rome Tor
Vergata atmospheric observatory. Similarly to Paris, ALC-derived AOD was compared to the columnar
AERONET L2 AOD. In July 2017, co-located meteorological profiles (0-2 km a.g.l.) and in-situ
(OPC-based) surface PM10 were available thanks to the EMERGE-EU campaign (Hernandez et al.,
2022, Barnaba et al., 2024). The data from the Prototype Lufft PLC in Rome Down Town were also
considered.
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Figure 1: Map with the considered observational sites in Paris (left, pink points) and Rome (right, red points).

Table 1: Observational sites and instruments

SITE (type) ALC PLC Photometer OPC Humidity
and wind

Research
Lidar

Paris
Palaiseau
(suburban)

Lufft CHM15k - - Airparif -
Vitry

ERA5 Raman
lidar

Paris Qualair
(urban)

Lufft CHM15k Vaisala CL61
(Hotel de Ville)

AERONET
Paris station

Airparif -
Vitry

ERA5
Vaisala DWL

-

CNR-ISAC
Atmospheric
Observatory -
Rome Tor
Vergata
(suburban)

Lufft CHM15k - AERONET Tor
Rome Vergata
station

Grimm OPC Tor Vergata
meteo station

-

Rome Down
Town/
BAQUNIN
(urban)

- Prototype Lufft
PLC

- - - Raman
Lidar

2.2 Retrievals

The Alicenet retrieval of aerosol optical and physical properties (including aerosol mass concentration
profiles) is based on automatic procedures for raw data corrections and calibration and takes advantage
of specific functional relationships to retrieve the backscatter profiles (Dionisi et al., 2018, Diemoz et al.,
2019, Bellini et al., 2024). Specific functional relationships are also applied to convert the aerosol
backscatter profiles into the other aerosol optical and microphysical properties (extinction, surface area,
and volume). The aerosol mass concentrations are retrieved from the volume profiles, assuming a-priori
aerosol densities. Alicenet also derives information of the aerosol layering based on the analysis of the
backscatter profiles (with option to also consider depolarization and mass, when available).

The STRATfinder algorithm developed by the IPSL-SIRTA research group is widely used at the EU level
to estimate the temporal evolution of the mixing layer and the ABL heights using variance and gradient
analysis of the backscatter profiles and the Pathfinder approach (Kotthaus et al, 2020).
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3 Results

The CHM15k raw data are corrected for the overlap and calibrated using the Alicenet automatic Rayleigh
calibration procedure. The time series of calibration coefficients in Palaiseau and Qualair are shown in
the Appendix. Then, the full inversion was applied for the Paris (June and July 2022, September 2023)
and Rome (July 2017, October 2022) case studies.

3.1 Paris - June 2022

The first case study refers to the period 11-18 June 2022. Anticyclonic conditions and a strong heat wave
characterized the meteorological conditions of the period, and Saharan dust intrusions took place in the
last four days. The ALC-derived aerosol extinction profiles at 1064 nm and the comparison between the
corresponding ALC-based AOD and AERONET (1020 nm) for the period 11-18 June 2023 are shown in
Fig. 2. Fig. 3 shows the corresponding aerosol mass profiles (in g cm-3) and comparison with in-situ OPC
measurements. From both profiles the Saharan dust layers are clearly visible in the range 2-6 km.

Figure 2: Aerosol extinction profiles derived by Alicenet in Paris Qualair (at 1064 nm from CHM15k) in the period 11-18 June
2022 (top) and the comparison of the AOD derived by Alicenet with the AERONET measurements (1020 nm, bottom).

5



Figure 3: Aerosol mass concentration profiles (in g cm-3) retrieved by Alicenet in Paris Qualair (from CHM15k) in the period
11-18 June 2022 (top) and comparison of the dry mass concentrations retrieved by ALC (first vertical level) with the in-situ PM10
measurements from the AirParif Vitry station (bottom).

The hygroscopic correction of Adam et al. (2012) for the estimate of the dry aerosol mass from the total
aerosol mass (Mp moist) was applied to compare the first vertical level of the mass profiles retrieved by
Alicenet with the (dried) surface PM10 concentrations measured by an OPC. The ALC-derived dry
aerosol mass (Mp dry) is:

Mp dry = Mp moist/R

where R = 1 + (ρw/ρd)*(GF3-1) is the ratio of the mass concentration of the moist and dry aerosol (ρd=1.5
g cm-3), and GF = (1-RH/100)-γ is the growth factor. The factor γ is setted to 0.2, a representative value
for continental aerosols.

Note that, being the functional relationships used here developed for a continental-type aerosol, this
might produce larger errors when a different aerosol type is loaded into the atmosphere. This is the case
at the end of the addressed period above, when an underestimation of the aerosol optical depth and
surface aerosol concentrations can be observed due to a desert dust advection. In such conditions, an
underestimation is expected due to the non-sphericity and diameter of the dust particles, featuring a
lower aerosol backscatter w.r.t. the spherical and generally smaller particles (e.g. Barnaba and Gobbi,
2001). In fact, the Alicenet inversion should be modified in desert dust load conditions (as done at visible
wavelengths in Barnaba and Gobbi, 2001) tuning the aerosol model based on depolarization values (e.g.
Gobbi et al., 2002), and this upgrade is planned for the future. Note that the depolarization field is higher
in the June case study (Fig. 4) w.r.t. the July case study (Fig. 7), when the AOD underestimation is below
the instrumental uncertainties. In Appendix, the back trajectories are shown to further explain the short
aging of the aerosol plume.
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Figure 4: Linear depolarization profiles measured by the CL61 located in Paris-Hotel de Ville in the period 11-18 June 2022.

3.2 Paris - July 2022

The second case study refers to the period 11-20 July 2022. Similarly to the previous one, this period
was affected by a Saharan dust advection entrained and mixed into the urban boundary layer. In Fig. 5,
the aerosol extinction profiles and the comparison between the Alicenet-derived AOD and the reference
AERONET observations are shown. The values are within the expected uncertainties.

Figure 5: Aerosol extinction profiles derived by Alicenet retrievals in Paris Qualair (at 1064 nm from CHM15k) in the period
11-19 July 2022 (above) and the comparison of the AOD derived by Alicenet with the reference AERONET measurements
(below).

Fig.6 shows the corresponding aerosol mass profiles (in g cm-3) and comparison with in-situ OPC
measurements. Note that the differences between the ALICENET retrievals and the AERONET and OPC
independent data are smaller w.r.t. the June case study. In fact, the particles are more processed, as
noticeable from the CL61 depolarization profiles (Fig. 7) and in agreement with the longer back
trajectories of the air mass arriving over Paris (4-5 km a.s.l.) the 17 July 2022. In the Appendix, the
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