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Site Sampling Design:

25 Block Composites

25 blocks of 12 individual samples
= 300 individual samples

A training set of 25 composite 
samples (mix of individual samples) 
will be analyzed in lab for soil proper-
ties of interest and used to generate 
IR spectroscopy models for the 300 
individual samples.

The illustrations on the arrow show what soil looks like at 
various scales. How do the attributes change as scale changes?
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When sampled directly rather than classify-
ing, soils still exhibit high variability. Man-
agement in such conditions is challenging 
as sites can vary greatly in response to a   
treatment over scales
as small as 5 meters.

This study will test the application of spectra-
scopic techniques in two Douglas-�r planta-
tions (see map below). Generated data will be 
used to: 

- Identify plant nutrient hot spot locations 
(places where large buildup of nutrients has 
occurred).

- Quantify uncertainty associated with soil 
sampling design and mapping

- Increase insight into the environmental pro-
cesses that control soil pedogenesis and dis-
tribution.

Soil science is in need of a cost-e�ective 
method of increasing samples sizes, as 
sampling has historically been expensive 
and time-consuming. Infrared (IR) spec-
troscopy o�ers a potential solution to this 
problem. Spectral signatures have been 
correlated with a number of chemical and 
physical soil properties. 

More on the 
IR method

A trial IR study

Precision, but at what scale?

Soil is a vastly heterogeneous entity that exhibits vari-
ability from micro- to megascopic scales. State-level 
soil maps (SSURGO) are based on taxanomic classi�ca-
tions tied to geomorphic features, not sampled mea-
surements.  The maps were designed as generalized 
assessments and contain much uncertainty in their 
predictions of individual soil attributes.

<---- At left, a map of soils characterized by slope 

What Is a Soil Map?

Regarding Sampling Uncertainty

At right, results of a bio-
char study. Note the large 
error bars, a typical sight 
in forest soil studies. ---->

More Precision? More Samples!

Precision Forestry

Map from UC Davis Soils Lab (2012)

It’s a Model, Not Truth

Fast & Cheap High Density Sampling 
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An infrared beam is shot at a sample of soil. Spe-
ci�c wavelengths of the light will be absorbed by 
speci�c particles and each soil will produce a 
unique spectral signature based on its chemical 
makeup. 

The raw spectral is analyzed for “peaks” and “val-
leys” in absorption; these relate to speci�c mo-
lecular bonds such as hydroxls, the SiO4 bonds 
of quartz, and so on. These chemical bond prop-
erties in turn correlate to soil properties like nu-
trient content and physical structure.

For every soil variable of interest, regression 
analysis (principle component and partial least 
squares are common methods) is used to build a 
model of soil attribute in relation to a given spec-
tral signature. The model is then evaluated for 
goodness of �t.
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In the �nal step, information from the model �tting 
is condensed into a chart of how well each soil 
property model performed. It it up to individual 
data user to determine what amount of error is ac-
ceptable.

Spectroscopy graphics and data modi�ed from Viscarra Rossel et al. (2006)
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(1)  Spectral Signature (2)  Identify Bands Correlated to Soil Attributes (3)  Which Attributes Correlate Well?

THE PROCESS:  
What does a beam of light tell us about soil attributes?

THE RESULT: 
A model that predicts multiple soil 

attributes with a high degree of accuracy

SOIL PROPERTY

Total Organic Carbon (TOC)

Total Nitrogen (N)

Cation Exchange Capacity (CEC)

Exchangeable Ca

pH
 water

Bulk Density

Sand

Silt

Clay

Electrical Conductivity (EC)

CORRELATION COEFFICIENT(r2)

0.93

0.89

0.93

0.88

0.72

0.62

0.89

0.90

0.87

0.80

How infrared (IR) 
spectroscopy is 
revolutionizing 

soil surveys

Example model from CSIRO soil lab:

Visualizing

the

Process

Graph from Steinbeiss et al. (2009) Expected Results

Products For Academics: Products For Managers:

Study Design

- Soil properties will vary highly and exhibit right skewed distribution, as 
noted in Wilding et al. (1994).

- Both study sites are located in landslide prone areas where surface �ow 
can exert large control over nutrient distribution. If a landslide signature 
can be found in the topological data, it should correlate well with many 
soil attributes including total organic carbon and nitrogen.
 
- Ability to map nutrient hot spot zones. Hot spots are land zones of high 
value; mapping them will allow land managers to more e�ectively utilize 
such areas in support of forest planning goals.

1) What is the distribution of soil properties at the plot level?

Research Questions

3) Is there a relation to 
“clorpt” soil-forming 
processes?

2) What method gen-
erates the best soil 
maps?

Do di�erent soil attributes have similar spatial patterns and distribution shapes?

Interpolation using spatial 
autocorrelation (kriging)?

Predictive mapping based 
on topology?

Are there environmental 
variables (topology, biota, 
hydrology) controlling dis-
tribution of soil proper-
ties?

Higher precision maps ... ... with better understanding 
of uncertainty

From Schmidt et al. (2010)

Advancing the new paradigm 

Data supporting a mechanistic un-
derstanding of plot level
 pedological processes.

Are there areas where soil nutri-
ents cluster?

Is there a precise statistical de�-
nition of a hot spot?

4) Can nutrient hot spots lo-
cations be identified
with precision?

Precise hot spot identi�cation

A key step in understanding how nutri-
ents cycle through ecosystems.

From Fortuna (2012)

Map of
hotspot

locations
in a forest

soil system

A step toward precision forestry in the Paci�c Northwest?

An Introduction: All Maps Lie

Kriged map of carbon
UC Davis Soils Lab (2012)

Facies prediction and degree of con�dence 
UC Davis Soils Lab (2012)

The “clorpt” environmental
factors are: climate, organisms, relief, parent material, time, Jenny (1941)
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