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Why Soil

Soll, 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
solls for food security, as well as to support many essential
ecosystem services that enable life on earth

guardian

Third of Earth's soil is acutely degraded due
to agriculture

Fertile soil is being lost at rate of 24bn tonnes a year through intensive farming as demand
for food increases, says UN-backed study
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> CHAPTER ONE

Soil: The Forgotten Piece of the
Water, Food, Energy Nexus

Jerry L. Hatfield*', Thomas J. Sauer*, Richard M. Cruse’

*USDA-ARS, National Laboratory for Agriculture and the Environment, Ames, 1A, United States
lowa State University, Ames, A, United States
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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)
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* 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 (0.35-14um).
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Point — one pixel
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Imaging spectroscopy Hyperspectral Remote Sensing (HSR)

From Wikipedia, the free encyclopedia

Imaging spectroscopy is the simultaneous acquisition of spatially coregistered
images in many spectrally contiguous bands. To be scientifically useful, such
measurement should be done using an internationally recognized system of units,

The image produced by imaging spectroscapy is similar to an image produced by h_,ﬁ

a digital camera, except each pixel has many bands of light intensity data instead "':”*:f"’-‘é

of just three bands: red, green and blue. _:5;*_

Imaging spectrometer data acquisition allows the gquantitative and qualitative %3

characterization of both, the surface and the atmosphere, using geametrically *%lﬁ

coherent spectrodirectional radiometric measurements. These measurements can §“§9

then be used for the unambiguous direct and indirect identification of surface E s

materials and atmospheric trace gases, the measurement of their relative _ L :

concentrations, subseguently the assignment of the proportional contribution of Ash plumes on Kamchatka Peninsula, eastern &)
mixed pixel signals (e.g., the spectral unmixing problem), the derivation of their R SRS

spatial distribution (mapping problem), and finally their study over time (multi- adeSted From A. Goetz 1994
tedq

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
(0.3-12um)




en®  Strong Link between Point and

Image Spectroscopy
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An effective way to simplest the complexity of the soil system

Reflectance

A typical Soil Spectrum
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Quantitative Information on soil attributes can be Extracted from soil

spectral information

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
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Sensor Measured Soil Moisture (%)
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0 30 40
Laboratory Measured Gravimetric Soil Moisture (%)

Simple, rapid, inexpensive and
can be applied from large domains (laboratory, field, air and space)
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Examples of some of the soil attributes that can be extracted from
spectral library (1)

Soil atinibute

Spectral Spectral Multivariate M| RMSE R®  Authors
region range (nm)  method™ Mot
Mg; gkg VIS-NIR 400-2500 modified PLSR. 315 0.90 Cozzolino and Moron (2003)
Mg (exch.); cmok+Vkg VIS-NIR 350-2500 MARS 493|246 11 0.81 Shepherd and Walsh (2002)
Mg (exch.); mg/kg VIS-NIR 400-2498 PCR (9) 30)119 128 068 Chang et al. (2001)
Mg; mmol(H/kg UV-VIS-NIR 250-2500 PCR 12140 0.63 Islam et al. (2003)
Mn (DTPA); mg'kg MIR 2500-25,000 PLSR 183 0.57 Janik et al. (1998)
Mn (exch.); cmol'kg MIR 2500-25,000 PLSR 183 0.66 Janik et al. (1998)
Mn (Mehlich IIl); mgkg  VIS-NIR 400-2498 PCR(12) 30/119 564  0.70 Chang et al. (2001)
oC; % MIR 2500-20,000 PLSR 092 Janik and Skjemstad (1995)
ocC; % MIR 2500-25,000 PLSR 188 093 Janik et al. (1998)
0C; gikg MIR 2500-25,000 PLSR (17) 177| 60 094 McCarty et al. (2002)
OC; (acidified soil) gkg MIR 2500-25,000 PLSR (19) 177| 60 097 McCarty et al. (2002)
0C; % NIR 1100-2500 MLR (1744, 72|48 0.93 Dalal and Henry (1986)
1870, 2052)
0C; % NIR 1100-2500 RBFN 140| 60 032 096 Fidéncio et al. (2002)
OC; % NIR 700-2500 PCR 12140 0.68 Islam et al. (2003)
0OC; g'kg NIR 1100-2498  PLSR (18) 177|60 0.82 McCarty et al. (2002)
0C; mgkg NIR 1100-2300 PLSR (8) 180 x-val 094 Reeves and McCarty (2001)
OC (acidified soil); gkg  NIR 1100-2498  PLSR (17) 177 60 0.80 McCarty et al. (2002)
OC; gikg VIS-NIR 400-2498 PLSR (6) 76|32 062 089 Chang and Laird (2002)
OC; gikg VIS-NIR 350-2500 MARS 449|225 031 080 Shepherd and Walsh (2002)
OC; dag/kg VIS-NIR 350-1050 PLSR (5) 43|25 036 Viscarra Rossel et al. (2003)
ocC; % UV-VIS-NIR  250-2500 PCR 12140 0.76 Islam et al. (2003)
OM; % MIR 2500-25,000 PLSR (4) 31 x-val 072 098 Masserschmidt et al. (1999)
OM; % NIR 1000-2500 MRA (30 bands) 39|52 0.55 Ben-Dor and Banin (1995)
OM; % VIS-NIR 400-1100 NN 41 0.86 Daniel et al. (2003)
OM; % VIS-NIR 400-2400 SMLR (606, 15|10 0.65 Shibusawa et al. (2001)
1311, 1238)
P (avail); mg'kg MIR 2500-25,000 PLSR 186 0.07 Janik et al. (1998)
P (avail); mg/kg VIS-NIR 400-1100 NN 41 0.81 Daniel et al. (2003)
pH MIR 2500-20,000 PLSR 0.72 Janik and Skjemstad (1995)
pH NIR 1100-2300 PLSR (8) 180 x-val 0.74 Reeves and McCarty (2001)
pH NIR 1100-2498  PLSR (1) 120/ 59 0.73 Reeves et al. (1999)
pH VIS-NIR 350-2500 MARS 505|253 043 0.70 Shepherd and Walsh (2002)
pHo MIR 2500-25,000 PLSR 183 0.67 Janik et al. (1998)
RA. Viscarra Rossel et al. / Geoderma 131 (2006) 59-735 - {EESETT%TREIESENSING %

—
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Examples of some of the soil attributes that can be extracted from
spectral library (2)
Soil attribute Spectral Spedral  Multivariste  ngw| RMSE R®  Authors
region range (om)  method Mot
oC; % MIR 2500-20,000 PLSR 0.92 Janik and Skjemstad (1995)
0C; % MIR 2500-25000 PLSR 188 0.93 Janik et al. (1998)
OC; gkg MIR 2500-25,000 PLSR (17) 177| 60 0.94 McCarty et al. (2002)
OC; (acidified soil) gkg ~ MIR 2500-25,000 PLSR (19) 177|60 097 McCarty et al. (2002)
oc; % NIR 1100-2500  MLR (1744, 72|48 093 Dalal and Henry (1986)
1870, 2052)
0oC; % NIR 1100-2500 RBFN 140 60 032 096 Fidéncio et al. (2002)
oC; % NIR 700-2500 PCR 121|40 0.68 Islam et al. (2003)
OC; gkg NIR 1100-2498  PLSR (18) 177|600 0.82 McCarty et al. (2002)
0C; mgkg NIR 1100-2300  PLSR (%) 180 x-val 094 Reeves and McCarty (2001)
OC (acidified soil); gkg ~ NIR 1100-2498  PLSR (17) 177|60 0.80 McCarty et al. (2002)
OC; gkg VIS-NIR 400-2498  PLSR (6) 76|32 062 089 Chang and Laird (2002)
0C; gkg VIS-NIR 350-2500 MARS 449|225 031 080 Shepherd and Walsh (2002)
0C; dag/kg VIS-NIR 350-1050 PLSR (5) 43|25 036 Viscarra Rossel et al. (2003)
oc; % UV-VIS-NIR  250-2500 PCR 121|40 0.76 TIslam et al. (2003)
OM; % MIR 2500-25,000 PLSR (4) 31 xval 072 098 Masserschmidt et al. (1999)
OM; % NIR 1000-2500 MRA (30 bands) 39|52 0.55 Ben-Dor and Banin (1995)
OM; % VIS-NIR 400-1100 NN 41 0.86 Daniel et al. (2003)
oM; % VIS-NIR 400-2400  SMLR (606, 15]10 0.65 Shibusawa et al. (2001)
1311, 1238)
P (avail); mg'kg MIR 2500-25,000 PLSR 186 007 Janik et al. (1998)
P (avail); mgkg VIS-NIR 400-1100 NN 41 0.81 Daniel et al. (2003)
pH MIR 2500-20,000 PLSR 0.72 Janik and Skjemstad (1995)
pH NIR 1100-2300  PLSR (8) 180 x-val 0.74 Reeves and McCarty (2001)
pH NIR 1100-2498  PLSR (11) 120|59 0.73 Reeves et al. (1999)
pH VIS-NIR 350-2500 MARS 505|253 043 070 Shepherd and Walsh (2002)
pHea MIR 2500-25,000 PLSR 183 0.67 Janik et al. (1998)

R.A. Viscarra Rossel ef al. / Geoderma 131 (2006) 59-75

—
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Soil Spectroscopy

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

Point Spectroscopy
|

/

/

/ Image Spectroscopy

1970 1980 1990 2000

6 7

2020



Soil Spectral Library : The Commercial Value (1) = e st
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[J) Contact B EN Choose regional office

SOllcares @ Products Solutions Research Our story  Library

9 SoilCares Soil
Scanner .- #

pH, N, P, K, EC, temperature and organic matt
your phone in 30 seconds.

P Play the video!

very attordable.

.
How it works
Just one button O——— ; Soil data and recommendations on your phone in 30 seconds.

| 1 I 2;% 3 4%
. S

Scan Connect Analyse Act

Scan the soil Upload the data via the app Let the database do the magic Receive your report

http://www.soilcares.com/en/products/scanner/

Near infrared
and EC sensor
combined
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Soil Spectral Library : The Commercial Value (2 e —
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Innovative technology analyzes soil in just 30 seconds

i Projects analyses of soil
samples with out the

need for “wet”
laboratories

Photo: André Marcelo de Souza Embrapa Solos (RJ), in partnership with the private
sector, has developed a technology package for the soil
analysis that will revolutionize the market in Brazil.
Called SpecSolo, it has the advantage of analyzing soil
samples non-destructively, quickly and economically.
Tens of fertility parameters (soil organic carbon, pH,
calcium, magnesium, phosphorus, potassium, among
others) and physical soil (clay, silt, sand) can be
analyzed simultaneously in 30 seconds. Conventional
analysis takes days to present the same parameters.

Diagnosis of physical, chemical and
microbiological areas of soils with
"The SpecSolo is based on the use of techniques of horticultural production
vibrational spectroscopy and artificial intelligence,"

explains André Marcelo de Souza, from Embrapa Solos

researcher and responsible for technology. Souza News

explains that the technology makes use of accurate and efficient algorithms. "These algorithms", explains the
scientist, "will use a robust database with over one million representative soil samples from Brazil." Souza says
that the samples and related analytical data were obtained from one of the largest laboratories in the world soil
analysis, the Brazilian Institute of Analysis (IBRA), development of project partner and co-responsible for
technology.

View more

soil analysis goes to the producer

Videos

last five decade
or soil analysi

"The SpecSolo analyt lution Is one of the greatest Innovations In the analysis of th
in Brazil, resuming 4 on of Embrapa to propose and implen sw methodolog
the Brazillan agricultural scenario.” relterates the general head of Embrapa Solos Danlel Vidal Pérez. Both the
instrument and technology have the seal of Embrapa. Therefore, the SpecSolo will be an official method

: ! 0 1 ( recommended by the Company for soll analysis In Brazil ¥ %
How It works L 5 %

Tecnelogia inovadora analisa solos em apenas 30 segundos

For the duo of directors of IBRA Armando Saretta Parducci Parducci and Thiago Camargo, the partnership
between Embrapa Solls and IBRA enabled the development of technology. "We are the pioneers In Brazil to
build a robust database with such a significant number of samples of Brazilian soll, essential for the
development and success of technology,” says Armando Parduccl

In addition to the large ux\(r\baac the technology package SpecSolo has a unique hosted software In the cloud
dedicated to soll analysis, called SpecSolo-Scan.

The equipment has an automatic sampler that allows simultaneous analysis of 40 soil samples and autonomy to
work alone for 20 minutes. After that time, the analytical results are generated automatically, remotely
accessing the database. The results can be released according to the service purchased by the customer and
may be In the form of analytical results of each soll parameter or Interpretation of bands of soil fertility.

The project alao ncludes an expart aystem fo ganeraie fertilizer recommendations and liming, coording to the
able In the country. S lo-Sean is the first ne

y (VIsNIR) the world to present an autosampler and an integrated system wun database
mny m«m..- ed 1o soil analys|




The need of Soil Spectral Library

For quantitative applications: many soil samples are needed (Soil
data mining of a “model” requires hundreds of spectra samples in
order to provide reliable results

Users are gathering many soil samples mostly under local scale

A need for regional and global scales’ library is essential

Gathering local and regional spectral data (soil spectral library) needs
agreed “standard and protocols”
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Soil samples at storage, with wet chemistry data plus reflectance spectra measured under a well accepted protocol process

=3

EIELFME]

.

NEREI S EEI T EIE]

350 550 750 950 1150 1350 1550 1750 1950 2150 2350
Wavelength, nm

Sample Location oM Clay Lime...
Al 34,5467.67 24% 34% 23.4%
36,654,32


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
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

® First Soil Spectral Library
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1
980 Around 4000 spectra
5 spectral types

In USA
Atlas

of
40']‘|'1'l"l'|'l‘l‘ -

May 1980

@

Soil
Reflectance
Properties

E. R. Stoner, M. F. Baumgardner, L. L. Biehl and B. F. Robinson
Department of Agronomy and the
Laboratory for of R
Purdue University

sof 7

20

.

with support of the
Johnson Space Center, A and Space A

and the Soil Conservation Service, U.S. Department of Agriculture

REFLECTANCE FACTOR {%)

0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
WAVELENGTH (um}

Stoner, E.R. and M.F., Baumgardner, 1981. Characteristic variations in reflectance of
surface soils. Soil Science Society of American Journal 45: 1161-1165

*~()) Udic Ustochrept (Okla., USA)

@ Typic Chromoxererts (Spain)

- @ Typic Haplorthox (Brazil) ¥ S

(O B v B TR T R Y : l .
Wavelength (pm)

Agricultural Experiment Station, Purdue University, West Lafayette, Indiana
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o The Global Soil Spectral Library (GSSL) == wur st

In 2006 Raphael Viscorra Rossel understood the GSSL importance and
initiated an activity toward establishing the first GSSL

Global spectral library project

* Startedin 2008 as voluntary
collaborationinresponseto %4
growing interest in soil vis—NIR 0.3

v
spectroscopy R ., \
|
« Scientists from each continent %!
coordinated and developed 500 1000 1500 2000
guidelines and protocols Wavelength /nm

* Aim to bring together a community of scientists,
encourage research, development of new applications
and adoption of spectroscopy in the soil, earth and
environmental sciences.

provided by Viscorra Rossel
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Soil Spectral Library

'PK Unique ID

201

10 20 30 40
Laboratory Measured Gravimetric Soil Moisture (%)

Chemical properties

Physical properties

Sensor Measured Soil Moisture (%)

Spectral signature

1600 1850 2100 2350

The followine ficures demonstrate the NIRA approach:

Cdliylaviuin

Concentration
C1 C2..Ci
T S Sample
5~
T
P S

st o o /“\L/f\_r'k_ 8+ 1 Cml,1 Cml1,2 Cml,i .=

Cp=bo + biL1 +b2l2+b3L3 + ...+ bnln

INTENSITY

" 2 Cm2,1 Cm2,2 Cm2,i

T i

e . . . .
0.4p WAVELENGTH “ j Cmj,1 Cmj,2 Cmji ;
» 4
%
> Validation
>

!

Concentration
C1 C2::.Cl

2 i

Sample

- L(® Number
; Lo gj‘ Cp=Dbo + biLt +b2l2+b3la + vt boln - \ Cpl,1Cpl,2 Cpl,i_
E 0 2 Cp2,1 Cp2,2 Cp2,i
i Ceid Cpi2 Cpi

PARACUDA®
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There is a publication on the global library

—

Authors: Those who contribute to GSSL established by Viscorra Rossel

Contents lists available at ScienceDirect

Earth-Science Reviews

journal homepage: www.elsevier.com/locate/earscirev

A global spectral library to characterize the world's soil

R.A. Viscarra Rossel **, T. Behrens®, E. Ben-Dor ¢, DJ. Brown ¢, ].A.M. Dematté ¢, K.D. Shepherd , Z. Shi &,
B. Stenberg ", A. Stevens |, V. Adamchuk’, H. Aichi ¥, B.G. Barthés !, H.M. Bartholomeus ™, AD. Bayer ",
M. Bernoux ', K. Béttcher P, L. Brodsky 9, CW. Du’, A. Chappell 3, Y. Fouad S, V. Genot ¢, C. Gomez Y,

S. Grunwald ¥, A. Gubler ¥, C. Guerrero *, C.B. Hedley ¥, M. Knadel %, H.J].M. Morras #, M. Nocita ",

L. Ramirez-Lopez *, P. Roudier”, E.M. Rufasto Campos , P. Sanborn ¢, V.M. Sellitto *, K.A. Sudduth %,
B.G. Rawlins 2", C. Walter *, LA. Winowiecki !, S.Y. Hong ¥ W. Ji &/

£ THE REMOTE SENSING
LABORATORIES
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c£ED In 2015 Raphael effort yield the first GSSL R—— e
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Global soil Soil VNIR-SWIR Spectra

Some 20,000 vnir-swir  (350-2500 nm) spectra from 12,509 sites
45 collaborators from 35 institutions

g 4 g 24 ~'% .
Ly LAY 5
,"ﬁh <) z'-. .""t'-'w Pt g 1
!.’.‘: - ’3 e *1- 7'\‘#.. e o &
f > L3S oY .
.ﬁ o v 4 e
\ M . f 4 | & ':-<'|_-;,..:‘
I\ PN ! ) S
) - «Cra—y (o 5 )
z . ‘ I 1 X . =
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£l /A B \
3 - =N . =
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e — QY
g . 3 7 LT
3 }
I
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provided by Viscorra Rossel
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Global soil vis—NIR spectra in numbers
Continent Attributes
8646 Oceania * pH 20,515 (20,515)
5198 North, Central America * Organic C17,931(9757)
3518 Europe  Clay 17,463 (10,064)
3097 Asia * Sand 12,058 (3395)
1621 Africa * CEC9533 (5014)
1407 South America * Silt 9542 (1280)
Antarcti *  Fe4151(331)
144 Antarctica * CaC0, 2960 (1388)
Position Description

84% with coordinates
60% from the 0-30 cm
30% from the 30-100 cm
10% from > 1m

provided by Viscorra Rossel

15% have soil horizon
95% with FAO WRB
80% with land cover



7 GSSL — Example e s
Chemomtric (non linear spectral data mining) from the GSSL
Spatial distribution of predictions
@ (e)
rg ‘Z‘ Log,, SOC /% % &;% & Log,, SIC /%
> 0 ' 1 Q9 0:) % = J}Q 5 l 1
o W@ R 9 & .
A h . 245
( A © . ( ~ ‘.‘\ J - -1
o)
(b) U
’E? \* e O s PHuater B * 2 Clay /%
Q% % & = A B % L o l
> . &) D
o 4 s vo, ¥ & 50
Ceo bl 6 : (() 50 = ;
C 24 % . : ‘ [ 4 . 25
o)

Viscorra Rossel 2015
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The European Soil Spectral Library - oo

The LUCAS spectral library

Density (/1000 km?)
2 ey pales Moo lenWlral na

Current status:

23 European countries

~20,000 high quality spectral
readings

Metadata: Clay, silt, sand, OC, pH,
CEC, CaCO,, Geographical
coordinates, land use, etc

0.5

0.4+

0.3+

0.2+

0.1+

1.00-

0.95+

0.90+

0.854

0.80+

0.754

reflectance

500 600 700 80D 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500

continuum removal

500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500
avelength / nm

2011

SOC classes /g C kg™
—1-20

- 2140

——41-60

- -61-75

... [76-125

- = 126-200

— 201-350

-— 351-587

Creation of four subsets: Cropland,
Grassland, Woodland, and Organic soils
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Artice January 2018
Soil Organic Carbon Estimation in Croplands by

Hyperspectral Remote APEX Data Using the LUCAS
Topsoil Database

Fabio Castaldi 1'*, Sabine Chabrillat 2/, Arwyn Jones 3, Kristi %Cf:f " a x b
Bas van Wesemael ! — e

Field 1

Field 2

I 20.1-25
25130 SOCgkg?
N 30.1-35 ] 76-95
I 35.1-44 & ] 96-102
I 103-107
Bl 0s-114
. 1s-132
Field 6
i

Field 3

spatial dlmenw‘n\.

(across the fight line)
swath

Won
(along the flight line)

\ Field 4 il
reflectance M
| i
ol

1
“u wavelength (jim) s &
A

¥
Field 5

— —
3 100 W0 E—)

Figure 2. Flow chart concerning the two soil organic carbon (SOC) estimation approact

work: traditional and bottom-up ) Figure 4. SOC maps of the validation fields in Luxembourg (a), and Belgium (b), using

approach. The white points in the fields correspond to the validation dataset.
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e Users are focused on their own protocols

(measurement methods and instrumentation)

* Protocol may affects the final spectrum......
(Spectral information is not reliable)

e Quantitative models are sensitive to these
effects (small spectral changes) .....

* The Chmometric models from one protocol
can not be used by other protocol
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Reflectance measurements of soils in the laboratory: Standards @m,,\m
and protocols
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" CSIRD, Perth, Western Australia, Australia

ARTICLE INFO ABSTRACT
e hstory: For the past 20 years, soil reflectance measurement in the laboraory has been a comman and extensively used
Received 4 Ocxober 2014 procedure. Based on soil spectroscopy, a proxy strategy using a chemometrics appraach has been developed
Received in revised form 3 jamuary 2015 for soils, along with of soil spectral libraries . Surprisingly however, there are
Meoepied 5 Jaaacy 2013 no agreed- or pratacols for in the laboratory and field. Conse
ot cul e quently, almast every user reconstructs his or hes own  experience,

rm— and infrastructure. This yields significant problems for ind sharing a
Soil spectroscopy spectral variations can be encountered from one protocol o the next. This further prevents the generation of a
orthierill enburct madal fo 3 given cnil nmnarty scina aerhive
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Veronika Kopackova & Eyal Ben-Dor any refloctance spectroscopy applications have been developed for sosls i the
last 20 yr (Malley ct al. 2004). Todsy, reflectanc in the VIS-NIR-SWIR re-

gion is considered to be 3 solid and manure technique foe qualitative and quantitative

To cite this article: Veronika Kopackova & Eyal Ben-Dor (2016) Normalizing reflectance from analyses of soil material (Ben-Dor ct al, 2008b). Soil spectroscopy has advanced the
different spectrometers and protocols with an internal soil standard, International Journal of discipline of soil science by providing a rapid and accurate methodology for quantita-
Remote Sensing, 37:6, 1276-1290 tive analyses that bypasses the traditional “wee” bboratory analyses. Whereas most of

the work in cvabating soil informatson from reflectance spectroscopy has been per-
To link to this article: http://dx.doi.org/10.1080/01431161.2016.1148291 formed under controlled iboratory conditions, fidd applications arc now rapidly gain
ingan important place in soil spectroscopy (Ben-Do t al. 2009; Cecillon et aL, 2009).
Accordingly. portable spectrometers are being developed and utilized woekbwide for
many natural resource applications, such a1 soil, rock. vegetation. and wter seudies.

In addition, a wide range of soil spectral measurcments ar bing gathered around the
globe with the intention of building a universal soil spectral library (Viscarra Rosscl,
2009). However, this kind of iitiative, or even the routine analyses of spectral data
collected in one specific lsboratory, arc limited by the differences that are usually ob
tained when different spectrometers and protocols are used (Mifton ct al. 2009; Price,

1994). Spectral perf may vary diffe

types of sp o even
among models from the same manufacturer, being therefore important to characterize
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: ) Israel SSL
@
Y
33- ®
Israel )
‘e
L
)
32- ﬁ.
3 )
5 QAP o0
31- %
Qe @
30~
34.5 35’0 35‘5
Longitude
Property Min Mean Median Max SD Skew  Kurtosis N
OM (%) 0.09 2.5834 2.01 13.23 2.1595 2.0876 6.1077 106
Sand (%) 4.03 44.6271 41.01 97.50 25.4006 0.2936 -1.0303 193
Silt (%) 0.00 23.4967 23.28 61.13 13.3401 0.1493 -0.4687 193
Clay (%) 0.20 31.9954 30.38 81.00 17.7866 0.2759  -0.7015 192
CaCOs3 (%) 0.00 26.8847 22.15 74.27 19.2755 0.5332  -0.6957 150
pH(H20) 6.50 7.5484 7.50 8.40 0.3730 0.0062  -0.2642 137
EC (uS) 0.07 3.8497 0.86 88.10 10.5869 5.6206 36.3869 141

-
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SoIl texture for 1srael

&
Sand / Percent

0.751

Reflectance
o
@
&

0.004

Silt

Textural Class
[¢] Clay

Clay Loam
Loam

Loamy Sand
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Sandy Clay
Sandy Clay Loam
Sandy Loam
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Silt Loam

Silty Clay

Silty Clay Loam
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Wavelength (nm)
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Soil texture for Greece
Greece Clay
»
40- T_extural Class
| |Clay
| @ |Clay Loam
§ ELoam
E | ® |Loamy Sand
= 3- Z Sand
zSandy Clay
1®] Sandy Clay Loam
| ® |Sandy Loam
[o]silt
36~ ESiIt Loam
| @ |Silty Clay
E Silty Clay Loam
Zb 2'2 2’& 2'6 2’8
Longitude
Sand / Percent
Property Min Mean Median Max SD Skew  Kurtosis N 1.00
OM (%) 0 0.9401 0.86 4.18 0.6287 1.0880 2.0493 928
075
Sand (%) 2 59.0043 59.00 99.00 20.4710 0.0945 -0.6216 928
Silt (%) 0 26.1272 26.00 68.00 14.7009 0.0858 -0.8567 928 ;E;m
3
Clay (%) 0 14.9321 13.00 91.00 11.1773 1.8031 5.5072 928
025
NOs ppm 0 17.7938 5.60 661.20 38.9528 7.4106 92.3701 928
CaCOs (%) 0 0.5033 0.00 40.30 2.1806 11.4630 172.7943 928



Turkey SSL
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Turkey
42
L ] o
fw )
'fa_
38-
36- ) , .,
0 as 40
Longitude
Property Min Mean Median Max SD  Skew Kurtosis N
OM (%) 0.00 1.4545 1.26 5.09 1.1312 1.0019 0.7350 94
Sand (%) 11.95 48.9943 50.57 86.20 19.6373 -0.0058 -1.1223 98
Silt (%) 2.09 21.4671 19.90 47.78 9.1021 0.8811 0.5022 98
Clay (%) 5.07 29.5386 25.78 76.46 159816 0.6435 -0.2519 98
CaCOs3 (%) 0.58  21.2726 18.48 89.99 17.8601 1.5676 2.9893 100
pH (H20) 575  8.1471 8.17 9.76  0.5849 -0.7216  2.9174 100
EC (uS) 2.11 178.2563 141.55 1225.00 156.4308 4.5675 24.8432 100

Soil texture for Turkey
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Soil texture for Cyprus

Cyprus
Clay
L4
o
{....o ot pee o8 S0 BETTe Textural Class
3 350- o @i e oo ® 0 %g:ZLoam
.g ELoam
s iLoamySand
| ©|Sand
348~ | * |Sandy Clay
Z Sandy Clay Loam
ESandyLoam
[=]sitt
| © |Silt Loam
o A ¥ ; ; [=]sitty Clay
325 330 335 340 [=]silty Clay Loam
Longitude
Sand
Sand / Percent
Min Mean Median Max SD Skew  Kurtosis N h
OM (%) 0.00 0.66 0.08 6.30 1.41 2.51 5.14 96
0.751
Sand (%) 25.80 64.14 63.75 88.10 1495 -035 -0.81 94
Silt (%) 10.00 26.36 26.60 46.50 9.22 0.12 -0.98 94 §D )
Clay (%) 150 912  7.10 3720 7.5 151 257 94 2 ) /"\—\\
CaCOs (%) 1.25 22.47 7.30 81.50 2496 0.84 -0.93 96 025 /
pH (H20) 5.95 7.91 7.97 10.07 0.72 0.08 0.61 96 //
EC (uS) 0.05 0.15 0.14 0.66 0.10 2.30 8.16 96 0.001

500 1000 1500 2000 2500
Wavelength (nm)



Cyprus SSL : Example of PARACUDA-II Analysis (1) W e Reore sensinG %

Cyprus Soil Spectral Library

100 samples out of 1000< samples across Cyprus were measured at TAU using the GEO-
CRADEL protocol as a SSL proof of concept for Cyprus

Legend
e soils locations

2 S Kilometers




®
Q® ®®

@ Cyprus SSL : Example of PARACUDA-II Analysis (1) '
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P da-ll lysi
1200 bands 400-2500um
attributes
R2test R2cal R2cv RPD RMSEP RMSEC Factors nSamples

Ca_ICP_A 0.814535 0.878246 0.589983 1.758655 5.839741 3.648851 7 100

Fe ICP_A 0.918421 0.83375 0.641008 2.724214 0.856039 0.929646 7 98
TC_percent 0.850408 0.785889 0.663803 2.62447 1.742019 2.143751 7 99
TOC_percen 0.848366 0.898744 0.192273 1.901086 0.418841 0.265254 7 95

R2test R2cal R2cv RPD RMSEP RMSEC Factors nSamples

LOIL_A 0.892231 0.939477  0.759291 2.948313 4.284826  3.006276 8 101
PH_A 0.299897 | 0.994668 0.536386  1.187499  0.484736  0.041637 9 95
EC_A 0.612321 0.963388  0.377227 1.532643  0.038274 0.012269 7 97
SurfArea_A 0.455239  0.990774  0.592458 1.255305 0.506724  0.059904 7 95




Cyprus SSL : Example of PARACUDA-II Analysis (5)
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Cyprus SSL : Example of PARACUDA-1I Analysis (3) " memsoresavsiv oy

-

Paracuda-Il analyses
12 bands 400-1000um
( Venus — Spectral configuration )

Ca_ICP_A 104 (52 Cal,52Val) 7 0.76 0.73 5.64 304.82

Fe_ICP_A 104 (52 Cal,52Val) 8 041 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
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Soil Spectral Library is a power full data base to map soil
properties

Standard protocol is important in order to share and combine
all related measurements that is being acquired by diverse
groups and users

In GEO CRADEL activity, a good example how standard SSL
can be generated to the Mediterranean and Balkan countries

The era of hyperspectral remote sensing from space is
approaching and thus the SSL built-up is mandatory

We urge all possible users who foreseen activity in précising
agriculture to take part in this intiative.
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-'-" THE REMOTE SENSING
LABORATORIES




