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Introduction

The Raymetrics Aerosol Profiler (RAP) is an ACTRIS®-compliant elastic lidar (1064 nm single wavelength), operating continuously 24/7 at Sapienza University of Rome in the Atmospheric Physics
Laboratory (APL), in synergy with the BAQUNIN '-supersite instrumental suite. In its nominal configuration, RAP points vertically and acquires backscattered lidar signals from 0 to 15 km heights at 3.75
m range resolution and 10 seconds coadding time; the full overlap height is 150 m. This configuration allows for the retrieval of backscattering and extinction coefficient vertical profiles with excellent
accuracy.

Raymetrics® has developed a 3D scanning lidar system operating at 355 nm, capable of mapping PM2.5-PM10 concentrations over areas up to 50 km? with high spatial and temporal resolution. The
system has been validated using in-situ sensors, and further testing at 1064 nm is planned to assess its performance for larger particles (PM > 10). In this framework, RAP can be integrated to initiate
the 1064 nm measurements, supported by collocated PM sensors for calibration.

A new application of the RAP measurements has been proposed by Raymetrics, for which the system is operated in the so-called Horizontal Pointing Mode (HPM): RAP elevation is set to values close
to 0 degrees to probe the lowest portion of the urban boundary layer in for user defined azimuth directions. Thus, the lidar signal is relative to a portion of the atmosphere usually not accessible to
conventional Lidars and Ceilometers, for relatively long distances (up to 5 km) at very high spatial and temporal resolution (3.75m, 10 sec). The main advantage in operating RAP in HPM is in its
usability for validation of aerosol loads and atmospheric corrections from very-high resolution satellite optical missions, as spatial and temporal observation scales are essentially comparable.

1. HPM campaign in BAQUNIN APL (07/01/2025 -20/01/2025) 2. Lidar signal

On day 7 of January, RAP azimuth was set to 123° (SE) . The system elevation angle was then gradually From the raw signal (5 minutes average in SPM, 1 minute average in HPM), the Range Corrected Signal
decreased from 89° to 1°, with steps of =20° every five minutes (Slant Pointing Mode, SPM). At 14:20UTC, the (RCS) is calculated by removing the background and applying a geometrical correction:
instrument was fully in HPM, measuring continuously until 20t of January. RCS =(S —B) -r?
rvT' where S is the Raw signal, B is the background, calculated as the last 100 bins mean signal, and r is the
Elevation [deg] 1 range distance.
- An electronic noise, the cause of which is still under investigation, affects RAP’s signal at around 700m
range. This noise is amplified in HPM, since the signal in this acquisition mode is considerably weak. To
remove this undesired noise, a discrete wavelet filtering through python library pywt5 was applied to the
campaign measurements, tuning conveniently the wavelet decomposition components to remove higher
frequencies; even though the filtering removes quite well the electronic noise, the Signal-to-Noise Ratio (SNR)
appears to be very poor beyond 700m. Therefore, the signal quality is not high enough to perform an inversion to
retrieve an aerosol horizontal profile, but still carries information about signal’s temporal variability related to
aerosol change in time.
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Due to the occurrence of intense fog on the 8" of January,
data timeseries is displayed starting from day 9" of January.

Range Corrected Signal Range Corrected Signal smoothed

Wavelet filtering effects on SPM
Some artifacts in the signal profile
appear when a strong and low-
frequency peak related to clouds is
present; nevertheless, the electronic
oscillation appears to be filtered out
very well in a signal with less low-
frequency peaks, such as in HPM.
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An ARPALazio® (Agenzia Regionale Protezione Ambientale
del Lazio) Air Quality (AQ) station, 3.7 km far from APL, was
initially considered to provide PM data; unfortunately, is has
proven to be too far for the Lidar signal to be strong enough
for a PM calibration. Thus, the PM information has been X% . = ,,
retrieved from BAQUNIN's Clarity® AQ station, which || 420 VK~ i A"
provides calibrated PM2.5 number concentration [#/cm3]. ) T N
Also wind speed/direction and precipitation height data
(measured respectively by METEK” wind lidar and Sardegna
Clima® weather station Davis Vue 6357, hosted at APL as
well) are shown to understand the meteorological condition
of the campaign days.

3. RAP RCS vs Clarity station PM2.5 comparison
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Instrument position on Physics Dept. rooftop;
the red line is the ceilometer’s line of sight.
Image generated with Google Earth Pro ™.
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3. SNR, calculated as the RCS divided
by the RCS last 100 bins mean.

1. RCS profile timeseries without
wavelet filtering

2. RCS profile timeseries after
wavelet filtering

2025-01-09 - 2025-01-19

PM2.5 number concentration vs RCS (50m-500m mean) Upper panel. comparison between range-

averaged RCS (red) and PM2.5 number
concentration (blue; few isolated outliers
from the PM series were removed). Two
distinct aerosol load periods can be identified
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To compare the two quantities, the RCS has

been:

1. Averaged from 50 to 500m; this range
was chosen to achieve an optimal trade
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the first period, it seems not to be a good
relationship between RCS and PM2.5, most
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it the lower bound was increased. SN S S ) ’ ° ~ [ probably due RAP sensitivity to PM>2.5.
2. Collocated in time to Clarity | e B ) 7 o (“E Instead, the accordance appears to be better
measurements (PM2.5 values are provided & q" . (2 after the intense rainout of 11t of Jan, that
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Left panel: scatterplot of the absolute Scatter plot Q-Q Plot The campaign provided encouraging preliminary results
values of RCS and PM2.5. As expected, the 711 7 | 20250110 (Re.35) s o esbiis * |/ regarding RAP sensitivity to PM variations within the
first two days show poor agreement, while . [Bo2s 0102 (R0 45 N .. ) e surface layer, as confirmed by the good statistical
during the transition in weather conditions - | 30250114 (Re072) 4 agreement between PM2.5 and RCS data distributions.

(11 Jan), the two variables appear well 2025-01-15 (R=0.81) . /
correlated (£ = 0.9), both decreasing rapidly 2025-01-16 (R=0.87) ®

) However, the fast SNR degradation with range represented
30 4 r
across a wide dynamic range. In the latter

the main obstacle for achieving a rigorous aerosol
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the RAP measurements close to the noise E ?’x“ ’ 2 positioning, to enhance SNR and ensure more reliable
limit. * 10/ ’3{ 32 7o horizontal aerosol profiling
Right panel: Quantile-Quantile plot of the Gf s o i  Extended comparison with additional collocated AQ
standardized variables; data follow similar e S ‘e = . . ) )
L o . O R - 5 stations operating under different aerosol regimes, to
Statistical distributions on days likely ; o 'ﬁg 3 . , T .
dominated by fine aerosols. Conversely, the 53 1 oo e * O evaluate RAP’s sensitivity to various PM modes and
agreement is weaker during the initial period, °T | ) aerosol types

where both physical differences and a
limited number of samples reduce the
Statistical reliability.

* Testing over longer measurement periods to increase the
dataset and support the development and validation of
PM estimation from RAP measurements.

BAQUNIN web site, https://www.baqunin.eu/ 6.

1 0 I ; 3 :
Quantiles of standardized RCS (50m-500m mean)

1.6
le7

0.6 0.8 1.0 1.2 1.4

RCS (50m-500m mean)

0.2 0.4

1. lannarelli et al., 2022, “The Boundary Layer Air Quality-Analysis 2. ARPA Lazio web site, https://www.arpalazio.it/

lorenzo.veltri-gomes@serco.com, nicola.ferrante@serco.com, annamaria.iannarelli@serco.com, annalisa.dibernardino@uniroma.it,

Using Network of Instruments (BAQUNIN) Supersite for Atmospheric 3. RAYMETRICS web site, https://raymetrics.com/ 7. METEK web site, https://metek.de/ stsaknakis@ravmetrics.com. osoupiona@ravmetrics.com. flavio.marcozzi@serco.com. stefano.casadio@ext.esa.int
Research and Satellite Validation over Rome Area”. Bull. Am. 4. Clarity web site, https://www.clarity.io/ 8. Sardegna Clima web site, https://sardegna-clima.it/ ° ’ ' ’ ' ’ ' ’ ' ' ’ ' T
Meteorol. Soc. 2022, 103, E599-E618, Python pywt documentation, 9. ACTRIS web site, https://www.actris.eu/

https://doi.org/10.1175/BAMS-D-21-0099.1 https://pywavelets.readthedocs.io/en/latest/ 10. Google Earth Pro software, v7.3.6.9277 (64-bit)

»

living planet

symposium

VIENNA
23~27 June

2025


https://doi.org/10.1175/BAMS-D-21-0099.1
https://www.arpalazio.it/
https://metek.de/
https://sardegna-clima.it/
https://www.actris.eu/
https://www.baqunin.eu/
https://raymetrics.com/
https://www.clarity.io/
https://pywavelets.readthedocs.io/en/latest/
mailto:lorenzo.veltri-gomes@serco.com
mailto:nicola.ferrante@serco.com
mailto:annamaria.iannarelli@serco.com
mailto:annalisa.dibernardino@uniroma1.it
mailto:gtsaknakis@raymetrics.com
mailto:osoupiona@raymetrics.com
mailto:flavio.marcozzi@serco.com
mailto:stefano.casadio@ext.esa.int

	Slide 1

