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Lidar equation
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lidar constant (instrument performance)
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Elastic and Raman signals

Rayleigh scattering theory

+ 

air density profile from

radiosonde observations
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Elastic and Raman signals

Rayleigh scattering theory

+ 

air density profile from

radiosonde observations

Problem: 2 unknowns

Solved: 2 signals, 2 unknowns
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Interactions between user and SCC
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Interactions between user and SCC
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Interactions between user and SCC
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Interactions between user and SCC
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Interactions between user and SCC

Settings in input file

Overwrite setting in db
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• The «extinction only» product
• General product options
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Signal corrections before retrievals
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Signal corrections before retrievals
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Retrieval of an «extinction only» product
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Retrieval of an «extinction only» product
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Retrieval of an «extinction only» product
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Parameters of the «extinction only» product

1 Raman signal of type vrRN2
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Parameters of the «extinction only» product

1 Raman signal of type vrRN2
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Parameters of the «extinction only» product

1 Raman signal of type vrRN2

For each product:
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Error methods

Error of the used method
= error propagation
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Error methodsMonte-Carlo

Error of the used method
= error propagation
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General product options: Error thresholds
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General product options: Error thresholds

• needed for automated 

smoothing and averaging

• can be different below and 

above 2km
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General product options: Detection limit
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General product options: Detection limit

• needed for automated smoothing and averaging

• used for quality control in case of very small data values

• example:  error threshold = 10%, detection limit =  5 Mm-1
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General product options: Detection limit

• needed for automated smoothing and averaging

• used for quality control in case of very small data values

• example:  error threshold = 10%, detection limit =  5 Mm-1

• α =  50 Mm-1 ± 3 Mm-1 → Δα = 6% < 10%, Δα < 5 Mm-1
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General product options: Detection limit

• needed for automated smoothing and averaging

• used for quality control in case of very small data values

• example:  error threshold = 10%, detection limit =  5 Mm-1

• α =  50 Mm-1 ± 3 Mm-1 → Δα = 6% < 10%, Δα < 5 Mm-1

• α =  50 Mm-1 ± 6 Mm-1 → Δα = 12% > 10%, Δα > 5 Mm-1
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General product options: Detection limit

• needed for automated smoothing and averaging

• used for quality control in case of very small data values

• example:  error threshold = 10%, detection limit =  5 Mm-1

• α =  50 Mm-1 ± 3 Mm-1 → Δα = 6% < 10%, Δα < 5 Mm-1

• α =  50 Mm-1 ± 6 Mm-1 → Δα = 12% > 10%, Δα > 5 Mm-1

• α =  10 Mm-1 ± 3 Mm-1 → Δα = 30% > 10%, Δα < 5 Mm-1
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General product options: Detection limit

• needed for automated smoothing and averaging

• used for quality control in case of very small data values

• example:  error threshold = 10%, detection limit =  5 Mm-1

• α =  50 Mm-1 ± 3 Mm-1 → Δα = 6% < 10%, Δα < 5 Mm-1

• α =  50 Mm-1 ± 6 Mm-1 → Δα = 12% > 10%, Δα > 5 Mm-1

• α =  10 Mm-1 ± 3 Mm-1 → Δα = 30% > 10%, Δα < 5 Mm-1

• α =  10 Mm-1 ± 6 Mm-1 → Δα = 60% > 10%, Δα > 5 Mm-1
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General product options: Detection limit

• needed for automated smoothing and averaging

• used for quality control in case of very small data values

• example:  error threshold = 10%, detection limit =  5 Mm-1

• α =  50 Mm-1 ± 3 Mm-1 → Δα = 6% < 10%, Δα < 5 Mm-1

• α =  50 Mm-1 ± 6 Mm-1 → Δα = 12% > 10%, Δα > 5 Mm-1

• α =  10 Mm-1 ± 3 Mm-1 → Δα = 30% > 10%, Δα < 5 Mm-1

• α =  10 Mm-1 ± 6 Mm-1 → Δα = 60% > 10%, Δα > 5 Mm-1

• typical values:

• extinction: 5 Mm-1

• lidar ratio and extinction: 5 Mm-1

• backscatter: 0.1 Mm-1sr-1

• backscatter + depolarization: 0.1 Mm-1sr-1
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General product options: valid altitude range
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General product options: valid altitude range

• Can be / should be different for different 

products

• You provide the limits of your hardware

• ELDA then determines the actual limits 

(depending on current weather situation)

Zmax

• Determined by signal artifacts (from ATLAS) or 

snr in optimum conditions

• Must include calibration interval of bsc products

Zmin

• Ext: zmin ≈ zovl + smooth length

• Elast bsc: zmin ≈ zovl

• Raman bsc: zmin ≈ where ovl(P0) = ovl(PR)
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General product options: preprocessing resolution
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• The «Raman backscatter» product
• usecases
• Backscatter calibration options
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Retrieval of «Raman backscatter» product (via backscatter ratio)
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Retrieval of «Raman backscatter» product (via backscatter ratio)
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Parameters of «Raman backscatter» product

• 2 elastic signals of types elPT + elPR

or 1 elastic signal of type elT

• 1 Raman signal of type vrRN2
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usecases
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usecases
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usecases
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Parameters of «Raman backscatter» product

• 2 elastic signals of types elPT + elPR

or 1 elastic signal of type elT

• 1 Raman signal of type vrRN2
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Parameters of «Raman backscatter» product

• 2 elastic signals of types elPT + elPR

or 1 elastic signal of type elT

• 1 Raman signal of type vrRN2
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«Backscatter calibration options» → pick one !
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«Backscatter calibration options» → pick one !
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Influence of calibration on backscatter profiles at 
different wavelengths
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Influence of calibration on backscatter profiles at 
different wavelengths
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Influence of calibration on backscatter profiles at 
different wavelengths

Largest effect at 

larger wavelengths
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• The «elastic backscatter» product
• How to provide lidar ratio assumption
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Retrieval of «elastic backscatter» product
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Retrieval of «elastic backscatter» product

• 1 equation ↔ 2 unknowns

→ lidar ratio assumption:
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Retrieval of «elastic backscatter» product

• 1 equation ↔ 2 unknowns

→ lidar ratio assumption:

• 2 methods to solve the equation:

• Klett-Fernald

• Iterative method
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Influence of the lidar ratio assumption

Measured lidar ratios 

are highly variable,             

also within one aerosol type 

(e.g., urban industrial)
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Influence of lidar ratio assumption on KF retrievals

Largest effect at smaller wavelengths
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Klett-Fernald method

• KF equations can be solved 

• forward integration: from ground to top (z >zref)

• backward integration: from top down to ground (z <zref)

• only backward integration implemented in SCC

• complicated equation

• no error propagation implemented in SCC

• error retrieval only with MC method
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Iterative method
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Iterative method
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Iterative method
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Iterative method
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Iterative method
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Iterative method
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Parameters of “Elast. backscatter” product

10
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Parameters of “Elast. backscatter” product

10
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Lidar ratio assumption

10
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Parameters of “Elast. backscatter” product

10
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• The «lidar ratio and extinction» product
• Effective vertical resolution
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Retrieval of lidar ratio product
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Retrieval of lidar ratio product
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Retrieval of lidar ratio product
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Effective vertical resolution
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Parameter of 
«lidar ratio» 
product

• 2 elastic signals of types elPT + elPR or 

1 elastic signal of type elT

• 1 Raman signal of type vrRN2

• Same as for corresponding Rbsc product
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Parameter of 
«lidar ratio» 
product

• 2 elastic signals of types elPT + elPR or 

1 elastic signal of type elT

• 1 Raman signal of type vrRN2

• Same as for corresponding Rbsc product
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Paramater of «lidar ratio» product



ACTRIS Aerosol Remote Sensing Data Acquisition, Processing, and Submission – Potenza – 11-13/11/2024 90

Output of different product types (netCDF files in EARLINET format)
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Which product types shall I use?

There are product types:

• “extinction only”

• “lidar ratio and extinction”

• “Raman backscatter” 

Isn’t it enough to use the “lidar ratio” product? 

Because it contains extinction and backscatter?

→ NO! 
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Which product types shall I use?

There are product types:

• “extinction only”

• “lidar ratio and extinction”

• “Raman backscatter” 

Isn’t it enough to use the “lidar ratio” product? 

Because it contains extinction and backscatter?

→ NO! 

needed only if elast. signal not available
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Which product types shall I use?

There are product types:

• “extinction only”

• “lidar ratio and extinction”

• “Raman backscatter” 

Isn’t it enough to use the “lidar ratio” product? 

Because it contains extinction and backscatter?

→ NO! 

needed only if elast. signal not available

→ ext + bsc profile with low resolution

→ bsc profile with high resolution
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• «Raman backscatter and depolarization» product
• «Elastic backscatter and depolarization» product
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Equations
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Equations
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Retrieval of VLDR and PLDR
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Retrieval of VLDR and PLDR
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Retrieval of VLDR and PLDR
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Parameters of VLDR and PLDR
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Parameters of VLDR and PLDR
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Parameters of VLDR and PLDR
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Parameters of VLDR and PLDR
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Min backscatter ratio for PLDR
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Output of different product types (netCDF files in EARLINET format)
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Outlook
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Outlook - ELDAmwl
To provide optical data at several wavelengths on fixed grids

▪ Improvements compared to ELDA:

➢ All products on fixed grids

➢ mwl backscatter calibration with Rayleigh fit by V. Freudenthaler

➢ New, improved algorithm for lidar constants

➢ mwl quality control
➢ Skip un-physical data

➢ Skip noisy data

➢ …

➢ Attach flags

➢ Output file with 
➢ All basic products (backscatter, extinction, VLDR)

➢ All derived products (lidar ratio, PLDR, …)

➢ Meta data (for expert use)



ACTRIS Aerosol Remote Sensing Data Acquisition, Processing, and Submission – Potenza – 11-13/11/2024 11
6

Outlook - ELDAmwl

▪ Sustainability:

➢ Use Python (widely used, many tools and packages)

➢ Support from IT experts for code design

➢ Automatic test procedures

➢ Automatic documentation

➢ Easy installation / updates with virtual environment & package 
management (poetry)

➢ Training for Pilar as second developer (2023)

https://github.com/actris-scc/ELDAmwl



THANKS!


