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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: 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, IA, United States
Tlowa State University, Ames, IA, United States
!Corresponding author: e-mail address: jerry.hatfield @ars.usda.gov
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Definition 2

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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A typical Soil Spectrum

An effective way to simplest the complexity of the soil system
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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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xamples of some of the soil attributes that can be extracted from
spectral library (1)

Soil attribute Spectral Spectral Multivariate Heatin| RMSE R?  Authors
region range (nm)  method® oy

Mg; g/kg VIS-NIR 400-2500 modified PLSR 315 090 Cozzolino and Moron (2003)

Mg (exch.); cmok+)kg 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  0.68 Chang et al. (2001)

Mg; mmol(+)/kg UV-VIS-NIR  250-2500 PCR 121|40 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 IT); mgkg  VIS-NIR 400-2498 PCR (12) 30|119 564 070 Chang et al. (2001)

oC; % MIR 2500-20,000 PLSR 0.92 Janik and Skjemstad (1995)

oC; % MIR 2500-25,000 PLSR 188 0.93 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|160 0.97 McCarty et al. (2002)

oC; % NIR 1100-2500 MLR (1744, 72|48 093 Dalal and Henry (1986)
1870, 2052)

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

OC; mg/kg 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 0.89 Chang and Laird (2002)

OC; glkg 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 x-val 072 098 Masserschmidt et al. (1999)

OM; % NIR 1000-2500 MRA (30 bands) 39|52 0.55 Ben-Dor and Banin (1995)

OoM; % VIS-NIR 400-1100 NN 41 0.86 Daniel et al. (2003)

OoM; % 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 (11) 120| 59 0.73 Reeves et al. (1999)

pH VIS-NIR 350-2500 MARS 505|253 043 0.70 Shepherd and Walsh (2002)

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

R.A. Viscarra Rossel et al. / Geoderma 131 (2006) 59-75 !\ &gg%%ﬁESSENSING %
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some of the soil attributes that can be extracted from
spectral library (2)

Soil attribute Spectral  Spectral  Multivariaste  neyp| RMSE R Authors
region range (nm)  method® Mot

oC; % MIR 2500-20,000 PLSR 0.92 Janik and Skjemstad (1995)

oC; % MIR 2500-25,000 PLSR 188 0.93 Janik et al. (1998)

0oC; glkg MIR 2500-25,000 PLSR (17) 177|160 094 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 0.93 Dalal and Henry (1986)
1870, 2052)

oC; % 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)

0OC; gkg NIR 1100-2498  PLSR (18) 177|60 0.82 McCarty et al. (2002)

OC; mg/kg NIR 1100-2300 PLSR (8) 180 x-val 094 Reeves and McCarty (2001)

OC (acidified soil); gkg  NIR 1100-2498  PLSR (17) 177|160 0.80 McCarty et al. (2002)

0oC; glkg VIS-NIR 400-2498 PLSR (6) 76|32 062 0.89 Chang and Laird (2002)

0OC; gkg 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)

0C; % UV-VIS-NIR 250-2500 PCR 121|40 0.76 Islam et al. (2003)

OM; % MIR 2500-25,000 PLSR (4) 31 x-val 072 098 Masserschmidt et al. (1999)

OoM; % 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.); mgkg 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)

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

R.A. Viscarra Rossel et al. /

Geoderma 131 (2006) 59-75
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leld Spectral Lib'ra.ry : The Practical Value (4)
Agricultural Soil Mapping based on Local SSL and HSR technology

h SoilMSalinity (" Soil SSA Soil Organic matter 0 RGB

uole}a8ap

Vegelatod | “{Dnlltup}
area fadwes £

Ben-Dor et al., 2004



'HARMONIOUS'
id S ~
ideas - EDSt E=

Growing

through
networks

Soil Spectral Library : The Commercial Value (1)

- i
SoilCares @ Products Solutions Research  Ourstory  Library

Sc&n*ner -
e,#

pH, N, P, K, EC, temperature and o;gumc 3011
your phone in 30 seconds

P Play the video!

) \ )"\ P

very attordaple.

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

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

40000 - Point Spectroscopy

35000 l

30000 /

/

20000 / Image Spectroscopy

25000

15000
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1970 1980 1990 2000 2010 2020

Number of papers and Patents

Year
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he need of Soil Spectral Library

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

e Users are gathering many soil samples mostly under local scale.
Global scale is important for practical usage.

e Selecting and checking spectral bands of RS sensors for soil
applications

e Applying quantitative models directly to any airborne/spaceborne
sensors
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USGS Digital Spectral Library

htetp://speclab._.crusgs.gov/spectral-lib_.html

| Title |Description|| UV-NIR Plot |
|Acmite NMNH133746 Pyroxene HDescription ”0.2—3.0 um plot!
|Actinolite HS22 ||Description ||O.2-3.0 um plot|
|Actinolite HSI116 HDescription ”0.2—3.0 um Dlot!
|Actinolite HS315 HDescrintion ”0.2-3.0 wm nlotl
|Actinolite NMNHR 16485 [Description [[0.2-3.0 wm plof] ey
|Actinolite NMNHS80714 HDescription ”0.2—3.0 um plot! igital spectral Library ]
0.6} -
|Adularia GDS57 (Orthoclase) ||Description ||O.2-3.0 um plot| . ]
13) 4
|Albite GDS30 Plagioclase HDescription ”0.2—3.0 um Dlot! gu . 1
Go.4l ]
|Albite HS66 Plagioclase ||Descrintion ||O 2-3.0 um nlot| E ]
: . I~ - MaA A~ oo 1l 1
|Alb1te HS324 Plagioclase TITLE: Acmite NMNH133746 Pyroxene DESCRIPT 0.2 e ]
|Allanite HS293 DOCUMENTATION FORMAT: MINERAL el ]
| Almandine HS114 Garnet SAMPLE_ID: NMNH133746 0.0 bt L l T i et an 199 s 1
Digital Spectral Library E
|Almandine WS475 Garnet MINERAL_TYPE: Inosilicate 06l ]
|Almandine WS476 Gamet MINERAL: Acmite (Aegirine)(Pyroxene group) 3 :
- FORMULA: NaFeSi206 E ]
|Almand1ne WS477 Garnet , Qo4 g
FORMULA_HTML: NaFeSi;Og 2 ]
|Almandine WS478 Garnet o ]
COLLECTION_LOCALITY: Kangerdluarssuk, Narssaq (near), Greenland i Almandine WS476 WIRLED _‘
|Almandine WS479 Garnet ORIGINAL DONOR: Smithsonian 0.2 11/21/1986 08:23 ]
— splib04a r 162

CURRENT_SAMPLE_LOCATION: USGS Reston, VA 1
0.0 1 1 1 1 1 L

ULTIMATE_SAMPLE_LOCATION: USGS Reston, VA

SAMPLE DESCRIPTION:

This sample was obtained by John W. Salisbury, and the original sample analysis and mid-infrared spectra were published in:

Salisbury, J. W., Walter, L. W., and Vergo. N., 1987, Mid-Infrared (2.1-25um) Spectra of Minerals: First Edition, U.S. Geological Survey Open File Report 87-263.

"Original sample was large (un to 2cm). verv dark ereen nrismatic crvstals of acmite intererown with albite(?). Material was crushed and hand nicked bv I. Salisburv for erindine."
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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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First Soil Spectral Library
Around 4000 spectra

May 1980

in USA

Atlas
qf

L e L B BN B Y Soil
¢ B Reflectance
o« 30F " n P rti
S S roperties
(&) E. R. Stoner, M. F. Baumgardner, L. L. Biehl and B. F. Robinson
& Department of Agronomy and the
| ) Lab y for A of R 9

5 20 Purdue University
E ‘\ with support of the
= Johnson Space Center, A and Space A
8 10+ -1 and the Soil Conservation Service, U.S. Department of Agriculture
-
L.
w
o

0 \

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) A1
Typic Chromoxererts (Spain) .
@Typlc Haplorthox (Brazil) L.
4 8 12 6 20 24 -
Wavelength (um)

Agricultural Experiment Station, Purdue University, West Lafayette, Indiana
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Physical properties

Spectral signature

- Soil Spectral Library ©
tPK Unique ID zs
\ l | Chemicl propertie

The followine ficures demonstrate the NIRA approach:

1350 1600 1850 2100 2350

Cdllplrauvivin

Concentration
C1 C2..GCi
Sample
= Number
z 1 Cml,1 Cm1,2 CmLi-=  Cp=bo + bil1 +b2L2+b3Ls + ...+bnln
g 2 Cm2,1Cm2,2 Cm2,i
j Cmj,1 Cmj,2 Cmji
Validation
Concentration
C1 Cc2...Ci
A Sam;::e
: Number
E [ gj‘ Cp=bo + biLt +b2l2+bsls + B N s Cpl,1 Cpl2 Cpli
g il 2 Cp2,1Cp2.2Cp2i
2o v cpid Cpi2 Cpi

PARACUDA®©

-

~
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(SSM) using local soil spectral library

atter Image

oil Spectral Mappin

Organic

Table 2. more details).
Property SEC, SEP, SEL Assignments
Soil Field 0.045, 0.14, 0.016 1.65 um-reflectance slope

Moisture (SFM)

0.027@

Organic Matter
(OM)

0.003, 0.015, 0.00
0.0012@

Soil-daturated
Moisture SPM

0.019, 0.021, 0.00
0.0006@

0.688 um-reflectance slope

0.722 ym-chlorophyll remaining
1.678 um-C-H in cellulose

2.328 um-Humic acid, Pectin, Lignin
2085 um-adsorbed water OH

2.183 um-OH combination of v'+ 4§ in clay
mineral Jattice

1.538, 1.563 um-OH combination of 200 in
clay mineral lattice

0.739 yum-organic-matter assignments

1.65 yum-adsorbed water OH

2.166 um-adsorbed water OH

Not determined

Electrical 4.36, 4.58, 0.1
Conductivity (EC) 2.57@

PH 0.146, 0.26, 0.1
0.073@

wl stands for the wavelength (um)
predicted (x=p) domains. @ stands fi
multiple regression coefficient. SEP=1
samples were not involved in the calil
laboratory of sample i and AVE; is the

istituent values in the measured (x=m) and
tory data (spectral and chemistry). R is a
ired (x=m) and predicted (x =p) domains in
s to a single analytical measurement in the

Soil Salinity, Water and Organic matter

Vegetation mask

] : .
==——F——_——Ki ", THE REMOTE SENSING %
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CaCO3 (%) Al03 (%) Fe203 (%)
100 g s < L Ne=3s T
;; ‘:“h’ "x"'i:}'{ {:‘;fw '/’/>/‘ ]2\%:;:;)” ,/-f"/ 1 8|: ;‘0575 e -
Z.%," Remote Sensing of Environment RN g F e
i 7 o T
. R g f ' 7 err 4|
o al ald AL
Volume 48, Issue 3, June 1994, Pages 261-274 R —— o
y < T o Nv=56 ~
ELSEVIER L
o — gl T /
' B t'-,: ) B
- - 7T 2 S
Visible and near-infrared (0.4-1.1 pym)
= LOI (%) KO
analysis of arid and semiarid soils o R
E. Ben-Dor 2% A Banin T ':; 1;/'/’-/- AloSE A
o - 20 40 0.5 15
Show more e — - >
T 100[“,4: 7 m o Ny \51.5 e e !
https://doi.org/10.1016/0034-4257(94)30001-9 Get rights o s // wren | b oL ‘
» ! | B = B osh. o B!
LA . IR
A 40 100 40 & 15
Fed (ppm)
30*103 fN, . )
i
Table 6. The Regression Line Parameters (r* = coefficient 201031 _sﬁc—zmﬂ ’
of correlation, a =slope, and b =the intercept) of Seven f L
Soil Constituents in the Validation Stage* T
104 20*103
Property SEP r? a b 30103 — Nv_" —
CaCo, 113 0.70" 0.76" 8.81° Y ,
ALO, 202 053 0.54 352 207103 /o'
Fex0, 125 051 0.49 2.20 P B
$i0: 1374 068 0.72¢ 7.20% AR
LOI 621 069 0.64 9.40 104 20103
K:O 027 056" 068 0.29 Measured
Fed 2873 0.61% 0.56 2120
* Also are presented the p ters significance (at 0.05) that * is

?‘:t .:‘«i)k(::'g;')" unity, a is not different from 1, and b is not different 1 4 6 Ci t ati O n S

b Significance at 0.05.
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CaCO4(%) Si0, (%)
90
Nea22
L 54 R%=0.99
. . . . 36 SECx11.07, L
Evaluation of Several Soil Properties Using Bt A
ol
Convolved TM Spectra 0 3 6 9%
90 Nvwd? Lo
) 54 ©2=0.09 L
E. BEN-DOR', A. BANIN’ 2 sEPell4
1. Department of Geography, Tel-Aviv University, - 0 B B
Ramat-Aviv, P.O. Box 39040, Tel-Aviv, Israel, @ 0 36 54 90
69978 bendor@ccsg.taw.ac.il ‘5
2. Department of Soil and Water Sciences, Faculty of Agriculture, Hebrew University o] ?5 LOI °
Jerusalem, Rehovot, Israel. 2 _ (%) 400 JSSSA (m?/g)
Ne=35 By o N
2 “| n20.80 . R20.60
36 | sgcetsr ot | sErac09
24 e 160
af * e A A
0..Z 0
0 24 36 60 0 160 400
\._\ 400 Nv.“ “\
2=0.40
SEPwBIS ., ot
160). -} -2
B
0 B
60 0 160 400
Measured

Figure 4. Plots of the predicted (C)) vs. measured (C) values at the calibration (A) and
validation (B) stages for the optimal TMA prediction of the significant soil properties.
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Enter keywords, authors,
International Journal of Remote Sensing >
Volume 18, 1997 - Issue 13

163 Original Articles

Visible spectrometric indices of
hematite (Hm) and goethite (Gt)
- content in lateritic soils: The

application of a Thematic Mapper
(TM) image for soil-mapping in
Brasilia, Brazil

J. Madeira, A. Bedidi, B. Cervelle, M. Pouget & N. Flay

Pages 2835-2852 | Published online: 25 Nov 2010

66 Download citation https://doi.org/10.1080/014311697217369
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e Global Soil Spectral Library (GSSL)

aphael 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

spectroscopy R o, v

0.4

« Scientists from each continent °! /

f

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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GSSL
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 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 ¥, A. Gubler ¥, C. Guerrero *, C.B. Hedley ¥, M. Knadel ?, HJ.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 %8/

- £ THE REMOTE SENSING %
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In 2015 Raphael effort yield the first GSSL

VNIR-SWIR

Global Soil VNIR-SWIR Spectra

Some 20,000+ vis-NIR (350-2500 nm) spectra from 12,509 sites
45 collaborators from 35 institutions
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The LUCAS spectral library

Density (n/1000 km?)
12 3y pales Moo lenlral

35 &
= 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
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reflectance
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continuum removal
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SOC classes /g C kg™
—1-20

---21-40

- 41-60

- -61-75

.. [76-125

- = 126-200

— 201-350

-— 351-587

Creation of four subsets: Cropland,
Grassland, Woodland, and Organic soils

The European Soil Spectral Library
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First paper showing utilization of a global SSL —
avoiding local work load

. remote sensing WVI\D\PQ Janua ry 2018

Article
Soil Organic Carbon Estimation in Croplands by
Hyperspectral Remote APEX Data Using the LUCAS s0C g 3 | ~ b
Topsoil Database — A
151-20
9 20.1-25
Fabio Castaldi '*, Sabine Chabrillat 2, Arwyn Jones 3, Kristin Vreys ¢, Bart Bomans # and I 25.1-30 ‘ SOCgkg?
N 30.1-35 ] 76-95
Bas van Wesemael ! 35144 P T es-102
— ey
. N 115-132
BOTTOM-UP APPROACH Helds
- Field 1
o »
'Fgéﬁ?l Local spectral Field / g A
database oran sampling Field 2
Field 7
Remote PLSR Laboratory .
Sensing image models soil spectra 3 L
> %
l =) Field 3 y
-
6 Field 8
Spectral data Soil L 2
3 N aboratory > —_——
at sampling variable +«——— measurements - o o "
points values 3
) Field 4
O
2
Ba i Soil e
PLSR model ——» " 20" > variable
ields maps

Field 5

Figure 2. Flow chart concerning the two soil organic carbon (SOC) estimation approaches Figure 4. SOC maps of the validation fields in Luxembourg (), and Belgium (b), using

work: traditional and bOttOl’l’l'UP- approach. The white points in the fields correspond to the validation dataset.
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The Problem

» Users are focused on their own protocols (measurement
methods and instrumentation)

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

* 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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Lucky Bay

=
Performance of Three Identical Spectrometers
(@) T sancs in Retrieving Soil Reflectance under

. . - Laboratory Conditions
International Journal of Remote Sensing

Awide range of clctron: and mechanical s factors
cven when repaing s s sampl’s mcasaremens wie

S ———— ts0il spectra when wsingdiffrene imtraments oe
Agustin Pimstein® i ane spectromerer | sl samples where very weak
Facuhtad de Agronomia e Ingenieria

Forestal of the Pontificia Universidad

Catolica de Chile.

specteal fesees are manitored foe ches
shupe. ot sbeds intei
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Tel-Aviv Univ. seerene pect whes difirent g peceocals were ssed. This stands ko showed an
PO.B. 39040, impeovement i the prediction of sil propertics whea spphvingcb J medeh
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Normalizing reflectance from different TR :

tnl mcaurerents. As the mess d in this rescarch abo affect asy inf e reflecence

spectooscopy meawrements, th

spectrometers and protocols with an internal soil el e
standard e :
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tical Spectral Devices. Ine: CR. concinwam removal; NIRS, near infrared

v University

Veronika Kopackova & Eyal Ben-Dor any reflectance spectroscopy applications have been developed for sods in the
last 20 yr (Malley et al, 2004). Today, reflectance in the VIS-NIR-SWIR re-
gion s considered to be a solid and mature technique for qualitative and quantieative

To cite this article: Veronika Kopackova & Eyal Ben-Dor (2016) Normalizing reflectance from analyses of soil material (Ben-Dor et 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 "wet™ hiboratory analyses. Whereas most of

the work in vabating 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 liboratocy conditions, ficld applications are now rapidly gain-
ingan important place in soil spectroscopy (Ben-Dor et al., 2009; Cecillon et L. 2009).
Accondingly. portable spectrometers are being developed and wilized worklwide for
many natural resource applications, such as soil, rock, vegetation. and water studics.
In addition, a wide range of soil spectral measurements are being gathered around the
globe with the intention of building 2 universal soil spectral library (Viscarra Rossel,
2009). However, this kind of initiative, o even the routine analyses of spectral data
collected in one specific liboratoey, are limited by the differences that are usually ob-
tained when different spectrometers and protocols are wsed (Milton et al. 2009; Price,
1994). Spectral perf may vary among different types of p oreven

among moxdels from the same manufacturer, being therefore impoetant to characterize

This artiche hars supplemental material avadabile online
Soil Sci. Soc. At
Posted online 18 F

ok-10.21 sy
Received 20 Ap
~Coemeponding sthce (pmsten®@ o
© Soil Sciemce Society of Ames suilioed Rd.. Madison W1 53711 USA

al may b reproduced oe transmitied in any foem oe by

Al rights reserved. No part of this pere

any means, electronic ce mechanical. meluding phatacopying, recording, or amy infarmation sioeage
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Protocol
A simple protocol has

established for new users
Since 2014

Reflectance

Measurement of Soils
in the Laboratory:
Standards and
Protocols secne et i e o St (@

and protocols

Geoderma 245-246 (2015) 112-124

Contents lists available at ScienceDirect

GEODERMA

Geoderma

Eyal Ben Dor **, Cindy Ong b lan C. Lau®

2 Tel Aviv University (TAU), Ismel
¥ CSIRO, Perth, Western Australa, Australia

Ben Dor E*, Ong O.and L. Lz

Thiz document provides a detail inst
routinezs on how to measure ”il
laborstory systematically and accurately in

ARTICLE INFO ABSTRACT

Artide history For the past 20 years, soil reflectance measurement in the laboratory has been a common and extensively used
Received 4 October 2014 procedure. Based on soil spectroscopy, a proxy strategy using a chemometrics approach has been developed

Received in revised form 3 january 2013 for soils, along with massive construction of soil spectral libraries worldwide. Surprisingly however, there are
Accepted 5 January 2015 "

- - no agreed-upon standards or protocols for ry and field. Conse-
rform D Available online x0x . . N
™ R t s - receve hgh pe ance and re vl online quently, almost every user reconstructs his or her own protocol based on the literature, experience, convenience
e Remote Sensing e and sharing users,as
I Yeworts problems for comparing .
cocument prezents two standards and two p Soll spectroscopy spectral variations can be encountered from one protocol to the next. This further prevents the generation of a

Laboratory, Department of The protocel e S andld
Geography and Human P i -

B ment, Tel Aviv geometry assemblies and the two stancards are

University, Israel sand cunes from Western Australia. it also g
method on how to stancardize each
meazurement to the proposed stancard
sand zampies are used to check the
measurement set up and more important to
*bendor@post.tau.ac.il user to exchange spectral libraries which
under similar standardization conditions.

erbunct mdal for 2 aivan snil nmmnarty cing tha wddswida A2t n-hiva T calua thic nrahlam in tha laharatan:

CSIRO Perth Australia

+972 364070453

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

World Soil Spectral Library under ISS protocell

THE REMOTE SENSING %
LABORATORIES
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Drones The concept of using SSL : A vision
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£ From Iocél SSL _ MAP-IR sensor
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Uropean Facility for Airborne Research

EUFAR AISBL — H2020 CALL
(2018-2022)

A New Interest of EUFAR

Fusion of Airborne imaging and point
spectrometry with UAV platofms

Looking forward for collaboration with HARMONIOUS
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Uropean FaC|I|ty for Airborne Research

EUFAR EUROPEAN FACILITY FOR AIRBORNE RESEARCH

EUFAR AIRCRAFT & INSTRUMENTS ACTIVITIES RESOURCES QUICK ACCESS

EUFAR TO BECOME AN AISBL !

After a lengthy period of negotiation, 8 European institutions
representing 6 different countries involved in airborne
environmental research have signed the necessary Statutes to
constitute EUFAR as an AISBL - an international non-profit
association under Belgian law. These documents will now be
deposited with the Belgian courts so that EUFAR AISBL will be
formally constituted early in 2018.

EUFS

European Facility

for Airborne Research -

Transnational Access Education and Training °
WELCOME TO EUFAR ~ femeees
\] \ ] Ar Q European Geosciences Union General
‘ Assembly 2018 Vienna
NV IR NMEN \ 2018 Vienna, Austria, 8-13 April 2018. The EGU
. - N General Assembly 2018 will bring together...
e cility for Air e (EUFAR) brings erinfrastr
The EUropean Fa '| ty for Airborne Research (EUFAR) brings together infrastructure i DLR Conference on Climate Change
operators of both instrumented research aircraft and remote-sensing instruments 2018 - Atmospheric Research for
. e Understanding and Mitigati
with the scientific user community, both expert and early-stage researchers, other 2018 c;:mirtseqcrl]walr?gg:n e

The German Aerospace Center -DLRis
hosting a conference on climate change...

data users and stakeholders.
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The Soil Spectroscopy Library ad UAV :
Summary

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

e Standard and protocols are important to hold

e SSL can be used n to check performances of sensor for a
mission

e SSL can be used to map soil properties (and not only soil

moisture) and important for future utilization of UAV
Sensors.

38
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€* UNIVERSITY

2= OF WARSAW
*

\Varsaw University
of Technology

The European Association of Remote Sensing Laboratories

University of Warsaw,

Warsaw University of Technology

cordially invite you to attend the

1 st WORKSHOP OF EARSeL SPECIAL INTEREST GROUP

Unmanned Aerial Systems (UAS)

Scientific Committee

Prof. Valerio Baiocchi
Prof. Krzysztof Bedkowski
Dr Jan Clevers

Dr Lammert Kooistra

Dr Klaus-Ulrich Komp

Dr Anna Zmarz

Universita di Roma, Italy

University of £édz, Poland

Wageningen University & Research, Netherlands
Wageningen University & Research, Netherlands
European Association of Remote Sensing Laboratories

University of Warsaw, Poland

Important Dates

Registration opening

Abstract submission deadline
Notification of authors

Registration deadline for authors of

accepted contributions
Preliminary programme

Deadline of early bird registration

February 1, 2018
April 30, 2018
June 15, 2018

July 30, 2018

July 1, 2018
July 30, 2018
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Thank You !!
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