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n	   POLARIZATION:	  RECAP	  

•  Polariza.on	  state	  fully	  specified	  by	  degree	  of	  polariza.on	  P,	  angle	  of	  polariza.on	  χ	  and	  total	  
intensity	  I	  (alterna.vely,	  may	  be	  specified	  by	  Stokes	  parameters	  I,	  Q,	  U)	  
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Imager’s	  sensi0vity	  to	  polariza0on	  

Total	  reflectance	  

Polarized	  radiance	  

Total	  radiance	   where	  

CLARREO’s	  own	  accuracy	   Uncertain0es	  in	  m	  and	  P	  

•  Uncertainty	  due	  to	  polariza.on	  contributes	  to	  uncertainty	  in	  reflectance:	  

•  m	  is	  a	  func.on	  of	  χ.	  Sun	  and	  Xiong	  [2007]	  have	  shown	  cyclical	  dependence	  for	  MODIS.	  The	  
exact	  dependence	  would	  be	  established	  by	  CLARREO	  instrument.	  For	  now,	  this	  dependence	  is	  
folded	  into	  δm	  (use	  mean	  δm)	  
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•  “Empirical	  Polariza.on	  Distribu.on	  Models	  for	  CLARREO-‐Imager	  
Intercalibra.on”	  (with	  Costy	  Lukashin)	  focusing	  on	  clear-‐sky	  ocean	  PDMs	  published	  in	  
March	  in	  JTECH	  (doi:10.1175/JTECH-‐D-‐15-‐0165.1)	  

•  Implemented	  a	  working	  version	  (C++/C)	  of	  the	  PDM	  module	  to	  retrieve	  degree	  of	  
polariza.on	  P	  and	  angle	  of	  polariza.on	  χ,	  with	  corresponding	  std.	  dev., based on 
PARASOL data 

•  Module	  inputs:	  Solar	  Azimuth,	  Detector	  Azimuth,	  VZA,	  SZA,	  IGBP,	  wind	  speed	  (if	  
ocean),	  cloud	  phase	  (if	  cloudy),	  cloud	  frac.on,	  AOD	  (if	  clear)	  from	  MODIS/VIIRS,	  
season	  (if	  applicable)	  

•  Module	  outputs:	  empirical	  mean	  P,	  mean	  χ,	  δP,	  δχ,	  theore.cal	  P	  and	  χ (ADRTM) 

•  PDM	  lookup	  tables	  stored	  as	  HDF	  files	  

•  Have	  a	  working	  version	  of	  the	  module	  for	  the	  8	  PDMs	  with	  the	  highest	  
polariza.ons	  and	  interpolated	  P	  and	  χ.	  	  

•  So	  far,	  PDMs	  are	  in	  the	  form	  of	  histogram	  bin	  values,	  but	  working	  on	  func.on	  fits	  
(more	  on	  this	  in	  what	  follows)	  
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•  Compute	  total	  means	  and	  std.	  devs	  for	  P	  PDMs	  

•  Consider	  highest	  polariza.on	  scenarios:	  

•  Pick	  shortest	  available	  wavelength	  (λ =	  490	  
nm)	  

•  SZA	  =	  40	  (close	  to	  the	  typical	  range	  of	  
Brewster’s	  angles)	  	  	  

•  Start	  with	  PDMs	  at	  least	  2	  std.	  dev.	  away	  from	  0	  

•  The	  rest	  of	  the	  PDMs	  might	  need	  to	  be	  stra.fied	  
by	  seasons.	  (Possibly	  more	  than	  one	  year	  of	  
PARASOL	  data	  will	  be	  needed.	  Similar	  PDMs	  will	  
also	  be	  combined.)	  	  

•  Indica.ons	  that	  in	  some	  cases	  more	  data/
stra.fica.on	  will	  not	  help	  due	  to	  natural	  
variability	  and	  resolu.on	  issues	  
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IGBP Surface Type P 
mean 

P std.  
dev. 

1 Evergreen needle-leaf forest 0.19 0.11 

2 Evergreen broad-leaf forest 0.26 0.07 

3 Deciduous needle-leaf forest 0.14 0.11 

4 Deciduous broad-leaf forest 0.20 0.11 

5 Mixed forest 0.16 0.12 

6 Closed shrubland 0.18 0.12 

7 Open shrubland 0.17 0.10 

8 Woody savannas 0.17 0.12 

9 Savannas 0.23 0.06 

10 Grasslands 0.18 0.09 

11 Permanent wetlands 0.16 0.13 

12 Croplands 0.20 0.08 

13 Urban and Built-up 0.24 0.09 

14 Cropland Mosaics 0.21 0.09 

15 Permanent snow and ice  0.05 0.05 

16 Bare soil and rocks 0.16 0.06 

17 Water Bodies 0.31 0.08 

18 Tundra 0.13 0.12 
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•  Plot	  shows	  intercal.	  uncertainty	  in	  reflectance	  vs.	  
degree	  of	  polariza.on	  assuming	  the	  intercalibrated	  
imager’s	  sensi.vity	  to	  polariza.on	  m	  =	  0.03	  and	  δm	  
set	  to	  three	  different	  values	  

•  Considering	  CLARREO’s	  own	  target	  uncertainty	  due	  
to	  polariza.on	  δρ0	  =	  0.15%,	  one	  can	  conclude	  that:	  

•  values	  of	  P	  <	  0.1,	  may	  be	  considered	  below	  
noise	  threshold.	  Thus:	  

•  due	  to	  sharp	  drop-‐off	  in	  P	  (e.g.,	  next	  
slide),	  some	  PDM’s	  for	  670	  and	  865	  
nm	  can	  be	  neglected	  	  

•  snow-‐covered	  surfaces	  can	  be	  
neglected	  (IGBP=15,	  19	  and	  20)	  

•  Low	  slope	  indicates	  intercal.	  P	  is	  insensi.ve	  to	  
std.	  devs	  <≈	  0.1.	  

•  PDM	  uncertain.es	  have	  roughly	  the	  
necessary	  precision	  

δm	  =	  100%	  
δm	  =	  20%	  
δm	  =	  10%	  

Clear sky ocean (IGBP = 17)

δm	  =	  100%	  
δm	  =	  20%	  
δm	  =	  10%	  

 Evergreen Broadleaf Forests (IGBP = 2)
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n	   P	  PDMs	  FOR	  EVERGREEN	  BROADLEAF	  FOREST	  (IGBP	  =	  2)	  
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Difference	  (north/south)	  in	  
sampled	  regions	  (aerosols)	  
	  

Sharp	  P	  drop-‐off	  
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Gaussians	  describing	  (mostly)	  glint	  region	  

based	  on	  1st	  order	  scamering	  	  
approxima.on	  (away	  from	  glint)	  

•  Peform	  a	  χ2	  fit	  on	  P	  PDM:	  
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Empirical PDM for 490 nm 
(PARASOL data)
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SAMPLE	  PDM	  FIT	  RESULTS	  (λ =	  490	  nm,	  40o<SZA<50o):	  	  
 UNCERTAINTIES	  

70%	  C.L.	  (≈1σ)	  	  
uncertainty	  
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χ2/NDF = 0.818

N	  
µ1
σ1
µ2
σ2
θs 
Α
τ

Highly	  
correlated	  
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IGBP = 2 (l = 470 nm, 10o < SZA < 20o) 

SAMPLE	  PDM	  FIT	  RESULTS	  (λ =	  490	  nm,	  10o<SZA<20o):	  MEANS	  
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SAMPLE	  PDM	  FIT	  RESULTS	  (λ =	  490	  nm,	  10o<SZA<20o):	   UNCERTAINTIES	  
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χ2/NDF = 0.197

N	  
µ1
σ1
µ2
σ2
θs 
Α
τ
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•  PDM	  fits,	  advantages:	  

•  As	  with	  any	  fits,	  PDM	  fits	  useful	  to	  smooth	  out	  sta.s.cal	  fluctua.ons	  and	  fill	  
gaps	  in	  data	  

•  Compact	  (only	  7-‐8	  parameters)	  and	  universal	  (applied	  to	  any	  scene	  type)	  	  
•  Robust,	  even	  for	  low-‐sta.s.cs	  PDMs	  

•  Final	  empirical	  P	  PDMs	  will	  be	  recorded	  in	  the	  form	  of	  the	  fit	  coefficients	  to	  f(φ,θ)	  and	  
per-‐bin	  fit	  uncertain.es.	  	  	  
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χ	  DISTRIBUTIONS	  (IGBP	  =	  2)	  

490 nm 670 nm 865 nm

40o < SZA < 50o

Sp
rin

g	  
20
16
	  C
LA
RR

EO
	  S
DT

	  M
ee
.n

g,
	  U
ni
v.
	  o
f	  M

ic
hi
ga
n	  
	  

16	  



Da
ni
el
	  G
ol
di
n	   χ:	  SINGLE	  SCATTERING	  APPROXIMATION	  
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n	   EMPIRICAL	  PDM	  –	  SINGLE	  SCATTERING	  COMPARISON	  
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Single	  Scamering	  χss	  

Not	  a	  fit,	  χss	  
func.on	  from	  previous	  	  
slide	  

Residuals	  show	  more	  bias	  at	  larger	  λ

χ	  limited	  by	  	  	  
Q	  resolu.on	  
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LOW	  STATISICS	  χ	  PDM	  (670	  NM)	  
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10o < SZA < 20o
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•  Single	  scamering	  χ	  agrees	  with	  empirical χ to	  within	  +/-‐4o	  in	  the	  50o	  <	  RAZ	  <	  310o	  
region	  

•  In	  the	  region	  RAZ	  =	  0o/360o,	  SZA	  =	  VZA:	  

•  PARASOL	  has	  low	  resolu.on	  in	  χ	  
•  Single	  scamering	  most	  likely	  not	  a	  good	  approxima.on	  there:	  higher	  order	  

scamering	  model	  needed	  
•  Plan	  to	  use	  hybrid	  approach	  for	  final	  recorded	  χ	  values:	  

•  Region	  around	  RAZ	  =	  0o/360o,	  SZA	  =	  VZA	  use	  empirical	  means	  +	  uncertain.es	  
•  Elsewhere	  for	  bins	  with	  sufficient	  sta.s.cs	  (e.g.	  >	  10	  entries)	  use	  empirical	  

means	  +	  uncertain.es.	  For	  low	  stats	  bins	  or	  bins	  with	  0	  entries	  use	  χss	  
approxima.on	  (=>	  no	  uncertain.es)	  
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•  Fits	  for	  P	  PDMs	  for	  highest	  polariza.ons	  

•  Finish	  χ	  PDMs	  for	  highest	  polariza.ons	  

•  Work	  on	  lower	  polariza.ons	  

•  Implement	  ice	  &	  water	  clouds	  PDMs	  

5/
5/
16
	  

Sp
rin

g	  
20
16
	  C
LA
RR

EO
	  S
DT

	  M
ee
.n

g,
	  U
ni
v.
	  o
f	  M

ic
hi
ga
n	  
	  

21	  



Da
ni
el
	  G
ol
di
n	  

BACKUP	  
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χ	  PDM	  high-‐uncertainty	  region:	  	  
RAZ	  >	  310,	  VZA	  >	  30	  	  

χ	  PDM	  central	  region:	  	  	  
50	  <	  RAZ	  <	  300	  

•  Regions	  RAZ	  =	  0o/360o,	  SZA	  =	  VZA	  have	  Stokes	  paramer	  ≈	  0o,	  close	  to	  PARASOL’s	  resolu.on	  

•  For	  single	  scamering	  Q	  =	  0	  is	  undefined,	  need	  higher	  order	  scamering:	  


