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Boundary surface conditions for aerosol retrieval 
Surface bi-directional reflectance (BRDF)!

•  Surface reflectance has strong 
angular dependence.!

Backscattering                     Forward scattering!
(sun is behind)                        facing the sun!
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How do we get BRDF from space?!

MODIS-type land algorithm (Schaaf et al., 2002)!
!
•  RossThickLiSparse RTLS Reciprocal kernel 

combination:!
!

!
!
•  Retrieving 3 parameters every 16 days!
!

GEO!

LEO!

GOES-type algorithm !
(Knapp et al., 2005; Wang et al., 2003):!
!
Minimum composite method: taking second 
minimum reflectance every 15-20 days.!
!
Composite time window can be moving 
sequentially with date.!
!
Surface reflectance is obtained at exact GOES 
reviewing geometry and schedule.!
!
!



How is BRDF treated in aerosol retrieval algorithm?!

LEO!

MODIS-type aerosol algorithm.!
•  Derive visible sfc. reflectance from NIR ref. at TOA 

(Levy et al., 2007) !
!

!
!
•  Vis/NIR ratio ~ NDVI and scattering angle, and is 

derived from MODIS land BRDF product.!

GEO!

Minimum composite method.!
!
!

Research algorithm (Drury et al., 2007; Wang et al., 2008):!
Dynamic lower envelop approach.!
OMI-type algorithm:!
from a database; assume isotropic surface.!
 !



Questions!
•  Can we apply derive TEMPO visible reflectance from GOES-R 2.3 μm?!
•  If we apply minimum composite method to derive surface reflectance  

respectively at TEMPO and GOES-R geometry, what is their synergy in 
aerosol retrievals? !

Data!
•  MODIS BRDF in first week of Sep. 2012.!
•  Start with two locations, then move to N-America continent.!



Boundary surface conditions for aerosol retrieval 
BRDF!

•  RTLS model is not valid at large VZA or SZA!
•  Not a good assumption for aerosol retrieval that no change of surface 

properties in 16 days (first day precipitation, next day  clear sky).!

0.65 um, vegetation!
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0.65 um, soil!
SZA = 40°!



Boundary surface conditions for aerosol retrieval 
Vis/NIR ratio!
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•  Vis/NIR ratio shows strong and somewhat complex angular variations.!

•  Using NIR at one angle to estimate Vis at another angle appear to be very 
challenging: too many combinations and hard to parameterize.!

 !

SZA = 40°!

Vegetation! Soil!



90!

75    60     45     30    15      0     15     30    45    60    75!
ß  VZA (°) à!

90!

75    60     45     30    15      0     15     30    45    60    75!
ß  VZA (°) à!

Vegetation! Soil!

SZA = 60°!

Angular dependence of Vis/NIR ratio!



•  If we apply minimum composite method to derive surface reflectance  
respectively at TEMPO and GOES-R geometry, what is their synergy in 
aerosol retrievals? !
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0.47 um!

90! 90!

0.65 um!
90!

75    60     45     30    15      0     15     30    45    60    75!
ß  VZA (°) à!

90!

75    60     45     30    15      0     15     30    45    60    75!
ß  VZA (°) à!

TOA reflectance!

Surface reflectance!

At shorter wavelength, aerosol effect rivals sfc. BRDF 
effect on reflectance at TOA  !



Implication of BRDF for AOD retrievals!
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•  TEMPO/GEO-CAPE UV wavelengths improve DOFs in AOD retrieval.!
•  Strong synergy between GOES-R and TEMPO/GEO-CAPE during the time 

when one of them is at the direction close to the Sun’s illumination angle.  !
•  BRDF is considered with uncertainty of 20%.  !



Impact on fine-mode AOD retrieval!
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•  BRDF appears to have less impact on retrieval of fine-mode AOD!
•  TEMPO/GEO-CAPE, due to its UV wavelength, is more sensitive for change 

of fine-mode AOD.!
•  Overall, synergy of GOES and TEMPO/GEO-CAPE can improve the retrieval 

of fine-mode AOD as well. Large spectral range offer more characterization 
of particle size.   !



Move to the N-America continents. Examine the retrieval improvement by 
GOES+TEMPO synergy as a function of time and space?!
Develop GEO satellite simulator based upon MODIS BRDF for surface, 
GEOS-Chem for atmosphere, and VLIDORT for radiative transfer 
calculation. Examine the retrieval over the TEMPO/GOES-E overlap regions. !
!

L!
L!

L!

L!

500 hPa! 1 Sep. 2012!



Satellite simulator for TEMPO/GEO-CAPE!
1 Sep. 2012; SZA > 75° is masked out; !

cloud is not considered  ! Terra!

Aqua!





GEO at 100W@!
ln(ISFC/ITOA) ~ AOD!



Overlap area between GEO@75W and @100W!



Jacobian of radiance w.r.t. AOD are now analyzed spatially as a function of 
time. They can be used to: !
(1) analyze the GOES and TEMPO/GEO-CAPE synergy in retrievals; !
(2)  for OSSE studies looking at the GOES and TEMPO/GEO-CAPE synergy 

for improving emission estimate.  !

(J470 – J650)!

Spatial Distribution of Jacobians!



Analyze of DOFs for AOD  
75W!



Summary!
•  At large VZA or SZA, BRDF model fitting has large errors, and minimum 

composite method is recommended to derive the surface visible 
reflectance for TEMPO and/or GOES aerosol retrieval.!

•  Deriving TEMPO VIS/GOES-R NIR ratio have potential, but needs to 
consider the directional difference. A simple MODIS-type 
parameterization is not likely to be effective.  If GOSE-R has reliable 
retrieval of BRDF, why not? Otherwise, perhaps not practically feasible 
– limited by the cost. !

•  Strong synergy exists between TEMPO and GOES for improving AOD 
and fine-mode AOD retrievals. TEMPO: UV channels, low sfc. 
reflectance + high sensitivity to aerosols; GOES: add a different viewing 
angle and measurements.  Significant improvement during time when 
TEMPO is near the sun illumination angle while GOES is not.!

•  Given strong geometry dependence in the aerosol retrieval, we need to 
study  the distribution of aerosol retrieval improvement in GEO-CAPE/
TEMPO and GOES-R series overlap regions as a function of time.!



With many thanks to NASA GEO-CAPE program.!



Back-up slides!



Overlap region between GEO @75W and 100W!

GEO @100W!



Overlap at: 1730!



-  Modules compiled 
to Fortran libraries 

User’s	
  SeEng	
  Inputs	
  
- 	
  Via	
  a	
  simple	
  namelist	
  	
  

Load	
  Atmospheric	
  Profiles	
  
- 	
  Z;	
  P;	
  T	
  
- 	
  Air	
  &	
  trace	
  gas	
  density	
  

Trace	
  Gas	
  Module	
  
- 	
  HITRAN	
  2008	
  
- 	
  SAO	
  X	
  Sec[on	
  

Diagnos[c	
  Module	
  
- 	
  Output	
  to	
  netCDF	
  

Aerosol	
  Module	
  
- 	
  Linearized	
  Mie	
  
- 	
  Linearized	
  T-­‐Matrix	
  
- 	
  Aerosol	
  profiles	
  

Surface	
  Module	
  
-­‐	
  Surface	
  BRDF	
  

Rayleigh	
  Module	
  
- Bodhaine	
  (1999)	
  

RTM	
  (VLIDORT)	
  Module	
  
- 	
  Prepare	
  VLIDORT	
  IOP	
  
- 	
  VLIDORT:	
  RTM	
  solu[on	
  



- 	
  Linearized	
  Mie	
  and	
  T-­‐Matrix	
  codes	
  
o 	
  Apply	
  to	
  spherical	
  (Mie)	
  and	
  non-­‐spherical	
  (T-­‐Matrix)	
  par[cles	
  

o 	
  Inputs:	
  wavelength,	
  refrac[ve	
  index,	
  size	
  distribu[on,	
  and	
  shape	
  	
  
o 	
  Calculates	
  aerosol	
  single	
  scafering	
  op[cal	
  proper[es	
  
o 	
  Also,	
  deriva[ves	
  of	
  op[cal	
  proper[es	
  with	
  respect	
  to	
  size	
  parameters,	
  and	
  
refrac[ve	
  index,	
  and	
  shape	
  factor	
  
 

Aerosol	
  Module	
  

- 	
  Aerosol	
  ver[cal	
  profiles	
  
o 	
  Three	
  type	
  of	
  ver[cal	
  profiles	
  have	
  been	
  implemented	
  

o 	
  1st,	
  uniform	
  profile,	
  aerosol	
  is	
  evenly	
  distributed	
  in	
  ver[cal.	
  

o 	
  2nd,	
  exponen[al-­‐decreasing	
  profile:	
  	
  
o 	
  3rd,	
  quasi-­‐Gaussian	
  shape:	
  	
  



- 	
  Using	
  the	
  finite	
  difference	
  method:	
  
o 	
  FD	
  Gradient	
  =	
  [	
  I	
  (x+Δx)	
  –	
  I(x)	
  ]	
  /	
  Δx	
  

- 	
  Jacobian	
  of	
  Stokes	
  parameters	
  with	
  respect	
  to	
  
o 	
  AOD	
  (bi-­‐mode	
  X	
  1)	
  

o 	
  SSA	
  	
  (bi-­‐mode	
  X	
  1)	
  

o 	
  Aerosol	
  mass	
  concentra[on	
  (bi-­‐mode	
  X	
  1)	
  

o 	
  Refrac[ve	
  index	
  (bi-­‐mode	
  X	
  2)	
  

o 	
  Size	
  distribu[on	
  parameters	
  (bi-­‐mode	
  X	
  2	
  or	
  3)	
  

o 	
  Ver[cal	
  profile	
  (bi-­‐mode	
  X	
  1	
  or	
  2)	
  

o 	
  Shape	
  factor	
  (coarse	
  mode	
  X	
  1)	
  

o 	
  Surface	
  reflectance	
  (1)	
  
 

Model	
  VerificaDons:	
  Jacobian	
  

Shown	
  in	
  the	
  next	
  slide	
  

Not	
  shown,	
  but	
  similar	
  to	
  
the	
  verifica[ons	
  for	
  
Jacobians	
  to	
  AOD	
  and	
  
SSA	
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Model	
  VerificaDons	
  of	
  AnalyDc	
  Jacobian	
  (	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  )	
  x∂S /∂x

S	
  =	
  I	
  
	
  
↵	
  

S	
  =	
  Q  
↵ 

S	
  =	
  U  
↵ 

Finite	
  Difference	
  Gradients	
  

An
al
yD

c	
  
Ja
co
bi
an

s	
  

x	
  =	
  fine	
  mode	
  AOD	
   x	
  =	
  coarse	
  mode	
  AOD	
  x	
  =	
  fine	
  mode	
  SSA	
   x	
  =	
  coarse	
  mode	
  SSA	
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ApplicaDon:	
  SensiDvity	
  of	
  I	
  and	
  DOP	
  	
  to	
  aerosol	
  plume	
  height	
  in	
  
O2-­‐A	
  

Gas	
  absorpDon	
  OD	
  

TOA	
  reflectance	
  

TOA	
  DOP	
  

Continuum 
band  

Absorption 
band 

DOP	
  difference	
  at	
  the	
  two	
  band	
  

Reflectance	
  raDo	
  at	
  the	
  two	
  band	
  

As	
  =	
  0.20	
  

As	
  =	
  0.20	
  



Food	
  for	
  thoughts	
  
•  Retrieval	
  is	
  an	
  inverse	
  problem:	
  #	
  of	
  unknowns	
  
>	
  #	
  of	
  measurements	
  as	
  both	
  atmosphere	
  and	
  
surface	
  change	
  in	
  daily	
  and/or	
  finer	
  temporal	
  
scale.	
  

	
  
•  Retrieval	
  of	
  aerosols	
  are	
  affected	
  by	
  assumed	
  
proper[es	
  of	
  surface	
  and	
  atmosphere.	
  Land	
  
surface	
  change	
  is	
  assumed	
  to	
  be	
  less	
  fast	
  than	
  
atmosphere;	
  but	
  these	
  are	
  all	
  rela[ve	
  and	
  
some[mes	
  are	
  not	
  the	
  case.	
  	
  

	
  
•  Bofom	
  line:	
  	
  
•  assump[ons	
  have	
  to	
  be	
  made	
  in	
  the	
  retrievals,	
  
but	
  there	
  are	
  limits.	
  To	
  retrieval	
  more	
  
parameters	
  generally	
  means	
  to	
  take	
  more	
  
measurements.	
  

•  Retrieval	
  of	
  surface	
  and	
  atmosphere	
  
simultaneously	
  sounds	
  appealing,	
  but	
  the	
  
retreiveval	
  



Outline!
•  Can we apply derive TEMPO visible reflectance from GOES-R 2.3 μm?!

•  If we apply minimum composite method to derive surface reflectance  
respectively at TEMPO and GOES-R geometry, what is their synergy in 
aerosol retrievals. !

•  Incorporate the RTLS BRDF model into the UNL’s Particle Retrieval 
Testbed for studying synergy between two GEOs.!

•  Develop GEO satellite simulator based upon MODIS BRDF for surface, 
GEOS-Chem for atmosphere, and VLIDORT for radiative transfer 
calculation. Examine the retrieval over the TEMPO/GOES-E overlap 
regions. !


