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The Problem … 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Glory Goals 

 

Science objec;ves and retrieval requirements for APS instrument, 
assuming a cloud‐free scene, from Mishchenko et al. [2007] 



Our Goals 

•  Learn how to use Cloud Cameras (CCs) to detect 
par6al cloudiness and es6mate gross cloud proper6es 
using Independent Pixel Approxima6on (IPA) think: 
–  Frac;onal cloud coverage, in the APS footprint 
–  PDF of cloud op;cal depth, in the APS footprint 

•  Simple mixture model:             
 Independent Sub‐Pixel Approxima6on 
–  Leads to a 1st‐order correc;on for cloud contamina;on 
–  Leads back to standard aerosol property retrieval 

•  Evaluate and predict forward vRT model error: 
–  Unresolved cloud adjacency effects 
–  Inform aerosol property retrieval about this bias 



Our Alterna,ve Goals 

•  Learn how to use Cloud Cameras (CCs) to detect 
par6al cloudiness and es6mate gross cloud proper6es 
using Independent Pixel Approxima6on (IPA) think: 
–  Frac;onal cloud coverage, in the APS footprint 
–  PDF of cloud op;cal depth, in the APS footprint 

•  Simple mixture model:               
 Independent Sub‐Pixel Approxima6on 
–  Leads to a 1st‐order correc;on for aerosol contamina;on 
–  Leads back to standard cloud property retrieval 

•  Evaluate and predict forward vRT model error: 
–  Unresolved aerosol adjacency effects 
–  Inform cloud property retrieval about this bias 



1D vRT model: Zhai et al. [2009] 
τa = 0.05 τa = 0.2 τa = 0.16 τc = 30. 

Aerosol cases Cloudy case 
TOA radiances 

(for a black surface) 



IPA model based on 1D vRT: Ipol 

or or 

x (1–fc) x fc 

+ τa = 0.05 τa = 0.2 τa = 0.16 τc = 30. 

x x x x 



IPA model based on 1D vRT: I 

or or 

x (1–fc) x fc 

+ τa = 0.05 τa = 0.2 τa = 0.16 τc = 30. 



Approach 

•  Build simula6on framework for APS and CC 
observa6ons using high‐fidelity 3D vector RT 
– Control background 1D aerosol of interest 
– Control 3D clouds 

•  Bring probabilis6c cloud modeling to bear 
– 1‐point stats, a.k.a. PDFs or histograms 
– 2‐point stats, a.k.a. wavenumber spectra of auto‐
correla;on func;ons/structure func;ons 

•  Bring Markovian stochas6c 3D (v)RT to bear 
– Uses CF and cloud aspect ra;o 
– Equivalently, layer thickness and mean cloud size 



“True” Cloud Frac;on (i.e., frac;on of grid containing ANY cloud water) = 0.228 

A well‐documented test case … 



BRF Histogram 

BRF 

Cloud Frac;on = 0.219 

BRF Image  Binary Cloud Mask 

BRF 

Cloud Frac;on = 0.312 

412 nm “Blue Band” Cloud Camera with 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(AOD at 550 nm = 0.16)  

33.3 m resolu;on 

533.6 m resolu;on 



BRF Histogram 

BRF 

Cloud Frac;on = 0.174 

BRF Image  Binary Cloud Mask 

BRF 

Cloud Frac;on = 0.354 

412 nm “Blue Band” Cloud Camera with aerosol (AOD at 550 nm = 2.60)  

33.3 m resolu;on 

533.6 m resolu;on 



BRF Histogram 

BRF 

Cloud Frac;on = 0.224 

BRF Image  Binary Cloud Mask 

BRF 

Cloud Frac;on = 0.458 

865nm “NIR Band” Cloud Camera with aerosol (AOD at 550 nm = 0.16)  

33.3 m resolu;on 

533.6 m resolu;on 



BRF Histogram 

BRF 

Cloud Frac;on = 0.202 

BRF Image  Binary 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Mask 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Cloud Frac;on = 0.333 

865nm “NIR Band” Cloud Camera with aerosol (AOD at 550 nm = 2.60)  

33.3 m resolu;on 

533.6 m resolu;on 



 
Cloud Camera 

Image 

BRF 
Threshold 

Full 
Resolu6on 

BRF 
Threshold 
Reduced 
Resolu6on 

Cloud 
Frac6on Full 
Resolu6on 

Cloud 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Blue 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– 
Base 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 0.219  0.312 

Blue 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– 
Heavy 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 0.354 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– 
Base 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0.13 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 0.202  0.333 

TRUTH  0.228 

The theshold/scale CF problem 

Cf. many papers by Roger Davies, Larry Di Girolamo, and associates … 



APS signals predicted with vMYSTIC: 
Aerosol only (base case); short wavelengths 



APS signals predicted with vMYSTIC: 
Clouds only (IPA rule); short wavelengths 



APS signals predicted with vMYSTIC: 
Cloud‐base aerosol mix; short wavelengths 



APS signals predicted with vMYSTIC: 
Aerosol only (base case); short wavelengths 



APS signals predicted with vMYSTIC: 
Aerosol only (base case); longer wavelengths 



APS signals predicted with vMYSTIC: 
Cloud‐base aerosol mix; longer wavelengths 



Original I3RC case 



Simula6on 1 

… based on Prigarin and Marshak (2009) 



Simula6on 2 

Cloud top height (and geometrical thickness) is a bit noisy at 
small scales (it’s a known feature of the model … sorry;).  

Can be smoothed if needed. 



Ver;cal op;cal (tau): 0‐120 
Horizontal geometrical (base, top, thickness): 0‐2.5 km 

Joint 
distribu;on: 

tau vs. cloud base 
Joint  

distribu;on: 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thickness 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top 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1D Sta6s6cs 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Conclusions 
 
 
 

Next Steps 

•  3D vRT effects are in the signal, not in the noise 
•  Computa6onal tools are in place 

•  Master vMYSTIC input, not just output specs 
•  Assess robustness of APS signals w.r.t. a switch 
to sta6s6cally equivalent clouds 

•  Explore 3D RT damage mi6ga6on strategy, using 
mean‐field Markovian RT model 



Thank you! 
 
Ques6ons? 

Acknowledgment: 
support from NASA/SMD/ESD/Radiation Sciences 
© Jet Propulsion Laboratory / California Institute of Technology, Government funding acknowledged  


