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I’d like to respectfully acknowledge that the areas covered by the work I am presenting 
today are on the inherent and treaty lands of First Nations and within the traditional 
lands of Indigenous peoples. For thousands of years, Indigenous peoples inhabited 
and cared for this land, and continue to do so today. 

My office at GLFC is located in Robinson-Huron Treaty territory, this land is the 
traditional territory of the Anishinaabek, specifically the Garden River and Batchewana 
First Nations, as well as Métis People.

Land Acknowledgement
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Soil: A foundation for healthy forests

Senate committee on Agriculture 
and Forestry report on status of soil 
health in Canada (due by the end of 
this year)

Source: FAO
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Soil: A foundation for healthy forests

Chemical

Biological

Physical

• Texture
• Moisture
• Depth
• Bulk density

• Decomposition/respiration
• Microbial activity/diversity
• Soil fauna

• Carbon
• Nitrogen
• pH
• Cations
• Anions
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Soil information is essential for many different 
applications

• The type of soil information 
(i.e., specific properties) 
might be different for 
different applications.

• Understanding how these 
properties vary across the 
landscape will improve our 
ability to practice 
Sustainable Forest 
Management
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▪ Existing maps are coarse

▪ Not easily remotely sensed

▪ Inferred from landscape 

position and vegetation 

associations

▪ Forest soils offer additional 

challenges (e.g., tree canopy, 

forest floor, complex terrain)

But… soils are not easy to map
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Digital soil mapping
Field sampling of soil attributes Environmental layers

Soil property is a function of topography, geology, climate, …
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▪ Adapting digital soil mapping to 

forest systems by mapping at 

relevant scales for forest 

management

▪ Data, data, data

▪ What are the key properties (or proxies for 

the key properties)

▪ Workflow

▪ Mapping soil properties for different 

applications

How do we improve on our forest soil mapping?
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1. Compiling legacy data and 
facilitating soil data acquisition.

Project Goals

2.  Summarizing key indicators or 
metrics of soil properties.

3.  Expanding soil property 
map products and their 
applications.
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Compiling legacy soil data

• Large datasets (NFI, FEC/ELC, 
G&Y, FRI, VSN)

• Regional datasets (ARNEWS)

• Project datasets (LTSP, TLW, PRF, 
AFRIT, university)

• Field-determined soil properties 
vs. lab-determined soil 
properties

Shelagh Yanni

Data, metadata

Fact sheets
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Facilitating soil data acquisition

• Encouraging soil collections as part 
of other studies, community-based 
monitoring

• Flexible sampling protocols and 
guidance documents
❑ Overview

❑ Planning

❑ Field collection

❑ Processing soils

❑ Laboratory analyses

❑ Data management

David Paré, Charlotte Norris, Shelagh Yanni, Stephanie Nelson, Dave Morris, Kim Chapman 

Quick 
reference 
booklets
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Compiling legacy data and facilitating soil 
data acquisition

• Key challenges
– Locational accuracy
– Subjective/qualitative measures
– Non-standard methods
– Expense of field collection of 

samples and processing and 
analyses.

• Opportunities
– Linking soil databases
– Rapid assessment methods
– In-situ quantitative sensors
– Rapid laboratory methods
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Summarizing key indicators or metrics of 
soil properties

• Some properties are critical but may be difficult 
to measure.

• Can more easily measured properties serve as a 
proxy?

• Can we build “Pedo-transfer functions” from 
these proxies?

Example of Bulk Density
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Summarizing key indicators or metrics of 
soil properties

Texture and pH are important to nutrient regime
Rob Fleming, Jin Zhang 

14



© Sa Majesté la Reine du chef du Canada, représentée par le ministre des Ressources naturelles, 2017

UNCLASSIFIED - NON CLASSIFIÉ

Expanding soil property map products and 
their applications – Step 1: Workflow

• Workflow
– Plot data

– Spatial layers and covariates (LiDAR DEM acquisition)

– Model choice (kNN, RF, SVM)

– Variable Inflation Factor, Recursive Feature Elimination to 
remove multi-collinearity

– Resampling to improve balance across categories

– Variable importance

Jeremy Arkin, Grant McCartney, Brandon Heung, Ian Sinclair

“Tips and Tricks” report 
of DSM workflow best 
practices
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Test area – Romeo Malette Forest

Covariates
• Topography (25 variables)

• Geology (surficial and bedrock)

• Hydrology (2018 LiDAR derived 
water bodies and stream 
network)

• Biology data (forest type)
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Expanding soil property map products and 
their applications – Step 2: Outputs

• Outputs
– How good was the model? Accuracy and Kappa with confusion matrices

– What are the most important covariates? Variable importance

– What is the distribution of the property? Maps of soil property

– How confident are we in the prediction? Certainty/entropy maps

Jeremy Arkin, Grant McCartney, Brandon Heung
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Accuracy, Kappa and Confusion Matrices

Jeremy Arkin, Grant McCartney

Moisture Regime Texture Depth of AB

Accuracy Kappa

0.36 0.15

Accuracy Kappa

0.42 0.19

Accuracy Kappa

0.46 0.12

Overpredicting coarse-
loamy category
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Variable Importance

Jeremy Arkin, Grant McCartney

Moisture Regime Texture Depth

Topography (curvature)Topography
Biology

Topography

Increasing importance
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Raster Maps

Jeremy Arkin, Grant McCartney

Moisture Regime Texture Depth
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Certainty/Entropy

Jeremy Arkin, Grant McCartney

Moisture Regime Texture Depth
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Expanding soil property map products and 
their applications

• Key challenges
– Covariate layers

• What are the quality of the 
covariate layers?

• Which are most important?
• Are more covariates better?

– Combining different data sources 

• Opportunities
– LiDAR acquisition for topography and 

biota/inventory data
– Scripts that streamline the process

• Options for different model types
• Consistency in the workflow and 

outputs
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Recommendations and Next Steps
• Encourage opportunistic sampling of soils
• Rapid, easy and standardized field methods
• Testing new technology and funding for lab 

analyses
• Sample archives (additional soil properties or 

new technologies)
• Data repositories
• Best practices, scripts, and training (test data)
• Continued testing and application at FMU 

scales.
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Thank you!

Kara Webster
Kara.webster@nrcan-rncan.gc.ca
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