
Polariza(on	  effects	  on	  RT	  simula(on	  
of	  spectral	  radiance	  for	  CLARREO	  solar	  

benchmark	  

Zhonghai	  Jin	  

SSAI,	  Inc.	  /	  NASA	  Langley	  research	  Center	  

CLARREO	  Science	  Defini(on	  Team	  Mee(ng	  

Hampton,	  Virginia	  

April	  16-‐18,	  2013	  



Objec(ve:	  	  To	  quan(fy	  the	  polariza(on	  error	  in	  spectral	  radiance/
reflectance	  from	  scalar	  radia(ve	  transfer	  (SRT)	  computa(ons,	  
and	  therefore,	  the	  polariza(on	  impact	  on	  simula(on	  of	  solar	  
reflectance	  benchmark	  for	  CLARREO.	  	  

  What’s	  the	  spectral	  characteris(c	  of	  this	  polariza(on	  error?	  Where	  
does	  the	  largest	  error	  occur?	  

  How	  does	  the	  polariza(on	  error	  in	  the	  SRT	  spectral	  radiance/
reflectance	  change	  with	  the	  sun-‐view	  geometry?	  

  How	  does	  the	  surface	  condi(on	  affect	  the	  polariza(on	  error?	  
  Under	  what	  situa(ons	  can	  we	  neglect	  the	  polariza(on	  and	  use	  the	  

simpler	  and	  efficient	  scalar	  RT	  calcula(on?	  Or	  when	  does	  the	  
polariza(on	  have	  to	  be	  taken	  into	  account?	  
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From	  scalar	  radia(ve	  transfer	  (SRT)	  to	  VRT:	  Comparison	  of	  RT	  equa(ons	  	  
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Solu(ons	  of	  the	  RTE	  are	  of	  course	  different.	  …	  

We	  have	  been	  implemen(ng	  the	  discrete-‐ordinate	  VRT	  solu(ons	  into	  the	  
combined	  COART-‐MODTRAN	  code.	  

	  To	  simplify	  the	  implementa(on,	  only	  the	  case	  with	  unpolarized	  
illumina(on	  (i.e.,	  natural	  sun	  light)	  is	  treated	  and	  so	  the	  number	  of	  equa(ons	  
is	  reduced	  by	  half;	  only	  the	  three	  elements	  (I,	  Q,	  U)	  are	  calculated	  and	  	  the	  
circular	  polariza(on	  (V)	  is	  neglected	  for	  now	  (phase	  matrix	  is	  reduced	  from	  
4x4	  to	  3x3	  and	  becomes	  symmetric).	  Under	  this	  circumstance,	  the	  
eigensolu(ons	  are	  real	  variables	  as	  in	  the	  scalar	  case	  and	  so	  the	  complex	  
matrix	  decomposi(on	  is	  not	  required.	  	  

The	  Rayleigh	  sca\ering	  component	  is	  most	  important	  but	  is	  rela(vely	  
easier	  to	  be	  implemented,	  and	  so	  it	  is	  implemented	  first	  (done).	  

Here	  I	  report	  the	  progress	  in	  this	  VRT	  extension	  and	  show	  the	  ini(al	  
results.	  



A	  sensi(vity	  test:	  the	  rela(ve	  error	  of	  scalar	  RT	  in	  the	  upward	  nadir	  
radiance	  as	  a	  func(on	  of	  	  Rayleigh	  sca\ering	  op(cal	  depth.	  	  
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Comparison	  of	  the	  TOA	  radiances	  (normalized)	  for	  the	  standard	  
mid-‐la(tude	  atmosphere	  and	  Lamber(an	  surface	  (a=0.1,	  SZA=45).	  	  
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The	  rela(ve	  difference:	  

100(SRT-‐VRT)/VRT	  



Rela(ve	  error	  in	  the	  principal	  plane.	  

SZA=45	  

Backward	  	  |	  	  Forward	  



Error	  from	  scalar	  approxima(on	  in	  the	  azimuthally	  averaged	  radiance	  
is	  much	  smaller!	  



SZA=60	  

Backward	  	  |	  	  Forward	  
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(λ=550nm,	  wind=8m/s,	  SZA=40).	  	  
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Comparison	  of	  TOA	  reflectance	  in	  the	  principal	  plane	  over	  ocean	  (λ=550nm).	  

View	  angle	  
Backward	  	  |	  	  Forward	  



Rela(ve	  error	  in	  TOA	  radiance	  in	  the	  principal	  plane	  

Ocean	  surface	  (λ=550nm)	   Lamber(an	  surface	  

For	  the	  same	  550	  nm,	  the	  rela(ve	  error	  over	  ocean	  surface	  is	  much	  larger!	  
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Reflectance at The Angle With Largest
 Difference (Sun-glint)
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Largest Difference (Scalar - Vector)
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Error in Azimuthally Mean Radiance
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Polariza(on	  effect	  on	  flux	  
or	  albedo	  is	  negligible!	  
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Reflectance at The Angle With Largest Difference
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Error in Azimuthally Mean Radiance
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Summary	  

1)  The	  vector	  RT	  solu(on	  has	  been	  implemen(ng	  into	  the	  COART-‐MODTRAN	  
code.	  The	  inclusion	  of	  Rayleigh	  sca]ering,	  the	  largest	  polariza(on	  error	  
source,	  has	  been	  completed.	  

2)  The	  preliminary	  results	  show	  that	  the	  SRT	  error	  in	  the	  TOA	  radiance/
reflectance	  varies	  greatly	  with	  molecular	  op(cal	  depth,	  wavelength	  and	  view	  
angle,	  but	  this	  error	  is	  mostly	  less	  than	  10%.	  	  

3)  The	  largest	  SRT	  error	  occurs	  at	  op(cal	  depth	  around	  1.0,	  corresponding	  to	  
wavelength	  about	  330	  nm	  for	  a	  standard	  atmosphere,	  	  and	  in	  or	  near	  the	  
principal	  plane.	  The	  error	  in	  the	  azimuthally	  averaged	  TOA	  radiance	  is	  
significantly	  smaller	  and	  is	  minimum	  in	  the	  irradiance	  or	  albedo.	  

4)  The	  VRT	  calcula(on	  is	  a	  order	  of	  magnitude	  slower	  than	  the	  SRT.	  With	  the	  
new	  polariza(on	  implementa(on,	  we	  can	  now	  determine	  when	  the	  VRT	  is	  
required	  for	  the	  spectral	  simula(on,	  based	  on	  the	  accuracy	  requirement.	  

5)  The	  VRT	  implementa(on	  has	  been	  simplified	  and	  the	  computa(on	  efficiency	  
is	  not	  a	  considera(on	  for	  now.	  More	  works	  are	  required	  …	  
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