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

The aim of this TNA project was twofold: 1) to acquire experience in the operation of the Raman polarized 

and multi-wavelength lidar system (RL), in comparison with the polarized Micro-Pulse lidar (P-MPL; elastic 

and single-wavelength); and 2) to perform a training in the lidar-radar synergy for aerosol-cloud monitoring.  

During the TNA period, 24/7 P-MPL measurements were performed. As a primary purpose, an overlap (OVP) 

calibration of the P-MPL was achieved. One of the objectives was a comparison of the RL and P-MPL optical 

properties of dust particles but, unfortunately, no dust outbreak occurred over Leipzig (LACROS site) during 

the TNA activities. Thus, the use of historical data from PollyNet allowed achieving the goal. Thanks to the 

dataset acquired,  a calibration of the P-MPL volume depolarization ratio is planned, and also a study of the 

cloud classification on the thermodynamic phase (ice and mixed-phase clouds) by using either P-MPL 

measurements or the lidar-radar synergy (CloudNET data).  

The final results from this project are expected to be presented at least in two scientific articles (Q1 JCR, such 

as Atmospheric Research or Science of the Total Environment) and disseminated in ACTRIS and Cost Actions 

meetings and international conferences. 

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 María Ángeles López Cayuela 

Gender       Female         Male         Prefer not to say 

Nationality Spanish 

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 
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 ISC - Information science and communication 

 SOC - Social sciences 

Are you a new user?  Yes 

 No 

Institution name (employer) Instituto Nacional de Técnica Aeroespacial (INTA) 

Institution legal status 

(employer) 

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

 University and higher education 

 Public authority 

 Small Medium Enterprise (SME) 

 Other industrial and/or profit private organization 

 Other 

Address (employer) Torrejón de Ardoz, 28850 Madrid Country Spain 

Email address lopezcma@inta.es 

Access start date 10/09/2022 Access end date 09/10/2022 

 

3. Scientific objectives  

Nowadays, one of the most challenging research fields is the study of aerosol-cloud interactions and their 

associated radiative effects. The next ESA/JAXA EarthCARE mission (2023) is focused on this field, carrying 

aboard a lidar and a cloud radar (CR), among other sensors. From the ground-based and devoted to the 

vertical impact of aerosols and clouds, a Micro-Pulse Lidar (P-MPL, an elastic single-wavelength polarized 

system), was deployed at the INTA El Arenosillo/Huelva station (SW Iberian Peninsula) within MPLNET. This 

TNA project's main objective was using the P-MPL in synergy with LACROS lidar-radar measurements for the 

study of aerosols and clouds, and potential aerosol-induced cloud formation (e.g. topics in potential 

nucleation, cloud phase). The specific objectives were focused on:  

O1. Experience in the operation of the RL system (polarized and multi-wavelength), in comparison with the 

P-MPL (elastic polarized and single-wavelength), by means of: 

O1a. Comparison of the elastic inversion method against the RL one for particle extinction coefficient 

retrieval (𝛼𝑝). The elastic approach, which is based on the Klett-Fernald (KF) retrieval [1,2] together with 

the POLIPHON algorithm [3,4], was demonstrated to be a good approximation for deriving the aerosol 

optical properties [5,6] and being mainly promising for 𝛼𝑝. In this framework, it is important to validate 

this elastic 𝛼𝑝 with reliable RL 𝛼𝑝 since aerosol mass and cloud-relevant parameters (INP and CCN 

concentrations) can be calculated from 𝛼𝑝 [e.g. 7, for dust particles].  

O1b. Comparison between the particle backscatter coefficients (𝛽𝑝) at 532 nm and 355 nm by using the 

RL elastic measurements about the forthcoming EarthCARE 355-nm lidar (ATLID) observations.  

O2. Outline of the lidar-radar synergy for cloud monitoring to determine the cloud thermodynamic phase 

and other properties. Understanding of the general principles of cloud radar measurement in LACROS.  

4. Reasons for choosing the Facility/ies  

LACROS-TNA is an advanced infrastructure managed by TROPOS, which is an international reference group 

in science and technology focused on aerosol-cloud research, and an active member of EARLINET and 

about:blank
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CLOUDNET. TROPOS has high-quality instrumentation in well-equipped facilities, wide expertise in the 

development of inversion algorithms and highly qualified scientific/technical personnel. Especifically in this 

project, LACROS accounted with a PollyXT RL and a CR. 

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

Installation and operation of the P-MPL, 24/7 measurements acquisition. Experience in the use of the 

CloudNET and PollyNET data portal. Matlab code development to: 1) read the netCDF files of both databases, 

and 2) perform the research activities planned in this project. Training activities on lidar-radar synergy 

(bibliography resources, discussion with researchers experienced in this field). Presentation of the results in 

TROPOS seminars. Attendance to several internal workshops of the TROPOS group.  

6. Method and set-up of research 

The INTA P-MPL was installed at LACROS to take simultaneous measurements with their RL and CR. Due to a 

delay in the delivery during the transport of the P-MPL housing, the measurements started 1 week later as 

planned. However, enough measurements were performed to achieve the goals of this project. 

O1: Previously to the comparison between the P-MPL and LACROS RL, it was necessary to calculate the 

overlap correction (OVP) of the P-MPL, as the full OVP is reached at relatively high altitudes (4-5 km), but also 

the OVP function could change over time. For that purpose, a day under clean and clean conditions was 

chosen (22 September 2022). In order to increase the signal-to-noise ratio, six night-time hourly profiles of 

the elastic range-corrected signal (RCS) for both systems, once normalized at 9.5 km, were used to calculate 

the OVP function (OVP2022) as described in [8], by using the expression: 𝑂𝑉𝑃 = 𝑅𝐶𝑆𝑃−𝑀𝑃𝐿 𝑅𝐶𝑆𝑃𝑜𝑙𝑙𝑦
𝑋𝑇

⁄ . A 

previous OVP function was estimated at TROPOS in 2019 with the same methodology (OVP2019) [8]. 

O1a and O1b: The goal of this part was focused on dust particles, which present a high depolarization ratio. 

Unfortunately, no dust outbreak was observed over the LACROS during the TNA activities. To validate the 

methodology, a case study of a previous dust event (17-19 June 2022) was chosen, using only the PollyXT 

measurements. Especifically for O1a, both KF retrievals [1,2] and POLIPHON [4,5] methods were used to 

derive the elastic particle extinction coefficient 𝛼𝑝 (more details about this methodology can be found in 

[5,6]). A regression analysis, constraining to zero the intersection value, was performed for the elastic 𝛼𝑝 

against the RL one (O1a), and for 𝛽𝑝 at 532 nm against the same at 355 nm (O1b).  

O2: Simultaneous measurements of P-MPL and CR to identify ice clouds and mixed-phase clouds by using 

only P-MPL measurements [9], and additionally its comparison with those identified by CloudNET.  

7. Preliminary project results and conclusions 

O1: Figure 1a shows one profile, as an example, of the uncorrected by OVP (left) and the corrected by both 

OVP2019 and OVP2022 (right) as compared to the reference PollyXT. Figure 1b shows the experimental 

OVP2019 and OVP2022 together with the original OVP provided by the manufacturer to illustrate the 

variation over time. The largest differences between OVP2019 and OVP2022 are found at 3-5 km, with a 

mean value of -5% of OVP2022 with respect to OVP2019. Therefore, it is important to perform this study 

with a certain frequency.  

O1a: A total of 6 hourly-averaged night-time profiles were chosen for the comparison. Figure 2a shows two 

profiles, as an example, of both the RL and elastic 𝛼𝑝 at 532 nm. Figure 2b shows the linear regression 
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between them. Good agreement is found: a slope close to 1 and a correlation coefficient of  0.8. However, 

it would be necessary to extend this study to a higher number of dusty cases to improve the statistics. 

O1b: A total of 22 hourly-averaged day- and night-time profiles were chosen. Figure 3a shows an example of 

the elastic 𝛽𝑝 at 355 nm and 532 nm, and the particle linear depolarization ratio 𝛿𝑝 at 532 nm. Under dusty 

conditions, 𝛽𝑝 at both wavelengths are almost coincident for large values of 𝛿𝑝 (> 0.2). By considering a 

partial dataset fulfilling the condition of 𝛿𝑝 > 0.16 (𝛿𝑝 value assumed for fine dust particles), the regression 

analysis between both 𝛽𝑝 datasets (Fig. 3b) shows a slope and correlation coefficient greater than 0.9. In 

particular, both values are close to 1 when 𝛿𝑝 > 0.27. Therefore, for dust particles, it would be reliable to 

associate directly the 𝛽𝑝 at 532 nm (as that obtained from the P-MPL) to the 𝛽𝑝 at 355 nm of the 

EarthCare/ATLID.  

O2: During the TNA stay period, 16 days of simultaneous 24/7 P-MPL measurements with the RL and CR 

observations were performed. The dataset acquired will be used in future studies (see Sect. 8).  

 

 

Figure 1. (a) Comparison of the normalized P-MPL profiles, being uncorrected by overlap (left, blue line) and corrected by overlap 
(right, 2019 OVP red line and 2022 OVP purple line) concerning the reference PollyXT ones (green line), on 22 September 2022 at 22 
UTC. (b) Experimental overlap functions: that provided by the manufacturer (cyan), that obtained in 2019 (red) and 2022 (purple).  

 

Figure 2. Dust outbreak over Leipzig from 17 to 19 June 2022: (a) two examples of the night-time elastic (black) and Raman (green) 
particle extinction coefficients (𝛼𝑝) at 532 nm from PollyXT measurements at LACROS, and (b) Linear regression between datasets (the 

1:1 line is shown by a black dashed line). 

 

Figure 3. Dust outbreak over Leipzig from 17 to 19 June 2022: (a) two examples of the elastic particle backscatter coefficient (𝛽𝑝) at 

355 nm (blue) and 532 nm (green) together with the particle linear depolarization ratio (𝛿𝑝) at 532 nm as obtained from the PollyXT 

lidar measurements at LACROS, and (b) Linear regression between datasets by considering only those values with 𝛿𝑝 > 0.16 (the 1:1 

line is shown by a black dashed line). 
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8. Outcomes and future studies 

This TNA was an opportunity to strengthen bonds between INTA and TROPOS and reinforce collaboration in 

future studies. Moreover, this scientific activity has been useful in the frame of my PhD studies, allowing me 

to work with different instrumentation (RL, CR) and their corresponding datasets.   

After a fruitful discussion of the results, two works are planned to carry out in 2023. Related to O1a, a 

statistical analysis of several dust cases that occurred at Leipzig (far from the Saharan dust sources) and Évora 

(relatively close to the Sahara) will be done. Related to O2, the P-MPL dataset obtained at LACROS during the 

TNA activities will be used to perform a comparison of the cloud thermodynamic phase as obtained using 

only P-MPL measurements [9] and the LACROS CR-lidar instrumentation. Additionally, the volume linear 

depolarization ratio of the P-MPL will be evaluated with respect to the LACROS lidar by using the database 

acquired during the TNA activities.  

9. Plans for publications  

The results are planned to be disseminated in ACTRIS (e.g. ACTRIS Week) and Cost Actions meetings 

(HARMONIA, PROBE and CLEAN FOREST). In addition, other international conferences are considered, e.g. 

EAC2023, ELC2023, EMS2023 and ISAARS2023.  

On the other hand, the final results of this project are expected to be presented at least in two scientific 

articles (Q1 JCR, such as Atmospheric Research or Science of the Total Environment).  
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