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• Soil and soil spectroscopy  importance
• Soil Spectral Libraries and its powerful potential 
• Standard and protocols for SSL 
• Hyperspectral remote sensing of soil – the new era of soil mapping 
• Problem to exploit  SSL for hyperspectral remote sensing 
• The idea for standard and protocol for undisturbed soil spectral measurements 
• The SoilPRO assembly – rational and technical information
• Testing the SoilPRO relative to other methods
• Exploiting the SoilPRO to measure soil surface related properties: WIR and WR 
• Water repellency  (WR) exercise
• Water infiltration rate (WIR) exercises
• Israel 
• Italy 
• Greek 
• Conclusion and future notes  
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“Soil is an essential component in the environment 
and is vital for food security. It provides ecosystem 
services, filters water, supplies nutrients to plants, 
provides us with food, stores carbon, regulates 
greenhouse gases emissions and it affects our 
climate” 



Variance of exposed soil – very important for the quality of wine 



Soil : not only field quantity but also food quality  



• 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 (0.35-14µm). 

Point – one pixel 



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

Why Soils Are so Important?
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Chromophore = An attribute  that interact 
with the electromagnetic radiation 

An effective way to simplest the complexity of the soil system 



Soil is a Complex System with 5 Formation Factors

1) Parent Material (P)
2) Climate (C )  
3) Topography (T)
4) Biotic Components  (O)
5) Time (t)

Soil = f( P,C,T,O,t)

Soil Spectroscopy 

Complex Simple  



Soil Spectral library 
Importance and Utilization for Food Security 



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  



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

Quantitative Soil Spectroscopy  

The  “flood”
(2000 and on)   



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

Quantitative Soil Spectroscopy:  

The  “flood”  



Most studied Soil Properties

SSA
Specific Surface Area

HIGF
Hygroscopic Water

CEC
Cation Exchange Capacity

OM, OC
Organic Matter,

Carbon

Clay
Clay Size Fraction

Carbonates
CaCO3

Water 
Hydrophobicity  

Infiltration 

Adsorbed 
Isotherm 

Aggregate
Stability 

More to come!

Salinity

TAU-RSL



The Global Soil Spectral Library GSSL (2015)  



Soil   VNIR-SWIR Spectra   

provided by Viscorra Rossel



The SoilPRO assembly 
Deferent laboratory spectral measurements protocols and configuration: 

DIFFERENT RESULTS! 

CSIRO: CP CSIRO: Dark box TAU RSL: CP

(Ben Dor et al., 2015b)

GFZ Potsdam: 
8˚ for optic fiber

the Australian government’s 

department of sustainability’s 

protocol: dual lamps and 8˚ for 

optic fiber (Pfitzner et al., 2011).



Protocol to generate Soil Spectral Library 



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 

(0.3-12µm)  

adjusted From A. Goetz 1994 

Hyperspectral Remote Sensing (HSR)

Definition 3 



HSR of soils from airborne sensors

Image 
Spectroscopy  

Point  
Spectroscopy  

Geology 
Vegetation

Water 

Soil
! 



PARACUDA©

PARCUDA II ® and HYSOMA on Image Cube Sapce

TAU-RSL



First 

Today  

TAU-RSL



Agricultural Soil Mapping based on Local SSL and  airborne HSR sensor
Israel (semi arid )   

Vegetation 

Soil  SSASoil Moisture Soil Salinity
Soil Organic matter RGB

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

Soil Spectroscopy  as a growing discipline  

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 



Attention is given recently to HSR of soils from space

Image 
Spectroscopy  

Point  
Spectroscopy  

Geology 
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Soil
?
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HYPERSPECTRAL REMOTE SENSING FROM SPACE

A NEW ERA FOR SOIL MAPPIN 



Hyperspectral Missions
Launch and Lifetime

2021/24

2018/19

HSR Orbital Mission 

ESA 

Past
Present  

Tomorrow 

TAU-RSL
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Soil monitoring from space are playing a major role 
in SHALOM missions

SHALOM - Spaceborne Hyperspectral Applicative Land and Ocean Mission



Same soil – Physical Soil Crust 

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

Solution: Field SSL 

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


Soil Sampling for labortaoty

Sampling disturbed soil Sampling un disturbed soil 

Crust is completely destroyed. 
Not applicable for Hydrophobicity 

Crust may be preserved  but field condition
is not Complicated and uncomfortable  



Soil Field Spectroscopy: Problems 
(Non Systematic >>  Systematic )  

• Atmospheric  Attenuation: No information at 1.4 and 1.9 mm, cirrus clouds

• Sun Radiation:  Changes along the spectral measurement time

• Time: Limited duration in a given camping to acquire   spectral measurements

• BRDF effects:  To the sun and with the sun –crucial  

• Pointing position: Stability and experience  of the operator

• Demolishing of the soil surface: if Contact probe is used. 

Ground truth 
measurements



Soil Field Spectroscopy à Soil Sptrcal Libaries : 
Problems 

• Sample surface  is disturbed :  the Soil surface properties are out of range. 

Crust 
Braking Crust 



Soil Salinity



To check the surface disturbed issue – direct surface properties 
should be examined 

1) Assembly that will solved all threats described previously (sampling, 
atmosphere quality….)

2) Measuring the surface properties that are strongly controlled by the first  
50 nm of the soil surface  



Assembly that will solved all threats described 
previously (sampling, atmosphere quality) 



“SoilPro”  SOIL field PRObe

An In-situ Remote Sensing Device for Surface 
Measurement Under Constant Conditions



The SOIL field PRObe assembly – SoilPro
• The SoilPro is lightweight assembly and easy to operate, suitable to be 

connected to optic fiber of any field spectrometer.

• The SoilPro combines the advantages of the two common methods: 

acquiring a representative reflectance of large surface area, while keeping all factors constant.

The SoilPro - design and operation The SoilPro in the field

1) SoilPro, 2) portable battery, 
3) ASD® fieldSpec

1
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2

2

1

1

3

4

5

6

Soil field Probe 
(SoilPRO® )

The SoilPRO assembly is under patent pending process, Patent application no. 
Patent Application: No. 62/278,471, Filed: 14/01/2016.



Common methods for field reflectance measurements 

Contact Probe Measurements

Without dependence on 
environmental conditions
Measuring small surface 
area by contact
Surface Deformation 

Bare Fiber Measurements
Depending on 
environmental conditions 
and influenced by the 
operator  

Measuring large surface 
area without interrupting 
the texture

Contact probe field spectra

Bare fiber outdoor spectra



The SoilPRO assembly – Field targets test

The SoilPRO’s products were evaluated in comparison the those of 
commons used methods

Bare soil Concrete Grass

Soil & Grass Asphalt

Bare soil Concrete

Grass Soil & Grass

Asphalt



Testing the SoilPro
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SoilPro

Contact probe

Bare fiber

brown red sandy soil
(Haploxeralfs)

Rendzina soil of mountain 
(Rendolls)

• The SoilPro products were evaluated in the laboratory and outdoor under different conditions, compared 
to the bare fiber and contact probe (ASDi®). 

White reference 
(Spectralon®)

Spectra similarity Noise ratio

ASDS TestSAM TestReference spectrum

0.0210.012A - Contact probe

0.0120.010B - Contact probe
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SoilPRO versus BareFiber at different  times, same day  SoilPRO versus BareFiber at different  times, same day  

Soil c 

Soil D 

Soil F 



Reflectance using  SP
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ASDS =  Average Sum of Deviation Square 
(Ben-Dor et al.,  2004)

r :  sample reflectance
r *  :  reference  reflectance

2

ASDS  à 0  =   good match  
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Spectral Variation across the Spectrum for the different 
methods for a given soil 



Measuring the surface properties that are strongly controlled by the 
first  50 nm of the soil surface  



Soil hydrophobicity
• Soil hydrophobicity (water repellency) reduces the affinity of soils to water such that they 

resist wetting for periods ranging from a few seconds to hours.

• Factors controlling the occurrence of soil Water repellency:
Chemical characteristics
Soil texture
Soil moisture
Microbial activity
Soil temperature
Soil organic Matter 

Doerr et al., (1998) Soil water repellency: its causes, characteristics and hydro-geomorphological significance, Earth  
Science Reviews: 51, 1-4

Doerr et al., (1998) 



Soil hydrophobicity proxy by 
spectral means

Doerr, S.H., Shakesby, R.A., Walsh, R.P.D., 2000. Soil water repellency: its causes, characteristics and 
hydro-geomorphological significance. Earth-Sci. Rev. 51, 33–65.



Soil hydrophobicity proxy by spectral means
Common methods for determine the hydrophobicity of soil

WDPTSeverityClass
<5sWet table, non-repellent0

5-60sSlightly water repellent1
60-600sStrongly water repellent2

600-3600sSeverely water repellent3
1-3h

3-6h

>6h

Extremely water 
repellent

4

5

6

Water drop penetration time (WDPT)Connectivity angle (CA)

Can be carried out only at the lab for disturbed samples
Objective

Can be carried out anywhere
Semi objective



Soil hydrophobicity proxy by 
spectral means

Until now two studies have investigated this issue based on disturbed 
samples 

Knadel, M., Masís-Meléndez, F., Wollesen de Jonge, L., Moldrup, P., Arthur, E., Humlekrog

Greve, M., 2016. Assessing soil water repellency of a sandy field with visible near infrared 

spectroscopy. J. Infrared Spectrosc. 24, 215. doi:10.1255/jnirs.1188

Kim, I., Pullanagari, R.R., Deurer, M., Singh, R., Huh, K.Y., Clothier, B.E., 2014. The use of 

visible and near-infrared spectroscopy for the analysis of soil water repellency. Eur. J. Soil Sci. 

65, 360–368. doi:10.1111/ejss.12138





Spectral - Soil hydrophobicity mechanism investigation 

Spectral and Water repellency laboratory measurements

Cylinder’s levels 

WDPT using continuous filming



Illumination 
source

Camera & 
laser pointer

Optic fiber

spectrometer

Operational 
laptop 

The “SoilPro” takes the advantages from each 
method while it is leave the disadvantages out



Field campaign
• The campaign was carried out in one plot
• Reflectance spectra obtain by utilizing the 

SoilPRO assembly
• Each location was marked and registered.
• During the campaign three testers were 

performing WDPT tests in the exact 
locations 

100 SAMPLES 4 HOURS ONE USER  





Hydrophobicity quantity map of soil under shaded orchards trees 



Infiltration rate to the soil profile  (WIR) 



Why Use Water Infiltration Rate (WIR)

u WIR may be defined as the length units per unit 
time of water entering into the soil.(Kirkham, 2014)

u WIR is a very important hydrological 
parameter, which is strongly dependent on soil 
surface conditions.

u Thus, WIR is an excellent soil property to 
investigate the gap between lab and field 
spectral observations



Undisturbed

Disturbed



• Field Spectral Measurements 
using ASD connected to SoilPro. 



spectrometer

Operational 
laptop 

The “SoilPro” takes the advantages from each 
method while it is leave the disadvantages out













Proxy Real 



R2 (Cal) = 0.97
RMSE (Cal) = 0.00019
RPD (Cal) = 5.88















Soil Spectral Library – lab vs. field 
§ In different areas of the Mediterranean Basin we 

measured the  WIR using a Mini Disk infiltrometer.

§ Next, we measured the spectral signature in field 
and in the lab.

§ The field spectra was measured using a ASD  
connected to SoilPro (Ben Dor et al., 2017) in order to 
get optimal spectral signatures in field

§ Soil in the laboratory measured by the CSIRO protocol 



Estimating  WIR in Soils Using Airborne HRS and S2 –Greec
Hyspex Sentinel 2



The study sites in Central Macedonia, Greece: a) the 1st study site, b) the 
2nd study site, and c) the 3rd study site.

Campaign of Greece, September, 2019



S2 subset and the Hyspex flights



Study Areas



ASD RESOLUTION



HYSPEX RESOLUTION



HYSPEX EXECUTION



S2 RESOLUTION















Soil Spectral Library : The Practical Structure  
Soil samples at storage,  with wet chemistry data  plus reflectance spectra measured 

under a well accepted protocol process

Soil Attributes 

Soil Spectra Files 

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

36,654,32
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The “SoilPro” takes the advantages from each 
method while it is leave the disadvantages out



Protocol to generate Soil Spectral Library 



STANDARDS DEVELOPMENT PROCESS 
IEEE P4005

MEETING #3

STANDARD PROTOCOL AND SCHEME FOR MEASURING SOIL 
SPECTROSCOPY 
IEEE GEOSCIENCE AND REMOTE SENSING SOCIETY STANDARDS 

COMMITTEE (GRSS-SC) 

October 8, 2020 
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Everyone present  here please state your  name and declare an affiliation.

precision agriculture,   FAO (GLOSLAN) 
Pedometrics, HSR, soil spectroscopy, proximal sensing  

SCOPE
P 4005 M# 3    0CT0BER 8,  2020 



• SWG1 - Optical operational scheme (0.4-2.5 um): Eyal Ben Dor + Sabine Chabrillat (RSL-TAU, GFZ)  

• SWG2- Thermal operational scheme (3-15 um): Martin  Schodlok  (BGR)
• SWG3- Data saving and archiving (optical + thermal): Jose Dematte  (USP) 
• SWG4 - Cross calibration for spectral exchange (optical + thermal): Milla Luleva   (AgroCares) 

• SWG5- Spectral performance assessment for Optical and Thermal spectral ranges:  Bas van Wesemael (UCL)
• SWG6- Field operational scheme (Optical):  Thomas  Schmid + Nicolas Francos  (CIEMAT,  RSL-TAU)

104

In all SWG - Consideration  to  Mineral and Organic soil Should be given   

S-WG suggested leaders 
P 4005 M# 3    0CT0BER 8,  2020 



S-WG overview

• SWG1 - Optical Operational Scheme (0.4-2.5 um): This sub Working group will cover the operational scheme 
concerning the usage of optical sensing instruments and contains: The warming process, the measurements’ 
method (contact/no contact), the geometry of measurements, illumination, sample preparation (sensing area, 
dryness, particle size, smoothing the surface), replications/measurements quantity, internal standard, 
reflectance.  conversion (halon, irr/rad), list of valid instrumentation for which this protocol applies (spectral 
range, spectral resolution, SNR, Fore optics, detector, point (fiber, no fiber), imaging (push broom whisk broom, 
snape shot, periodic calibration at vendor (rad, spec), Illumination (source)  and room conditions optimal 
number of measurements taken for each sample, in order to minimize the underperformance of spectral 
measurements

• SWG2- Thermal Operational Scheme (3-15 um): This sub Working group will cover the operational scheme 
concerning the usage of thermal sensing instruments and contains:  physical quantity (emittance, reflectance, 
transmittance), spectral range,  warming process, the geometry of measurements, sampling preparation (sensing 
area, dryness, particle size, smoothing the surface, sample heating),  replications/measurements quantity, 
internal standard, temperature-emissivity separation  conversion (gold ), list of valid instrumentation for which 
this protocol applies, (spectral resolution, SNR, Fore optics, detector, point (fiber, no fiber), imaging (push broom 
whisk broom, snape shot, periodic calibration at vendor (rad, spec), Illumination (source))  and room conditions 
optimal number of measurements taken for each sample, in order to minimize the underperformance of spectral 
measurements 
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P 4005 M# 3    0CT0BER 8,  2020 



S-WG overview

• SWG3- Data saving and archiving (optical + thermal): This sub Working Group will cover the data 
definition  and associated metadata (emissivity, reflectance, radiance, DN), the saving format, 
nomenclature, spectral resampling and smoothing (yes, no), provide an agreed glossary. 

• SWG4 - Cross calibration for spectral exchange (optical + thermal): The key scopes of this sub 
Working Group covers the post data base transfer , new data base, Internal standards, (LB, WB, 
Polymers, and/or other spectral calibration materials - pros and cons ). 
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P 4005 M# 3    0CT0BER 8,  2020 



S-WG overview

• SWG5- Spectral performance assessment for Optical and Thermal spectral ranges: This sub Working Group will 
evaluate and enhance the performance assessment techniques. These concern the stability, replication, 
threshold error, QA and QI parameters, uncertainties and variation, during and after measurements, and the 
Proxy quality

• SWG6- Field Operational Scheme (Optical): This sub Working group will cover the operational scheme 
concerning the usage of optical sensing instruments in the field and contains: The warming process , the 
measurements’ method  (contact/, no contact), the geometry of measurements, illumination, 
replications/measurements quantity, internal standard , reflectance conversion (halon, irr/rad), list of valid 
instrumentation for which this protocol applies, minimum atmospheric conditions (for measurements with 
solar electromagnetic radiation source)
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P 4005 M# 3    0CT0BER 8,  2020 





Laboratory soil spectral library proximate the field 
spectral response for hyperspectral remote sensing   

Transfer function 

Field (r)  = lab (r#) * FF  



Thank You ! 

http://www.tau.ac.il/humanities/geography/rsl/



 תרשוקמו תשבוגמ םירקוחו םיטנדוטס םישנא12
 םלועבו לארשיב
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Ben-Dor, Eyal, Daniela Heller, and Alexandra Chudnovsky. "A novel method of classifying soil profiles in the field 
using optical means." Soil Science Society of America Journal 72, no. 4 (2008): 1113-1123.

TAU-RSL



POS Penetrating 
Optical 

Sensor (a 
temporary name) 

Copy Right: RSL Tel Aviv University, 
Israel 



POS® - Penetrating 
Optical Sensor 

No need to 
sample the soil 
any more. 
Quantitative 
profile description 
can be done in 
situ !    

Key issue: 
Soil Spectroscopy 



Ben-Dor, E., Heller, D., & Chudnovsky, A. (2008). A novel method of classifying soil profiles in the field using 
optical means. Soil Science Society of America Journal, 72(4), 1113-1123.











Soil Profile information 3D view of the SSA property in the study field 

Ben-Dor, Eyal, Daniela Heller, and Alexandra Chudnovsky. "A novel 
method of classifying soil profiles in the field using optical means." Soil 
Science Society of America Journal 72, no. 4 (2008): 1113-1123.

2008







SHALOM

SPACEBORNE HYPERSPECTRAL 

APPLICATIVE LAND AND OCEAN 

MISSION

124



SHALOM 
High Level Products for Costumers –

Food Security 
Product Name 

Crop, Rangeland and Invasive Species Map 

Burnt Area Map  
Vegetation Status Indicators  

Vegetation Damage and Stress Indicators  
Fire Fuel Map 
Mineral Map  

Coastal Bathymetry Map  
Urban And industrial Functional Area Map 

Lithological Map 
Lava Flow Parameters 

Soil Surface Pollutants Map
Volcanic Gas And Aerosol Emission Map 

Forest Species Map  
Forest Biomass Map  

Ice Cover  Map  
Soil Characterization Map

Land Cover Map  
Land Cover Change Detection Map 

Snow Cover Map  
Forest Nitrogen and Chlorophyll Map  

Wetlands Classification Map  
Marine And Aquatic Quality And 

Productivity Indicators
Lava and ash distribution map

Snow And Ice Cover Characterization 

Soil

The Major and Important Agent 

2m PAN, 9 m spectral, 4 days, 244 channels 



SHALOM:  Data Analytic R&D Center 

Regional  (quantitative) map 

Field (quantitative) map   Smart cultivation 



Conclusions
• The execution of field based spectral models in airborne HRS data of high 

quality (0.5 meters) presented good accuracy to map the WIR due to the 

contribution of the SWIR region.

• The low resolution of S2 (spatial and spectral) was detrimental for this 

analysis.

• Due to the good conditions of the study area, with a simple algorithm 

(decision trees) was possible to obtain satisfactory results to map the WIR



Thank You !! 

TAU-RSL 


