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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 pubilic.

[] 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)

For retrieving aerosol microphysical properties from the synergistic combination of in-situ and remote-
sensing lidar depolarization measurements in an Andean tropical valley, the project called "Estimation of
urban pollution through measurements and assimilation of data on the surface, in situ and from remote
sensing (4DAir-MOLIS)" funded by the Colombian Science Ministry is currently developing by the group leader
of TNA applicants. Furthermore, the high-water vapour content in the equatorial region may play an
important role on the photochemical processes, and thus, it may be an important atmospheric parameter to
be tracked by, for example, the water-vapour mixing ratio that can be derived from Raman lidars. To ensure
the achievement of this national project, this TNA allowed us to get advanced training on i) Raman lidar
technique with depolarization capabilities, ii) retrievals and algorithms applied to lidar measurements, and
iii) synergistic combination of in-situ and vertically resolved measurements as shown in the preliminary
results section.

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 Elena Montilla-Rosero

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

Postgraduate

Expert scientist
Engineer, Technician

Other

ENV-ATMO - Earth and environmental sciences/Atmospheric
domain

Field of activity

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
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ART - Humanities and arts
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ISC - Information science and communication

SOC - Social sciences

Are you a new user? Yes

0 [

No

Institution name (employer) EAFIT University

[ ] Public research (including international research organizations and
private research organization controlled by a public authority)
X University and higher education
Institution legal status [] Public authority
(employer) [] small Medium Enterprise (SME)
[ ] oOtherindustrial and/or profit private organization
[] other
Address (employer) Carrera 49 N° 7 Sur-50, Medellin Country Colombia
Email address emontill@eafit.edu.co
Access start date 20/06/2022 Access end date | 01/07/2022

Member # 2

First and last name Juan Diego De la Rosa Bogotd

Gender [ JFemale [XIMale [ ] Prefer not to say
Nationality Colombian
Profile Undergraduate

Postgraduate

Expert scientist
Engineer, Technician

Other

ENV-ATMO - Earth and environmental sciences/Atmospheric
domain

Field of activity

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
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ART - Humanities and arts
ISC - Information science and communication

SOC - Social sciences

Are you a new user? Yes

X0 OO

No

Institution name (employer) EAFIT University

|:| Public research (including international research organizations and
private research organization controlled by a public authority)
XI  University and higher education
Institution legal status [] Public authority
(employer) [] small Medium Enterprise (SME)
[ ] oOtherindustrial and/or profit private organization
[] other
Address (employer) Carrera 49 N° 7 Sur-50, Medellin Country Colombia
Email address jdlar@eafit.edu.co
Access start date 04/07/2022 Access end date | 31/12/2022

3. Scientific objectives

The main objective of this proposal was an intense training-through-research, studying the urban pollution
by means of the low-height lidar performance deployed at the host institution. Two specific objectives were
pursued during the TNA project:

SO1. Operation the AGORA’s lidar —both measurement and calibration processes— to retrieve a water-
vapor mixing ratio and aerosol optical properties. The knowledge transfer will be used to implement a lidar
water vapor channel in the Colombian scanning lidar.

S02. Knowledge transfer about lidar processing chain and data management. Since a synergistic combination
of in-situ and lidar measurements are planned in 4DAir-MOLIS, the large amount of data that will be
collected, and the heterogeneity of sources, requires standardized data formats to facilitate the data analysis
and sharing. Two main areas encompass the activities within this objective, namely, storage and code
automatization. To do so, a data management plan is necessary. This plan includes the guidelines for the
database storage, standardization, and open distribution during and after the duration of the project, in such
a way that the data are easy to find, accessible, interoperable, and reusable (FAIR data policy). The training
in this topic was transcendental on group leader work and her student's team.

4. Reasons for choosing the Facility

The AGORA Observational Facility (ES) was chosen as a suitable supersite to accomplish the ATMO-ACCESS
TNA project goals, given the extensive experience of AGORA’s researchers on Raman lidar (Navas-Guzman et
al., 2014), depolarization technique (Bravo-Aranda et al., 2016), urban pollution (Titos et al., 2016), and the
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AGORA’s infrastructure, including active and passive remote-sensing instrumentation and in situ equipment
operating continuously.

5. Activities during the TNA

The main research and training activities carried out by the TNA users and participation in events during the
TNA time are listed below:

- Users received applied instructions on AGORA processing Lidar codes using phyton and access to
data base.

- The users attended the internal AGORA seminar and participated in giving two talks, “Environmental
optics research line development at EAFIT University” and “GFATPY, Modular development in
Python” on 20/06/2022 and 14/10/22, respectively.

- Member #2 taught the short course “Python for scientific field” during three sessions of 90 minutes:
i. The Python interpreter and development environments, ii. General syntax and data structures and,
iii. Python utilities and libraries for the scientific field.

- The student received intensive training about Lidar multichannel hardware by Raymetrics.

- The student participated in the divulgation event “Noche Europea de los Investigadores”.

- The student participated in radiosondes launches for demonstrative purpose.

6. Methodology

Considering this project's combined physical and remote access, during the whole TNA period, the users
received a complete overview of the instruments operating in AGORA and their overall features and
capabilities. Furthermore, practical demonstrations of the instrumentation and discussions with the AGORA
team helped them acquire essential information about the state-of-the art water vapor remote sensing
techniques and in-depth information for processing Lidar big data for atmospheric aerosol studies.

According to this project's specific scientific objectives, the literature review about the Lidar technique,
depolarization Lidar, and Raman Lidar (C. Weitkamp, 2005, J. L. Guerrero-Rascado, 2008, J. A. Bravo Aranda,
2014, James D. Klett, 1985) was made as intense training of the student at the beginning of the stay.
Subsequently, the student was trained to perform lidar measurements with MULHACEN and their quality
assurance test to send to ACTRIS; at the end of the stay, the student was trained to use the ALHAMBRA
system. Respect of the Lidar processing chain and Lidar data management, the users received from AGORA
researchers training about the storage of multichannel Lidar data on the AGORA server and the main bases
of data standardization and automatization.

7. TNA Preliminary Results and Conclusions

Since this TNA project has been planned for covering two complementary stages, the preliminary results of
this TNA training are divided into two sections: Instrumental and Lidar processing. Taking advantage of the
student’s experience and access to AGORA equipment, data, and software in these results is remarkable the
improvements carried out to the processing data chain, which the TNA users in Colombia and LALINET
stations can used.

Instrumental results:

e Considering the EARLINET lidar quality assurance protocols (Freudenthaler, V., 2018), AGORA’s Lidar
systems applied it periodically. Thus, these tests were carried on showing how to evaluate its results
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and explain the criteria for debugging any unexpected artifact. In Figure 1, a telecover measurement
on 26th September 2022 and its processing are shown.

e Concerning the Raman Lidar technique, a practical experiment was made to learn the specific
preprocessing and the application of the Raman method using experimental measurements for
retrieving the main Raman Lidar products [Appendix Al].

318 MULHACEN telecover - channel 532xpa | 26.09.2022, 19:44UTC | Reference height: 2.0-3.0 km
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Figure 1. Preliminart results from Lidar Quality test called Telecover applied to MULHACEN. N, E, W,
S stands for the telescope physical quadrants for the range-corrected signal (RCS).

Lidar processing results:

e About Data management, the training process for handling Lidar data started with the format i.e.
naming of the files and establishing different naming levels of lidar data. Thus, Figure 2 shows the
flowchart to process the raw lidar measurements to specific products such as PBL height, backscatter
coefficient, aerosol typing using a preprocessing as file type conversion and signal preprocessing.

Referring to Lidar processing chain, first, the users got access to know the functionality of package
grouping functions written in the Python programming language to use them as bricks for
constructing different processing chains depending on the needs. Consequently, multiple pieces of
code made over the years in the AGORA were grouped and organized hierarchically in the following
submodules to be compatible and interoperable:

Atmo: Atmosphere properties needed to obtain physical quantities from lidar measurements.
Preprocessing: Lidar preprocessing procedures such as dark current subtraction, background
subtraction, dead time correction and detection mode gluing.

Retrieval: Properties of inversion algorithms for retrieving the final products. Quality assurance:
Facilitates the quality tests measurements as Rayleigh fit, telecover and plot them to make reports.
Raw2l1: Convert the raw binary files to standard NetCDF.

Moreover, a version control system is used to version the codebase and permit collaboration among
the group members [Appendix A2].
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Figure 2. Data and process levels for lidar data. Yellow for the raw measurements, green for data
that can be saved and blue for data processing blocks (python code).

Regarding Automation, the first step was to identify that working with multiple files from multiple
instruments also requires chaining processes and storage levels. In contrast, code plays an important
role in data processing and naming such processes with defined input and output. Those storage
levels are named with a number to specify high order lever, e.g., 0, 1, and a letter to set sub-order
e.g., a, b. Some scripts which listen to events and perform actions were made to automate this
process. For example, “Inbox watcher” is the first piece of software that attends a directory and
moves files recognizing their pattern to an only-view directory that records raw measurements and
a queue directory. Another critical script in active development is the “Worker,” which will perform
each instrument’s processing when a file, regardless of its processing level, enters the queue
directory mentioned earlier (Figure 3).

MAIN
WORKER
. ¥ Y L}
File watche!
e wateher Sub Sub Sub
J worker worker worker
L J
Y
Inbox RAW PROCESSED

Figure 3. Data processing chain diagram in GFAT (AGORA group). Inbox is the data files entries; blue
are logic and processing blocks and green files destinations
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8. Outcomes and future studies

All the knowledge transfer strengthens the scientific collaboration between EAFIT University and AGORA on
air pollution in Tropical urban cities. Immediately, the group leader could start the implementation of Lidar
Raman channels in the already developed Lidar of EAFIT University.

Additionally, this project supports the initiative to propose an international project concerning the influence
of urban aerosols on meteorological events in an urban center with a tropical monsoon climate.

9. Plans for publications

The Lidar processing preliminary results will be used as the starting point for two upcoming co-advising
academic works: a course project called “EAFIT Lidar automation system proposal for fixed and sweep
acquisitions”, and the B.Sc. Thesis of J.D De la Rosa to be presented during this year, 2023. In addition, the
GFATPY will be used as a processing tool for two Ph.D. Thesis in the University of Granada.

Therefore, the plan is to use these applied experiences to develop a publishable work on the management
and analysis of atmospheric measurements and, second, make a software register of GFATPY 2.0.
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11. Appendix links

- Al. Online Notebook for Raman procedure.
https://colab.research.google.com/drive/1WEs)J7igh6FTWLC4CKRDsOSrlcAcO6We2

- A2. Published processing code and utilities. https://pypi.org/project/gfatpy
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