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Executive summary

Aerosol remote sensing advanced our ability to characterize atmospheric aerosols with high spatial-temporal

coverage. Polarimetric measurements are a main approach for aerosol property retrievals, yet understanding of

strength and limitations of inversion algorithms is crucial to exploit the full potential of such data. Recently, new

instrumentation was developed for in situ aerosol polarimetry making measurements of the light scattering phase

function with unprecedented angular and time resolution possible.

This activity is part of a broader objective to develop a strategy for ground-based in situ polarimetric observations

that support both ground and satellite-based aerosol remote sensing.

We work in a project funded by the Swiss National Science Foundation aiming to bridge the gap between in situ

and remote sensing aerosol polarimetry. This includes field studies to probe atmospheric aerosol in its full

complexity by using the novel GRASP-Earth IMAP-100 polar nephelometer.

Scientific objectives

1. Assessment of fine and coarse mode contributions to total light scattering phase functions given it can be

difficult to disentangle these in aerosol retrievals. This was achieved by running the IMAP instruments with cyclones

to obtain different inlet cut-off diameters.

2. Characterizing the effects of local pollution, vertical transport, and long-range transport of e.g. Saharan dust on

aerosol light scattering phase function.

3. Comparison of in situ data with remote sensing data of aerosol optical and derived properties. Additional context

on aerosol properties will be available through the satellite aerosol data products from GAPMAP (GRASP-

AirPhoton Multi-Angle Polarimeters), which will be provided by GRASP-SAS.

4. Application of different configurations of GRASP-based aerosol retrievals and validation against independent in

situ measurements.
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Reason for choosing station/ infrastructure

The AGORA facility was chosen for the following reasons:

i) it provides comprehensive coverage of in situ and remote sensing aerosol observations,

ii) it has two nearby sites in the city of Granada (UGR, 680m asl) and in the Sierra Nevada (SNS, 2500m asl) within

the same vertical column,

iii) the AGORA team has a long track record in aerosol polarimetry including the AirPhoton PI-Neph representing the

most advanced type of polar nephelometer.

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

The AGORA facility was accessed from June 3 to September 13, 2024. Physical access by our team took place for

instrument installation at both the city and mountain sites, as well as for performing calibrations at the beginning

and end of the measurement period. Remote access during the campaign allowed us to monitor instrument

performance and download data regularly.

The AGORA staff provided support for instrument troubleshooting, assisting approximately five times at the city site

and once at the mountain site. Routine calibrations and proper functioning of the facility’s instruments enabled

comprehensive data collection, including particle size distributions, chemical composition, and absorption and

scattering coefficient measurements.

To coordinate logistics and establish measurement strategies aligned with the scientific goals, two preparatory

online meetings were held with all stakeholders (AGORA, PSI, and GRASP teams) on February 14 and May 7,

2024. During the campaign, we conducted an online meeting on July 2, 2024, with all involved groups to discuss

preliminary results. Further online meetings are planned in the coming months to review data analysis and

interpretation.
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Method and experimental set-up

An Inverse Multi-Angle Polarization Polarimeter (IMAP-100, Grasp-Earth) and a Single Particles Soot Photometer

(SP2-XR, DMT) were deployed at the urban site, in the city of Granada. A second IMAP-100 instrument was

deployed at the Sierra Nevada site from July 30 to September 13, 2024.

Both IMAP instruments were deployed with a cyclone upstream to measure the scattering phase function of

particles in the range PM10, PM8, PM4, PM2, and PM1.

Instrumentations already available at the facility (at both sites) included: integrating nephelometers, aethalometers,

CPC, SMPS, and APS. Chemical composition of the aerosol particles was measured with an ACSM at the urban

site.

Preliminary results and conclusions

The successfully collected IMAP data represent the first three-month-long ambient time series. Preliminary data

analysis reveals several key findings:

i) Total scattering coefficients from the integrating nephelometers compare well with integrated IMAP data,

confirming high data quality;

ii) Scattering phase function data for aerosol particles, collected with various inlet cutoffs, show significant

differences during specific events, demonstrating the enhanced information provided by this measurement

strategy;

iii) Preliminary tests of simultaneous retrievals of scattering phase function data from different inlet cutoff diameters

show good agreement with independent data;

iv) A daily cycle in scattering properties at the urban site suggests that IMAP measurements are sensitive to

absorbing particles, likely linked to traffic emissions during peak hours;

v) Phase function measurements were successfully captured during several Saharan dust outbreaks at both urban

and mountain sites.
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Outcome and future studies

While data analysis is ongoing, anticipated outcomes include the validation of various configurations of the GRASP

retrieval algorithm applied to the entire collected dataset, with the aim of publishing these findings in a peer-

reviewed paper. Additionally, a focused study is planned to assess retrieval algorithms based on different

assumptions about fine-mode absorbing aerosols (e.g., morphology), which will also be submitted for publication.
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