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

1. Introduction 


1.1 Background 


              

               



              







         









           

 



            

           



           

             


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

              

              





1.2 VNIR spectroscopy of soil properties 


          



           





          

  

           

  

           


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

         

        





              



           

in- situ

               

            















   

            





          



            

       

 

           







            







              
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1.3 Quantitative remote sensing and scaling 

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 

         







            





    

             

              





            

           





           



  



  



           





            











          



     







           



            

      

            

           









 
1.4 Objectives 




           

           









A



B



C



D

E



1.5 Outline  






            







            







    


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        

 Analytica Chimica Acta, 484





  

 Proceedings of SPIE -  The International Society for Optical Engineering

       

    Communications in Soil Science and Plant Analysis, 30 

 



 Geoderma, 136

             

      Communications in Soil Science and Plant 

 Analysis, 31





 

 Soil & Tillage Research, 93

   

 International Journal of Remote Sensing, 15



         Remote Sensing of 

 Environment, 68



 Climatic Change, 51

      

 J. Near Infrared Spectroscopy, 8

          

 Erdkunde, 58

              

 Photogrammetric Engineering and Remote Sensing, 43

               

 Soil Use and Management, 20



 Photogrammetric Engineering and Remote Sensing, 63



 Soil Science Society America Journal, 69



            

 Geoderma, 144 (1- 2)
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Scaling dimensions in spectroscopy of soil and vegetation 
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2.1 Introduction 


2.1.1 Definitions and classifications of scale  
          

        



          



            

      


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



                





Table 2.1 Definitions of the basic terms related to the concept of scale according to Gibson et al. (2000) 
Term  Definition 
Scale   The spatial, temporal, quantitative, or analytical dimensions used to measure and  

study any phenomenon 
Extent The size of the spatial, temporal, quantitative, or analytical dimensions of a scale 
Resolution (grain) The precision used in the measurement 
Absolute scale The distance, time, or quantity measured on an objectively calibrated measurement device 
Relative scale A transformation of an absolute scale to one that describes the functional relationship of 

one object or process to another (e.g. the relative distance between two locations based on 
the time required by an organism to move between them) 



2.1.2 Imaging spectroscopy—science of increasing resolution 


         

         

         

              



      





scale 



             





2.1.3 Scale definitions and parameters in imaging spectroscopy 
R 

 ƒR          




);;;;,( tyxfR svR ΩΩ= λ           


 yx,     λ       

sv ΩΩ ,  t 







           

          









           





           

        



             

             





    

           

     

          
      )( minmax λλ −     



            





            

      

  



            



             









      




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           

          

directional resolution 

      


      min)min,( vv φθ   
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 max)max,( vv φθ      

            

           


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Fig. 2.1. Spectral resolution (‘full-width-half-maximum’—FWHM), extent (max _ min) and sampling interval of 
imaging spectroscopy data. 


          
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             


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          
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 

      

          
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            



temporal resolution            





            
min)max( tt −            

           

           

          

           



             

            

  







 

           



            



              





2.1.4 Scaling up and down-scaling techniques for soil and vegetation surfaces 
              



              

       up-scales  

down-scales

           

           





         





            





          

             





             





  



 

            

               

   

      





            



 

2.2 Spectral (un)mixing 


2.2.1  Spectral mixing 
               



              

   

          









nn fRfRfRR +++= ...2211           (2.3) 



R       Rn     n   
  fn     n   

              











           





           



            

             

               

    

              

 





2.2.2 Spectral unmixing 


            



            



   

    







        






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, ε   
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1   



Rb bfi 
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              

 

          
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            
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Fig. 2.2. The results of the spectral mixing and unmixing process. A heterogeneous surface element recorded in a 
single pixel results in a mixed pixel. This can be unmixed into abundance images, which show the fractional 
cover of the surface elements. 

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

2.2.3. Endmembers selection 
              

           

             





              

             







2.2.3.1. Spectral libraries 

  

       



           

            

        

           
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2.2.3.2. Field measurements 
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2.2.3.3. Image derived endmembers 
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



2.2.4. Advanced unmixing techniques 
            

          

            

          

            



            

            

             



           

           

              

  





2.2.5. Unmixing example 
           

Á

    

            

     





  











            
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Fig. 2.3. Eigenvalues of the ROSIS bands after MNF    Fig. 2.4. PPI image of the MNF 
transformation.     transformed ROSIS image. 
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Fig. 2.5. Fractional cover maps, showing the abundances of the five endmembers (white colour indicates a high 
abundance; black colour indicates a low abundance). 
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grid               

               
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

Table 2.2 Parameters of the four dimensional concept of scale for spectroscopic data 
Scale 
dimension 

Resolution Extent Sampling interval 

Spatial Image Pixel-size  minmax ,, yxyx −  - 

Spectral FWHM minmax λλ −  Spacing between band centres 

Directional IFOVa minmax Ω−Ω  Spacing between hemispherical directions 

Temporal Integrating time minmax tt −  Spacing between sensor visits 
a IFOV is applicable for imaging spectrometers. FOV (field-of-view) of the optical set applies in case of numeric 
spectroradiometers. 
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 IEEE Transactions on  Geoscience and Remote 

 Sensing, 29
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           

     

             









3.1 Introduction 




               

          

   

               







  e.g.

            

              







             

 

  

           



            



           





            

           

           

      

           





e.g. 





            

           in- situ

               



   





            







            













            



      

 

     

             



        



           





3.2 Materials and Methods 


3.2.1 Study Sites 
  
















           

  



  

           








3.2.2 Spectral Measurements 




              



                





3.2.2.1 Remote Spectroscopy 

   

 

   



                



           



            



           

       

   






         







3.2.2.2 Portable Spectroscopy 

           

              



     





             









              

     



             





3.2.2.3 Laboratory Spectroscopy 

              

              

           



             





3.2.3 Soil Analysis 


  





                  









Table 3.1. Summary statistics of field samples (in g kg-1) 
N Main texturea

Field Mean SD Min Max Mean SD Min Max
G1 21 11.2 1.3 9.2 14.6 16.3 9.8 6.7 44.0 Loamy-sand
G2 15 15.6 1.2 13.3 17.7 5.3 2.5 3.0 12.2 silt/silt-loam
P1 15 13.6 1.1 11.5 15.9 6.1 2.6 3.4 12.7 sandy-loam
P2 15 16.6 2.3 13.0 22.1 17.4 6.5 8.7 28.3 sandy-loam
P3 9 13.3 1.8 10.7 15.9 21.8 7.5 12.1 35.8 silt-loam/silt
P4 6 9.8 2.1 5.9 11.9 22.4 9.8 6.2 35.5 Loamy-sand/sandy-loam
P5 8 13.3 3.7 10.5 22.1 30.4 39.1 10.1 126.8 Loamy-sand/sandy-loam
P6 9 15.6 2.1 13.3 19.8 19.7 10.8 5.5 38.9 silt-loam/loam/sandy-loam
P7 10 12.6 1.2 11.3 15.5 14.1 5.4 5.7 23.0 Loam/clay-laom/silt-loam
P8 9 10.8 1.5 8.6 12.7 12.8 5.8 4.7 21.8 Loamy-sand/sandy-loam
TOTAL 117 13.4 2.7 5.9 22.1 15.2 13.6 3.0 126.8 -

Carbon content Moisture content

aUSDA textural class, translated from the Belgian soil map


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3.3 Statistical Analysis 
 
3.3.1 Signal pre-processing 
          

        

         

          

           

   

  


        

          




3.3.2 Multivariate calibration and validation with Partial Least Square Regression  
         

SASSAS

leave- one- out

            

              






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

         leave- one- out 

            



             

            



          







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22 RMSELRMSEPRMSEPcorr −=          
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

          






                  





             



              









           

   SAS           

               



               

      







3.3.3 Assessing the stability of calibrations 




    

               

    

  

            

 









3.3.4 SOC monitoring and Minimum Detectable Difference 
         



  

 





           

   

    





n
sMDD ⋅Φ⋅

=
2

          



 n      s      Φ  

           





3.4. Results and Discussion 


3.4.1 Spectral Data Quality and Comparison 
            









            





           








    OHv 

OHδ 

               





  



            
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Fig.3.1. Comparison between (a) the reflectance and (b) the 1st derivative of the reflectance, for three spectra of 
the same plot, as measured by RS (solid line), PS (dashed line) and LS (dash-dotted line). PS and LS spectra 
have been resampled to the AHS (RS) configuration. 


3.4.2 Model Calibration and Validation 

3.4.2.1 Comparing the predictive ability of LS, PS and RS 
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
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
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       

       
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3.4.2.2 Testing calibration stability with PS datasets  











Table 3.2. Predictive statistics of the best model for each sensing technique. 

IS 98.36 52.74 2 110 2.5 1.7 1.4 1.47 3 No treatment 0

PS 72.68 76.97 3 99 2.6 1.2 0.7 2.11 1 Savitzky-Golay 1st  derivative 
2th order polynomial

65

LS 99.96 75.30 8 117 2.5 1.2 0.7 2.03 5
Savitzky-Golay smoothing   

5th order polynomial
65

g C kg-1

Sensor type X vara Y vara LV numberb N
Standard 
Deviation

Corrected 
RMSECVc RPDdRMSECVc Outlier Treatment Window sizee


a Total predictor (X) or response (Y) variation (%) explained by the model; b Smallest number of PLS factors 
determined by the cross-validation procedure, c Root Mean Square Error of Cross-Validation, d Ratio of 
Performance to Deviation; e Window size of the best pre-treatment in number of spectral bands. 

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Table 3.3. Summary statistics of SOC (g C kg-1) for the different field campaigns in the PS dataset 
Field campaign N Mean SD Min Max Region
Attert 2003 37 13.3 4.9 5.7 22.8 Lorraine
Ortho 2003 65 26.9 3.5 19.9 37.3 Ardenne
Tintigny 2005 99 13.2 2.7 5.9 22.1 Lorraine
All campaigns 201 17.7 7.3 5.7 37.3 - 

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

Table 3.4. Predictive statistics of the best model for PS under different validation settings. 

Validation type X vara Y vara LVb N SDc RMSECVd
Corrected 
RMSECVd RPDe Outlier Bias N SDc RMSEPd

Corrected 
RMSEPd RPDe Bias Treatment Window sizef

Validation of  2005 
samples against 2003 
samples in Lorraine

79.55 79.30 4 99 2.59 1.17 0.61 4.26 5 -0.26 37 4.85 4.56 4.45 1.09 -0.45
Savitzky-Golay       
1st derivative                

5th order polynomial
129

Random test set 
validation of all field 
spectral data

99.74 84.81 5 134 6.90 2.67 2.48 2.70 7 0.26 67 7.79 7.03 6.96 1.21 1.21
Savitzky-Golay 

smoothing               
5th order polynomial

5

Cross-validation of all 
field spectral data 99.75 87.50 5 201 7.12 2.50 2.29 2.84 17 0.00 - - - - - - No treatment 0

Calibration Validation

a Total predictor (X) or response (Y) variation (%) explained by the model; b Smallest number of PLS factors 
determined by the cross-validation procedure, c Standard Deviation in the calibration or validation set, d Root 
Mean Square Error of Cross-validation or Validation, eratio of Performance to Deviation in the calibration or 
validation set, f Window size of the best pre-treatment in spectral bands unit
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Fig.3.2. Plot of predicted vs observed organic carbon as obtained after a random test set validation on field 
spectroscopic spectra from different study areas and field campaigns (calibration: dots; validation: cross) 
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Fig.3.3. Plot of Y-Score vs X-Score of the first Latent Variable as obtained after a cross-validation on the joined 
PS dataset. Samples are labeled according to their origin: “A” for Tintigny 2005, “B” for Attert 2003, and “C” 
for Ortho 2003. 
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

Table 3.5. SOC statistics per field and Minimal Detectable Difference (MDD). 

Study area Field Mean SD Na MDD N requiredb

g C kg-1

A 19.0 2.7 10 3.5 83
C 6.8 0.8 9 1.2 9
F 12.0 1.0 10 1.3 12
H 15.2 1.7 8 2.6 38
L 29.7 3.7 11 4.5 156
P 23.3 3.3 11 4.0 121
R 25.6 3.0 11 3.7 103
S 27.1 1.7 11 2.0 32
T 28.1 3.3 11 4.0 122
U 27.6 2.6 10 3.4 81

G1 11.2 1.4 20 1.2 19
G2 15.6 1.2 15 1.2 14
P1 13.9 1.2 9 1.6 17
P2 16.4 2.3 14 2.4 58
P3 13.3 1.8 9 2.5 39
P4 9.8 2.1 6 3.8 61
P5 12.1 1.0 7 1.7 14
P7 12.6 1.2 10 1.6 18
P8 11.1 1.4 8 2.0 23
ALL 17.7 7.3 201 1.9 486

Attert

Ortho

Tintigny

g C kg-1


aNumber of samples collected in the field; bNumber of samples in each field required to detect a stock change of 
5 t C ha-1. 

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









4.1. Introduction 


            



       













             

   

           



   



             

            

             



            











  
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

           





                







              







            



           

           

            

          





           





4.2. Methodology 


       

               

             

            

















     











           

            



             

             

           

        

          

    



              

            



  



            









 
Table 4.1: Overview of selected soil samples: Soil unit = type of soil according to FAO or Local classification; 
SOC = Soil Organic Carbon Content in %; SOC¼ = the SOC to the power 0.25; Setup = measurement method 
with either the ASD and lamp or the ASD with the Contact Probe (ASD + CP).  
 

Set 1         

Soil type SOC SOC¼ Depth Sand Silt Clay Setup Country 

Andosol1 0.06 0.49 90-135 95.8 2.6  Lamp Costa Rica 

Andosol1 1.55 1.12 25-80 67.8 27.3 4.9 Lamp Costa Rica 

Andosol1 6.42 1.59 0-25 58.8 28.3 12.8 Lamp Costa Rica 

Cambisol1 0.21 0.68 50-75 12.8 34.7 52.5 Lamp Nicaragua 

Cambisol1 0.99 1.00 5-40 9.7 19.3 71.1 Lamp Nicaragua 

Chernozem1 0.22 0.68 100-120 82.2 14.5 3.3 Lamp Hungary 

Chernozem1 1.42 1.09 25-40 66 21.8 12.4 Lamp Hungary 

Fluvisol1 0.17 0.64 140-160 74 14.8 11.2 Lamp Nicaragua 

Histosol1 22.90 2.19 0-5    CP The Netherlands 

Histosol1 45.10 2.59 0-5    CP The Netherlands 

Luvisol1 0.75 0.93 15-40 15.4 33.6 51.2 Lamp Nicaragua 

Luvisol1 2.98 1.31 0-15 7.1 33.5 59.4 Lamp Nicaragua 

Sand on Peat2 4.00 1.41 0-5    CP The Netherlands 

Sand on Peat2 10.70 1.81 0-5    CP The Netherlands 

Sand on Peat2 16.00 2.00 0-5    CP The Netherlands 

Sandy Loam2 0.92 0.98 0-5    CP Belgium 

Sandy Loam2 1.54 1.11 0-5    CP Belgium 

Sandy Loam2 2.21 1.22 0-5    CP Belgium 

Ferralsol1 0.94 0.98 15-20 6.8 29.4 63.8 Lamp Costa Rica 

Ferralsol1 3.96 1.41 0-8 8.7 37 54.3 Lamp Costa Rica 

Average 6.15 1.26       

STDEV 10.93 0.55       

Skewness 2.82 0.91       
1Soil Unit according to FAO Classification, 2Soil Unit according to description of the analyzed surface sample, 
no entire profile description done. 
 Table 4.1 - continuous on next page. 





 
Table 4.1 - Continued 

Set 2         

Soil type SOC SOC¼ Depth Sand Silt Clay Setup Country 

Andosol1 0.20 0.67 100-115 89.2 8.1 2.7 Lamp Costa Rica 

Andosol1 1.76 1.15 20-70 71.3 28.8  Lamp Costa Rica 

Andosol1 3.99 1.41 7-20 63.1 35.8  Lamp Costa Rica 

Cambisol1 0.57 0.87 40-50 13.5 23.8 62.7 Lamp Nicaragua 

Cambisol1 2.88 1.30 0-5 12.1 22.9 65.0 Lamp Nicaragua 

Chernozem1 0.30 0.74 70-90 77.7 17.6 4.7 Lamp Hungary 

Chernozem1 2.06 1.20 0-25 61.3 24.5 14.1 Lamp Hungary 

Fluvisol1 0.32 0.75 60-70 61.3 23 15.5 Lamp Nicaragua 

Histosol1 23.80 2.21 0-5    CP The Netherlands 

Histosol1 40.20 2.52 0-5    CP The Netherlands 

Luvisol1 1.08 1.02 25-43 4.8 28.1 67.1 Lamp Nicaragua 

Luvisol1 2.21 1.22 15-33 5.7 33.7 60.5 Lamp Nicaragua 

Sand on Peat2 4.00 1.41 0-5    CP The Netherlands 

Sand on Peat2 10.70 1.81 0-5    CP The Netherlands 

Sand on Peat2 16.10 2.00 0-5    CP The Netherlands 

Sandy Loam2 0.95 0.99 0-5    CP Belgium 

Sandy Loam2 1.54 1.11 0-5    CP Belgium 

Sandy Loam2 2.21 1.22 0-5    CP Belgium 

Ferralsol1 0.73 0.92 23-110 7.5 27.1 65.5 Lamp Costa Rica 

Ferralsol1 3.84 1.40 0-15 6.4 24.3 69.3 Lamp Costa Rica 

Average 5.97 1.30       

STDEV 10.05 0.50       

Skewness 2.61 1.10       
1Soil Unit according to FAO Classification, 2Soil Unit according to description of the analyzed surface sample, 
no entire profile description done. 


            
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Figure 4.1: Coefficient of correlation (R) between SOC¼ and 1/Reflectance. 
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4.3.1 Partial Least Squares Regression 
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Figure 4.2: Reflectance in the Visible and Near-Infrared part of the spectrum for three samples with a large range 
in SOC content.  
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Figure 4.3: SOC¼ content plotted against ’sum 400-700’ (graph A) and the SOC¼ content plotted against ‘1/ sum 
400-700’ (graph B). 
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Figure 4.4: SOC¼ content plotted against ‘1/Slope 400-600 nm’. 

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Figure 4.5: Spectral signature (1600 – 1800 nm) of three soils with a large range in SOC content. 
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Figure 4.6: Spectral signature (2000 - 2300 nm) of three soils with a large range in SOC content. This spectral 
region is influenced by the presence of several biochemical constituents, e.g. cellulose, lignin and starch. The 
straight thin black line between 2050 and 2200 indicates the baseline to which the spectra were normalized. The 
area in this spectral range is a sum of the differences between the reflectance value and the baseline, for all 
wavelengths.  


    

  

 

     

             

               



 





 







     

 
  

 
      

            















   
























    















Figure 4.7: SOC¼ content plotted against the ’area 2050-2200 nm’ (A) and the SOC¼ content plotted against 
‘1/Area 2050-2200 nm’ (B). 
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Figure 4.8: SOC¼ content plotted against ‘1/ slope 2138-2200 nm’  
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Table 4.2: Performance of spectral indices towards the prediction of SOC. R2-values are based on linear relations 
with SOC¼. 

R2-value SEC (%) RPD (SEC) SEP (%) RPD (SEP) 

 Set 1 Set 2 Set 1 Set 2 Set 1 Set 2 Set 1 Set2 Set 1 Set 2 

PLS 0.87 0.76 3.18 5.23 3.43 1.92 4.07/2.41 a 4.84 2.68 / 4.53 a 2.08 

1 / Sum 400-700  0.69 0.68 4.27 5.78 2.56 1.74 4.40 / 4.34a 5.64 2.48 / 2.52a 1.78 

1 / Slope 400-600 0.71 0.80 6.05 2.92 1.81 3.44 10.61 / 3.43 a 3.70 1.03 / 3.18 a 2.72 

1 / Area 2050-2200 0.55 0.81 4.00 1.63 2.73 6.17 11.73 / 5.29 a 5.74 0.93 / 2.06 a 1.75 

1 / Slope 2138-2209 0.49 0.79 6.67 5.23 1.64 1.92 265.62 / 4.42 a 8.92 0.04 / 2.47 a 1.13 

STDEV of SOC (%)   10.92 10.05   10.92 10.05  
a For Set 1 the SEP was calculated two times. The first value represents the SEP for the entire set of 20 samples. 
Because this implies an extrapolation outside the minimum and maximum SOC¼ range of Set 2, the SEP was 
calculated also for the interpolated range of SOC¼ content only. The second number represents this non-
extrapolated SEP value.  
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                

 





 


      

  

 



                

















Table 4.3: Results of the predictions of SOC values for excluded soils. 



             

               

        



           

               



  1 / sum 400-700 1 / slope 400-600 1 / area 2050-2200 1 / slope 2138-2200 PLS 

  STDEV SEP RPD SEP RPD SEP RPD SEP RPD SEP RPD 

Ferralsol 1.77 3.40 0.52 1.86 0.95 1.52 1.17 1.60 1.11 2.11 0.84 

Luvisol 1.03 6.16 0.17 0.60 1.70 0.18 5.81 0.72 1.42 0.52 1.98 

Sandy Loam 0.57 0.67 0.45 0.36 0.51 0.49 0.54 0.54 0.88 0.52 1.11 

Sand on Peat 5.4 9.28 0.58 8.34 0.65 8.99 0.60 11.26 0.48 5.58 0.97 

Histosol 11.33 19.95 0.57 24.38 0.46 10.78 1.05 1873.42 0.01 5.74 1.98 

Fluvisol 0.11 0.62 0.17 0.66 0.16 0.55 0.19 1.14 0.09 0.07 1.45 

Chernozem 0.89 0.34 2.62 1.13 0.79 0.66 1.35 1.18 0.76 0.49 1.84 

Cambisol 1.19 5.38 0.22 4.78 0.25 1.00 1.19 1.17 1.01 0.38 3.16 

Andosol 2.45 1.14 2.15 2.65 0.93 5.41 0.45 2.64 0.93 0.84 2.91 

All soils 10.36 7.52 1.38 8.37 1.24 4.81 2.15 592.44 0.02 2.72 3.82 


















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 Nature, 298



  Climatic Change, 51



        J. Near Infrared Spectroscopy, 8 

 







         Remote Sensing of 

 Environment, 103(1)

          

   Canadian Symposium on Remote Sensing, 4th 

 



 Remote Sensing 

 of Environment (81)

           

 Soil Science Society of America Journal, 66

               

 Soil Use and Management, 20



 Soil Science Society America Journal, 69

              

           

 Geoderma, 144



         Soil Science Society of 

 America Journal, 70

Soil 

 Science Society of America Journal, 45(6)



 Transactions of the ASAE, 34



 Transactions of the ASAE, 36

            

           

 Plant and Soil, 251



   

    Geoscience and Remote Sensing Symposium (IGARSS) 

 
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Chapter 5 
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Determining iron content in Mediterranean soils in partly 
vegetated areas, using spectral reflectance and imaging 

spectroscopy 

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Abstract 

 

               









          

            





                 

              

            

      

    


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5.1. Introduction 


 

            



              



           

              

           

    
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Figure 5.1: Geologic map of Álora and surroundings. The study area (corresponding with Fig.5.9) is located west 
of Álora and delineated with the square. Coordinates are in UTM, zone 30N, NAD27. 




Figure5.2: Impression of the study area 
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5.2. Methodology 


5.2.1 Soil Sampling and analysis 


        



    
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

Figure 5.3: Distribution of the 35 iron sample points within the El Hacho study area. NDVI values are calculated 
from the ROSIS image. The isolines represent the altitude in meters. Coordinates are in UTM, zone 30N, 
NAD27.

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
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            

     
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5.2.2 Field and laboratory spectra 
           

          

             

  

 
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 
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             

           


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
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5.2.3 Image data 
           

             

                





    









           

             



                

           









5.2.4 Processing of Spectral data 
          

              

 









               

             



   


  








     .  





Table 5.1: Band numbers corresponding with the wavelength ranges used in the calculation of the Redness 
Index.   





           

         

               



 






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              
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

             

         

 

 

 

 




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  
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



              

      

          

             


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

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Figure 5.4: Spectral signatures from laboratory, field and ROSIS measurements with three different Fed 
contents.
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Figure 5.5: Continuum removed field spectra with three different Fed contents.  


5.3.3 Correlation of reflectance with iron 
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Figure 5.6: Correlation coefficients between reflectance values and Fed content
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Figure 5.7: Correlation coefficients between continuum removed values and total iron content.  
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Table 5.2: Correlation coefficients between absorption feature properties and Fed content. Values are given in R2. 

Field Spectra Laboratory Spectra ROSIS Spectra  

training set reference set training set reference set training set reference set 

Redness Index 0.27 0.51 0.48 0.44 0.22 0.10 

Area of D550 0.29 0.55 0.36 0.65 0.16 0.26 

S.D. after cont rem. 0.29 0.55 0.40 0.67 0.19 0.26 

Average after cont rem. 0.29 0.56 0.35 0.66 0.17 0.27 

 

5.3.5 Prediction of iron content 
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Table 5.3 : SEC and SEP values of Fed determination for three spectral datasets. Fed values of the training and 
reference plots ranges between 7 % and 20 %.  

Field Spectra Laboratory Spectra ROSIS Spectra  

training set reference set training set reference set training set reference set 

 SEC SEP SEC SEP SEC SEP SEC SEP SEC SEP SEC SEP 

Redness Index 5.22 5.12 3.67 3.86 3.29 5.01 4.20 3.19 4.38 10.59 11.39 4.97 

Area of D550 4.96 4.81 3.42 3.57 4.18 3.92 2.78 3.21 7.26 5.73 6.41 9.08 

S.D. after  cont rem. 4.95 4.88 3.40 3.50 3.81 3.98 2.66 2.59 6.43 5.79 6.39 7.71 
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Figure 5.8: Error in Fed prediction in mass percent iron, related to fractional vegetation cover. The error is 
calculated as Fepredicted – Femeasured. 

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Figure 5.9: Fed spatial distribution map, based on ROSIS imagery. First a linear unmixing of the MNF de-striped 
image was done to determine the fractional vegetation cover. Next all areas with a vegetation cover of >30% 
were masked out. For all remaining areas the Fed content was calculated with the average of the S.D. after 
continuum removal and the Redness Index and using the regression functions based on the ROSIS spectra of the 
training plots. The Fed content of the masked out pixels is determined using inversed distance weighted 
interpolation. 

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

    







           











6.1. Introduction 




            







             



 

             





             



           

           

           

              

          

  



          

           

             

          











 

          













            





             

             

                

           







           

 

  



            



           





             



          



 



              

           





 





            









             

              

             









6.2. Materials and Methods 


6.2.1 Study area description and data collection 
 

  

  

     









   

    

         

          











         



               

      

   

         





 







             

            

       

         











6.2.2 Simulation of  vegetation cover influence on SOC prediction 
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
















         




R
mix
R

maize
R

soil


f
maize

f
soil


   f
maize

  f
soil
     

            





 

      





6.2.3 Spectral unmixing  


          

               

              

          















   





         

          

           

          

   

          



   

              

             

           

          

    





    

             

           

           

     



              

            

              

          







6.2.4 Residual spectral unmixing 
              





            













 




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
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







           



             

          





6.2.5 PLSR  
          

 

 

       

            



               

            





6.3. Results and Discussion 


6.3.1 Influence of vegetation cover on SOC Prediction 


              

              







   



          



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Figure 6.1. Error in soil organic carbon (SOC) estimation (g/kg) as a function of  fractional maize cover (%). The 
different symbols indicate the three soil samples, with different SOC concentration, that were used for the 
analysis.   


6.3.2 Spectral unmixing 
             





              





                 
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Figure 6.2. Fractional vegetation cover of the three studied fields 
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Figure 6.3: Reflectance before (grey lines) and after residual unmixing (dashed lines) of plots showing varying 
fractional vegetation cover. Endmembers are given in graph (a).  
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6.3.4 PLSR prediction of SOC  
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Figure 6.4: Observed versus predicted SOC content of the calibration dataset, based on PLSR of the RSU 
corrected AHS data (n=57).  
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Figure 6.5: Map of soil organic carbon (SOC) concentrations for the three sampled fields. The spatial 
distribution of SOC is determined with PLSR, based on residual soil spectra. The circles indicate the locations 
where soil samples were taken for calibration and validation. 
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Figure 6: Observed vs predicted soil organic carbon (SOC) of selected soil samples, located within the three 
studied fields. 

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7. Synthesis 
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7.1 Discussion and conclusions  


        

            

            

 



         

  

    





A. Which scaling issues have to be considered when using VNIR spectroscopy for estimation of 

soil 





            

           

         







   





           

 



             

     



            

















          

             



         

        



         

           



            

            







B. What is the potential of VNIR spectroscopy for the prediction of soil properties and what is  

the stability of the calibrations?

 



            







            

           

             



   

           ,   

         

       

              











          







    

                









              

             

            

             





           

            








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
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Table 7.1: Performance of PLSR models to estimate soil properties  
 Laboratory spectroscopy Field spectroscopy Imaging spectroscopy 
 Method Chapter RPD RMSE RPD RMSE RPD RMSE 
SOClocal PLSR 3 2.03 0.7 g/kga 2.11 0.7 g/kga 1.47 1.7 g/kga 
SOCglobal PLSR 4 3.43 31.8 g/kga - - - - 
SOCglobal Indices 4 3.18 34.3 g/kga - - - - 
SOCvegetated RSU+PLSR 6 - - - - 1.49 1.7g/kga 
Fed Indices 5 1.38 25.9 g/kga 1.07 35.0 g/kga 0.65 57.9 g/kga 
Fed 

c PLSR - 2.32 19.6 g/kgb - - - - 
RPD = Ratio of Performance to Deviation, RMSE = Root Mean Square Error, PLSR = Partial Least Squares Regression, 
RSU = Residual Spectral Unmixing, aroot mean square error of prediction, broot mean square error of cross validation, cdata 
not presented in previous chapters. 
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



            





            





 



C. How sensitive are models to variation in soil type and can models be used to predict soil 

properties for soil types that are not included in the modelcalibration?









            

         





 







             

  









  

             

           









D. What is the influence of fractional vegetation cover on the estimation ofsoil properties?









               







  



             



            

             



 

 



       





     

             











              

              







          





         

            

            

          

          



 





            





E. Can we determine soil properties from a mixed soil andvegetation signal?





             





              

             

          

            

            

 















  



            



               



           







           







            

          











  



           





7.2 General conclusions 


             

          



            

           









•           





    





•  

           





•      





•          



          





•     









• 

          



 

7.3 Outlook 


             

            

                





        







            

              

           



          


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             

           

 Geoderma, 146

              

 European Journal of Soil Science, 

 60

            

       Alterra- report 1728  

 

              

       Journal of Soil 

 and Water Conservation, 57

            

          Analytica 

 Chimica Acta, 446

 

          

 Remote Sensing of Environment, 112



 

 Water Resources Research, 42 

            

            International 

 Journal of Applied Earth Observation and Geoinformation, 9

           

          

 Geoderma

            Trends in 

 analytical chemistry, 3



           

 

   

  Journal of Plant Nutrition and Soil Science, 171



         Remote Sensing of 

 Environment, 103

  

 Soil 
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Summary 
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              



       


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

           



           






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

            




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              



   



           

 



              

             



           

          

          

           


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            
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

 

           







Samenvatting 
















PE&RC PhD Education Statement Form 
 
PE&RC PhD Education Certificate  


         

          

       





 

 

Review of Literature (5.6 ECTS) 
- 



Writing of Project Proposal (7 ECTS) 
- 





Laboratory Training and Working Visits (0.9 ECTS)
- 

 

Post-Graduate Courses (4.2 ECTS) 
- 
- 
- 



Competence Strengthening / Skills Courses (3.2 ECTS)  
- 
- 


Discussion Groups / Local Seminars and Other Scientific Meetings (4.2 ECTS) 

- 
- 


PE&RC Annual Meetings, Seminars and the PE&RC Weekend (1.2 ECTS) 

- 
- 

 
International Symposia, Workshops and Conferences (7 ECTS) 

- 


- 
- 









Curriculum Vitae 




   

    

    

           

 

    









            

           










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