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GRASP: algorithm for of multi-  

instrument remote sensing: 

Co-incident: 

Satellite-based: 

 

Non co-incident: 

lidar 

AERONET 

CALIPSO 
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New POLDER/PARASOL algorithm (GRASP) 
(Dubovik et al, AMT, 2011) 

 • The new algorithm uses complete set of PARASOL 
angular measurements in all spectral bands including 
both radiance and linear polarization measurements. 

• Continuous space of aerosol and surface properties is 
used.  

• The algorithm is based on statistically optimized fitting. 

The core of the new PARASOL algorithm is based on the 
same concept as AERONET aerosol retrieval (O. Dubovik 
and M. King, 2000; O. Dubovik, 2004;  
O. Dubovik  et al, 2006). 
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The concept of the algorithm 

Two scenarios of retrieval (Dubovik et al., 
AMT, 2011): 

- Conventional: single-pixel retrieval (each 
single pixel is inverted independently) 

- New concept: multiple-pixel retrieval 
(group of pixels are inverted 
simultaneously) 
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GRASP aerosol model: the most 
comprehensive existent aerosol model  

retrieved 

C  + (1-C)  

Aerosol model is the same as in AERONET retrieval 
(Mixing of particle shapes (Dubovik et al., 2006)) 

  0.012 £ x £ 625

      1.3 £ n £1.7

1×10-10 £ k £ 0.5Bremen, December 16-19, 2013  5 



Surface reflection model 
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• Semi-empirical  models for surface total reflectance 
description: 

- RPV model (Rahman et al., (1993)) 

- Ross-Li (Ross, (1981); Li, X., Strahler (1992)) 

- Ross-Roujean model (Roujean et al., (1992)) 

• Semi-empirical models for surface polarized reflectance 
description: 

- Nadal-Breon model (Nadal and Bréon, (1999)) 

- Maignan model (Maignan et al., (2009)) 

- Fresnel facet model for Gaussian surfaces (Litvinov et al., 2011) 

• Physically based models for reflection matrix for surfaces: 

- Cox-Munk model (for aerosol retrieval over ocean) 

- Physical models for land surface reflection matrix  
(Litvinov et al., 2012) 6 



Synthetic measurements retrieval 
• We simulated 2 months of PARASOL measurements 

• Aerosol and surface properties and aerosol 
concentration were taken typical for Banizoumbou in 
January, February 2008.  

• The geometry is the same as for  PARASOL 
measurements over Banizoumbou in January, 
February 2008. 

• Physical models for land surface reflection matrix  
(Litvinov et al., 2012) was used in the simulation. 
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Small range of the  
scattering angles 
(about 200) 
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When aerosol and surface models 
are accurate enough, GRASP 

algorithm provides highly accurate 
retrieval of extended aerosol and 

surfaces properties!!! 
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Regional maps (1800 x 1800 km). 
Banizoumbou, AOD 670 nm 
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Strong spatial and temporal variation of AOD 
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Regional maps (1800 x 1800 km). 
Banizoumbou, SSA 670 nm 
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Essential temporal variation of SSA 
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Daily variation of AOD and SSA at 670 nm.  
Banizoumbou (Jan., Febr. 2008). 
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21.02.2008 

23.02.2008 
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Regional maps (1800 x 1800 km). 
Banizoumbou, SALB 670 nm 
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GRASP retrieval. Regional maps (1800 x 
1800 km). Mongu, SSA 670 nm 

Small SSA correspond to biomass burning! 

NASA Global Fire Maps 
28.08.2008 – 06.09.2008 

(detected by MODIS)  
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Comparison with AERONET 
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Banizoumbou 

Mongu 

Kanpur 

Banizoumbou: January, February, 2008  
  Surface: Grassland.  Aerosol: Coarse mode is dominated. 
Mongu: August, September, 2008  
  Surface: Savanna.  Aerosol: Fine mode is dominated. 
Beijing: April, December, 2008  
  Surface: Urban.   Aerosol: Fine and Coarse modes. 
Kanpur: October-December, 2008  
  Surface: Urban.   Aerosol: Fine and Coarse modes. 
The IGBP (International Geosphere Biosphere Programme) land type specification 
was used 

Beiging 
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AOD. POLDER/AERONET 

St.Dev.=0.160 
St.Dev.=0.128 
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Angstrom Exponent.  
POLDER/AERONET 
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St.Dev.=0.262 
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SSA. POLDER/AERONET 
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St.Dev.=0.045 

St.Dev.=0.051 
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Selected AERONET station.  
(XiangHe, March – May. 2006). 

Filtering for 
maximum 
relative fitting 
error of I 2.5% Without filtering 

Filtering cuts both large and small AOD (cloud contamination and 
surface modeling effect?) 



Selected AERONET station.  
(XiangHe, March – May. 2006). 
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Filtering for 
maximum 
relative fitting 
error of I 2.5% 

Without filtering 

Clouds and surface effect? 



Selected AERONET station.  
(XiangHe, March – May. 2006). 
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Filtering for maximum 
relative fitting error of I 2.5% Without filtering 

Surface reflection and aerosol/clouds interaction are the main 
challenges of enhanced aerosol characterization! 

Clouds? 

Surface effect? 



1 aerosol mode retrieval vs 2 modes (different m, 
size distribution). XiangHe, China, March-May, 2006  

1 aerosol 
mode retrieval  

2 aerosol 
modes retrieval  



1 aerosol mode retrieval vs 2 modes (different m, size 
distribution). XiangHe, China, March-May, 2006  
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1 aerosol mode retrieval  2 aerosol modes retrieval  



1 aerosol mode retrieval vs 2 modes (different m, 
size distribution). XiangHe, China, March-May, 2006  

1 aerosol mode retrieval  2 aerosol modes retrieval  

Sensitivity to several aerosol modes (with different complex refractive 
index and size distribution) is small !!! 



Possible reasons of little sensitivity to different 
aerosol modes (complex refractive index) 

1. Limited range of scattering angles from the 
space-borne instruments. 
The widest ranges for PARASOL (XiangHe, 
March-May, 2006):  
800-1550; 700-1400; 900-1770. 

2. Averaged single scattering properties in RTE: 

 

 

3. Multiple scattering washes out the single 
scattering properties.   
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How can we increase sensitivity to 
different aerosol modes? 

1. Combination with LIDAR measurements 
(increased sensitivity is already 
demonstrated for combination of ground 
based sun-photometer and LIDAR 
measurements (A.Lopatin et al. AMT, 2013)   

2. Multi-sensor retrieval (include additional 
information from different space-borne and 
graund-based). 
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Resume 

• GRASP algorithm performs well for different 
aerosol and surface types. 

• GRASP is able provide accurate retrieval of 
extended aerosol properties. 

• Cloud contamination and surface modeling are 
still the main challenges for enhanced aerosol 
characterization. 

• Multi-sensor retrieval is necessary to enhance 
retrieval of extended aerosol properties (separate 
different aerosol modes).  
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Bonus slides 
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AERONET and PARASOL measurements. 
XiangHe, 22.03.2006. 
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PARASOL 
measurements 



I,Q,U retrieval vs I-retrieval and Q,U-retrieval: 
AOD (Banizoumbou)  
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I,Q,U retrieval vs I-retrieval and Q,U-retrieval: 
SSA (Banizoumbou)  
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I,Q,U retrieval vs I-retrieval and Q,U-retrieval: 
AOD (Mongu. August, September 2008)  
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Multi-pixel vs Single pixel   
retrieval: AOD (Banizoumbou)  
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Multi-pixel  
Single pixel  
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Multi-pixel vs Single pixel   
retrieval: AE (Banizoumbou)  

Frascati, October 29-30, 2013  

Multi-pixel  

Single pixel  
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Multi-pixel vs Single pixel   
retrieval: SSA (Banizoumbou) 
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Multi-pixel  Single pixel  
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