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Soil is a natural body that includes solids (minerals and 

organic matter), liquids, and gases that

occur on the surface of the earth, which occupies a 

space, and which is characterized by one or both of the 

following: horizons or layers that are distinguished from 

the initial material as a result of additions, losses, 

transfers, and transformations of energy and matter or 

for the ability to support plants rooted in a natural 

environment.(USDA and NRCS,  2006).
Source: PD-USGov-USD

Soil



• Demographic pressure leads to expanding urban areas

• Population migration to urban centers, rural land abandonment

• Over exploitation of natural resources

• Highly fragmented  landscape (high spatial variability)

• Huge  variety of ecosystems,  different functioning

• Ecosystems are often highly vulnerable

• Complex land management patterns

• Contaminatión: mining minerals, agriculture, industry, urban centres

• Influence of climate change and economic situation

What affects soils in a European context

• Detailed characterization

• Identifying and monitoring trends

• Determine threshold values

• Working at different scales

• Sustainable solutions

Needs

• Terrestrial compartments

• Spatial & spectral resolution 

• Multi  & temporal scale

• Time series

• Multi-sensor

Integrated  approach
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Soil

properties

Model

Each material has its characteristic disturbance (spectral response) 

Secondary properties
(derived indirectly using
one or more of the 
primary properties).

Primary Properties; 
(Directly linked and 
with a theoretical 
basis for prediction 
from spectroscopy).

Soil properties that can be determined with remote sensors



Protocolo

1. Objective of work

2. Sampling strategy

3. Location and conditions

4. Sensors and instruments

5. Standardization

Pre-processing

of spectral data

Analysis and interpretation

of data



Field spectroradiometry – sample strategy

ASD - Protocolo CIEMAT



Subplot (1 m2)

Plot area (254 m2) with a radius of 9 m

Plot 18 x 18 m (324 m2)
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Source: Schmid et al., 2016. Characterization of Soil Erosion Indicators Using Hyperspectral Data From a Mediterranean 

Rainfed Cultivated Region. IEEE JSTARS, Vol. 9/2, 845 - 860.

ASD - Protocolo CIEMAT

Field spectroradiometry – sample strategy
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Strong link between field and image spectroscopy
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In the field: each location, adapted protocol



In the field: each location, adapted protocol
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Spectroscopy of a soil profile
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Related field measurements



Contact probe

Turntable

Laboratory spectra

ASD - Protocolo CIEMAT



Contact probe

Turntable

Laboratory spectra

ASD - Protocolo CIEMAT
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Soil surface covers
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Characterization of soil profiles
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Source: De Alba, S., 2000. Redistribución del suelo por las prácticas de laboreo. Edafología. Volumen 7-2, pp 75-90.



• “Metadata is defined as structured information about an information
resource of any type or format” (P. Caplan).

• According to Ukoln, “metadata is structured data about digital (and non-
digital) resources that can be used to help in a wide range of operations. For
example, in the description and location of resources, in the management of
information resources, including the management of intellectual property
rights and in their long-term preservation ”.

• (http://www.ukoln.ac.uk/metadata)

Metadata

Why are metadata useful?

• To locate resources

• To describe resources

• To control resources

• To identify versions

• To preserve the information



Metadata for spectroradiometry



Metadata for soils



Registration and location

Sample id: P8LS096T26E_Salt crust (H44)

Acquisition date: 07/07/2003 Acquisition time: 13:21:04

Location: La Lagunilla Municipality: Villafranca de los Caballeros

UTM-Easting: 471423 UTM-Northing: 4365514 Elevation (m): 638

Abiotic and biotic characteristics

Geomorphic environment: Lacustrine

Landscape: Lake plain Landform: Lake bed

Topography: Flat Microtropography: Even

Slope class (%): 0 - 0.1 Slope form: Hillslope position:

Land use: Not used and not managed

Anthropogenic influence: No influence

Surface cover feature: Salt crust

Parent material: Marl and gypsum sediments

Soil properties

Carbonates (%): 7.2 pH (1:25 H2O): 8.6

Fe2O3 (%): 0.4 Organic matter (%): 2.4

Electric conductivity (dSm-1): 37.8

Munsell colour: Dry 10YR8/2 (very pale brown) Wet 10YR6/2 (light brownish grey)

Mineralogical composition* 

Bloedite: Halite: +

Hexahydrite: Tr. Pentahidrite: +

Starkeyite: + Tridimite:

Gypsum: ++ Calcite: +

Dolomite: Quartz: Tr.

K-feldespar: + Na-feldespar:

Phyllosilicates: + (illite)

*(Tr. - trace; + common; ++ abundant; +++ very abundant)

Spectral library – Georeferenced data base
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Spectral libraries (global)

Source: Viscarra Rossel, R.A., et al., 2016. A global spectral library to characterize the world's soil. Earth-Science Reviews, 

Vol. 155, 198-230.



EcoSIS Spectral Library, an online database containing 71,259 spectra.

https://ecosis.org/

USGS Spectral Library by USGS. Reference library of mainly laboratory based samples.

https://speclab.cr.usgs.gov/spectral-lib.html

Available spectral libraries

ASTER Spectral Library - Version 2.0 by JPL. ECOSTRESS Spectral Library - Version 1.0 .

https://speclib.jpl.nasa.gov/

SPECCHIO a spectral information system for reference spectra and spectral campaign data. 

http://www.specchio.ch

SPECTATION by GFZ. Windows based spectral database solution, mainly vegetation.

http://www-app2.gfz-potsdam.de/spectation/?file=main

Mineral spectroscopy server (Cal Tech)  free mineral Raman, UV/VIS-near-infrared, mid-IR spectra.

http://minerals.gps.caltech.edu/

Soil Spectra Library containing visible near infrared spectra of 785 soil profiles (4,438 samples) 

http://www.worldagroforestry.org/sd/landhealth/soil-plant-spectral-diagnostics-laboratory/soil-spectra-library

Brazilian Soil Spectral Library

https://bibliotecaespectral.wixsite.com/english



“A nation that destroys its soils, destroys itself” 
President Franklin D. Roosevelt, 1937

Department of Environment

Soil Conservation and Recuperation Research  Unit


