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ASKOS ground-based datasets in support of L2A+.WP2000:

Objective: Provide ASKOS ground-based datasets for L2A+ product validation and model evaluation studies

Inputs: Data acquired during ASKOS as part of the Joint Tropical Atlantic campaign (JATAC). All data has 
already been collected, but the analysis and exploitation has not yet been intensified or  completed. 

Tasks: • Creation of a unique feature mask (Combined Cloudnet + EARLINET lidar target categorisation)
• Application of the well-established Poliphon method to estimate the vertical resolved dust fraction 
• Application of an EarthCARE-like (HETEAC-Flex) typing scheme on the data from ground-based lidar 
in Mindelo to retrieve the volume concentration of mineral dust
• Extraction of Aeolus-like profiles taken by the Aeolus reference instrument eVe
•Use of the vertical wind information obtained with Doppler lidar and radar to estimate dust flux

Output: •D2: Data set of feature mask over Mindelo for September 2021 including aerosol optical properties; 
Documentation on time series of profiles of wind speed over Mindelo and radiosonde profiles obtained 
at Sal.
• D4: Analysis of Aeolus-like optical properties for Aeolus overpasses for validating/evaluating the new 
retrievals
• D5: Final data set on the height-resolved dust-only profiles above Mindelo, Cabo Verde
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ASKOS ground-based datasets in support of L2A+.WP2000:

● Height-resolved feature mask over Mindelo (D2): combination of Cloudnet and PollyNET/EARLINET target 
classification 

 

21.09.2021

Cloudnet
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ASKOS ground-based datasets in support of L2A+.WP2000:

● Aerosol optical properties for September 2021, June 2022, September 2022 (D2 - new version)

● Dust-only profiles for 
September 2021, June 
2022, September 2022 
(D5 - based on  new 
version of D2)

Updated quality-assurance (QA) and 
cloud screening procedures 
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Development of the L2A+ aerosol product.WP3000:

Objective: Derivation of the L2A+ extinction and aerosol mass concentration product

Inputs: Aeolus L2A profiles, AEL-FM/PRO, SEVIRI CLAAS-3 cloud dataset, CAMS

Tasks: 1. Implementation of a rigorous screening of cloud contaminated Aeolus profiles via the 
synergy of AEL-FM retrievals and MSG geostationary cloud imagery 

2. Exploitation of CAMS vertically resolved aerosol typing for identifying the vertical 
extension of dust layers within the RoI

3. Reconstruction of Aeolus cloud-free dust extinction profiles by adjusting the absent 
cross-polar backscatter and defining suitable dust lidar ratio(s)

4. Assessment analysis of Aeolus L2A+ aerosol profiles

Output: ● D3: Description of the Algorithm Developments (ALGO)
● D4: Analysis of the Validation Activities carried out (VAL)
● D5: Output data product (OP)
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Development of the L2A+ aerosol product.WP3000:
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Development of the L2A+ aerosol product.WP3000:

SCA Backscatter SCA Mid-Bin Backscatter SCA Extinction SCA Mid-Bin Extinction

● The Raw Extinction and Backscatter Profiles derived from the SCA and SCA 
Mid-Bin algorithms are presented for an Aeolus overpass on 17 September  
2021 (orbit: 017790)

Raw Aeolus L2A retrievals
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Development of the L2A+ aerosol product.WP3000:

Cloud-free SCA Backscatter Cloud-free SCA Mid-Bin Backscatter Cloud-free SCA Extinction Cloud-freeSCA Mid-Bin Extinction

Cloud-filtering based on AEL-FM and MSG CLAAS-3 SEVIRI datasets

AEL-FM
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Development of the L2A+ aerosol product.WP3000:

Aerosol typing using CAMS reanalysis dataset

● Due to the absence of an aerosol classification scheme for the raw Aeolus L2A data, numerical outputs from the  
Copernicus Atmosphere Monitoring  Service (CAMS) reanalysis were implemented for the assignment of aerosol 
typing.

● BRC bins with a strong presence of dust were selected for the adjustment of backscatter profiles.  
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Development of the L2A+ aerosol product.WP3000:

Reconstruction of the Aeolus cloud-free dust extinction profiles

Aeolus cloud-free dust extinction profiles were reconstructed through the following steps:

1.Derivation of the missing cross-polar backscatter: bcross = bco * PCDR, PCDR the Particle Linear Depol.Ratio (355nm) computed by PCDR = 2*PLDR/(1 – PLDR) 
(The value of PLDR for mineral particles was selected according to the DeLiaN database (Floutsi et al., 2023))
2.Derivation of the total backscatter profiles by summing the co-polar and cross-polar backscatter.
3.Computation of the new extinction profiles using the total backscatter and a lidar ratio for Saharan dust (LR = 53.5 sr).

Co-polar 
SCA 

Backscatter

Cross-polar 
SCA 

Backscatter

Total SCA 
Backscatter

Apply LR=53.5sr  for 
Saharan dust 

L2A+ Extinction (355nm)
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Development of the L2A+ aerosol product.WP3000:

Derivation of dust mass concentration

•In the final step, the reconstructed dust extinction profiles were converted to mass concentration using the POLIPHON method (see details in Ansmann et al., 2019).

•For the implementation of the POLIPHON method, the L2A+ Extinction at 355nm needed to be converted at 532nm

•Below we present the SCA L2A+ extinction profiles and the final mass concentration profiles.

L2A+ Extinction (355nm) L2A+ Extinction (532nm) Mass Concentration
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Development of the L2A+ aerosol product.WP3000:

NetCDF output format
● All the Raw and L2A+ Aeolus retrievals have been included to three netcdf file for three indicative Aeolus overpasses on 

10th, 17th, and 24th September 2021.
● The files have been uploaded to: “/mnt/nas-2/L2Aplus/OPs/ncfiles”
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Development of the L2A+ aerosol product.WP3000:

Next steps of WP3000

● Evaluation of the new L2A+ product versus eVe and PollyXT

● Expand the methodology to all the Aeolus overpasses that fall within the RoI for the study period of September 2021 (see 
figure) 
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Assimilation of L2A/L2A+ and application of WRF-L experiments.WP4000:

Objective: Assimilation of L2A/L2A+ and application of WRF-L experiments.

Inputs: 1) Aeolus L2A and L2A+ dust profiles from WP3000
2) ECMWF IFS wind fields with /without Aeolus assimilation (available from ECMWF)

Tasks: 1) Development of data assimilation routines (DART)
2) Evaluation of assimilation methodology 
3) Performance of short term dust and NWP forecasts with WRF model.

Output: DI03: Description of the Algorithm Developments (ALGO) for assimilating Aeolus L2A and L2A+.
DI05: WRF simulation outputs for all experiments.
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Assimilation of L2A/L2A+ and application of WRF-L experiments.WP4000:

Work package begun in May 2023

Work Plan for WP4000

AEOLUS Wind Assimilation

AEOLUS L2A/L2A+ Assimilation

Joint L2A+ and Wind 
Assimilation

We are here!

Prepare assimilation system
Integrate WRF and DART

Study impact of Aeolus-enhanced wind fields on 
dust transport

Study impact of aerosol assimilation from 
Aeolus

Examine joint assimilation of wind and 
aerosol information on regional NWP
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Assimilation of L2A/L2A+ and application of WRF-L experiments.WP4000:

✅Added AEOLUS winds support to the Data Assimilation Research Testbed 
(DART)

● Available online:
https://github.com/NOA-ReACT/DART/tree/aeolus

● WIP: Extinction assimilation
● TODO: Contribute to upstream project
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Assimilation of L2A/L2A+ and application of WRF-L experiments.WP4000:

✅WRF-DART integration
DART documentation states:

We do not claim that this is a “turnkey” or “black box” system. Be mentally prepared to invest a reasonable 
amount of time on the learning curve. There are many outstanding research issues which have no easy 
answers. This is not a one week/grad student/naive user system.

We tried to fix that. Available online:
https://github.com/NOA-ReACT/wrf_ensembly

WIP: Add WRF-CHEM support
TODO: Documentation

“

https://github.com/NOA-ReACT/wrf_ensembly
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Assimilation of L2A/L2A+ and application of WRF-L experiments.WP4000:

✅WRF-DART integration

DART
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Assimilation of L2A/L2A+ and application of WRF-L experiments.WP4000:

Wind assimilation experiment:
- North Atlantic domain, 30×30 km 

spatial resolution
- ERA5 Reanalysis initial/boundary 

conditions
- WRF v4.5.1 (latest)
- AEOLUS L2B Assimilation (Mie only)
- 6h cycles, 7 days
- Figure shows 885 hPa pressure level

https://docs.google.com/file/d/1D8omsLZP_Kv8oavOXcL2Vjd9tHcxfZ1c/preview
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Assimilation of L2A/L2A+ and application of WRF-L experiments.WP4000:

Work package begun in May 2023

Work Plan for WP4000

AEOLUS Wind Assimilation

AEOLUS L2A/L2A+ Assimilation

Joint L2A+ and Wind 
Assimilation

We are here!

Prepare assimilation system
Integrate WRF and DART

Study impact of Aeolus-enhanced wind fields on 
dust transport

Study impact of aerosol assimilation from 
Aeolus

Examine joint assimilation of wind and 
aerosol information on regional NWP

Next steps:
- Finish WRF-CHEM 

integration w/ DART
- Finish implementation 

of forward operators 
for extinction

- Dust transport 
assimilation 
experiments

- Document 
WRF-Ensembly

- Contribute DART 
changes upstream
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Scientific Analysis and Impact Assessment.WP5000:

Objective: To assess the impact of the L2A+ product.

Inputs: 1) DI02: ASKOS observational dataset and Data Pool.
2) DI03: L2A+ Database; 

L2A+ Database Description Document; 
L2A+ assimilation outputs - Database; 
L2A+ assimilation outputs - Database Description Document

Tasks: 1) Assessment of L2A+ assimilation impact on NWP.
2) L2A+ products and quantification of dust deposition variability across the N. Atlantic Ocean.
3) Assessment of the contribution of Aeolus L2A and L2A+ optical properties profile products to the 

ESA-LIVAS atmospheric aerosol database.

Output: DI06: Scientific Analysis, Impact Assessment and Scientific Roadmap (SIR), providing:
- Impact assessment report of L2A/L2A+ assimilation on Trans-Atlantic dust transport and NWP.
- Evaluation Report on L2A/L2A+ dust deposition fields.
- Integrated database of L2A, L2A+, and ESA-LIVAS optical products.
- Assessment Report on the integration of L2A/L2A+ optical products to the ESA-LIVAS database.
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Scientific Analysis and Impact Assessment.WP5100:

Assessment of L2A+ assimilation impact on NWP.
➢ L2A+ assimilation impact on desert dust transport

● Ground-based retrievals (eVe & PollyXT)
● Columnar and vertical resolved dust fraction above Mindelo & LIVAS, 

AERONET, MIDAS datasets

➢ L2A+ assimilation impact on NWP
● Radiosonde, wind lidar data, dropsondes (from CPEX) to examine 

the impact on Temperature & Wind patterns.
● Water Vapour profiles & Cloud Radar datasets to quantify potential 

changes on Clouds & Atmospheric Humidity

Preliminary comparison of 
experiment vs HALO wind lidar
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Scientific Analysis and Impact Assessment.WP5200:

            L2A+ products and quantification of dust deposition variability across the N. Atlantic Ocean.

The ESA-DOMOS project: To create a unique 4D-reconstruction of the dust full cycle including deposition based on the 
synergy of models and observations including vertical profiling through the use of advanced 
retrieval methods and of 4D-Var and Ensemble Kalman Filter analyses.



L2A+ Enhanced Aeolus L2A for depolarizing targets and impact on 
aerosol research and NWP.

Scientific Analysis and Impact Assessment.WP5300:

            Assessment of the contribution of Aeolus L2A and L2A+ optical properties profile products to the ESA-LIVAS 
atmospheric aerosol database.

Backscatter 
Coefficient 

532nm

Particulate 
Depolarization 
Ratio 532nm

multi-year 
CALIPSO 

overpasses


