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Why Soils Are Important

Plants grow on soills .
Plants support animal life.
Plants and animals support human life.

World population is rapidly increasing,
with food demand.

A large part of the world’s populatlon has
Inadequate nutrition.

Soll affects all the above
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Soil
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layer medium for plants to grow -
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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).

Point — one pixel
"; § THE REMOTE SENSING %
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Imaging spectroscopy Hyperspectral Remote Sensing (HSR)

Fram 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 spectroscopy is similar to an image produced by h_?_

@ digital camera, except each pixel has many bands of light intensity data instead ":“*:?%3

of just three bands: red, green and blue, _:55_

Irmaging spectrometer data acquisition allows the quantitative and gualitative ’@_tj

characterization of both, the suface and the atrmosphere, using geometrically ﬂ-ﬁé

coherent spectrodirectional radiometric measurements. These measurements can § E

then be used for the unambiguous direct and indirect identification of surface e P

materials and atmospheric trace gases, the measurement of their relative i i

concentrations, subsequently the assignment of the proportional contribution of Ash plumes on Kamchatks Peninsuls, esstern &
mixed pixel signals {e.g., the spectral unmixing problerm), the derivation of their B SIARCI R imac=S

spatial distribution (rmapping problem), and finally their study aver time (multi- adjusted From A. GoetZ 1994
ten

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)
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@@ Soil as a Complex System
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Soil is a complex system characterized by chemical and physical attributes that
provides an overview on the agricultural functions of the soil as a food producer

w01l Pro hile
(Pedon)

Soil is composed of

Clay

silt

sand

organic matter
carbonates

iron oxides
water
particle size

air

Cations

Anions
Flora
Founa

Return Impact



Reflectance

@@ A typical Soil Spectrum
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An effective way to simplest the complexity of the soil system
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Remote sensing
A

|
satellite

Provided by Viscorra Rossel

i
airborne Laboratory

vis i3'dOT§ s 31 B i 1*oT i Combination
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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

~
o

A
o
T

=]
T

Sensor Measured Soil Moisture (%)
[t ]
()

O i
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 attribute Spectral Spectral Multivariate Hewin| RMSE R®  Authors
region range (nm)  method® Myatid”

Mg: gkg VIS-NIR 400-2500 modified PLSR 315 0.90 Cozzolino and Moron (2003)

Mg (exch.); cmo+)kg VIS-NIR 350-2500 MARS 493|246 11 0.81 Shepherd and Walsh (2002)

Mg (exch.); mgkg VIS-NIR 400-2498 PCR (9) 30/119 128 068 Chang et al. (2001)

Mg; mmol(H/kg UV-VIS-NIR 250-2500 PCR 121 |40 0.63 Islam et al. (2003)

Mn (DTPA); mg/kg MIR 2500-25,000 PLSR 133 0.57 Janik et al. (1998)

Mn (exch.); cmolkg MIR 2500-25,000 PLSR 183 0.66 Janik et al. (1998)

Mn (Mehlich Il; mgkg  VIS-NIR 400-2498 PCR(12) 30|119 564 070 Chang et al. (2001)

oC; % MIR 2500-20,000 PLSR 092 Janik and Skjemstad (1995)

0C; % MIR 2500-25,000 PLSR 138 093 Janik et al. (1998)

OC; glkg 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 0.97 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)

0C; % NIR 700-2500 PCR 12140 0.68 Islam et al. (2003)

oC; glkg NIR 1100-2498  PLSR (18) 177| 60 0.82 McCarty et al. (2002)

OC; 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; glkg VIS-NIR 400-2498  PLSR (6) 76|32 062 089 Chang and Laird (2002)

0oC; gkg VIS-NIR 350-2500 MARS 449|225 031 080 Shepherd and Walsh (2002)

0C; dag/kg VIS-NIR 350-1050 PLSR (3) 43|25 036 Viscarra Rossel et al. (2003)

oC; % 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 41 086 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 41 081 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 Recves et al. (1999)

pH VIS-NIR 350-2500 MARS 505|253 043 0.0 Shepherd and Walsh (2002)

pHo MIR 2500-25,000 PLSR 183 0.67 Janik et al. (1998)

R.A. Viscarra Rossel et al. / Geoderma 131 (2006) 59-75 ol KES&T%TR%ESENSING %

—
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Soil Spectroscopy

eap\*
Examples of some of the soil attributes that can be extracted from
spectral library (2)
Soil attribute Spectral  Spetrl  Multivariade  nen| RMSE R* Authors
region range (nm)  method Mo
oC; % MIR 2500-20,000 PLSR 092 Janik and Skjemstad (1995)
0C; % MIR 2500-25000 PLSR 188 093 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)
ocC; % 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)
ocC; % NIR 700-2500 PCR 121|40 0.68 Tslam et al. (2003)
0OC; gkg NIR 1100-2498  PLSR (18) 177|600 0.82 McCarty et al. (2002)
0C; mgkg NIR 1100-2300  PLSR () 180 x-val 0.94 Reeves and McCarty (2001)
OC (acidified soil); gkg ~ NIR 1100-2498  PLSR (17) 177|160 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 12140 0.76 TIslam et al. (2003)
OM:; % MIR 2500-25,000 PLSR (4) 31xval 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 () 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)
pHe MIR 2500-25,000 PLSR 183 0.67 Janik et al. (1998)

RA. Viscarra Rossel ef al. / Geoderma 131 (2006) 39-75

—
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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

ay
{ /

1970 1980 1990 2000
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2010 2020



Soil Spectral Library : The Commercial Value (1) = e e

L) Contact B EN Choose regional office

SOllcares @ Products Solutions Research Ourstory  Library

8 SoilCares Soil
Scanner .- g

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

| 4 Pluy 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 ”
E ] g i
: @
o
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 (1 e —

News

10.18.16 | Research, Development and Innovation related content Ra p I d (a n d m a SS Ive)

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

analysis goes to the producer

Videos See more

f the greatest Innovations In the analysis of the last five decade:
ming tr to propose and Implement new methodologies for soil analys

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

! O :I ( recommended by the Company for soll analysis In Brazll e
L 5 52 ?

How It works

olos 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 suceess of technology,” says Armando Parduccl

In addition to the large database, the technology package SpecSolo has a unique hosted software In the cloud
for procs and dedicated to soll ana alled 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 resulls of each soll parameter or Interpretation of bands of soil fertility.

The project also Includes an expert system to generate fertilizer recommendations and liming, according to the
frare

main manual 2 In the country. SpecSolo-Scan Is the first near infrared
spectroscopy sible (VISNIR) the world to present an autosampler and an integrated system with database
fully dedicated to soil analysis




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

Blolwlvlo|alelelel

d

4
1

|
3|8

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

First Soil Spectral Library

— THE REMOTE SENSING
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%

REFLECTANCE FACTOR (%)

1980

5 spectral types
In USA

Hr—— 7T T T T 1 T T T 1T

[e2]

30 7]

20

0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 22 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

Around 4000 spectra

May 1980

Atlas
o_f

Soil
Reflectance
Properties

E. R. Stoner, M. F. Baumgardner, L. L. Biehl and B. F. Robinson
Department of Agronomy and the
Lab A of R

y for
Purdue University

e

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

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

() Udic Ustochrept (Okla., USA)

@ Typic Chromoxererts (Spain)

.. (3) Typic Haplorthox (Brazil) & Nt

I B ¥ B TR T ) = 1 -
Wavelength (um)

Agricultural Experiment Station, Purdue University, West Lafayette, Indiana
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» The Global Soil S pectra | Libra ry (G SS L) D semne iy

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
collaboration in response to
growing interest in soil vis—NIR 0.3

0.4

.
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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4
Argentina
Austrakia
Belgium
Botswana
Brazil
Brunei
Cameroon
Canada
Cnina
Colombia
Costa Rica
Cuba
Denmark
Ecuador
Finland
France
Germany
Ghana
Greece
Hungary
India
Indonesia
Iran
Israel

taly
Jamaica
Kenya
Korea
Madagascar
Malaysia
Martinique
Mozambique
Namibia
Netherlands
New Zealand
Nicaragua
Nigeria
Samoa
Senegal
South Africa
Spain

8n Lanka
Sweden
Switzeriand
Thailand
Tunisia

UK

Uruguay
Usa

Zambia

Current global distribution of spectra
2008

—=

Total of 6721 spectra

Not all representative — e.g. China only field-scale data
Coords for Brazil, Argentina and Ecuador coming
Coords for large part of USA still to be added

No samples in Russia and eastern Europe

Csino

http://groups.google.com/group/soil-spectroscopy/files



http://groups.google.com/group/soil-spectroscopy/files
http://groups.google.com/group/soil-spectroscopy/files
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The European Soil Spectral Library - oo

The LUCAS spectral library

Density (n/1000 km?)
2 ey pales Moo e lral v

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+

0.34

0.2+

0.1+

1.00-

0.95-

0.90-

0.85-

0.80-

0.75-

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

—— 4150

- -61-75

... 76-125

<= 126-200

— - 201-350

-— 351-587

Creation of four subsets: Cropland,
Grassland, Woodland, and Organic soils
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(S Do) In 2015 Raphael effort yield the first GSSL -

V D seswsE= e
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’ g ‘» y
T
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) W) 753
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I §
.,

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 * CEC9588(5014)
1407 South America  Silt 9542 (1280)
Antarcti * Fe4151(3311)
144 Antarctica + CaCo, 2960 (1388)
Position Description

847% 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
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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

RA. Viscarra Rossel **, T. Behrens”, E. Ben-Dor €, DJ. Brown ¢, ].A.M. Dematté ¢, K.D. Shepherd *, Z. Shi 8,
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, V. Genot {, C. Gomez Y,

S. Grunwald Y, 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 ", C. Walter 5, LA. Winowiecki ’, S.Y. Hong ®, W. Ji #&/

£ THE REMOTE SENSING
LABORATORIES



GSSL — Example T

Chemomtric (non linear spectral data mining) from the GSSL

Spatial distribution of predictions
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Viscorra Rossel 2015
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w Regional Soil Spectral Library S

Agricultural Soil Mapping based on Local SSL and HSR technology

( SOlI MOiSture l) SOIP.Sallnlty (I SOII SSA SO|I Organic matter
(

uolle}asan

Mgrlr.d; 3 lluﬂ'«p".
Ared S5 [V

Ben-Dor et al., 2004
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Drones




The Concept of Soil Mapping using LSSL and Drones in real time mode e —

= LABORATORIES

UAV Drone Equipped with
Hyperspectral Imaging Sensor

Swath width of
imaging sensor "
Eart ® Soil
=
£
2 m
. T |
Wavelength
= Water
Model
3
b
: from SSL
B é Wavelength
g é Each pixel contains
wEl 3 a sampled spectrum 3 Vegetation
that is used to identify §
the materials presentin  §
the pixel by their E
reflectance
Wavelength

Spectral images
taken simultaneously

Soil Types

[CJDanville loam, 2t0 9% slope

[ Elkhom sandy loam, 0 to 2% slope
[CJElkhom sandy loam, 15 to 30% slops
[JElkhom sandy loam, 2 to 9% slope
[CJElkhom sandy loam, 9 to 15% slope

[ Soquel loam, 0 to 2% slope o
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Standard

Lucky Bay Wiely Bay

Soil Mineralogy
Performance of Three Identical Spectrometers

in Retrieving Soil Reflectance under
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established for new users
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Reflectance

Measurement of Soils
in the Laboratory: |
Standards and

Contents lists available at ScienceDirect

Geoderma
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Enlarged the GSSL by Establishing the Foundation (knowhow,
standard and protocol) to Build a Regional SSL

A Regional North Africa, Mediterranean, Balkan Soil Spectral Library

provided by Viscorra Rossel



The Concept of Soil Mapping using SSL and HSR from orbit
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Product Name SHALOM (9m GDS)

Crop, Rangeland and Invasive Species Map SHALOM products that are based on GSSL
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




NASA, USA
ESA,UK
CAST, China
ISRO, India

NASA/ONR, USA
ROSCOSMOS, Russia

ISRO, India

ASlI, Italy

METI, Japan
DLR/GFZ, Germany

ESA
CNES, France

NASA, USA
ISA/ASI, Israel/ltaly

Ul i=rr

| GISAT >

| PRI

SMA >

HISUI >

EnMAP >

| FLORIS/FLEX

2016/17  [Hypxm-A >

_HysplRI

SHALOM >
I

2020/22
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7 Summary

37

Reflectance spectroscopy (RS) of soils is an important property for Food
Security issues world wide.

Spectral libraries are generated under regional, national, continental and
global scales.

The GSSL initiative paves the road to accumulate libraries from all scales
and resources global wide

SSLs from North Africa, Mediterranean and Balkan countries should be
extend in order to be a data base for modern precision agriculture
activities

Standard and protocols are existing and should used for the GEO-
CRADLE’s Reginal SSL PILOT
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