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Importance of soil

• Fundamental natural resource

• Healthy soils       Sustainable agriculture

• Potential sink for carbon

• Environmental filter



Basic definitions

• Soil is made of: mineral matter, organic 
material, pore space (air and water), organisms 
(fauna)

• Soil texture (ratio of sand, silt, and clay)

• Soil structure

• The soil profile



Soil texture



Soil structure



Soil profile



Spectroscopy

• Interaction between matter and light

• Particle-wave duality



The E/M spectrum



Emission spectra



Absorption spectra



Black-body radiation



The sun’s spectrum



Soil spectroscopy I



Soil spectroscopy II

Absorption occurs at the resonant (i.e. vibrational) frequency of molecules and 

at the overtones and combinations thereof



Soil spectroscopy III

• Chemical 
chromophores: 
affect the 
spectrum at 
specific 
wavelengths

• Physical 
chromophores: 
affect the 
spectrum across 
all wavelengths



Soil spectroscopy IV



Soil spectroscopy V

• Soil Spectral Libraries contain thousands of soil 
samples

• Area must be sampled adequately

• Contain various chemical / physical properties

• Spectra are acquired from dried samples



Soil spectroscopy VI

• Machine learning models:
Spectra     Chemical & Physical soil properties

• Problems
• Soil is complex and highly variable

• The curse of dimensionality

• Big data

• But more on that, on the webinar …
(Wednesday, June 14th)



Field Spectroscopy

• Spectra acquired in-field using 
mobile or non-mobile 
instrumentations

• Difficulties:
• Soil moisture

• Ambient light

• Temperature

• Dust

• Contamination

• Demonstrations later on today



Soil Spectroscopy - EO

• Drin River Basin

• Collaboration with 

INCA, CIMA

• Applying Sentinel-2 

Copernicus data



SSL in the Balkans

Country # soil samples Status

Greece 928 SSL complete

FYROM 125 SSL complete

Bulgaria - Soil sampling campaign underway

Albania - Soil sampling campaign being scheduled

Serbia 154 Building of SSL in progress

The SSL built in GEO-CRADLE will be a first start for building a large, 

standardized SSL in the region


