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Techniques used for proximal soil sensing�

ʻ…the use of sensors in the field to obtain signals from the soil 
when the sensorʼs detector is in contact with or close to it.ʼ�

Viscarra Rossel et al., 2011 Adv. Agron.�

Spectrocopy for proximal soil sensing�

vis–NIR and mid-IR spectroscopy can measure (directly/indirectly) 
many soil properties�

vis–NIR with remote and proximal soil sensing�
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Visible range – soil colour�
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Viscarra Rossel et al., 2006 Geoderma; 2008 Biosys. Eng..�

vis–NIR & mid-IR…smaller, cheaper instruments�

vis–NIR � mid-IR�

MEMS�

2. The information content of soil spectra�
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Visible, NIR and mid-IR spectra�
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mid-IR: fundamental molecular 
vibrations of soil mineral and 

organic composition�

NIR: combinations 
and overtones�

vis: electronic 
transitions�

The information content of mid-IR soil spectra� The information content of vis–NIR soil spectra�
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Spectra - an integrative measure of soil�
Discriminating soil horizons and profile classes �
with vis–NIR spectra�

Viscarra Rossel & Webster, 2011 EJSS�

Australian Soil Classification 
(ASC) orders�Soil horizons�

63–97 % correct allocation �60–90 % correct allocation �

High spatial resolution vis–NIR mapping�

DSM performed on a 3 arcsecond �
(~ 90m pixels) grid using s,c,o,r,p,a,n �

Digitally mapping the information 
content of Australian soil vis–NIR 
spectra�
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Viscarra Rossel & Chen, 2011 RSE�

3. Spectral libraries�

Soil spectral libraries�
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Shepherd & Walsh, 2002; Brown et al., 2006; Viscarra Rossel et al. (2008) AJSR�

�
•  Mineral identification�
�

•  Spectroscopic modelling  �
- multivariate calibrations/ 
chemometrics�

Spectroscopic modelling: y = f(X)�

Many options other than PLSR: 
algorithms that provide good 
predictability and interpretability�

Viscarra Rossel & Behrens 2010 Geoderma�



The global soil spectral library - GSSL�

16,000+ spectra from 90 countries�
All measured with vis–NIR and some with mid-IR
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Global vis–NIR vs. mid-IR – using model trees �

Comparison using 3415 soils from 55 countries�

Global vis–NIR vs. mid-IR – using model trees �

4. Field measurements – proximal soil sensing�
�

1. Updating the pedologistʼs toolkit�

Lost of subjectivity – only qualitative at best�

Spectroscopic measurements of soil colour�
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Measurements of soil mineralogy�
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Viscarra Rossel et al. 2009 Geoderma�

Measuring clay contents�
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Viscarra Rossel et al. 2009 Geoderma�

Assigning a soil classification�
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Discriminant 
analysis to 
assign ASC 
classifications�

2. Mapping soil properties at Ginninderra farm�

Acquisition of high 
resolution multi-sensor 

data 
 

Use of reflectance 
spectra to measure soil 
properties of soil cores 

at various depths 
 

Develop relationship 
between measured soil 
properties and sensor 

data 
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Acquisition of high resolution multi-sensor data�

The ʻeRoverʼ�

Multisensor data and soil sampling�
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Minasny & McBratney 2008; �
Adamchuk et al., 2011�



Spectroscopic predictions and mapping�

Spectroscopic 
predictions 
using 
Australian 
library with 
PLSR�

High resolution 
DSM (0–30 cm)�
with SMLR�
�

CSIRO.   

Concluding remarks�

Development of spectral libraries is not PSS but is needed 
to support spectroscopic PSS�
�
Soil spectra are integrative and measure the fundamental 
composition of soils: their organic matter, mineral and 
water contents – can be used for the assessment of soil 
condition!�
�
The global soil spectral library combined will be made 
available for all to use�
�
Proximal soil vis–NIR sensing – a useful tool for 
pedologists, for soil mapping…and monitoring!�
�
 �
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