
Simultaneously retrieval of aerosol optical 

depth and surface albedo over land 
 --- A cloud shadow method 

Institute of  Atmospheric Physics, Chinese Academy of Sciences 

Minzheng Duan 

dmz@mail.iap.ac.cn 



1  2  3  4  5 
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算法开发与遥感应用（2） 

Path Radiance(1) 

Solar direct reflected(2,3) 
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we can tell exactly how the aerosol, surface and 

their optical properties impact the TOA 

measurements 

Forward modeling:  

Measurements & Inversion:  

Measurements is the mixed contributions, we can 

not separate one from the other 



Currently method for aerosol retrieval over land 

1. Dark targets (dense dark forest , Kaufman, 1988) 

2. Dark target in the UV( Qiu，1997) 

3. Multi-temporal method ( very slow change of surface 

reflectance in a limited time period (Fraser, 1984; 

Kaufman,1990) 

4. target blurring ( targets with large different reflectance 

and changed with time) (Tanre et al.,1988; Holben et 

al., 1992)  

5. Supposed known surface reflectance in UV( Torres, 

1998) 



6. Polarization： 

Polarized radiance at TOA  is not sensitive to surface, 

but it is high sensitive to aerosol layer height 



1  2  3  4  5 
Top of Atmosphere 

Landsat 8 image 

Duan et al,  2001, J. Remote Sensing, in Chinese 

Over shadows:  

    TOA=1+(4,5) 

Over bright surface 

    TOA=1+(2,3)+(4,5) 



• Sparse scattered cloud. 

• The cloud is thick and non transparent for sun 

beam. 

• Homogeneous surface in a limited domain. 

• Adjacency effect could be ignored. 
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算法开发与遥感应用（2） 
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For the TOA reflectance 

For the Lambertian Surface 
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Over shadow 

Over bright targets 
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Simulated retrieval for rural aerosol type 算法开发与遥感应用（2） 
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Let: 2f


 

This method was improved by rewrite the formula as:  

Vincent(2006),  Sweat(2008) , Chen et al.,(2008) 

And the AOD can be derived by searching  LUT 
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OLI / Landsat 8 
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Specification of  OLI / Landsat 8 



14 Aug. 23, 2013, Xilinhot, Inner Mogolia, China 
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Aug. 25, 2013, Dunhuang, China 





18 

Currently, only the continental aerosol model is used. 

More aerosol model will be considered later 

Outlooks 



• Applicable for bright surface such as snow, 

ice, etc. 

• Small scale aerosol retrieval (city). 
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Benifits 

 



• Hazy days, dust storm, shadow is not shown. 

• Inhomogeneity surface 

• Overhead sun, shadow just under cloud.  

• How do we identify the thick cloud, for 

transparency cloud, not applied.  

• Thick scattered cloud with no cirrus is not the 

often phenomenon. 
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Limitations 
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Thanks for the attention 


