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Soil Degradation 

Soil degradation is defined as the lost of soil
production either by chemical or physical
processes (Singer and Munas, 2002).

http://www.worldometers.info/

Definition 1 

http://www.worldometers.info/
http://www.worldometers.info/


Problems

• How to monitor soil degradation in real time domain 
covering large areas ? 

• How to use this information to better mange soil 
preservation and production ?   



Solutions 

To use  innovative  remote sensing technique. 
More specifically:   

• Imaging Spectroscopy / Hyperspectral Remote 
Sensing

• Soil Spectroscopy



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 

Definition 2 

Hyperspectral Remote Sensing (HSR)
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HSR – illustration 
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Each Pixel’s  spectrum provides chemical information
Than enables  quantitative assessment and precise identification 
of materials    



VIS -RGB SWIR -RGB

Precise identification of “fake” vegetation 

Example 1– at  laboratory domain



How 331 became 8840….

IS can do this job 

IS domainRGB  domain

Identification od Handwriting forgery   

Example 2– at  laboratory domain



sugar and moisture contents in fruits 

Example 3– at  laboratory domain



Identification of Fish Freshness 

14

Example 4 – at  laboratory domain



Definition 3 

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)medium for plants to grow



Definition 4 

• 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 



Predication 

Validation



Soil spectroscopy – an alternative way for 
wet laboratory measurements 



2010,16 April



2010,16 April



30 Spectral Bands 423-891nm (FHMW 6.21-6.84nm)

Altitude of 3000m, Pixel size 2m

Scaling up the HSR for soil going from laboratory/filed 
domains to airborne domains  



Quantitative Capability under Spatial 
Domains  
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Afghanistan Mineral Mapping 

(After Kokkali et al 2012, USGA)

(Geosphere)



HSR and NIRA can work together:

Soil Salinity, Water and Organic matter

Vegetation mask



Provided by Viscorra Rossel 

Soil Spectroscopy : importance  



Soil degradation processes that can be measure by the HSR 
technology (1)



Soil degradation processes that can be measure by the HSR 
technology (2)



Soil degradation processes that can be measure by the HSR 
technology (3)



Soil degradation: Some examples from airborne 
HSR domain   



• Physical Crust 

• Salinity 

• Erosion 

• Dust

• Man made contamination: fuel 

Airborne domains: Examples 



Physical Crust (Structural crust)

Definition: A thin layer formed on the soil surface 
during rain storm events. The crust is the result of a 
physical segregation and rearrangement of soil 
particles

Origin:  A result between  the impact of the rain drops’ 
kinetic energy and the stability of the soil aggregates. 

De Jong S.M., E.A. Addink, D. Duijsing & L.P.H. van Beek, 2011, Physical Characterization and Spectral Response of 
Mediterranean Soil Surface Crusts. CATENA 86(1), 24-35

http://www.journals.elsevier.com/catena/#description


Same soil – Physical Crust 



Problems and Solution 

• Soil Degradation effects : The crust significantly affects many dynamic soil 
properties such as : infiltration rate, surface roughness, soil water storage 
and capacity, runoff and soil erosion 

• Lack of information:  As a dynamic property ,  no information on its spatial 
distribution nor magnitude is available  prior to the next rain event

Solution: 
To use reflectance  spectroscopy 
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Laboratory Experiment
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Spectral Results 
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Soil Infiltration and Erosion : Physical Crust (2)



Soil Salinity 

Definition:  Significant increasing of salt content (mostly 
NaCl) within the soil profile 

Origin: Poor drainage soils (mostly clays), utilization  of 
low water quality and intensive use of fertilizers .



Problems and Solution 

• Soil  degradation by salinity: Decrease of  soil productivity, low water 
infiltration to the soil profile, runoff and high soil erosion rate, infertility. 

• Lack of Information:  As a dynamic property no information on its spatial 
distribution nor magnitude is available . If available in advance –
precaution can be taken  

• Solution:  To use reflectance  properties  for remote sensing by spectral 
means (HSR)
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The Model for AISA spectral configuration (Test Results) 

R² = 0.9012

0

10

20

30

40

50

60

0 10 20 30 40 50 60

M
e

as
u

re
d

 E
C

Predicted EC

Predicted and measured Electrical conductivity (test 
samples)

RPD=2.54

Factor (for continuum removed spectrum)Wavelength (nm)
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ds/m

.AISA-ESהשוואה בין מפת מוליכות חשמלית נמדדת למוליכות חשמלית חזויה באמצעות 
AISA-ES Versus  Kriging of the Laboratory Measurements  



Soil Salinity Mapping of  the surface and at 30cm depth 

30cm

Surface 



Problems and Solution 

• Soil  degradation by erosion : Lose of soil 
material minerals and organic matter 

• Lack of Information: Soil stability is varying 
• Solution:  To use reflectance  properties  for 

remote sensing by spectral means (HSR)



SECOND  REVIEW   PROCESS 



Soil Erosion by Fed “exposed” content 

Richter, Chabrialat 



Problems and Solution 

• Soil  degradation by  contamination of dust (coal) : 
Poising the soil and reduction of fertility 

• Lack of Information: Slow process and ignoring 
• Solution:  To use reflectance  properties  for remote 

sensing by spectral means (HSR)



Albedo 

Spectral features 
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• Several changes according to spectral characters 

Changes by LULC categories



Problems and Solution 

• Soil  degradation by oil spils : Lose soil fertility 
• Lack of Information: Exact content in the soil 
• Solution:  To use reflectance  properties  for 

remote sensing by spectral means (HSR)
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Technical Background –
Field Test and Spatial Hazardous Map
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Eros pan image 
Dec. 20, 2014
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The image in the curtesy of ImageSat



A number of hyperspectral missions already planned:

• PRISMA – ASI, 2016(GDS: 30 m)
• SHALOM – ISA 2020(GDS: 9 m)
•EnMap – DLR, 2017(GDS: 30 m)
•Hyper-J (JAXA)  2016(GDS: 30m)
•HyspIRI (NASA) 2024(GDS: 30m, 60m)

Hyperspectral sensor in orbit: upscaling the airborne 

applications to space domain  

Future Innovative Solution 



Hyperspectral Missions
Launch and Lifetime

2020/22

2016/17



SHALOM:  SPACEBORNE HYPERSPECTRAL APPLICATIVE LAND
AND OCEAN MISSION:  A JOINT PROJECT OF ASI-ISA



General Conclusions 

• Soil Spectroscopy is a powerful tool to assess 
several soil degradation factors 

• Hyperspectral remote sensing providing  a spatial 
view of the problems in question from a spectral 
perspective (quantitative and qualitative) 

• HSR technology from orbit is very close: the soil 
degradation issues can be then  provide global view 
of our degraded planet. 



Hyperspectral  Remote Sensing 

thinking out side the box: 
spectral imaging  



Thank You For Your Attention 

Email: bendor@post.tau.ac.il

mailto:bendor@post.tau.ac.il

