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Will validation succeed? 
Practical criteria for comparing spaceborne and ground-based lidars: 
application to ATLID/EarthCare and IPRAL
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Formulation of the problem

• Spaceborne lidar observations need validation
• Airborne lidars are expensive
• Ground-based lidars provide controllable 

reference data
• But, there are two obstacles for reliable 

collocated data analysis:
(1) Data comparability issues linked to different 
viewing geometries
(2) Spatiotemporal variability

• Data used: 
ATLID L1/L2, 2024-now

• IPRAL 355nm lidar: two telescopes, 0-40km, 
co-polar/cross-polar, analog/photocounting, 
research L1 product and L2 retrievals.
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What do we compare and how? 
Total Attenuated Backscatter, L1

Attenuated Molecular Backscatter, L1

Attenuated Molecular Backscatter in clear sky conditions

Scattering Ratio for non-HSRL lidars (theoretical ATBmol)

Scattering Ratio for HSRL lidars (measured AMB)

Comparability score (CS) for two vectors, a and b: 0 is bad, 1 is good® ®

Excluding no-signal profiles

Three contributors

Pearson’s correlation and scaled difference terms 
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Atmospheric scenarios used in simulations
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Simulation flowchart

Key features:

• Uses a combination of COSP 
lidar simulator (Swales et al., 
2018) and instrument-specific 
noise.

• Approach tested for cirrus and 
stratocumulus cloud 
observations by ATLID
(Feofilov et al., AMT, 2023).

• Resolution: 300m(H) x 50m(V)

• 30000 measurements 
simulated in nadir and zenith
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Nadir and zenith simulations: 15 scenes, day/night
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Comparability scores (CS) for different scenes and variables 

Takeaway messages:

• Optically thin cases work 
better for all compared 
profiles

• SR2-based comparisons 
yield higher CSs than SR1-
based ones

• Retrieved profiles b(z) yield 
higher CSs than SR2-based 
ones 

• Daytime CSs are lower than 
the nighttime ones

SR1(z) SR2(z) b(z)
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Spatiotemporal variability affecting the comparison

NB!!! The closest profile 
is not always the best

(within 250km from SIRTA) 

Peak shape agreement as a criterion
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2025-05-24, good CS example
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2025-07-04, good CS example
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2025-10-17, bad CS example
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So, will the validation succeed?

• Colocalizations with low CS are not comparable (70% of cases, including clear sky)
• If the cloud is opaque or multi-layer – NO
• Colocalizations with high cloud inhomogeneity (15%) - are not directly comparable
• The closest profile is not always the best profile for colocalized data
• Geostationary data analysis will help tracking the comparable volumes
• Colocalizations with CS > 60 (subvisible to semi-transparent) – YES. 

For IPRAL/ATLID colocations:
- for β, RMS of the peak = ±10% 
- for SR1, RMS of the peak = ±8%
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Adds on yesterday’s discussion on cloud phase obs
& validation
G. Cesana, H. Chepfer, D. Winker, B. Getzewich, X. Cai, O. Jourdan, G. Mioche, H. Okamoto, Y. Hagihara, V. Noel, and M. Reverdy (2016), Using in situ airborne

measurements to evaluate three cloud phase products derived from CALIPSO, J. Geophys. Res. Atmos., 121, 5788–5808, doi:10.1002/2015JD024334.

Abstract: « …. main differences between the CALIPSO cloud phase products stem from the cloud detection (horizontal 
averaging, fully attenuated pixels) rather than the cloud phase determination procedures. »


