The role of soil spectral library for the food
security issue

-
Department of Geography g
Tel Aviv University

THE REMOTE SENSING
LABORATORIES




@® Coordinating and integRating state-of-the-art
o1

FEarth Observation Activities in the regions of
@ @@ North Africa, Middle East and Balkans

and Developing Links with GEO related intiatives
toward GEOSS

'I THE REMOTE SENSING %
-

LABORATORIES

The GEO-CRADLE project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 690133.

__ HORIZON 2020




Why Soils Are Important

. Plants grow on soills .
- Plants support animal life. :
. Plants and animals support human Ilfe

World population is rapidly increasing,
with food demand.

A large part of the world’s populatlonhas
Inadequate nutrition. e L

Soll affects all the above
And is a critical factor in Food Security
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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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DEfi n itio n 2 : THE REMOTE SENSING %

* 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).

800 1000 1200 1400 1600 1800 2000 2200 2400

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)




Strong Link between Point and
Image Spectroscopy
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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

|
satellite

Provided by Viscorra Rossel

i
airborne Laboratory
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Variance of exposed soil — very important for the quality of wine

A very good example for “Food Security” D 1 e &
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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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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

R.A. Fizscarra Rossel et al. / Geoderma 131 (2006) 39-75

Spectral Spectral Multivariate M| RMSE R®  Authors
region range (nm)  method™ Mot
Mg; g'kg VIS-NIR 400-2500 modified PLSR 315 0.90 Cozzolino and Moron (2003)
Mg (exch.); cmol(+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(+)/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.); cmolkg 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)
oC; % 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) glkg 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)
OC; % NIR 700-2500 PCR 12140 0.68 Islam et al (2003)
0C; glkg 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)
0oC; gkg 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)
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 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 074 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)
- THE REMOTE SENSING %
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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)
oc; % 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|600 0.97 McCarty et al. (2002)
oc; % NIR 1100-2500 MLR (1744, 72|48 0.93 Dalal and Henry (1986)
1870, 2052)
0cC; % NIR 1100-2500 RBFN 140| 60 032 096 Fidéncio et al. (2002)
0cC; % NIR 700-2500 PCR 121 |40 0.68 Tslam et al. (2003)
OC; gkg NIR 1100-2498  PLSR (18) 177|600 0.82 McCarty et al. (2002)
0OC; mgkg NIR 1100-2300  PLSR (8) 180 x-val 0.94 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)
0OC; ghkg VIS-NIR 350-2500 MARS 449|225 031 0.80 Shepherd and Walsh (2002)
OC; 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 Islam 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, 1510 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 (11) 120| 59 0.73 Reeves et al. (1999)
pH VIS-NIR 350-2500 MARS 505|253 043 0.70 Shepherd and Walsh (2002)
pHe 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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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
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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
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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

gcb@e@ . .
oy The Global Soil Spectral Library (GSSL) = wmemeo <t

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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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
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In 2015 Raphael effort yield the first GSSL
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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
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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 * CEC9588(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
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7 GSSL — Example e s
Chemomtric (non linear spectral data mining) from the GSSL
Spatial distribution of predictions
@ (e)
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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
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0.95+

0.90+

0.854
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0.754

reflectance
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continuum removal
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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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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 bv other nrotocol
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ardization

Lucky Bay Wiely Bay

Soil Mineralogy
Performance of Three Identical Spectrometers

in Retrieving Soil Reflectance under
Laboratory Conditions

aylor & Francis

International Journal of Remote Sensing

A raog of dectmome azd meckanxal ros factors G et sl specta whes ssng diffrere mremments o
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Eyal Ben-Dor

ISSN: 0143-1161 (Print) 1366-5901 (Online) Journal homepage: http://www.tandfonline.com/loi/tres20 Dep. of Geograpby and Human
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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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A simple protocol has
established for new users
Since 2014

Reflectance

Measurement of Soils
in the Laboratory: |
Standards and |

Contents lists available at Scien ceDirect

Geoderma

journal homepage: www .elsavier.cam/locate/gaoderma

P r O t O C O 1 S Reflectance measurements of soils in the laboratory: Standards @mum

and protocols
Eyal Ben Dor **, Cindy Ong", lan C. Lau®

Ben Dor E*, Ong O. and L. Lau B

" CSIRD, Perth, Western Australia, Australia

Thiz document provides 3 detail 3 ARTICLE INFO ABSTRACT
routines on how to measure zoil sctan h Fotete history: For the past 20 years, soll reflectance measurement in the labaratory has been a comman and extensively used
Received 4 Gcober 2014
£ : procedure, Based on soil SPECETOSCOpY, 4 PROXY STTategy using a chemometrics approach has been developed
laboratory sy y and - Receivedin revised form 3 Jamuary 2015 for soils, along with of soil specrral libraries . Surprisingly however, there are
£ < 52 O r*:';:”“"““v"“ no agreed- or protocols for in the laboratory and field. Conse
e R N N receive high performance snd rep ¥ L allable omline oo quently, almast every user reconstructs his or ber own . experience,
e Remote Sensing : e and infrastructure. This yields significant problems for nd sharing a
cocument presents two standards and tWwo p
Sail spectral variations can be encountered from one protocol o the next. This further prevents the generation of a
atory, Department of s enbuacr vk e 2 st el o s i arrhive

The protocois are for a contact prabe ana E
geometry assemblies and the two stancards
zand cunes from Western Austrafe Rt 8l
method om how to stancardize each
CSIRO Perth Australis measurement to the proposed stancard

sand zamples are used to check the
messurement set U and more important.
endor@post.tau.ac.il user to exchange spactral libraries which W
under simiar standardization conditions.

Geography and Human
Environment, Tel Aviv
University, Israel

+972 364070453

8/20/2013
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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
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New Standard for world wide Soll
Spectral Library — Adopted
Countries

World Soil Spectral Library under ISS protocell




The concept of using SSL : A vision
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Drones




The Concept of Soil Mapping using LSSL and Drones in real time mode
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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 be used for the GEO SSL
on behalf of GODAN and other initiative.
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