
Modeling Polarization Properties of Reflected Solar Spectra 
from Evergreen Broad-Leaf Trees	  

	  	  	  	  	  	  Introduc*on	  

•  Broad-‐leaf-‐forest-‐reflected	  solar	  radia*on’s	  degree	  of	  polariza*on	  (DOP)	  can	  be	  as	  large	  as	  ~70%,	  according	  to	  PARASOL	  data.	  

•  To	  correct	  polariza*on-‐induced	  error	  in	  satellite	  data,	  polariza*on	  state	  of	  solar	  spectra	  from	  broad-‐leaf	  trees	  must	  be	  obtained.	  

•  However,	  empirical	  PDMs	  from	  PARASOL	  data	  can	  be	  obtained	  only	  at	  3	  wavelengths,	  i.e.	  490,	  670,	  and	  865	  nm.	  

•  Polariza*on	  proper*es	  of	  solar	  spectra	  from	  evergreen	  broad-‐leaf	  trees	  are	  modeled	  with	  ADRTM	  and	  PARASOL	  data	  in	  this	  work.	  
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	  	  	  	  	  	  Scene	  types	  for	  which	  we	  have	  developed	  

models:	  

•  Ocean	  and	  other	  water	  bodies.	  

•  Desert/bare	  land	  

•  Evergreen	  needle-‐leaf	  trees	  

	  	  	  	  	  	  
Evergreen	  broad-‐leaf	  trees	  are	  mostly	  in	  low	  

la*tude.	  	  
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The problem for reflected solar radiation modeling is focused on obtaining 
surface reflection matrix for the different scene types 

 

Theory for modeling polarized RS from broad-leaf trees 
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leafR soilR are	  from	  PROSAIL	  model	  for	  leaves	  spectra	  



are from fitting the modeling results to PARASOL data at 490, 670, and 865 nm. 
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All other elements of R are from  

 

c1	  =	  tree	  frac7on	  
c2	  =	  specular	  reflec7on	  leaf	  frac7on	  
c3	  =	  frac7on	  of	  leaves	  preferably	  horizontal.	  	  	  



Specular reflection matrix of leaves is calculated from a lossless dielectric slab 
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Aerosol	  turbidity	  number	  β	  =	  0.045	  and	  Angstrom	  number	  α=1.55	  for	  forest	  in	  Western	  Siberia	  	  
(Sakerin	  and	  Kabanov,	  2006)	  

Leaf	  and	  soil	  spectral	  reflectance	  from	  PROSAIL	  (Jacquemoud	  et	  al.	  2009)	  	  
	  
Erectophile	  leaves	  
Cab 	  	  	  	  	  	  = 	  20.0	  	  	  	  	  	  	  	  	  	  	  	  Chlorophyll	  content	  (µg.cm-‐2)	  	  
Car 	  	  	  	  	  	  = 	  10.0 	  	  	  Carotenoid	  content	  (µg.cm-‐2)	  
Cbrown	  	  	  	  	  	  	  	  	  = 	  1.0 	  	  	  Brown	  pigment	  content	  (arbitrary	  units)	  
Cw 	  	  	  	  	  	  = 	  0.015	  	  	  	  	  	  	  	  	  EWT	  (cm)	  
Cm 	  	  	  	  	  	  = 	  0.009	  	  	  	  	  	  	  	  	  LMA	  (g.cm-‐2)	  
N 	  	  	  	  	  	  = 	  1.2 	  	  Structure	  coefficient	  
Psoil	  	  	  	  	  	  	  	  	  	  	  	  	  	  =	  	  	  	  	  	  	  	  	  	  	  0	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Wet	  soil	  	  
LAI	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  = 	  8.0	  	  	  	  	  	  	  	  	  	  	  	  Leaf	  area	  index	  (m^2/m^2)	  

6.02 =c 05.03 =c



Zonal and altitude distribution of invisible cloud occurrence frequency (in the 
unit of CERES FOV number) for daytime (left panel) and nighttime (right panel) 
ocean 

For modeling polarization of solar reflection at low latitude, we must  
consider super-thin cloud with OD < ~0.3 which cannot be detected  
by current passive sensors such as the MODIS. 
 



Comparing	  model	  results	  with	  satellite	  data	  at	  a	  wavelength	  of	  490	  nm	  and	  
a	  SZA	  of	  27.57	  deg	  

75 60 45 30 15 0
0.0

0.2

0.4

0.6

0.8

1.0

P AR AS OL

S Z A 	  = 	  27-‐30o

WL 	  = 	  490	  nm

ADR TM

C irrus 	  OD 	  = 	  0.2

S Z A 	  = 	  27.57o

	  

	  D
O
P

V Z A 	  (o)

R AZ 	  = 	  0o

0 15 30 45 60 75
0.0

0.2

0.4

0.6

0.8

1.0
	  

	  D
O
P

V Z A 	  (o)

R AZ 	  = 	  180o

0 15 30 45 60 75
0.0

0.2

0.4

0.6

0.8

1.0
	  

	  D
O
P

V Z A 	  (o)

R AZ 	  = 	  90o

75 60 45 30 15 0
0.0

0.2

0.4

0.6

0.8

1.0
	  

	  

R
ef
le
ct
an

ce

V Z A 	  (o)

R AZ 	  = 	  0o

0 15 30 45 60 75
0.0

0.2

0.4

0.6

0.8

1.0
	  

	  

R
ef
le
ct
an

ce

V Z A 	  (o)

R AZ 	  = 	  180o

0 15 30 45 60 75
0.0

0.2

0.4

0.6

0.8

1.0
	  

	  

R
ef
le
ct
an

ce

V Z A 	  (o)

R AZ 	  = 	  90o



0 30 60 90 120 150 180
0

15

30

45

60

75
P AR AS OL

V
Z
A
	  (
o )

R A Z 	  (o)

A
O
LP

	  (
o )

0

15

30

45

60

75

90

105

120

135

150

165

180
0 30 60 90 120 150 180

0

15

30

45

60

75

A
O
LP

	  (
o )

V
Z
A
	  (
o )

R A Z 	  (o)

0

15

30

45

60

75

90

105

120

135

150

165

180

ADR TM



Comparing	  model	  results	  with	  satellite	  data	  at	  a	  wavelength	  of	  490	  nm	  and	  
a	  SZA	  of	  49.60	  deg.	  	  
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S Z A 	  = 	  49.60o
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Note:	  PARASOL	  equator	  crossing	  *me	  is	  13:30,	  thus	  SZA	  =	  49.60	  deg	  only	  happens	  at	  high	  la*tudes,	  where	  super-‐thin	  clouds	  are	  few.	  So	  we	  set	  cirrus	  OD	  =	  0.0	  when	  SZA	  is	  large.	  
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Comparing	  model	  results	  with	  satellite	  data	  at	  a	  wavelength	  of	  670	  nm	  and	  
a	  SZA	  of	  27.57	  deg	  
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Comparing	  model	  results	  with	  satellite	  data	  at	  a	  wavelength	  of	  670	  nm	  and	  
a	  SZA	  of	  49.60	  deg	  
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Comparing	  model	  results	  with	  satellite	  data	  at	  a	  wavelength	  of	  865	  nm	  
and	  a	  SZA	  of	  27.57	  deg	  
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Comparing	  model	  results	  with	  satellite	  data	  at	  a	  wavelength	  of	  865	  nm	  and	  
a	  SZA	  of	  49.60	  deg	  
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Model	  results	  at	  a	  wavelength	  of	  320	  nm	  
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Model	  results	  at	  a	  wavelength	  of	  2300	  nm	  
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Summary	  

1.  Polariza7on	  states	  of	  reflected	  solar	  radia7on	  from	  evergreen	  broad-‐leaf	  trees	  can	  be	  accurately	  modeled.	  

2.  The	  PROSAIL	  leaf	  op7cal	  spectra	  model	  is	  used	  to	  obtain	  the	  total	  reflectance.	  

3.  Light	  polariza7on	  is	  approximated	  with	  uppermost	  leaves’	  scaXering	  of	  solar	  spectra.	  

4.  PARASOL	  data	  at	  3	  wavelengths	  are	  used	  to	  obtain	  leaves’	  frac7on	  and	  distribu7on	  coefficients.	  
 

Next:	  Deciduous	  Forest	  


