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Soil spectroscopy
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Spectra measure soil composition

_ 2.5
1 Visible 1 Near infrared Mid infrared
2 - particle size
: n - iron oxides
. i ()] i |
Soil is ES % 15 |iron oxides | water organic matter | clay minerals
made Of 2 o §) 1 - colour carbon i quartz iron oxides
: ; ] carbon | clay minerals i organic matter
rbonat
0.5 . cabonate ] carbonates nitrogen
0 i —\/\ /\J/\/\/ | water particle size
45% minerals 400 500 600 700 1200 1700 2200 2500 7500 12,500 17,500
Wavelength (nm)

A single spectrum can effectively provide information on the soil and its properties
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Digital mapping of the information content of soil spectra
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Direct spectral measures of clay mineralogy

« Vvis—NIR spectroscopy + digital soil mapping Sub-catchment
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Viscarra Rossel (2011)
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Quantifying soil colour, iron oxides, organo-mineral composition
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Soil spectral libraries and digital soil property mapping




Modelling soil properties requires soil spectral libraries

For example, the Australian spectral library Soil attribute Mean RMSE SDE _ME _RPD
fpc /m3 m™3 032 006 006 —0.004 168

fpwp /m? m~? 0.16 004 004 —0.001 195

Logyo( W) 056 021 021 0005 1.54

A ' Bulk density /g cm™ 1.32 0.15 0.15 —-0.003 1.87

f Ausravian NATIONAL | S I Clay /% 320 849 848 051  2.35

| SOIL ARCHIVE N / ‘\ silt /% 125 550 547 058 163

L\ ey 1 Coarse sand /% 304 1356 1350 129 161

Fine sand /% 261 977 974 074 160

Total sand /% 55.1 12.00 12.00 -0.13 2.06

Log;o(Organic C) 026 025 025 —0.01 217

Logyo(Total K) 050 033 033 —0.04 187

Logyo(Total N) 130 025 025 0001 211

1000 1500 2000 2500 Loglo( ) 1.18 0.19 0.19 _0.001 1.40

— Logyo(Total P) 166 027 027 000 1.75

] Logio(Available P) 091 042 042 0007 1.39

; - . . - pHe, 531 057 057 005 2.16

» CSIRO’s soil archive holds 50,000+ soil specimens PHy 605 063 063 0002 228
: . : CEC /cmol(+)kg™? 156 708 706 051 213

from with an incomplete set of analytical data gl et S o e e

] ] . . Exch. Ca?* /emol(+)kg=* 791 377 377 017 234

- Measured 20,000+ soils with vis—NIR (& mid-IR) Loguo(Exch. K 049 03 0M 002 165
Exch. Mg?* /emol(+)kg~! 549 258 258 016  2.30

: . . : : Logyo(Exch. Na't) 041 037 037 00005 2.10

» Spectroscopic modelling predicted soil attributes Extractable Fe /% 465 261 261 005 181

Viscarra Rossel & Webster (2012); Hicks et al. (2015) Curtin University



The Australian soil organic C baseline — facilitated by spectroscopy

Years 2000 to 2013 only
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Continentally, climate is the biggest
driver in the modelling. Regionally,
soil, mineralogy, terrain and vegetation Rl

are important. v
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Viscarra Rossel et al. (2014) 1) Curtin University |




Spatial modelling of soil C composition — facilitated by spectroscopy
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Australian digital soil property mapping enabled by spectroscopy

SLGA project to
derive spatially
explicit soil
information to
better understand
interactions with
other ecosystem
components.
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Combined soil property data +
spectroscopic predictions of soil
attributes enabled continental scale

digital soil mapping: S, = f(c(, o, r, p, t)

Sk (wo,d) = i (o, d) + (o, d)

Viscarra Rossel et al. (2015); Grundy et al., (2015); Behrens et al. (2015) SR Special Issue
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3D maps of soil properties
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* An online software platform to enables
development and use of large (country,
global) spectral libraries and localized
spectral predictions

* Developed to be
« versatile,
* minimise complexity,
« dynamic and
* enable continual growth of library

« Accessible by land managers, farmers,
researchers ...anywhere in the world
and for the common good
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Development
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globeSeC About Contactus Register Login

globeSpeC v0.1

o improvements to functionality

o broader testing

A global platform for local soil spectral predictions

' o proposed hosting at FAO
e o under the GLOSOLAN-spec

Fair and rapid access to local estimates of A platform for local spectroscopic modelling

soil properties using spectroscopy. Less and the prediction of soil properties = g .
complex, more accurate spectroscopic anywhere. Using the latest modelling and I n Itl atlve
modelling. For farmers, land managers and machine learning to accurately predict
researchers around the world. important soil properties like total organic
carbon (TOCQ).

(spectroscopy can make
more of a difference in less

wealthy countries where the
mmmeeliiogl NI DA cost of soil information might
R S =1 be limiting)

Unseen complexity

g Curtin University
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Project page

About Contact us ®

List of projects

Title . status Actions D I d t d d M
ownioad report and pre Ictions
dataset1_CN predicted Download | Delete | t .
dataset2_IL predicted Download | Delete p J
dataset3_SW predicted Download | Delete
dataset4_US predicted globeSpeC About Contact us
Projects p Upload p Check v Predict Project title: glosolan test 3
dataset5_WA predicted
dataset? WA predicted How to create a new project: Project details and file upload
*  Add a descriptive project title (up to 20 characters).
= *  Add a brief description of the project (100 characters). Project title:
glosolan test 3 predicted
*  Upload your 'training’ data file, prepared as follows:

Description:

©  First row (header) contains variable names

©  First column contains sample identification values demo

©  Second and third columns contains coordinates
(Longitude and Latitude) of the samples.

©  Forth column contains the response variable (e.g. total

o soil organic carbon content values).
N e w r O e C t ©  Remaining columns contain the independent variable
(that is, the spectral values for wavelengths in the range

between 400 nm and 2500 nm)

© Save as a comma-separated values (CSV) file.

Previous

*  Upload your 'prediction’ data file, prepared as follows:

First row (header) contains variable names A
©  First column contains sample identification values

Upload data

. o © Second and third columns contains coordinates Training data:
(Longitude and Latitude) of the samples. No file chosen
O r ra l n l n g ©  Remaining columns contain the independent variable
(that s, the spectral values for wavelengths in the range a
between 400 nm and 2500 nm) No file chosen
©  Save as a comma-separated values (CSV) file.

and prediction




globe

About Contact us

Projects » Upload > Check o Predict

Project title: glosolan test 3

User data: assign column names

Training data

[0 v [Longitude W | [Latitude N2 | [Toc v 4
. " T e Assign data and upload
171 -921217 392275 1.9388 01256 0128 .. 01321 03699

312 -92.1217 39.2278 1.086 0.1411 0.1408 .. 0.1443 0.3597

811 -921217 39.2287 25208 01068 01113 .. 01166 03665

9T 921217 39.2289 15071 0148 0149 .. 01532 02957

212 921216 392313 1.0946 01156 01202 .. 01248  0.4207

Prediction data

[0 v [Longitude N | [Latitude N |

D Lon Lat 400 410 . 2490 2500

172 -921217 39.2275 01217 0.1231 0.1253 03299

211 921217 39.2277 01158 01207 . 01242 03246

212 -921217 39.2277 0.1232 013 0.1351 03333

311 -921217 39.2278 0.1166 0.1257 0.126 0.3365

4t 921217 39.228 0.1456 01486 . 0152 04179

TOC content unit:

Type ofspectra:

First wavelength:

. .

= Localisation and
Last wavelength: nm . . .
(CT— Optl mized modellin g
Local TOC distribution Local spectra i n n ea r rea I _ti m e :
between 2—6 minutes

depending on dataset

e

IS

Count
o
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o
05 10 15 20 25 3.0 LSS “§~§ ¢§&§@§¢°§§ -S?Q ¢°°\$ »9& @n“?@(ﬂ@

b b

Total organic carbon, % Wavelength, nm

Run globeSpe




Example using USA data

Projects p Upload p Check » Predict

Results displayed on a single page

Project title: glosolan test 3

Local TOC distribution Local spectra

07

06
g 0s
8 04
Bos
2 o2

01

Count
R S

Local data: soil property and spectra

05 1.0 15 20 25 30 FEEEL SIS S ESESTSEETSE

\\\\\\
Total organic carbon, % Wavelength, nm

Principal component analysis Sample locations

1; I Training data [ Localised data Spectral library ﬂ g ,..~
Localised data selection and geolocation  ©+ s o >3

Cross-validation Predicted TOC distribution

8 35
7 LA 5
g,e *
%) 25
Validati d predicti : e
o )
alidations an redictions N 52l 8
B % e 10
82 “‘
a 5
1 3 R
o 0 —
0 1 2 3 4 5 6 7 8 05 10 15 20 25 30 35 40 45

Observed TOC, % Total organic carbon, %

Cross-validation statistics

Evaluation statistics = -

0.831 0.894 0.406 -0.025 0.415 3.642 -0.469

% Curtin University




Example using Australian data

Can use spectra from
different spectrometers
as long as they are
within the 350-2500
nm range (visible—near
infrared).

Next version will extend
to also mid infrared
(MIR).

globeM About Contact us @

Projects p Upload p Check p Predict

Local TOC distribution

Count
®

Principal component analysis

I Training data [l Localised data
10

6 : s
o .
g 2 Nl O

R LS L
2 . '!'-:O, a!,'...‘ .
6
-10 5 0 5
PC1
Cross-validation
35
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% 15 Y pe .'.
= o %
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T o5 @ L R

° L]
0
0 05 1.0 15 20 25

Observed TOC, %

Cross-validation statistics
R2 (dde RMSE

0.607 0.715 0.315

il

0 0.5 1.0 15
Total organic carbon, %

Spectral library

3.0

Project title: dataset7 WA

Local spectra

12
1.0

8

2 08

8

D 06

& =

D 04 7

o |
02 i
0

RS

Wavelength, nm

Sample locations

-

This example
uses spectra from
400-1160 nm

I R IR N N N N N R RN
CPELLLFEPCELF S PSS FEP S

IR

o g.
e
:
LLLLL | Map data © OpenStreetMap contributors, Imagery © Mapbox
Predicted TOC distribution
60
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£
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Total organic carbon, %
SDE RPD RPIQ

0.319 1.69 -0.197



About Contact us ®

Projects b Upload p Check b Predict Project title: dataset3_SW
Local TOC distribution Local spectra
6 0.6 . .
: Example using Swedish data
04
£’ ]
33 gos
o ® 02
2 i
, 0.1 .
' 0 . S Sample locations
10 15 20 25 30 85 40 45 FEECE SO IESSEEEEES q/e@,,;s fﬂ§&§w§f§
Total organic carbon, % Wavelength, nm
.
.
Principal component analysis Sample locations + [
Finland
I Training data [l Localised data Spectral library B 7 -
12 :
s & Norwa . e
8 3P ‘_)3_’:’ . y .
. : Pogee .
o 4 % I e o M 20 & Helsinki o
3] At . S e . Oslo L/ Saint
& o L wﬁd} é.° A s 8 . EstoniagPetersburg
4 .’. w® °*°e 8 - ©
. . -, ‘g
-8
-10 5 0 5 10 15 20 >COT North ‘~'\b LY
\
PC1 . e Sea Denmark g2 A G
United
— 3 e Ireland pitigdon? o Belarus
Cross-validation Predicted TOC distribution " Amsterdarm
Ll . Peland
18 . N -« *
o |~ 1 london o GErME Leafiet | Map data ® OpenStreethMap contributors, Imagery © Mapbox
= ) 1
[$) ° 12
2 i £ 10
3 S 8
2 [$)
- 6
T y . .
o - Interact h
— nteractuve gra ICS
Observed TOC, % Total organic carbon, %
Cross-validation statistics
R? ccc RMSE ME SDE RPD RPIQ

0.865 0.917 0.529 0.045 0.53 2.821 -0.498



. lobeSpeC About Contactus (9
Example using data from Israel .

Projects p Upload p Check p Predict Project title: dataset2_IL

Local TOC distribution Local spectra

Count
canvwANO ~w®©D

12
1.0

8
S 08

0 05 10 15 20 25 30 35 40 45
Total organic carbon, %

Wavelength, ni

S h OW i n g th at th e Principal component analysis
spectral library used ——————

Sample locations

here is lacking some - v 2%
similar samples to the L -

ones f rom I srae | PC1 e

Cross-validation Predicted TOC distribution

The larger and more
diverse the spectral _‘.eg.:,.a . : HT\
library, the better that ) e

15 20 25 30
Observed TOC, %

gl ObeS[ geC W i | l p red i Ct. Cross-validation statistics

R2 ccc RMSE ME SDE

Predicted TOC, %
o =M w & o o
L]
o
Count
®

ﬁ

RPD RPIQ

0.518 0.649 0.683 0.032 0.694 1.536 0.324



Thank you.

Raphael Viscarra Rossel

Professor Soil & Landscape Science

Curtin University

r.vscarra-rossel@curtin.edu.au

http://curtin.edu/soil-landscape-sci % Curtin University




