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Instructions

Please limit the report to max 3-5 pages, including tables and figures.
The report should be sent as pdf document and include the subheadings listed below. Please make
sure to address any comments made by the reviewers (if applicable).

Is the information provided in the report confidential and should not be made available on the
ACTRIS website?

X No, the information can be made public.

[] Yes, the information should not be made public and access should be restricted
to the TNA Team, the ATMO-ACCESS access providers, the reviewers concerned
and the ATMO-ACCESS Strategic TNA Board.
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1. Short executive summary (can be made available to reviewers and EU experts)

The SPectrometer for Atmospheric TRAcers Measurement (SPATRAM) (1) plus the Multiple Input Geometry
Equipment (MIGE) (Figure 1) have been installed at the CMN-PV facility (namely at the San Pietro Capofiume
station: 44.6504N, 11.6480E ) on 6 of February 2023. The main goals of the TNA were:

1) to carry-out measurements of trace gases in the Po Valley environment that during the late winter/early
spring season can suffer episodes of arctic air masses intrusions with unusual stratospheric ozone
abundances and high NO2 concentration in the lower stratosphere/ABL due to the intense vehicular traffic
in the region;

2) to perform intercomparison / validation of algorithms and results obtained with types of instruments
applying distinct measurement techniques (in situ / remote sensing) from different point of view (ground-
based / satellite) and vertical profiles and atmospheric boundary layer pollution in strato / troposphere and
at the surface;

3) to strengthen the collaboration between the atmospheric physics groups of the ISAC-CNR and the
University of Evora which in the past have already collaborated actively through ACTRIS and other
international projects

The TNA was carried out over 2 phases. The first one (physical access) was mainly devoted to the
instrumentation set-up and training activities. The second phase (remote access) was devoted to the
execution of experimental activities.

In this report the preliminary results in term of Slant Column Densities (SCD) for NO2 and O3 obtained in
zenith sky configuration (elevation of 902) and in MAX-DOAS geometry in the 400-460nm spectral range are
presented. The preliminary results here presented are only the first step of a more complete work focused
on the MAX DOAS observations for the retrieval of NO2 and O3 profile in the ABL. One more output will be
the sensitivity assessment of the two software tools deployed that will be included in the foreseen
publication.

2. User group

Complete the table with details of the user group members who actually accessed the Facility. Duplicate
the table below for each member of the user group.

Information on the User group members

Member # 1
First and last name Miguel Potes
Gender [ JFemale [X] Male [ ] Prefer not to say
Nationality
Profile [] Undergraduate

[ ] Postgraduate
XI  Expert scientist

[] Engineer, Technician
[] oOther
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Field of activity ENV-ATMO - Earth and environmental sciences/Atmospheric

domain

ENV-HYDRO - Earth and environmental sciences/Hydrosphere
domain

ENV-LITHO - Earth and environmental sciences/Lithosphere
ENV-ECOBIO - Earth and environmental sciences/Eco-biosphere
PHY - Physics astronomy, astrophysics and mathematics

CHEM - Chemistry and material sciences

BIO-MED - Biological, medical sciences and biotechnology
ENG-TECH - Engineering and technology

EGY - Energy

ART - Humanities and arts

ISC - Information science and communication

SOC - Social sciences

Are you a new user? Yes

XODOoOOOoxdooodd o0 X

No

Institution name (employer)

[ ] Public research (including international research organizations and
private research organization controlled by a public authority)
DX University and higher education
Institution legal status [] Public authority
(employer) . .
[ ] Small Medium Enterprise (SME)
[ ] Other industrial and/or profit private organization
[ ] other
Address (employer) Rua Romao Ramalho 59, Evora Country Portugal
Email address mpotes@uevora.pt
i Physical
Physical Access start 06-02-2023 y 10-02-2023
date Access end date
Remote
Remote Access start 11-02-2023 30-04-2023
date Access end date

3. Scientific objectives

The main objective of TNA is the calibration of the SPATRAM+MIGE system in terms of retrieved total column
and vertical profiles mainly of Nitrogen dioxide (NO2) as well as ozone (03). Other tracers such as bromine
oxide (BrO), formaldehyde (HCHO)and the oxygen dimer (O4) as tracers for particle load can also be studied
since both instrument make measurements in the spectral range where these atmospheric substances
presents strong absorption lines
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Nitrogen dioxide (NO2) as well as ozone (03) are two of the most studied atmospheric compounds due to
their interactions and behaviour depending on the photochemistry and heterogeneous chemical reactions
involving these elements. In the stratosphere O3 act as a filter for the harmful UV radiation while at the
surface O3 is a strong pollutant and NO2 plays an important role in controlling tropospheric ozone.
Nowadays the trace gases monitoring is performed from many different platforms from different point of
view and with different techniques. The satellite systems give a global coverage of the Earth and in the last
years the spatial resolution of the observations increased of about 3 order of magnitude. For obvious reasons,
satellite system can only perform remote sensing measurements both in active (lidar) as in passive
(imager/spectrometers) modes. Ground-based observations can be performed with ‘in situ’ as well as remote
sensing techniques.

To assure the exactness/reliability of the observations and of the disseminated results the systems
performing the measurements of physical quantities, utilized to retrieve the parameters of interest, need to
follow specific reference protocols and inter-comparison measurements campaign. This is mandatory for any
type of instrument and particularly for ground-based remote sensing systems.

DOAS and MAX-DOAS are considered mature techniques for the NO2 and O3 monitoring, but for the
‘differential’ feature, many inter-comparison exercises have been deployed in the last decade. In this project
we propose to exploit a similar experiment aiming to make compliant to the ACTRIS requirements the new
spectrometric system named SPATRAM3 (Spectrometer for Atmospheric Tracers Monitoring Rel.3).
SPATRAMS3 is a UV-Vis spectrometer similar to its predecessors (SPATRAM, SPATRAM2 and GASCOD family)
in the optical layout but equipped with new CCD sensor that allowed for improvements in the measurement’s
quality.

4. Reasons for choosing the Facility/ies

The SPC station included in the CMN-PV facility, managed by the personnel of the ISAC-CNR institute, was
selected for hosting this experiment for several reasons: i) is located in the most polluted European region —
the Po river basin; ii) it is one of the most complete laboratory in Italy — i.e. the “Ottavio Vittori” Station at
the Monte Cimone top, iii) it is equipped with the SKYSPEC2d ACTRIS compliant system that allows for the
calibration of the SPATRAM3 equipment in terms of NO2 and O3 total column and vertical profiles obtained
with the DOAS and MAX-DOAS algorithms; iv) for their high-qualified expertise of facility staff in
active/passive remote sensing techniques and solar instrumentation.

5. Activities during the TNA (research, fraining, events, ...)

During the TNA, the Portuguese team participated to interesting internal seminars organized by the host
dealing with the new activities occurring in the CMN-PV facility and at the ISAC-CNR Institute. In addition,
deep training on the new lidar instrument from Raymetrics recently acquired in the frame of ACTRIS-IT
framework was exploited. The SKYSPEC2d users/operators gave us the necessary information and
documentation to understand the working geometries of the instrument, namely the alt/azimuth angles of
measurements.

During the TNA, with the aim of gathering a more consistent and robust dataset for the comparison as well
as for the study of atmospheric events, the possibility to leave the SPATRAM instrument in measurement
mode for a longer period than the planned time was implemented. A full explanation of the setup and
operation of the spectrometer were furnished to the CMN-PV staff in order to ensure the goodness of the
measurements and to operate in case of necessity. The status of the system was regularly checked with
remote access during the period the instrument was measuring.
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6. Method and set-up of research

The SPectrometer for Atmospheric TRAcers Measurement (SPATRAM) (1) plus the Multiple Input Geometry
Equipment (MIGE) (Figure 1) have been installed at the CMN-PV facility (namely at the San Pietro Capofiume
station: 44.6504N, 11.6480E ) on 6 of February 2023. The main body of the SPATRAM instrument was placed
inside the container hosting the acquisition systems for the permanent instrumentation working at the
station. The MIGE platform has been fixed on the roof of the container on the opposite side of the SKYSPEC2d
(3) instrument (Figure 2). During the installation of the MIGE device, particular attention was necessary for
the platform alignment in order to perform the measurements in the same geometry of observation of the
SKYSPEC2d. Only after this, the measurements started in automatic and unattended mode. The facility,
thanks to the permanent internet connection available in the container, gives also the possibility to remotely
control the status of the instrument.

Figure 2 —the MIGE (yellow circle) and the SKYSPEC2d (red circle) measuring at the San Pietro Capofiume station.
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7. Preliminary project results and conclusions

The SPATRAM system and the SKYSPEC2d instrument measured scattered solar radiation in the UV-Visible
range side by side for a period of almost 3 months. Due to some electro-mechanical problems occurred to
the SPATRAM during the execution of the experiment, the intervention of the technical personnel from ISAC
institute was necessary and the measured continued till the end of the campaign. Figures 3 shows the
different spectral windows of about 60 nm each scanned by the SPATRAM monochromator; starting from
300nm till to 580nm.

] 30I01NSPC: - -—— (o[l ]
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Figure 3 — Solar scattered radiation in the spectral windows measured with the SPATRAM system.

The obtained dataset of spectra measured in the same geometry of the SKYSPEC2d instrument (elevation of
the radiation input=1¢, 29, 32, 102, 302~and 902) after an automated process of filtering and calibration, has
been processed with the QDOAS tool and with our own DOAS algorithms packed in an application named
SPADAP. The plots provided by QDOAS during the data processing allows to assess the goodness of the fitting
between the differential log-ratio spectrum of the analyzed spectral series and the reference spectrum with
the differential cross section of the analyzed compound (Figure 4).
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Figure 4 — fittings of differential log ratio series (yellow lines) with differential cross section (red line) for some of the
atmospheric compounds included in the processing. The NO2 fitting is clearly the best one, nevertheless also 03, 04
and H20 absorptions features are clearly visible.

In this report the preliminary results in term of Slant Column Densities (SCD) for NO2 and O3 obtained in
zenith sky configuration (elevation of 902) and in MAX-DOAS geometry in the 400-460nm spectral range are
presented.

An example of the diurnal variation of the slant column densities for the 2 analyzed compounds is shown in
figure 5, where the taking place of the photochemistry for the NO2 is clearly visible presenting higher values
at sunset (PM ) than at sunrise (AM). This peculiar feature is even more evident if the SCD’s are plotted versus
the Solar Zenit Angle (SZA) as in figure 6, that is automatically produced by the SPADAP tool. For O3 the
difference between the AM and PM values is not so evident.
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SPC - NO2 Slant Column density on: 2023-03-03
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Figure 5 — Typical diurnal variation of NO2 and O3 as measured by the SPATRAM system
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Figure 6 — Daily SCD of NO2 versus the solar zenith angle. Blue dot for AM values, Brown dot for PM values. The red
points are the calculated Air Mass Factor allowing for the computation of the NO2 total column.

An example of MAX-DOAS results for NO2 and 03 is depicted in figure 7 where the sensitivity of the
instrument to the variation of position for the radiation input is clearly demonstrated by the fact that the
point representing a change in elevation ranging from 1 to 10 degrees are clearly different.

This work has received funding from the European Union’s Horizon 2020 research and innovation programme through the
ATMO-ACCESS Integrating Activity under grant agreement No 101008004




SPC - NO2 Slant Column density on: 2023-02-10
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Figure 7 MAX-DOAS observations for NO2 and O3

8. Outcomes and future studies

We had the chance to leave the SPATRAM system installed in CMN-PV for almost 3 months measuring in
automatic and unattended mode. This will allow to have a relatively long data timeseries in order to
calibrate/validate the SPATRAM measurements with the SKYSPEC2d. The main objectives of this experiment,
namely the side by side measurements of the SPATRAM and SKYSPEC2d systems were reached. The
preliminary results here presented are only the first step of a more complete work focused on the MAX DOAS
observations for the retrieval of NO2 and O3 profile in the ABL. One more output will be the sensitivity
assessment of the two software tools deployed that will be included in the foreseen publication. The
comparison/validation with satellite data is also foreseen

9. Plans for publications

(in peer-reviewed journals, conference proceedings, etc. acknowledging the support by ATMO-ACCESS).
Details, including the DOI, need to be provided as soon as available.

We plan to have a couple of publication dealing with: the SPATRAM/SKYSPEC2d intercomparison and
calibration and 1 or 2 presentations in international conferences and/or in Project meetings.

Following the ATMO-ACCESS rules for the raw data obtained during TNAs, the spectral data carried out with
the SPATRAM system are available at the CMN-PV facility.
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