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Boundary-layer Air Quality-analysis Using Network of Instruments Super Site

AQUNIN

Since 2015 an integrated suite of instruments operates in synergyto provide detailed quantitative and
gualitative measurementsof diverse atmospheric parameters, enabling satellite validation activities and
advancingstudiesof the PlanetaryBoundaryLayer(PBL)

A Sustainthe maintenanceand operationof groundbasedin situ and remote sensingnstruments
A Acquire,homogeniseanddistribute high quality data

A Multiple locations different environments

A Performinter-calibrationand validationcampaigns

A SatelliteCal Valand Atmospheriamonitoring

A Stimulate research in Urban Atmospheric Boundary Layer physics and chemistry by facilitating
interconnectionsbetweennationalandinternationalinstitutions
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BAQUNIN Supesite

AQUNIN

Atmospheric Composition Product Instrument Data access
GHG total column EM27/SUN BAQUNIN DB, COCCON
0, total column Pandora, Brewer |EVDC, PGN, EUBREWNET
NO, surface, tropospheric and total column, profile Pandora il
! ! Brewer, Pandora |[BAQUNIN DB, EVDC, PGN
S0, total column Pandora PGN
HCOH surface, tropospheric total column Pandora PGN
CIMEL AERONET, BAQUNIN DB
H,0 surface, tropospheric and total column, profile LIDAR EVDC, BAQUNIN DB
Pandora PGN
CIMEL, PREDE |AERONET, SKYNET, BAQUNIN DB
Aerosol Optical Depth MFRSR BAQUNIN DB
LIDAR BAQUNIN DB
Aerosol backscattering extinction profiles LIDAR EVDC, BAQUNIN DB
Fine — Coarse — Total mode CIMEL AERONET, BAQUNIN DB
Angstrom Exponent CIMEL,PREDE |AERONET, SKYNET, BAQUNIN DB
LIDAR BAQUNIN DB
SSA, VSD, RI, PhF CIMEL, PREDE [AERONET, SKYNET, BAQUNIN DB
Solar Irradiance Pyranometer |BAQUNIN DB
Spectral Radiance Pandora PGN
UV Dose, UV index Brewer BAQUNIN DB
Cloud top/bottom LIDAR EVDC, BAQUNIN DB
Cloud fraction All Sky Camera |[BAQUNIN_DB
Wind Speed and Direction Sodar, Wind Lidar [EVDC, BAQUNIN DB
Temp., hum., pressure and wind Meteo, WFR BAQUNIN DB
. NO2 TROPOMI |[Pandora NO2 VC, TC
Sl 03 TROPOMI__|Pandora 03 VC
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Boundary-layer Air Quality-analysis Using Network of Instruments Super Site

AQUNIN - New sites: Po Valley pollution monitoring

“" ,vr)' 25 v ".

Milano Bicocca
Urban polluted

CNRISAC
Rural polluted
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A Nominal configuration pointing vertically

A Acquisition of backscattered lidar signals
from O to 15 km heights

A Excellent and accurate retrieval of
aerosol backscattering and extinction
coefficient vertical profiles

A ACTRIScompliant elastic
lidar operating @1064 nm
Automated telecover-test
and fully automated
operability

Operating continuously
24/7 since March 2021
Range resolution: 3.75m ,—~:-
Laser PRF: 5KHz; T =g
coadding time 10s S
Maximum range: 14km
Overlap height: 150m

To

APL RAP Range Corrected Signal
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First approach
A Ceilometer axis tilf\ elevationf ° p
A Single pointing directiod | | A Y d2ZBK

Observation
Temporal variability of the horizontal path (line i
sight)
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A Almost 20 days of continuous measurements in HPM&jor issues in this configuration:

A Signal averaging between 100 and 500 m to compdkePossiblenisalignmentbetween laser beam and telescope
PM concentration in situ FOV due to gravity: signal characterized by very low SNR,
range profiling very challenging to achieve

A Frequent water condensation on window apertures due to th
modification of heat gradient within the instrument

Legend 3000

; Ceilometer RAP
@ Clarity Station 2.9e+07
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2025/01/09 - 2025/01/19
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2025-01-09 00:00:00 - 2025-01-19 23:59:59
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New approach

A Beam direction and
telescope FOV deviated
by mirror

A2KSSta 2y OS
base:multiple pointing
directions

Observation

Horizontal variability along
the azimuthal direction

Pro. no mechanical parts
internal movements

Con high uncertainty on
mirror reflectivity and angle
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Scan mode:Six-point azimuthal scan
A 6 azimuths targeting key observation directions
A Integration time: 15 minutes per azimuth position

Azimuth Start time Stop time
45°
84°
162°
224°
281°
327
45°
84°
162°
224°
281°
327
45° 11:57  12:54
84° 13:09  13:24
162 13:28 13:43
224 13146 14:02 N - LSO
281° 14:04  14:19 Google e Wirs. GanasPes, MER-Tt i
327 14:21  14:37 SEel 5N OB\ S A T e

Scan 1
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‘ How can we evaluate the horizontal inhomogeneity?
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Ellipse method
A For every range, RCS values along the azimuth pointing direction can be fitted with an ellipse

A Ellipse parameters such as tilt angle and eccentrarigya good estimate of inhomogeneity in the horizontal plane

1e6 RCS ellipse at 375.0m

—— 08:15-10:05,08 =53.7° ,e = 0.64 3
—— 10:11-11:55,8 = 50.6° , e = 0.50
= 11:57-14:37,8 = 41.8° ,e = 0.51

RCS ellipse at 1500.0m
RCS ellipse at 7001.25m

le6
—— 08:15 - 10:05, 6 = 80.4° ,e = 0.56
—— 10:11-11:55,8 =93.7° ,e = 0.48
= 11:57 - 14:37,08 = 19.2° ,e = 0.92

le8
— 08:15 - 10:05, 8 = 59.7°, e = 0.83
——— 10:11 - 11:55, 8 = 28.1°, e = 0.89
‘1— 11:57 -14:37,0 = 147.4%, e = 0.81

0.5 10 15

6 -4

A Assumption no significant sources between two pointing directions
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‘ Do these plots really represent a snapshot of horizontal atmospheric inhomogeneity?
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