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Land Acknowledgement

I’d like to respectfully acknowledge that the areas covered by the work | 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.

© Sa Majesté la Reine du chef du Canada, représentée par le ministre des Ressources naturelles, 2017
-
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Soil; A foundation for healthy forests :
o ] R '
X International BT

and soil contaminant

reduction
23 Decade of Soils w— o s :
AR 2015-2024 | '

'

...........

e o | Habitat for
Senate committee on Agriculture »
and Forestry report on status of soil

health in Canada (due by the end of
this year)

Source: FAO Source of pharmaceuticals

and genetic resources
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Soil: A foundation for healthy forests “

e Texture e Carbon

*  Moisture * Nitrogen

 Depth e pH

* Bulk density e (Cations
* Anions

Physical Chemical

" Biological

* Decomposition/respiration
*  Microbial activity/diversity
e Soil fauna
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Soil information is essential for many different
applications

Soil Management Forest Management

e The type of soil information
Site productivity *\eg. Competition . . .
*Slope stability hazard *Tree species selection (l.e. 5 SpeCIfIC propertles)
*Waste management ePest hazard . .
«Trafficability «Silvicultural practices might be different for
different applications.
* Understanding how these
properties vary across the

landscape will improve our

Interpretive
Applications of
Soil property
Maps

Biodiversity Management

Wildlife Management
eBiodiversity guidelines v : :

*Old growth management *Wildlife suitability

\J

*Rare ecosystem ID «Forage potential ablllty to practice
*Non-timber forest products SUStainable ForeSt
Management

eCarbon accounting
¢Climate change adaptation
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But... solls are not easy to map 6

= 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) ¢
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Digital soil mapping

Field sampling of soil attributes Environmental layers
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How do we improve on our forest soil mapping?

= 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

. Maooi : : :
apping soil properties for different N——
applications

IMPROVEMENT
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Project Goals

1. Compiling legacy data and

facilitating soil data acquisition. 3. Expanding soil property
map products and their
. applications.
S e =
S FEE

2. Summarizing key indicators or
metrics of soil properties.

Dz = fiDepth, SOC, CF, pH,)
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Compiling legacy soill

* 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
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Forest Soil Datasets

in Ontario

National Forest Inventory (NFI)

Project Details

0il Physical Char

HEBE

This dataset includes the Ontario ground plots that are assessed for the ongoing National
Forest Inventory (NFI) sampling program that was originally established between 2003 and
2006. The NFI program is a joint effort between federal, provincial, and territorial
governments, and plot remeasurements are spread over a 10-year cycle. The 212 Ontario
plots were assessed for 25 key attributes as well as for additional variables that met
provincial growth and yield requirements. The NFI program in Ontario is a component of the
Ontario Growth and Yield program led by the MNRF.

Plot Map

SITE INFORMATION

Location [coordinates,

Dataset Information

Year(s): 2003-2016, ongoing?
# Plots: 212

Partners: NRCan, MNRF

Soil Data Attributes

SOIL PHYSICAL CHARACTERISTICS

Sail Callection Method (pit,
auger, core)
Mods of Dep

Slope details

ecodistrict, township, ete ) i

Plot or Palygon 1

Stone/Rock oUrop
Ecosite

Texure (family, eff text)

W, motties,gley, org, min]

Fore pattern
Depths by Horizon
‘Depths by layers or depth
Humus form

Strucaure

Boundary

Roats

¥ | o

MR

| colour

Seepage

Orainage Class

Addtest (k)

Data Format: SQL database, soil parameter
informaticn downloaded into an excel spreadsheet

Data Steward: Christopher Stratton, Forest Productivity
Science Specialist, Growth and Yield Program - Biodiversity and
Monitoring Section, Science and Research Branch Rosslyn, ON B7K
089 (807)939-3121 Christopher.Stratton@ontario.ca

SOIL CHEMISTRY/LAB
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Facilitating soil data acquisition 1

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

\
\

. . COLLECTING
monitoring ‘ AL it
* Flexible sampling protocols and fa L "AND STORING
guidance documents A , fofisaite
Overview . : ;:Z';':'t:_"‘eaﬂe
d Planning
[ Field collection ‘
[ Processing soils | e

O Laboratory analyses
D Data management

David Paré, Charlotte Norris, Shelagh Yanni, Stephanie Nelson, Dave Morris, Kim Chapman
e
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Compiling legacy data and facilitating soil =
data acquisition

* Key challenges * Opportunities
— Locational accuracy — Linking soil databases
— Subjective/qualitative measures — Rapid assessment methods
— Non-standard methods — In-situ quantitative sensors
— Expense of field collection of — Rapid laboratory methods
samples and processing and
analyses.

| Ld |
I * I Ressources naturelles Natural Resources Can ada
Canada Canada




UNCLASSIFIED - fN CLASSIFIE

Summarizing key indicators or metrics o
soil properties

 Some properties are critical but may be difficult
to measure.

 Can more easily measured properties serve as a
proxy?

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

Dgp = f{Depth, SOC, CF, pH, Silt, Sand, Clay)
Dz = f{Depth, SOC, CF, pH,)

Dz = f{Depth, SOC, CF)

Dz = f{Depth, SOC)

Dp=fAS0C)

Dpg = f{Depth)
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Summarizing key indicators or metrics of =
soil properties
M canadian Journal of

Forest Research Article

A quantitative approach to defining soil nutrient regimes Building pedotransfer functions for soil nutrient
within ecosystem classifications for Northwestern Ontario regime

R.L. Fleming ©°, PW. Uhlig®, D.M. Morris®, M. Kwiaton®, K.A. Baldwin®, PW. Hazlett*, K.I. Webster*, and

K.A. Chapman®

*Nartural Resources Canada, Canadian Forest Service, Great Lakes Forestry Centre, 1219 Queen Street East, Sault Ste. Marie, ON P6A
2Es, Canada; *Ontario Ministry of Natural Resources and Forestry, Ontario Forest Research Institute, 1235 Queen Street East, Sault J. Zhangl, B. Heungl, Shelagh Yanniz, Kara Webster2
Ste. Marie, ON P6A 2E5, Canada; “Ontario Ministry of Natural Resources and Forestry, Centre for Northern Forest Ecosystem

Research. 421 James Street South. Thunder Bay. ON P7E 2V6. Canada

Corresponding author: Robert Fleming (email: rob.fleming@nrcan-rncan.ge.ca)

Abstract

Soil nutrient regimes (SNRs) are often incorporated in ecosystem classifications. Evaluation of actual nutrient levels associ- Ol s Ao sinis
ated with these SNRs and the development of complementary soil chemistry regimes (SCRs) could broaden their utility. Using ot DALHOUSIE
data from 618 forest stands in northwestern Ontario, we developed five-category SCRs using K-means clustering and examined Canad
relationships among individual nutrients, SCRs, and the SNRs of the Canadian National Vegetation Classification Associations UNIVERS ITY
and the Ontario Ecological Land Classification Ecosites. F, A, and B horizon samples were analyzed for organic C (OrgC), total Canadian Forest Service | Service canadien des foréts

N (TotN), C:N ratio (C:N), cation exchange capacity (CEC), exchangeable bases, base saturation (BaSat), and pH. CEC, pH, and
BaSat showed good correspondence across horizons, and together with C:N accounted for much of the variation in chemical
properties. There was broad agreement between Association and Ecosite SNRs and B horizon (BHorz) and All horizon (AllHorz)
SCRs. C:N decreased while pH and cation metrics increased with increasing SNR and SCR richness. User’s accuracies (SNRs vs.
SCRs) for the classifications ranged from 31%-39% but increased to 80%-86% for SNR values within +1 SCR class. Classification
trees identified pH class, soil texture, and overstory composition as the principal field-measured factors related to BHorz SCRs.

Key words: ecosystem classification, nutrient regime, soil chemistry, soil properties, Ontario Text u r'e a n d p H a re i m p O rta n t to n u t ri e n t regi m e

Rob Fleming, Jin Zhang
IEEEEEaaassssssssnenennnlN—— 0090909090900
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Jeremy Arkin, Grant McCartney, Brandon Heung, lan Sinclair
|
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Expanding soil property map products an

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

Ressources naturelles
Canada

Natural Resources
Canada

]

1 will adopt Best Brachices
1 will adopt Best Practices
1 will adogt Best Practices
1 will adopt Best Prachices
1 will adopt Best Practices
1 will adogt Best Prachices
T will adopt Best Prachices
1 will adopt Best Practices
1 will adopt Best Practices
1 will adopt Best Practices

1 will adopt Best Prachices
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@ Plot Data
» 258 Plots

UNCLASSIFIED - NON CLASSIFIE
16

Test area — Romeo Malette Forest
RMF VSN Plots |

Moisture

Class

1
c2

c4
c5
ce
c7

i+l

# of points

39
97
56
19
17

Ressources naturelles
Canada

Texture

Class # of points
Clayey 11
Coarse loamy 128
Fine loamy 12
Folic 25
Organic Peat 15
Sandy 51
Silty 16

‘71223

Natural Resources
Canada

\ FORSITE

Forest Management Specialists

10

Covariates

Topography (25 variables)
Geology (surficial and bedrock)

Hydrology (2018 LiDAR derived
water bodies and stream
network)

Biology data (forest type)

Canada
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Expanding soil property map products and ~
their applications — Step 2: Outputs

* Qutputs
— 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
I 0009090909090

| L4 |
Ressources naturelles Natural Resources C d
I * I Canada Canada ana a



UNCLASSIFIED - NON CLASSIFIE

Accuracy, Kappa and Confusion Matrices

Moisture Regime Texture Depth of AB

0.42 0.19 0.46 0.12 0.36 0.15

Confusion matrix validation Plats -- RF Confusion matrix validation Plots -- RF_LOOCV Confuglon matrix validallon Plots -- RF
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Variable Importance

Texture

Depth

i Regime
Moisture Regi 8 Dept
Moisture = prof_curve b
tri (r:u R gen_curve o
B slp . min_curve
bio_PT loc_curve Topogra phy (Cu rvatu re)
bio_PJ Ogra h ‘ rsa h max_curve °
up_curve TO p g p Y > bia_PJ TO p Og ra pc ° V tot_curve ¢
gen_cur\;e S :i B . i dwn_curve
slp up_ht I s
rsa s wi 10 Ogy ° ms_ipi
ms_tpi % up_curve N
max_curve 3 tpo @ ts_conc
min_curve < cs ° tan_curve
twi tot_curve ° tri
prof_curve 9 ca & twi
tot_curve e mivbf e ts_conwv
cs . gen_curve & lup_curve N
foc_curve bic_SB 1 mrrtf N
qua_Glaciolacustrine o ms_tpi slp N
_ht b min_curve 5 sa @
bio_SB = dwn_curve N we_dist &
bio_PT 4 lup_curve % up_curve P
dwn_curve ° loc_curve o ca T
o 2 » ts_conv e g o o
® mrvbf X 5 sslp_ht ° 5 sslp_ht N
5 tan_curve b+ max_curve " 5 up_ht @
i tpo o 5 we_dist 3 o4 Idwn_curve °
° qua_Bedrock @ @ ldwn_curve = o nslp_ht 5
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qua_Till & 15_conc o - asp °
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we_dist ° meca ° val_depth >
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b 4 2 qua_Glaciclacuslrine ° = rigetit N
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ssip_ht qua_Till © bio_PT 2
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val_depth

Increasing importance ——

Jeremy Arkin, Grant McCartney
I
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Raster Maps

Moisture Regime Texture Depth
Romeo Malette Forest Digital Soils Map Romeo Malette Forest Digital Soils Map Romeo Malette Forest Digital Soils Map
Moisture - Random Forest Texture - Random Forest AB Depth - Random Forest

Crere N
T_RF_int.tif ? )
Dominant Texture

M_RF_int.tif

20 Kiometers.
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Certainty/Entropy

Moisture Regime Texture Depth

Romeo Malette Forest Digital Soils Map Romeo Malette Forest Digital Soils Map Romeo Malette Forest Digital Soils Map
Moisture - Random Forest Entropy Texture - Random Forest Entropy AB Depth - Random Forest Entropy
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s ok - o e
I 0628 -0.739 W 0.704 - 0813 I 0.613-0.713

. 07:4-038

. o7 . o541

S NASA HGA UGS Provinc of vt £ Casads, . HERE Gormi
Safuiph 4O, METUNASA, USGS, £ NFS. NRCan ok Caracs

vt COIAR UGS, rvirce of Osars Fus Comad, Eun, HEAE Gormes £0LEGUR USGS, Provrce of i Eui C
SufeGingh, FAGL METUNASA USGS. EPA NP5 NG, Parks Canada o 5 10 20 Kiomaters. 5 8
[

o 5 10 20 Kilometers.
Sategrap, O, METIA

0 5 10 20 Kiometers.
[

i+l

( j *
Ressources naturelles Natural Resources anada
Canada Canada



UNCLASSIFIED - NO CLASSIFIE

Expanding soil property map products an
their applications

e Key challenges * Opportunities
— Covariate layers — LiDAR acquisition for topography and
* What are the quality of the biota/inventory data
covariate layers? — Scripts that streamline the process
* Which are most important? * Options for different model types
* Are more covariates better? e Consistency in the workflow and
— Combining different data sources outputs

[ L
I * I Ressources naturelles Natural Resources C .
Canada Canada ana a
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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
e 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

| L4 |
Ressources naturelles Natural Resources
I * l Canada Canada Canada



	Slide 1: Advancing Digital Soil Mapping tools in support of forest resource inventory, planning and decision-making
	Slide 2
	Slide 3
	Slide 4: Soil: A foundation for healthy forests
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10: Compiling legacy soil data
	Slide 11: Facilitating soil data acquisition
	Slide 12: Compiling legacy data and facilitating soil data acquisition
	Slide 13: Summarizing key indicators or metrics of soil properties
	Slide 14: Summarizing key indicators or metrics of soil properties
	Slide 15: Expanding soil property map products and their applications – Step 1: Workflow
	Slide 16: Test area – Romeo Malette Forest
	Slide 17: Expanding soil property map products and their applications – Step 2: Outputs
	Slide 18: Accuracy, Kappa and Confusion Matrices
	Slide 19: Variable Importance
	Slide 20: Raster Maps
	Slide 21: Certainty/Entropy
	Slide 22: Expanding soil property map products and their applications
	Slide 23: Recommendations and Next Steps
	Slide 24: Thank you!

