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Loop over 2,800 random perturbations of state vector for various combinations of five instruments:
MISR, MODIS+MISR, Polarimetric MODIS+MISR, Elastic lidar (2β) and HSRL lidar (1α+2β)
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Monte Carlo Testbed Retrieval Simulation Approach



Correctly modeled particle shape

Polarimetric retrievals are sensitive to assumptions of fine mode shape 

λ = 0.55 μm λ = 550 nm
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Observing fine mode spheroids

exceeds targetfails at target exceeds targetfails at target

Erroneous 
fine mode 
shape model
degrades 
polarimeter

Need Polarization to meet targets

* Targets based on APS requirements proposed by Mischenko et al. (2004)



Fine mode angular scattering: spheres vs spheroids
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Adapted from: 
Espinosa et al, (2019)
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λ = 532 nm



Joint retrieval example: elastic lidar + polarimeter
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A synergis*c retrieval of total and polarimetric radiances paired with elas*c 
backsca9er lidar profiles can yield accurate, mode-resolved ex*nc*on profiles 
(at least in rela*vely simple scenes)

This is unachievable with elas*c lidar or polarimeter data alone

Thick dark lines—
simulated truth

Thin lines represent simulated 
“noised-up” measurements (red) and 
the corresponding retrievals (blue)

Thick dark line—
simulated truth

(a. u.)

λ = 532 nm shown 
(retrieval also utilizes 1064 nm backscatter)

fine mode
coarse mode

Thin light lines—
ensemble of retrievals 
on simulated truth



Uncertainty es>mates of ver>cally integrated variables
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λ ≈ 550 nm Ingestion of lidar data into 
polarimeter slightly 
enhances the retrieval 
accuracy of some column 
integrated properties

AOD & SSA 
integrated over the 
PBL show the most 
benefit from joint 
lidar+polarimeter
retrieval compared 
to polarimeter alone 
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