QJ)/ ATMO ACCESS
/] Access to Atmospheric Research Facilities

Activity report of the TNA to
ATMO-ACCESS research infrastructures

Name and First Name:
TNA title and acronym: LILOW-ABL

Facility/ies accessed: AGORA observatory

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




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).
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ACTRIS website?
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1. Short executive summary (can be made available to reviewers and EU experts)

LILOW-ABL project aimed to operate the short-range system developed at the ONERA site, named COLIBRI,
together with AGORA’s active remote sensing instrumentation such as the mutiwavelength Raman lidar
system with depolarization capabilities, named ALHAMBRA. The synergistic combination allowed us to add
valuable information in the first hundred meters (i.e., below 200m), where most commercial lidar systems
are blind due to their typical geometrical configuration. Filling this gap with COLIBRI allowed to (i) determine
the ALHAMBRA'’s overlap function and (ii) initiate the study of the take-off of the convection layer.

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 Romain Ceolato
Gender |:| Female [X] Male |:| Prefer not to say
Nationality
Profile Undergraduate
Postgraduate

Expert scientist
Engineer, Technician

Other

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

XD ooo O x®ddxioid

Are you a new user? Yes
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[] No

Institution name (employer)

X Public research (including international research organizations and
private research organization controlled by a public authority)

University and higher education

Institution legal status Public authority

(employer) . .
Small Medium Enterprise (SME)

Other industrial and/or profit private organization

Ddodo

Other
2 avenue Edouard Belin, FR-31055
Address (employer) TOULOUSE CEDEX 4 Country France
Email address Romain.ceolato@onera.fr
Access start date 04/05/2023 Access end date | 12/05/2023
Information on the User group members
Member # 2

First and last name Andres Bedoya Velasquez

Gender |:| Female [X] Male |:| Prefer not to say
Nationality
Profile Undergraduate

Postgraduate

Expert scientist
Engineer, Technician

Other

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

oo O X gdx o

ART - Humanities and arts
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ISC - Information science and communication

SOC - Social sciences

Are you a new user? Yes

L) X0 O

No

Institution name (employer)

X Public research (including international research organizations and
private research organization controlled by a public authority)

University and higher education

Institution legal status Public authority

(employer) ] )
Small Medium Enterprise (SME)

Other industrial and/or profit private organization

Ddodo

Other
2 avenue Edouard Belin, FR-31055
Address (employer) TOULOUSE CEDEX 4 Country France
Email address andres.bedoya@onera.fr
Access start date 04/05/2023 Access end date | 12/05/2023

3. Scientific objectives

This work had two main scientific objectives. First, from a technical point of view, it was the installation of
the short-range COLIBRI lidar system (measuring from 2 m up to several hundred meters) with high spatio-
temporal resolution (<10 cm; 10 ms) next to a ceilometer, a wind Doppler lidar, and ALHAMBRA. Secondly,
taking advantage of the synergistic installation, it was to set a methodology that allows us to investigate the
aerosol properties in low PBL regions using both in-situ and remote-sensing instruments available at AGORA
observatory.

This first joint lidar campaign should open further possibilities to investigate a crucial topic in atmospheric
sciences such as the characterization of the take-off of the convective boundary layer, and the convection-
to-residual layer transition.

4. Reasons for choosing the Facility/ies

AGORA observatory has been chosen since it has more than 20 years of experience in the use of active and
passive remote sensors. There more than 10 campaigns for instrument’s intercomparison has been carried
out since it counts with more than 5 senior researchers that handle instrumentation which for studying the
atmosphere phenomena nearly from the ground (in-situ platform) to higher altitudes (up to 30 km agl) with
the passive and active remote platform. AGORA is also part of multiple networks related with atmospheric
sciences such as EARLINET, E-PROFILE, and CLOUDNET.
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5. Activities during the TNA (research, training, events, ...)

A detailed chronogram of the TNA activities is shown in the Figure 1.

4 5 8 9 10 11 12

M|A[N[MJ|A[N[M|AIN|M[AIN|M[A|N|M|A[N|M]|A [N
Logistics
Data processing M: Morning
Technical adjustments A: Afternoon
Measurements N: Night
Meetings
Seminar

Fig 1. Description of the TNA activities

6. Method and set-up of research

The TNA combined four different lidars where; two of them (namely Doppler and Ceilometer) have their
processing chains to get the first level product, the range—corrected signal (RCS), while the Alhambra lidar
chain is still on the way to being tested. As the Alhambra lidar configuration is quite robust, the multiple
quality assurance test and calibrations (i.e., polarization) make the way to get the lidar products a supervised
task. For Colibri lidar, data processing was a procedure that improved daily since noise, data size, and
computational power made the data processing a hard job, even for the first level.

Figure 2 presents in a flow-chart sequence the method designed for the research. The measurements were
synchronized between all instruments available at the AGORA observatory. The first goal was to get the RCS
from the lidars. To do so, the quality assurance tests set by EARLINET [1] were performed on Alhambra with
the polarimetric calibration. In the case of Colibri, the radiometric and polarimetric calibration must be done
for processing the lidar signals (i.e., removal of electronic and atmospheric background noise).
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Fig 2. Flow-chart of the LILOW-ABL campaign

The overlap correction is performed once all lidars have the RCS determined with their respective data
processing. Alhambra lidar has two telescopes, one in the near field and the other in the far field, which
allows us to determine the normalized RCS signals from both as a proxy of the Overlap at both distances.
Operating with these signals, the far-field Overlap can be reduced to hundreds of meters (up to 200 m). The
Overlap corrected signal of Alhambra is then compared with the normalized Colibri RCS signal to iterate with
the same procedure to reduce the blind zone of the Alhambra lidar to some meters from the ground. Once
this phase is reached, one of the proposals for further analysis is to check the inversion methods, namely the
backward Klett-based under a classical approach [2,3] for Alhambra and the calibrated forward Klett-based
method for Colibri [4,5]. Finally, the results are planned to be contrasted with in-situ data.

The evolution of the ABL take-off and residual layer will be analyzed in the last part of this TNA. To do so,
both systems, far and short-range lidars signals, will be processed using the method applied in [6]. The
advantage of having high temporal resolution from the Colibri lidar system will lead to further dataset
analysis. The results are planned to be linked with in-situ and the other lidars to better understand the ABL
transitions during this period under high temporal resolution profiling.

Figure 3 presents a lateral view of the AGORA building. In the left side of the figure, the Colibri setup is

presented while in the right side a representation of the instrument deployment during the campaign in the
AGORA center is shown.

Far-range
telescope

Colibri setup

Doppler

In-situ inlet Ceilometer ; 7
Hole Alhambra

Holel'i

Near-range
telescope

Colibri

Biulding 1 Biulding 2

Lateral view of back side of the AGORA observatory

Fig 3. Setup of the TNA LILOW-ABL campaign
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The AGORA building has a strategic placement of the lidar systems since in the first building (Fig 3. Left wing
of the building), the ceilometer and Doppler lidar are placed on the rooftop together with the inlet for
catching the particles to be analyzed by in-situ instruments. Inside the same building, the Colibri lidar was
placed inside a climatizing room to protect the laser’s temperature increases. Alhambra’s lidar is in the
second wing of the building (Fig 3), next to the first building.

7. Preliminary project results and conclusions

The combination of instruments along this TNA was successfully applied. Figure 4 shows some preliminary
results evidence that Colibri lidar is filling an important gap for commercial long-range lidar systems. After
Alhambra’s overlap correction with the near-field telescope, the blind zone of this lidar was reduced up to
200m.

Due to the instrument’s co-location, the overlap correction using Colibri’s signals can be performed, as shown
in Fig. 4, with the RCS signals from Alhambra and Colibri lidar. As a result, using the Colibri lidar along
Alhambra lidar, the blind zone could be drastically reduced nearly to the ground level, which is a relevant
result considering that further high-level products such as radiative and microphysical properties and ABL
evolution can be quantified almost from the ground level. In the fig. 4 it is also presented the ceilometer rcs
signal overlap corrected which clearly shows the lack of information in the first hundreds of meters,
reinforcing the need of complementing with an instrument like Colibri.
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Fig 4. Alhambra and colobri lidar signals on 10 May 2023.

The Fig 5 evidences the need of having measurements near to the ground. In the top of the figure, the
Alhambra's blind zone is clearly seen up to 200m which the region where Colibri lidar is measuring. To reach
this, it must be clarified that Colibri's has a low blind zone reached by adjusting the alignment considering its
biaxial configuration.
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Fig 5. False color maps from Alhambra and Colibri lidar on 10 May 2023.

The above figure presents an insight into the measurements performed on 10 May, zooming in on the first
500 m of the atmosphere measured with Alhamabra’s lidar from 07h00 to 08h30. In the bottom part of the
figure, the Colibri RCS signal for the same day is presented, highlighting in a red box the time slot that matches
with Alhambra measurements. These results are relevant since they allow us to understand better the link
between the ABL take-off and its structure from almost a ground-base. In addition, Colibri can measure the
effect of the urban layer, which is directly influenced by emissions near the surface.

The following are some of the preliminary conclusions from the campaign:

1.

The synergy of instruments fills the gap regarding the blind zone of commercial long-range
systems, allowing results starting at approximately 20 m. An estimation of the radiative
properties of aerosols in the first meters of the atmosphere will be performed and will be
compared with the inversions from the overlap corrected Alhambra's results. Combining both
lidars permits a better understanding of the ABL's evolution, centering the attention on the take-
off and residual layer. A publication will be prepared to communicate these results.

The determination of the best Colibri lidar configuration for long-range measurements.
Parameters such as sampling rate (spatial resolution) and laser repetition rate (temporal
resolution) were tested to evaluate the impact on the signal-to-noise ratio and data benefit in
the atmospheric context. We noticed that Colibri's sensors design should improve the isolation
from background light, enhancing the signal-to-noise ratio of the measurements. The laser
stability was tested for longer periods (more than 12h continuous measurements) and the results
were better than expected. Overall, these technical testing are crucial for Colibri lidar’s further
developments.

The TNA has strengthened the link between institutions (ONERA and IISTA). The AGORA
observatory has become a reference partner for testing and calibrating different short-range
lidars versions developed by ONERA.
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8. Outcomes and future studies

This exchange between institutions allowed by this TNA has left vast preliminary good results, however; as
expected from these campaigns, many new research subjects arise.

i From a technical point of view, these results will help ONERA to improve the Colibri’s pre-processing
blockchain to deal with signal noises and enhance Colibri capabilities. This campaign was the first
time Colibri lidar was used for vertical pointing measurements under monitored environmental
conditions.

ii. The campaign has shown some future challenges in the design of new Colibri lidar versions. Next
time a Colibri version with a more powerful laser source could be tested to improve the signal-to-
noise ratio.

iii.  Considering the amount of data and instruments involved in this campaign (>20 TB in total), the
evolution of the ABL take-off and residual layer will be estimated from the four available lidar
instruments. High-level products such as aerosol backscatter/extinction from all lidar systems are
expected to be compared.

iv.  We hope the use of short-range Colibri lidar will help to link between lidar and in-situ measurements.
The aim of filling this gap is to see how the aerosol emissions dynamic near the surface (in the first
100 m) addresses the evolution of the ABL take-off and residual layer. This is of great importance for
several air-quality problems, including around airport for instance.

Finally, such joint campaigns are extremely helpful to add value to current research topics, such as the

guantification of atmospheric turbulence using elastic lidar, bioaerosols emissions (eg. pollens) in short
and long ranges, and multispectral/polarization lidar measurements to study aerosol-cloud interaction

are a matter of interest between institutions.

9. Plans for publications

Both institutions agree that this work can be published in the next months after the whole data base and
discussions about the results are done.
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