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Why Soil

Soil, like air and water, is critical to life on earth. Soils

are incredibly resilient, but they are also fragile and can

easily be damaged or lost. Improved management of our

planet’s limited soil resource is essential to ensure a

sustainable future and guarantee healthy and productive

soils for food security, as well as to support many essential

ecosystem services that enable life on earth
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Definition 1 

Soil

The upper layer of the earth (  0-2m) represent its loose surface material which is dug, 
plowed and being a medium for plants to grow. (Thompson 1957)



Definition 2 

• Soil Spectroscopy refers to the reflectance/emittance  
part of the electromagnetic radiation  that interacts 
with the  soil matter across the VIS-NIR-SWIR-TIR 

spectral region range (0.35-14mm). 

Point – one pixel 



Simultaneous acquisition of images in many 
registered spectrally- high resolution continuous 

bands at selected (or all) spectral domains across 
the UV-VIS-NIR-SWIR–MWIR-LWIR spectral region 

(0.3-12mm)  

adjusted From A. Goetz 1994 

Hyperspectral Remote Sensing (HSR)

Definition 3  



Strong Link between Point and
Image  Spectroscopy 
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A typical Soil Spectrum 

Chromophore = An attribute  that interact 
with the electromagnetic radiation 

An effective way to simplest the complexity of the soil system 



Dalal, R.C., and R.J. Henry. 1986. Simultaneous determination of moisture, organic carbon 

and total nitrogen by near infrared reflectance spectroscopy. Soil Science Society of 

America Journal 50:120-12 

Quantitative Information on soil attributes can be Extracted from soil 
spectral information

Simple,  rapid, inexpensive  and 
can be applied from  large domains (laboratory, field, air and space) 

Soil Spectroscopy 



Examples of some of  the  soil attributes that can be extracted from 
spectral library (1)  

Soil Spectroscopy 



Examples of some of  the  soil attributes that can be extracted from 
spectral library (2)  

Soil Spectroscopy 
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Point Spectroscopy 

Image  Spectroscopy 

Number of papers published in soil spectroscopy over the years : 
Point and Image domains 

Soil Spectroscopy 



http://www.soilcares.com/en/products/scanner/

Soil Spectral Library  : The  Commercial Value (1)  



2016

Rapid (and massive) 
analyses of soil 
samples with out the 
need for  “wet” 
laboratories 

Soil Spectral Library  : The  Commercial Value (2)  



• For quantitative applications: many soil samples are needed (Soil 
data mining of a “model” requires hundreds of spectra samples in 
order to provide reliable results 

• Users are gathering many soil samples mostly  under  local  scale

• A need for regional and global scales’ library is essential

• Gathering local and regional spectral data (soil spectral library)  needs 
agreed “standard and protocols”

The need of Soil Spectral Library 



Soil Attributes 

Soil Spectra Files 

Soil samples at storage,  with wet chemistry data  plus reflectance spectra measured under a well accepted protocol process 

Sample    Location               OM        Clay       Lime….
A1             34,5467.67         2.4 %       34%      23.4%

36,654,32

Soil Spectral Library : The Practical Structure  

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCI_Fh9qe2MgCFUrsFAodDlYLJw&url=http://www.hutton.ac.uk/about/facilities/national-soils-archive&psig=AFQjCNHQ_hYj0K0T52fT7rzJ-KIJgDYQfQ&ust=1445677497794298
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCI_Fh9qe2MgCFUrsFAodDlYLJw&url=http://www.hutton.ac.uk/about/facilities/national-soils-archive&psig=AFQjCNHQ_hYj0K0T52fT7rzJ-KIJgDYQfQ&ust=1445677497794298


First  Soil Spectral Library  

Around 4000 spectra

Stoner, E.R. and M.F., Baumgardner, 1981. Characteristic variations in reflectance of 
surface soils. Soil Science Society of American Journal 45: 1161-1165 

5 spectral types 

in USA

1980 



In 2006 Raphael Viscorra Rossel understood the GSSL importance and 
initiated  an activity toward establishing the first GSSL

provided by Viscorra Rossel

The Global Soil Spectral Library (GSSL) 



PARACUDA©



Authors: Those who contribute to GSSL established by Viscorra Rossel

GSSL 



In 2015 Raphael effort yield the first GSSL  

Soil   VNIR-SWIR Spectra   

VNIR-SWIR

provided by Viscorra Rossel



provided by Viscorra Rossel

Position 

Attributes 
Continent 

Description  

GSSL 



Chemomtric (non linear spectral data mining) from the GSSL

Viscorra Rossel 2015 

GSSL – Example   



The LUCAS spectral library

 Current status:
 23 European countries 
 ~20,000 high quality spectral 

readings 
 Metadata: Clay, silt, sand, OC, pH, 

CEC, CaCO3, Geographical 
coordinates, land use, etc

The European Soil Spectral Library 

Creation of four subsets: Cropland,
Grassland, Woodland, and Organic soils

2011 



January 2018 



The Problem   

• Users are focused on their own protocols 
(measurement methods and instrumentation) 

• Protocol may affects the final spectrum……
(Spectral information is not reliable)  

• Quantitative models are sensitive to these 
effects (small spectral changes) ….. 

• The Chmometric models from one protocol 
can not be used by other protocol  



A simple protocol has 
established for new users   
Since 2014

Protocol 



Standardization    

Lucky Bay  Wiely Bay



New Standard world wide Soil 

Spectral Library 

Tomorrow :

http://www.geocradle.eu/
http://www.geocradle.eu/


The concept of using  SSL :  A vision  

Drones 



Israel
4600

Cyprus
104

Turkey
100

Greece
938

Czech R.
110

Brazil
Accessible
40,000



Israel

Property Min Mean Median Max SD Skew Kurtosis N 

OM (%) 0.09 2.5834 2.01 13.23 2.1595 2.0876 6.1077 106 

Sand (%) 4.03 44.6271 41.01 97.50 25.4006 0.2936 -1.0303 193 

Silt (%) 0.00 23.4967 23.28 61.13 13.3401 0.1493 -0.4687 193 

Clay (%) 0.20 31.9954 30.38 81.00 17.7866 0.2759 -0.7015 192 

CaCO3 (%) 0.00 26.8847 22.15 74.27 19.2755 0.5332 -0.6957 150 

pH (H20) 6.50 7.5484 7.50 8.40 0.3730 0.0062 -0.2642 137 

EC (μS) 0.07 3.8497 0.86 88.10 10.5869 5.6206 36.3869 141 

 

Israel  SSL 



Greece

Property Min Mean Median Max SD Skew Kurtosis N 

OM (%) 0 0.9401 0.86 4.18 0.6287 1.0880 2.0493 928 

Sand (%) 2 59.0043 59.00 99.00 20.4710 0.0945 -0.6216 928 

Silt (%) 0 26.1272 26.00 68.00 14.7009 0.0858 -0.8567 928 

Clay (%) 0 14.9321 13.00 91.00 11.1773 1.8031 5.5072 928 

NO3 ppm 0 17.7938 5.60 661.20 38.9528 7.4106 92.3701 928 

CaCO3 (%) 0 0.5033 0.00 40.30 2.1806 11.4630 172.7943 928 

 

Greece  SSL 



Turkey

Property Min Mean Median Max SD Skew Kurtosis N 

OM (%) 0.00 1.4545 1.26 5.09 1.1312 1.0019 0.7350 94 

Sand (%) 11.95 48.9943 50.57 86.20 19.6373 -0.0058 -1.1223 98 

Silt (%) 2.09 21.4671 19.90 47.78 9.1021 0.8811 0.5022 98 

Clay (%) 5.07 29.5386 25.78 76.46 15.9816 0.6435 -0.2519 98 

CaCO3 (%) 0.58 21.2726 18.48 89.99 17.8601 1.5676 2.9893 100 

pH (H20) 5.75 8.1471 8.17 9.76 0.5849 -0.7216 2.9174 100 

EC (μS) 2.11 178.2563 141.55 1225.00 156.4308 4.5675 24.8432 100 

 

Turkey  SSL 



Cyprus

 Min Mean Median Max SD Skew Kurtosis N 

OM (%) 0.00 0.66 0.08 6.30 1.41 2.51 5.14 96 

Sand (%) 25.80 64.14 63.75 88.10 14.95 -0.35 -0.81 94 

Silt (%) 10.00 26.36 26.60 46.50 9.22 0.12 -0.98 94 

Clay (%) 1.50 9.12 7.10 37.20 7.15 1.51 2.57 94 

CaCO3 (%) 1.25 22.47 7.30 81.50 24.96 0.84 -0.93 96 

pH (H20) 5.95 7.91 7.97 10.07 0.72 0.08 0.61 96 

EC (μS) 0.05 0.15 0.14 0.66 0.10 2.30 8.16 96 

 

Cyprus SSL 



Cyprus Soil Spectral Library
100 samples out of 1000< samples across Cyprus  were measured  at TAU using the GEO-

CRADEL protocol   as a  SSL proof of concept for Cyprus  

Cyprus SSL : Example of PARACUDA-II Analysis (1)   



Paracuda-II analysis
1200 bands 400-2500mm  

attributes
R2test R2cal R2cv RPD RMSEP RMSEC Factors nSamples

Ca_ICP_A 0.814535 0.878246 0.589983 1.758655 5.839741 3.648851 7 100

Fe_ICP_A 0.918421 0.83375 0.641008 2.724214 0.856039 0.929646 7 98

TC_percent 0.850408 0.785889 0.663803 2.62447 1.742019 2.143751 7 99

TOC_percen 0.848366 0.898744 0.192273 1.901086 0.418841 0.265254 7 95

Cyprus SSL : Example of PARACUDA-II Analysis (1)   

R2test R2cal R2cv RPD RMSEP RMSEC Factors nSamples

LOI_A 0.892231 0.939477 0.759291 2.948313 4.284826 3.006276 8 101

PH_A 0.299897 0.994668 0.536386 1.187499 0.484736 0.041637 9 95

EC_A 0.612321 0.963388 0.377227 1.532643 0.038274 0.012269 7 97

SurfArea_A 0.455239 0.990774 0.592458 1.255305 0.506724 0.059904 7 95



Cyprus SSL : Example of PARACUDA-II Analysis (5)   



attributes N Factors R2 Cal R2 Val RMSEP SEC

Ca_ICP_A 104 (52 Cal,52Val) 7 0.76 0.73 5.64 304.82

Fe_ICP_A 104 (52 Cal,52Val) 8 0.41 0.57 1.56 84.37

TC_percent 104 (52 Cal,52Val) 8 0.79 0.5 3.56 3.56

TOC_percent 104 (52 Cal,52Val) 3 0.31 0.26 2.1 2.1

Paracuda-II analyses
12 bands 400-1000mm

Venus – Spectral configuration )  )

Cyprus SSL : Example of PARACUDA-II Analysis (3)   



Conclusions 

• Soil Spectral Library is a power full data base to map soil 
properties

• Standard protocol is important in order to share and combine 
all related measurements that is being acquired by diverse 
groups and users

• In GEO CRADEL activity,  a good example how standard SSL 
can be generated to the Mediterranean and Balkan countries

• The era of hyperspectral remote sensing from space is 
approaching and thus the SSL built-up is mandatory

• We urge all possible users who foreseen activity in précising 
agriculture to take part in this intiative. 



Thank You !! 


