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The Problem … 

 



Mo'va'on & Outline 
• Mul'‐angle spectro‐polarimeters 
– Large‐footprints from space: POLDER/PARASOL, APS/Glory‐2(?) 

– Future satellite missions: ESA’s 3MI, JAXA’s concept, NASA’s ACE(?) 

– Airborne sensors: RSP, HySPAR, MSPI, PACS, etc. 

• Simula'on framework 
– Clouds, aerosols, gases 

– Polarized/vector radia.ve transfer (RT) models:  
• 3D for “data”  

• 1D for retrievals, star.ng with cloud/aerosol signal separa.on 

• 3D RT damage assessment for APS 
– Background aerosol 

– Heavy aerosol case 

• Summary, outlook, and the BIG PICTURE 



A well‐documented test case … 

“I3RC” LES Cu field 
192x192 columns, each 33.35x33.35 m2; full domain is 6.4x6.4 km2 



tau vs. cloud base tau vs. thickness 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Spectral proper'es 
APS 
RSP 
Band 

Wavelength 
(nm) 

Rayleigh  
OD 

(no depol) 

“Base” 
Aerosol OD 
(Hess et al) 

“Heavy” 
Aerosol OD 
(16 x Base) 

Aerosol 
SSA 
(col‐avr) 

Typical cloud 
SSA 

(C1 dist.) 

Molecular 
Absorp'on 
OD 

1  410  0.325116  0.17373  2.77970  0.90636  1  0.0000244 

2  443  0.235930  0.15886  2.54107  0.90515  1  0.0012701 

3  555  0.093565  0.11937  1.90992  0.89743  1  0.0323896 

4  670  0.043506  0.09207  1.47310  0.88754  1  0.0154243 

5  865  0.015492  0.06283  1.00520  0.85664  1  0.0000324 

6  910  0.012628  0.05808  0.92932  0.84833  1  0.0331325 

7  1370  0.002438  0.03182  0.50915  0.78931  N/A  6.8998300 

8  1610  0.001276  0.02478  0.39640  0.77147  0.995912  0.0102883 

9  2200  0.000365  0.01419  0.22696  0.75688  0.988633  0.0218413 

O3 

H2O 
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(1-ωg)ττ parity 

Also, surface is black (absorbing) at all wavelengths. 

ττ parity 



Intensity (non‐polarized light) 
MYSTIC computations by Claudia Emde, courtesy of Michael Mishchenko (Glory PI) 

Mayer, B. (2009). Radiative transfer in the cloudy atmosphere. European Physical Journal - 
Conferences 1, 75-99.  
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Degree of Linear Polariza'on (DOLP) 
vMYSTIC computations by Claudia Emde, courtesy of Michael Mishchenko (Glory PI) 

Emde, C., R. Buras,  B. Mayer, and M. Blumthaler (2010). The impact of aerosols on polarized 
sky radiance: Model development, validation, and applications. Atmos. Chem. Phys. 10, 383-396. 
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τa = 0.16 τa = 0.20 or or 

x (1–fc) x fc 

Linear mixing model using 1D vRT  

τa = 0.05 τc = 30. + 









Linear mixing model using 1D vRT  

x fc, etc. 

τc = 30. 

x 

x 

sin/cos[2 x AOLP(ττc)] 

True Cloud Fraction (fraction of grid containing ANY cloud water) 
is used: fc = 0.23 



Linear mixing model using 1D vRT  

x fc, etc. 

τc = 30. 

x 

x 

sin/cos[2 x AOLP(ττc)] 
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… MODEL UPGRADE: Independent (sub)Column Approximation (ICA), 
inside of cloudy fraction! 

True Cloud Fraction (fraction of grid containing ANY cloud water) 
is used: fc = 0.23 
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PARASOL-like (A-train) viewing geometry: SZA 33.45°, azimuth angles 44° and 224°. 

±3% (relative) 
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PARASOL-like (A-train) viewing geometry: SZA 33.45°, azimuth angles 44° and 224°. 

±0.5% (absolute) 



0

10

20

30

40

50

-60 -40 -20 0 20 40 60
0

10

20

30

40

50

-60 -40 -20 0 20 40 60

clouds3D+NOaerosol_DOLP.dat

         410 
         443 
         555 
         670 
         865 
         910 
        1610 
        2200 

D
O
L
P

D
O
L
P

 VIEW_ANGLE VIEW_ANGLE

-6

-4

-2

0

2

4

6

-60 -40 -20 0 20 40 60

-6

-4

-2

0

2

4

6

-60 -40 -20 0 20 40 60

clouds+NOaerosol_ICA_DOLP.dat

         410 
         443 
         555 
         670 
         865 
         910 
        1610 
        2200 

Li
n
Mi
x-
3
Dr
ef
, 
D
O
L
P 
[
%]

Li
n
Mi
x-
3
Dr
ef
, 
D
O
L
P 
[
%]

 VIEW_ANGLE VIEW_ANGLE

ττa,555 = 0.00, DOLP 

PARASOL-like (A-train) viewing geometry: SZA 33.45°, azimuth angles 44° and 224°. 
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PARASOL-like (A-train) viewing geometry: SZA 33.45°, azimuth angles 44° and 224°. 
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PARASOL-like (A-train) viewing geometry: SZA 33.45°, azimuth angles 44° and 224°. 
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PARASOL-like (A-train) viewing geometry: SZA 33.45°, azimuth angles 44° and 224°. 



0

10

20

30

40

50

-60 -40 -20 0 20 40 60
0

10

20

30

40

50

-60 -40 -20 0 20 40 60

clouds3D+BASEaerosol_DOLP.dat

         410 
         443 
         555 
         670 
         865 
         910 
        1610 
        2200 

D
O
L
P

D
O
L
P

 VIEW_ANGLE VIEW_ANGLE

-6

-4

-2

0

2

4

6

-60 -40 -20 0 20 40 60

-6

-4

-2

0

2

4

6

-60 -40 -20 0 20 40 60

clouds+BASEaerosol_ICA_DOLP.dat

         410 
         443 
         555 
         670 
         865 
         910 
        1610 
        2200 

Li
n
Mi
x-
3
Dr
ef
, 
D
O
L
P 
[
%]

Li
n
Mi
x-
3
Dr
ef
, 
D
O
L
P 
[
%]

 VIEW_ANGLE VIEW_ANGLE

ττa,555 = 0.12, DOLP 

PARASOL-like (A-train) viewing geometry: SZA 33.45°, azimuth angles 44° and 224°. 
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PARASOL-like (A-train) viewing geometry: SZA 33.45°, azimuth angles 44° and 224°. 






