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The BAQUNIN supersite

https: .baqunin.eu 33
The Boundary-layer Air Quality-analysis Using Network d p@; g/www. asun!n e;x #ﬁﬁ
of INstruments (BAQUNIN) super site has been collecting | ~—=="ecn  EEEHEHTTIOEE
surface and columnar measurements of atmospheric

Supported by
constituents (aerosol, particulate matter, and trace gases) .
and measurements of meteorological variables since 2017. &\\ esa G EUMETSAT

The European Space Agency has promoted BAQUNIN to create an experimental research infrastructure to
contribute to the validation of present and future satellite atmospheric products and the in-depth
investigation of the phenomena characterizing the planetary and urban boundary layers. The peculiarity of
the observatory is the involvement of various active and passive remote sensing instruments installed in
multiple measurement points, covering a highly urbanized area near the Tyrrhenian coast. Direct and free
access to data and related documentation is one of BAQUNIN's requirements and is guaranteed through the
website www.baqunin.eu.

+ 25 remote sensing instruments (active and passive)
* Weather sensors: temperature, humidity, wind speed and direction, pressure, cloud

bottom/top, UV dose and index
* Aerosol: in-situ concentrations, vertical profiles, columnar content, optical properties

Layer Air Quality-Analysis

 Trace gases: NO,, O;, SO, , H,0, HCOH tropospheric and vertical columns, profiles AT Spesslioon
Atmospheric Research and

* Greenhouse gases: CO, CH,, CO, and H,O columnar contents saele aldadon over Rome

* Temperature and humidity profiles Meteorologicl society, Data 2022,

+ 15 researchers from universities, research institutions and private companies involved
+ 50 products freely available to the scientific community and stakeholders

Federated observatories

BAQUNIN team actively collaborates with other Italian observatories, exchanging knowledge
and instrumentation aiming at harmonising data and methods for Cal/Val activities.

Observatories which host instruments:

¢ In the Tiber valley:
* SAPIENZA-APL (Rome downtown): urban
* CNR-ISAC Tor Vergata (TRV): semi-rural
* CNR-ITA Montelibretti (MLB): rural

¢ In the Po Valley:

* CNR-ISAC San Pietro Capofiume (SPC): rural-polluted
* ARPA Valle d’Aosta(VdA): alpine
* Milano-Bicocca (Mi-Bi): urban

Observatories involved in technical and scientific collaboration:

*» ENEA Lampedusa: oceanic
* ENEA-INGV THAAO (Pituffik): arctic

The BAQUNIN-APL observatory has been officially
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Data homogenization Field campaigns Testing instruments

Prototype testing

In addition to operational measurements, the site supports on-site

BIRA-IASB developed a new type of passive development, testing, and validation of instrumental prototypes, as

remote sensing instrument , called “NO2- well as research into new configurations for novel products.
CAMERA”, aiming at the estimate of the 2-D

distributions of NO, slant column densities
(SCDs) with a high spatiotemporal resolution.
The instrument prototype was installed at
BAQUNIN-APL for a two weeks campaign in
March 2024 and started in December 2025 a

Example: Automated
tele-cover (left) and
custom eye-piece
(right) designed and
manufactured by the

long-term campaign between 2025 and 2026. team for Lidar upgrade
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SR Submitted o Atmos. Meas, Tech. scanning is attempted to characterize atmospheric horizontal

inhomogeneity.

* ACTRIS-compliant elastic lidar operating @1064 nm

* Fully automated operability, operating continuously
24/7 since March 2021
* Range resolution: 3.75m
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Nominal configuration: vertical pointing
Observation:
» Vertical profile of backscattered lidar signals from
0 to 15 km heights
* Excellent and accurate retrieval of aerosol
backscattering and extinction coefficient vertical

Altitude [km]
o

[

Raymetrics Aerosol Profiler (RAP) e AELEAE REOTE Comiseted SlnEL

Log(RCS 1064 nm)

00:00 03:00 06:00 09:00 12:00 15:00
27/08/2025

profiles

18:00 21:00 00:00

New approach: horizontal pointing

* Horizontal pointing achieved
deviating telescope FOV and
laser beam with a 45° tilted
mirror

Observation:

» Profile of backscattered lidar
signals from 0 to 15 km
horizontal ranges

* Horizontal variability of aerosol
distribution along the azimuthal
direction

Azimuthal scan

* 6 azimuths targeting key
observation directions

* Integration time: from 5 to 15
minutes per azimuth position

e Complete scans duration and
number is limited by
integration time
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instruments observing the same phenomenon from different perspectives
Layer dynamics, enhancing the interpretability of the existing instrumental suite

for the calibration and validation of next-generation satellite observations.
Example: co-located measurements on day 11/11/2025

1. RAP in HPM azimuthal scans (upper row), ellipse fit polar plots of RCS
(mid row) and RCS anomaly relative to azimuth average (lower row)
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* Understanding the drivers of horizontal aerosol distribution from HPM requires complementary information from other BAQUNIN site
* Conversely, the 2D horizontal aerosol field provided by this method offers new, previously unexplored insights into complex urban Boundary

* RAP in HPM captures spatial and temporal scales comparable to Very High Resolution (VHR) satellite products; this makes it a valuable resource
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 Ellipse fitting enables
aerosol distribution
inference between
sounded azimuths, under
strict assumptions.
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inhomogeneities within the urban boundary layer

4.PM concentration | | * Current limitations include manual azimuthal scanning and long integration times,
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mainly due to signal weakness

* These constraints limit the resolution of atmospheric variability and the operational
automation of azimuthal scans; nevertheless, RAP in HPM provides singular
capabilities for validating aerosol loads and atmospheric corrections in VHR
satellite optical missions over urban areas

* Thanks to its highly complementary measurements, BAQUNIN is a unique and

“*  lidar at 84m from strategic atmospheric observatory; its instrumental synergy enables advanced

studies of urban aerosol dynamics and satellite calibration/validation
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