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Why Soil is so important ? 

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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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)

Soil



Soil Spectroscopy  

• 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)

Hyperspectral Remote Sensing 



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 



PARACUDA©

Data Mining Approach from SSLs  



WP 4 –mission

• To  establish a soil spectral library SSL for the North 
Africa, Middle East and Balkans

• To establish a basic foundation to use the SSL for EO 
means (from field, air and domains) 

• To built a data base Within the GEOSS sharing 
regulation 

SSL – Soil Spectral Library 



Soil Spectral Library (SSL) 

A collocation of soil samples with  measured attributes  and meta data 
(geographical collocation, profile field description)  PLUS spectral measurement 
data  that were aquiered under standard protocol. 

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

36,654,32

Soil 
Attributes 

Soil Spectra 
Files 
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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


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) 



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



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 



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 



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 



To initiate and demonstrate  a new SSL paradigm:   

• Building a   SSL under a recognized World 
Standard   

• Demonstrate this  standard on a regional domain             

Get prepared for  the new orbital Hyper and Super spectral sensors 

The GEO – CRADLE  WG-4  Achievements 



Team



Pilot Highlights



New Standard (ISO) world wide Soil Spectral 

Library 

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


Chemomtric (non linear spectral data mining) from the GSSL

Viscorra Rossel 2015 

GSSL – Example   



Agricultural Soil Mapping based on Local SSL and HSR technology   

Ben-Dor et al., 2004

V
e
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Soil  SSASoil Moisture Soil Salinity
Soil Organic matter RGB

Local field Spectral Library  : The  Practical  Value (4)  



Soil Mapping in the Field using Local SSL 

Local Soil Spectral Library 



Mobile Soil Sensor 
System

•vis-NIR (350-2500 nm) sensor

•Mobile data acquisition system

•Customized cooling system

•Long duration battery

•Custom air pump to clear the optic 
fiber at regular intervals

•Triangular soil flattening unit to 
eliminate soil roughness, set aside 
plant residues and other litter, and 

ensure measurement of topsoil.

•In continuous operation acquires 
roughly 12 measurements / minute; 

tractor moves at 5 km/h

(Tziolas et al. 2018) [AgEng conference]



January 2018 



The concept of using  SSL :  Drone utilization 

Drones 



The concept of using  SSL :  Satellite utilization (near future)





2020/23

2017/18

HSR Satellites Program  

CHIME

EMIT

PRISME



Sentinel 10 – CHAIM 

• 224 channels 
• 0.4-2.5 mm
• 5nm Spec  Res
• 20m GDS  

The HSR Satellites Program  



SHALOM missions

The HSR Satellites Program  



Measuring the Earth’s Mineral Dust Source Regions to 

Improve Forecasts of the Imacts of Dust on the Earth 

System 

• Challenge:

• Mineral dust radiative forcing is the 

single largest uncertainty in aerosol 

direct radiative forcing (USGCRP & 

IPCC)

• Mineral dust emitted from the 

surface is a principal contributor to 

direct radiative forcing over arid 

regions, impacting agriculture, 

precipitation, and desert 

encroachment around the globe

• Composition is critical: a change of 

1% in relative abundance of iron 

oxide can cause a ~50% change in 

radiative forcing

• The composition of the Earth’s 

mineral dust source regions is poorly 

known

• Hypotheses Tested by EMIT:

• The net contribution of mineral dust 

to regional and global radiative 

forcing is to warm the atmosphere 

(positive forcing)

EMIT: Earth Surface Mineral 

Dust Source Investigation

5
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The HSR Satellites Program  



CUBESAT

The HSR Satellites Program  



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)   



12 channels in the  

VIS-NIR 

A Suepr Spectral Sensor   

Current Super spectral sensor in 

orbit: Venus 

The Super Spectral  Satellites Program  

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 )  )



Conclusions 

• The current and future space missions will need an ISO 

recognized SSLs  

• GEO-CRADLE WG-4 has established the first ISO –SSL data 

base for the Mediterranean to be a “lighthouse” for the World 

SSL

• The GEO-CRADLE’s SSL proved its potential for agriculture 

applications using online soil HRS mapping 

• A regional soil spectral libraries (SSL) is an important data base 

to study the potential of new HSR space or airborne sensors as 

well as acts as a vehicle to map soil attributes in an innovative 

way in all domains (laboratory, field airborne)



Thank You !! 


