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Basic methodological steps to 
retrieve surface emissivity 

Step 1: Represent emissivity with a Fourier cosine truncated series to 
lower  it dimensionality below that of the IASI spectrum. 

Step 2:  Constrain the retrieval with Laboratory measurements  

Step 3:  Balance between Atmospheric and Emissivity 
Constraints with a 2-Dimensional L-curve criterion 
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Basic methodological steps to 
retrieve surface emissivity 

Step 2:  Constrain the retrieval 
with Laboratory measurements  
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Background Retrieval Methodology:  
the retrieval problem is formulated within the context of 

optimal estimation 
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How we modify the 
Physics to include 
surface emissivity 

Linearize 
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How we modify the Physics to include surface 
emissivity 

 Use the logit transform to map emissivity from the 
interval [0,1] to the range [-∞, +∞] 

  
 
 

 which has the inverse 
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To retrieve for emissivity, the given radiance R(i), with i the channel, 
is first linearized also with respect to the function y(i), that is we 
consider in the inverse problem also a linear term of the type 
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Continue…………. 
 Second, we develop the function  in a truncated cosine series 



26 March 2012 ITSC-18, Toulouse, France  

8 

Continue…………. 
 and Inserting the truncated cosine transform within the linear term 
(3), we get 
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The Fourier transform allows us to work in terms of spectral 
resolution, exactly the way we deal with this concept. For sea 
emissvity, 60 Fourier Coefficients are enough  
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…but, if we want to resolve the Quartz Resthralen bands 
in desert soil we need more than 200 Fourier Coefficients 



26 March 2012 ITSC-18, Toulouse, France  

11 

Background Retrieval Methodology:  
the retrieval problem is formulated within the context of 

optimal estimation 
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From the size of background 
constraint we introduce 
information from laboratory 
measurements 

Linearize 
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Laboratory emissivity is used for the background, 
mean and covariance matrix assumed to be 
diagonal (ASTER-Salisbury data base) 
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The whole covariance matrix for atmospheric parameters 
and emissivity is built up in block-diagonal matrix  
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γ1 and γ2 can be optimized to balance between the two 
terms.  Balancing  is obtained with an original and 
fully analytical implementation of a 2-D L-curve 
criterion 

Atmosphere 

Emissivity 
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Fully 2-D L-curve method, outline 
of the mathematics involved  
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Retrieval exercise over desert areas 

Sahara Desert 

Namibia Desert 

Arabian Desert 

Kahalari Savanna 
 July 22, 2007,  

 6:45 (Arabia) 
 8:35 (Other) 
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Results: Namibia desert 

ε in LW lower than in the SW. 
It means fine grain of sands 
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Simultaneously retrieved  
with ε(σ): Ts, T, H2O, O3  
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Arabian desert 

Coarse pixels (Western) 
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Sahara desert 
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Kalahari Savanna 
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Conclusions 

 We have developed a physical inverse methodology to retrieve the 
emissivity spectrum simultaneously with Surface Temperature and 
Atmospheric parameters: Temperature, water vapour  and ozone. 
The methodology relies mainly on three basic ideas 
 Develop the emissivity spectrum in a truncated Fourier cosine series 

 Constrain the solution with Laboratory measurements 

 Balance the optimal estimation final product with a 2-Dimensional L-curve 
criterion    

 A test retrieval exercise  with IASI observations over desert area 
shows that the retrieved emissivity spectrum is capable to capture 
the fine details of the surface emission, even with a non 
committal background covariance matrix for emissivity 

 The methodology will be soon applied to derive maps at global 
scale of the emissivity spectrum.    
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Set of parameters retrieved 
with φ-IASI  

 Emissivity spectrum 
 Skin Temperature 
 Temperature profile 
 Water vapour 

profile 
 Ozone profile 

 CO  
 CO2 

 CH4 

 N2O 

Simultaneously Sequentially, column amount 
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