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Models (Modelers) 

• Parametric MC (Anthony), scalar & vector 

• Markov chain (Feng, Mar4n), scalar & vector 

• smartMOM (Suni4), scalar & vector  

• original MOM (John), scalar 

• SOS (Mike, Pengwang), “scalar” & vector 

• VLIDORT (Vijay), scalar & vector  

– SCIATRAN (Alex), scalar & vector  
– SMART (Felix), 2‐scats/2‐streams (Vijay), MOM
+RTM (John), etc. 

 deliberately approximate approaches 



Path forward 
• Pure Rayleigh case 

• 3 pure aerosol cases 
– “Smoke” 

– “Salt” 

– “Dust” 

• Mixed (stra4fied) Rayleigh+aerosol 
cases 

• Pure and mixed cases with surfaces 
– Lamber6an 

– Anisotropic 

– Cox‐Munk 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double Henyey-Greenstein PF, plus pol? 
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Computa4onal 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Problem 
Determinis4c 1D 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models: 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Monte Carlo 1D RT models:   1D RT equa4on in integral form (incorpora4ng BCs) 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Pure Rayleigh, scalar case 





Phase func4ons 
• “Salt” – large spherical nonabsorbing (forward peak, Mie backscayering features)  
• “Smoke” – small spherical absorbing (smooth phase func6on, no forward peak) 
• “Dust” – large nonspherical absorbing (smooth, forward peaked phase func6on)  





Scalar codes, Principal plane 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Scalar codes, 45 degree off‐set 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Scalar codes, Principal plane 



Scalar codes, 45 degree off‐set 











I, vector Markov chain, Principal plane 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I, vector Markov chain, 45 degree off‐set 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Mixing of Aerosol and Rayleigh 

• The molecular/Rayleigh atmosphere is stra6fied 
exponen6ally with a scale height of 8 km. 
• This serves as a constant non‐absorbing background 
for the aerosol component. 
• 3 Rayleigh op6cal depths: τR = 0.0155, 0.2310, 0.5929 
• The absorbing aerosol is confined to a uniform layer 
of thickness 2 km. 
• We are interested in two scenarios: 
– “Boundary‐layer” dust aerosol: 0‐2 km 
– “Loned” dust aerosol:      3‐5 km 

Number and make‐up of sub‐layers in the RT code is 
modeler’s choice (just remember to keep track of it). 
• 6 cases in all: 3 Rayleigh ODs x 2 aerosol layer heights 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3 surface BRDFs, hence 6 cases 

• Lamber6an 
• Albedo 0.1, which is commensurate with planar albedo for 

– Dust:   R = 0.07 (AOT = 0.5, blk sfc) 

– Rayleigh: R = 0.19 (OT = 0.231, blk sfc) 

• Non‐Lamber6an, with mRPV 
• a = 0.12868 (hence same albedo as above) 

• k = 1.5 (avoids energy‐conserva6on problems at k<1) 

• b = ‐0.5 (boosted backscayer) 

• Cox‐Munk  
• wind speed = 2 m/s (good glint peak) 

• Planar albedo at SZA 60 deg = 0.0613 

• (Integrated) albedo = 0.129 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Cox‐Munk: DOLP & AOLP 
(independent of wind speed) 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double Henyey–Greenstein 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POC: Olga Kalashnikova 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Anthony Davis 







Summary & Outlook, 1 

• Three 1D RT codes developed/augmented in house 

– Monte Carlo, Markov chain, Matrix Operator Method 

– scalar and vector, linearized (Monte Carlo pending) 

• Two more 1D RT codes used at JPL 

– vSOS (Zhai et al.) and VLIDORT (Spurr) 

• One guest code: SCIATRAN 

• Accuracy benchmarking is advancing; TO DO: 

– Fill gaps (add double H‐G?) 

– Reflec6ng surfaces 

• TO DO: Efficiency benchmarking 

– Translate Markov chain from MatLab to fortran 

– Port to same standard hardware for clocking 











Summary & Outlook, 2 

• TO DO: Tradeoff studies 
– Efficiency vs accuracy, at given fidelity 

• TO DO: Efficient approxima4ons, cost in accuracy? 
– Degrade fidelity 

– Simplified RT 




