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A I - t - Figure 1. Spectral signatures of the MicaSense Dual compared to Sentinel
p p I C a I 0 n S and Landsat satellites. Source: www.micasense.com/dual-camera.

at LUARS, imaging the growing crops and trees to

monitor changes through the season. That is another

This spring Lakehead University Centre for the benefit of using a drone platform; repeatability for
Application of Resources Information Systems change detection at any temporal resolution.
(CARIS) in collaboration with Lakehead University
Agricultural Research Station (LUARS) partnered to
test and develop methods for using a brand new, 10-
band sensor attached to the DJI Matrice drone
system. The MicaSense Dual is a camera imaging
system that captures 6 separate spectral bands in
the visible light spectrum, along with three red-edge
and one, medium-infrared bands. Built for the
agricultural sector, collected imagery can produce
your standard normalized difference vegetation
index (NDVI) or enhanced vegetation index (EVI)
indices for vegetation classification, but given the
added spectral signatures combined with the high-
resolution data, we can actually classify down to
individual plant and species levels.

Ryan Wilkie, MScF, R.P.F. in Training

Figure 2. An NDVI mosaic of the LUARS study area showing the general
differences between crops, trees and soil from May 2020. Green in this
image is soil, the darker aqua represents the asphalt, and the varying
shades of red are live vegetation.

CARIS uses the Dual on their Matrice 200 quad-
rotor remote piloted aircraft systems (RPAS, the
(Transport Canada term for drones) in combination
with the DJI Pilot app to manage all flight
parameters for this sensor. The flight missions are
pre-programmed into the controller to ensure
consistency between flights and the accuracy of
change detections. To deal with changing light
conditions during or between flights, there is an
upward light sensor attached to a mast and a

One of the biggest strengths of this new sensor is
that it has two 5-band cameras, that have been
fused together to fire as a single unit, hence the dual
descriptor. Its 5 distinct red spectra and the band
overlap with both Landsat and Sentinel satellite
imagery (Figure 1). The two visible red bands
combined with the three, red-edge and Near Infrared
bands allow for more specific classification of
vegetation using indices such as NDVI or modified
simple ratio (MSR) as examples, to not only help
differentiate species but also potentially to identify
specific plant stresses such as drought, nutrient
deficiencies or disease. The Lakehead University
Natural Resource Management lab has been
collecting data over the summer with this new
sensor, flying semi-automated missions twice a week

(Continued on page 4)
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calibration panel which is also photographed before
and after each flight. The brightness values are then
balanced between photos in the mosaicking software
to ensure consistent spectral levels across the study
area. The images are then stitched into an
orthomosaic and later piped into a classification
software for analysis.

While the Dual was originally designed for
agriculture, CARIS is developing methods for use in
forestry at both the smaller, stand level and at a
landscape level. The techniques are relatively the
same, but the challenges can be quite different. For
one, the scale is much larger in forestry, drones are
limited by their battery life, legal restrictions apply
to flight areas, and the amount of collected data
quickly fills up hard drive space.

But the potential reward of this sensor in forestry
could be game changing. Because it’s multispectral,
we can use automated classifications to pull out
individual trees, stand densities, identify the species,

Figure 4. Bands 10, 2 and 7 (top) compared to the near-infrared (NIR)
image (bottom). This shows how the subtle differences that a slight

assess its health, detect competition and pest shift in electromagnetic (EM) spectrum can pull out the different
infestations, calculate crown sizes and even vegetation species that traditional 4-band imagery misses. Taken
potentially predict stem size at all stages of from an orthomosaic generated by Micasense Dual Imagery, flown at

development; from freshly planted seedlings to 120 meters AGL. Source: Lakehead University CARIS.

mature stands. At the LUARS study, we could even

detect the allelopathic effects on the grass from the use this tool to assess from the roadside and allocate
planted trees (Figure 3). If a forester is managing a staff-hours more affectively to only the sites that
hard-to-reach area (Figure 4) or knows a site is require attention. And by applying large-area

prone to something like needle rust or thinks it might sampling techniques, one can compare data to

be suffering drought stress, they would be able to matching satellite imagery to look for similar

patterns across their respective forests, or vice
versa. Another use may be to run post-assessments
on forest fires. Using the Dual, foresters could gauge
burn severity after a fire and calculate percent loss
to the stands, especially useful for hard to reach
areas or areas that could be potentially hazardous to
walk through. Remote sensing techniques like this,
used effectively, can show us where we can save
unnecessary costs, but also help us better manage
our natural resources and keep our forest
ecosystems healthy.

*Funding for the MicaSense was provided by Dr. Hene
through an agriculture research grant.

**For more information on this technology and its
potential uses, consult the following video clips:
https://www.youtube.com/channel

UCKkiHSVghX8KeSCdel ZuXNQ

Figure 3. Multispectral mosaic of a grass area next to the LUARS
fields. In it, you can see the allelopathic effects from the conifer
trees on the grass, turning the grass a greenish colour in this image.
Processed 3D model from 70-meters above ground level (AGL).
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Innovations in
Measuring
Canopy Cover

Peter Kuntz, R.P.F., Kuntz Forestry Consulting Inc.

Canopy Cover (CC) is a common metric utilized in
urban forestry practice. It is a part of policy
development at the municipal level within urban
forest management strategies (plans) and provides a
basis for compensation when required for
restoration plans in forest loss situations. Given the
well-established ecological benefits and services that
trees provide (clean air and water, psychological well
-being, ultraviolet light protection etc.) the metric of
CC is tremendously important in the urban setting.
Urban forest management plans, a relatively new
phenomenon are based on the premise that
increasing the CC is desirable and will inevitably
contribute to the green infrastructure and assets of
a municipality.

Al
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In its simplest form, CC is the summation of
individual tree canopy measures. Tree crown width
can be measured from the ground with the sum of
these measures comprising CC. Urban forest canopy
can be measured by simple delineation of the
features on aerial photography, typically done on
planimetric bases on CAD or Geographic Information
Systems (GIS) platforms. The sum of these
calculations results in “total CC” for a given study
area or municipality.

With the advent of modern-day mapping,
information management systems and web-based

solutions, the CC metric is easily attained. The US
Forest Service’s i-Tree, is a suite of web-based
applications that are used to collect tree data and
assess the ecological functions and values of trees.
Various modules within i-Tree lend themselves to
specific applications for a variety of users - from
homeowners planning their treed landscape to
municipalities assessing CC and ecological functions
and benefits. i-Tree Canopy is one such module that
estimates tree cover and tree benefits for a given
area with a random sampling process that lets you
easily classify ground cover types. i-Tree Canopy
allows the user to:

9 select from existing geographic boundaries, draw
project area boundaries onto Google Maps, or
load an ESRI shapefile.

1 use multiple, non-overlapping boundaries at the
same time.

1 randomly generate sample points and zooms
allowing the user to choose from a pre-defined
list of cover types for that spot.

1 review Google Maps aerial photography at
random points to conduct a cover assessment
within a defined project area.

The above described techniques can be modified to
suit various applications, for example, if CC is
required to calculate the compensatory planting
after the removal of trees and forests. In a study our
company did in Peterborough, ON, trees, groups of
trees and forest stands were removed from an area
proposed for development without approval from the
City. To ascertain how many trees were required to
be planted to match the previously existing CC, CC
was estimated for the three above-stated
categories. Landscape plans developed utilized the
numbers of trees at a given stock size to be planted
and assumed a grow-out of 25 years. It was found in
this example that the total approximate canopy
cover loss was 37,176 m2. The City of Peterborough
determined that a 50mm caliper size tree would have
an average canopy area of 55 m?, 25 years after
planting. To compensate for the canopy cover loss of
37,176 m?, a total of 676 trees were required to be
planted.

The permutations on circumstances and the
modalities available using both convention CC
measurement, GIS and now i-Tree suite of software
are endless.
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Using Cutting
Edge Technology
to Inform
Sustainable
Forest
Management

lan Sinclair, R.P.F.in Training, Science and Research

Branch, Ministry of Natural Resources and Forestry

Around the globe there has been a shift as forest

strategic forest management level planning, wood
supply management and wildlife monitoring. In this
article, the first in a series that describes Ontario’s
2018-28 forest inventory cycle, we introduce the
technological advances that inform sustainable
forest management.

Enhanced forest inventory programs across Canada
are using historical records through
interjurisdictional reporting, free open source
datasets such as new satellite platforms, and cloud-
based computing and machine-based learning to
develop inventories. Combining monitoring options
through remotely sensed data and processing
platforms for data analysis allows for better
modelling that includes enhanced and more
consistent forest attribute measurements from
LiDAR (Light Detection and Ranging) data. LiDAR
uses measured signals sent from an aircraft or
satellite platform; the returned signals then
determine the distance from sensor to reflection
point on the ground.

resource managers are using enhanced inventory

. . . (Continued on page 7)
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Top left, aerial imagery with forest stand polygon in blue, lidar side profile in yellow and lidar transect -white line. Top right illustrates a lidar
oblique side profile outlining the vertical structure as Single story with a veteran (SV) layer (yellow box). Lidar transect profile illustrates
another view of the stand profile outlining height ranges of the single and veteran canopy. Image credit: NRCAN, OMNRF, Murray Woods and
Forest Analysis Ltd.
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For the 2018-28 forest inventory cycle (known as
T2), Ontario is collecting forest measurements at a
finer resolution using Single Photon LiDAR. Ontario
is also leveraging historical annual reporting
information and satellite imagery to update forest
attributes.

Using historical records through supplemental
information or comparing disturbance patterns
through historical satellite imagery in combination
with new forms of satellite data and LiDAR
technology allows for a greater range of
measurements and increased user confidence in the
inventory data. Measuring forest attributes from
LiDAR data and using a structurally guided sampled
plot network through a Vegetated Sample Network
(VSN) can also statistically predict important
attributes such as volumes, products, vertical
structure and wildlife habitat.

Historically, satellite imagery was coarse, expensive,
and presented challenges in terms of technological
infrastructure and the sharing of information.

However, recent advancements in higher resolution
20x20m satellite imagery that is collected weekly
offer the opportunity to track fires from week of
ignition, or to observe forest pest infestations as
conditions change in an open data environment. Now
it is possible to monitor a single pixel cell over 50
years! The new monitoring opportunities offered by
these technological advances allow experts to look at
green up (bud bursting stage) and senescence (leaves
changing colour) and this information can help us to
extract individual tree species and predict age more
accurately.

In the articles to follow in this series, we will describe
Ontario’s LIiDAR acquisition plan, use of satellite
data and monitoring, and development of modelled
forest attributes. For more information about how
we are applying new technologies and protocols to
support sustainable forest management, please
contact lan Sinclair (ian.sinclair@ontario.ca).
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The Cutting Edge
of an Integrated
Digital Approach
to Forestry

Lim Geomatics

The history of Lim Geomatics, a Canadian brain trust
of computer scientists, software developers,
designers, and foresters, is the history of the
evolution of the Forestry Geospatial Platform (FGP).
This constellation of digital tools was created to help
the industry realize the immense potential of rapidly
advancing geospatial technologies. The FGP is a set
of independent, but interconnected applications and
smart-tracking devices all anchored by one central
and standardized data repository in the cloud.

Forestry is a complex business. Success depends on
executing effective short and long-term plans, but
it's hard to know what to do if you don't have good
visibility on assets in the field, as well as on the
quantity and quality of the resource at play.

Geospatial technologies, such as lidar and GPS,
provide the means for shining a spotlight on every
stage of forest management operations.

"Having insight on what is in your forest and when it
is eligible for sustainable harvesting is critical for
making cost-effective decisions," says Alexander
Ryerson, Forest Information Specialist with Lim
Geomatics. "The FGP empowers foresters with real-
time data from stump to dump."

Dr. Kevin Lim, President and CEO, founded the
technology firm in 2006 to commercialize his
pioneering academic research about how to use lidar
to generate highly accurate enhanced forest
inventories. Fast-forward a decade and a half, and
Lim Geomatics has generated close to 45-million
hectares and counting of operational inventories.
However, Lim and his team also realized early on
that this new stream of data was only valuable
insofar as foresters could put it to work making
decisions, both when drafting long-term strategic
plans and during day-to-day operations under the
canopy.

The suite of digital tools that comprise the FGP was
designed so foresters, whether in the office or out in
the field, can ask the system questions and quickly
get meaningful answers. Prism is a data collection

(Continued on page 9)
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and reporting application that can be used for timber
cruising or any kind of survey work. Lim Geomatics
recently added an equation builder to Prism that
provides users with the capacity to calculate
standing volume from raw field data. The potential
of the FGP really gets going when you pair Prism
with other digital tools such as Op Tracker, which
monitors the progress and performance of
harvesting equipment. Op Tracker can provide timely
data about the depletion area of a unit during, not
after, a harvest. "As you're cutting, you can update
and improve your estimates on volume and species of
wood that's coming out of the forest to feed the
mills" Ryerson says.

Ryerson describes how forest managers back in the
office can then use Stratus, which was released in
early 2020 and forms the hub for utilizing the data
streams generated by the FGP, to revisit the
operational plan and schedule another harvest
nearby so the company can meet the quota at the
mill on time.

The FGP is making a difference to the bottom line
of forestry companies around the world. The return
on investment is generated from increased safety,
improved sustainability, and substantial efficiency
gains at every stage of the planning and operations
cycle. This integrated system of digital tools has
proven just as practical and useful as those hardened
steel teeth on the edge of a feller buncher saw blade.
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The Inventory of
the Future

Laird Van Damme, R.P.F.
(laird.vandamme@outlook.com) and
Alex Bilyk (ambilyk@lakeheadu.ca)

The foundation for forest management planning is
the forest inventory. In Europe and USA, a grid of
sample plots was used to generate statistically valid
estimates of volume for an area of interest. This
method was in use for 100 years or more in some
cases. Although provinces maintain their own forest
inventory for forest management purposes,
Canada’s National Forest Inventory (NFI) uses a
forest of sample plots supplemented by remote
sensing data'. The NFI provides additional coverage
in areas not inventoried by provinces since the 1980s
and uses a consistent methodology to track changes
due to climate change and other factors that enables
reporting on the state of Canada’s forests to meet
international obligations.

Canada’s provinces have relied upon aerial
photograph interpretation to produce statistically
invalid but nonetheless useful estimates of volume
and habitat quality among other attributes for
decades. In Ontario, as is the case for most provinces
across Canada, this has been the dominant method
since the 1940s, with the latest round being
completed from 2007-2017.

The smallest unit of management in provincial
inventories is a stand consisting of a homogenous
group of tree species and age/sizes. Harvest blocks
consist of groups of stands. This matches even aged
management planning system applications rather
well but creates some challenges for uneven aged
management systems in central and southern
Ontario.

In the last data capture cycle in Ontario’s enhanced
FRI (eFRI) program used airborne digital multi band
imagery to better estimate tree species, volume and
to identify ecosites (vegetation and soil
associations). The base unit of management remains
the stand (Figure 1). Minimum polygon sizes have
dropped and capture more granular information than
previous efforts could, aided by increased image
resolution and soft copy technology compared to

Thttps://nfi.nfis.org/en/

1956
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Figure 1. An example of eFRI forest stand Polygons and a partial attribute
list from a selected stand (Source: KBM resources Group www.kbm.ca ).
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analog (paper) black and white photography of the
previous generation of FRI.

Despite the technology advances associated with
eFRI, the timing and quality of the end-product has
been a source of controversy among forest planners.
For example, one forest had 29 photo interpreters
each with their biases and different skill sets leading
to considerable variation in inventory quality. Other
forests also had multiple interpreters and
contractors leading to considerable variation in
product quality even though the digital data and
ground sampling methods were standardized.
Furthermore, many inventories delivery times did not
line up with planning schedules. This situation
underscores the need to manage the technology and
people within a broader management system.

Technology advances continue at a rapid pace in
active sensors like LiDAR?, passive airborne and
space borne sensors along with terrestrial data
capture and processing methods that are tracking
along at the speed of Moore’s law3. This means that
there is more data at lower costs at nearly
exponential rates. Thus, the challenge confronting
professional foresters is managing these ever-
expanding data to create information useful for
decision making in a timely fashion.

Many provinces have active LiDAR programs that are
well underway. Ontario is investing in a fully airborne
LiDAR-based forest inventory for the next round of
eFRI. Data capture is well under way. In addition,
multiple platforms from satellite, airborne (manned/
drone) and ground are being deployed in multi-
(Continued on page 11)

2 LiDAR stands for Light Detection and Ranging and is an active airborne sensor that emits and receives laser pulses that accurately
measures terrain elevation and tree crown characteristics such as tree height.

3 See https://en.wikipedia.org/wiki/Moore%27s_law
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phased sampling schemes. Many government
agencies, academic institutions and private
companies are engaged in these efforts.

The new single photon LiDAR or SPL that Ontario
is flying trades some features off from traditional
LiDAR for the ability to capture large areas cost
effectively“. Like all Lidar enhanced inventory
data this allows for semi-automated and more
accurate classifications based upon ground plot
calibration data providing estimates at the sub
stand level (raster or pixel) scale or individual tree
scale based upon the sampling system and
algorithms used by the analysts. This has the
potential to improve both even aged and uneven :
aged management systems. The last cycle of NFI Figure 2. Raster-based inventory example from LiDAR data (Source: KBM
updates, uses LiDAR and these statistical resources Group www.kbm.ca ).

methods.

The current field calibration methods for airborne
LiDAR based forest inventories use conventional
mensuration techniques in fixed area ground
plots to calibrate digital imagery and LiDAR data.
The province of Ontario is now contracting out
this phase of data collection.

Figure 2 is an example of LiDAR enhanced

inventory with 16-meter? pixels that identify Saadcrine

taller trees with higher volume (dark green) ITC Sp Code 5
within the stand compared to shorter trees and ITC HT 23.16
lower volume areas (light green). Rather than ITC DBH 26.21

clear cutting this stand, an irregular shelter wood 0.05
harvest could focus on the dark green areas and 0.54
retain the light green areas for future harvest. er 0.51
The challenge with this increased information is 0.53
balancing economic opportunities while avoiding 0.52
the trap of high-tech high grading. [TC Sp Name Jack Pine

Crown maps of individual trees can also be
derived form airborne LiDAR (Figure 3). In
addition to estimating volume, this method may
help predict wood quality in addition to further
enabling uneven-aged management and partial
cutting systems. The wood quality-based
inventories are part of research programs
underway at Lakehead University. The algorithms &
for doing this kind of work have improved but still Figure 3. Single tree crown isolation sample as part of an individual tee
struggle with the changing landscape of the classification inventory (Source: KBM resources Group www.kbm.ca ).
forest. It remains a focus of research and

development in remote sensing to solve the single

tree classification problem at a forest scale. (Continued on page 12)

Zoom to
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Terrestrial LiDAR (t-LiDAR) may help achieve the
goal of single tree classification inventories at the
forest scale. The t-LiDAR captures 3-dimensional
data for each tree from the plot centre that provides
more data and eventually more data at lower cost
(Figure 4) compared to conventional ground sampling
methods. The current t-LIDAR technology still has
limitations and challenges, especially in mixedwood
stands with a thick underbrush. But mobile t-LiDAR
is becoming more common and helps alleviate these
challenges.

Figure 4. Terrestrial LIDAR Example( Source: LU CARIS https://
www.lakeheadu.ca/programs/departments/nrm/research/facilities/
lucaris)

This remote sensing-based data described above can
be used for both strategic and operational planning.
The immediate gains of better terrain and height
information from LiDAR data can be used to solve
challenges around road location as well as providing
better insights into potential harvest volumes
realized from a block.

The LiDAR and associated thematic map products
data can be viewed on phone and tablet applications
by harvest machinery operators with real time
georeferencing using GPS technology (Figure 5).
With improved GPS quality, “ribbonless” boundary
layout is slowly being adopted in parts of Ontario.

Having a full tree enumeration and real time data
collection while wood is harvested, enables new ways
of organizing wood products inventory and supply
management. These new systems can potentially
save the industry nationwide billions of dollars each
year (Dr. Kevin Crowe, Lakehead University, personal
communication).

Whereas the first industrial revolution came with the
steam engine, the second with electrification/
assembly lines and the third with automation, we are
in the fourth revolution within the internet of
everything and big data. FPInnovations describes
this as Forestry 4.0 ( see https://www.youtube.com/
watch?v=r4vhLQ80EPQ) and JD Irving is already
harnessing it (see https://www.esri.com/videos/
watch?videoid=3mwbnYaVX4c&title=j-d-irving-
limited-seedling-to-shelf-a-forest-product-supply-
chain-gis-transformation).

The pace of change in data collection and sampling
methods with the potential to enhance forest
management has never been more exciting. The
challenge remains for foresters to manage these
data to make informed decisions in a timely manner.
For further information on what is happening with
enhanced forest inventory in Canada, check out the
AWARE program’s website at UBC and the enhanced
forest inventory yearly update, available on the CIF e
-lecture series - http://www.cif-ifc.org/wp-content/

uploads/2019/10/The-AWARE-Project-and-
Outcomes-Sept-2019.pdf

Figure 5. Deploying the information to all end users on various software and hardware applications. (Source: http://
www.treemetrics.com/ourtechnology/ )


https://www.youtube.com/watch?v=r4vhLQ8OEP0
https://www.youtube.com/watch?v=r4vhLQ8OEP0
https://www.esri.com/videos/watch?videoid=3mwbnYaVX4c&title=j-d-irving-limited-seedling-to-shelf-a-forest-product-supply-chain-gis-transformation
https://www.esri.com/videos/watch?videoid=3mwbnYaVX4c&title=j-d-irving-limited-seedling-to-shelf-a-forest-product-supply-chain-gis-transformation
https://www.esri.com/videos/watch?videoid=3mwbnYaVX4c&title=j-d-irving-limited-seedling-to-shelf-a-forest-product-supply-chain-gis-transformation
https://www.esri.com/videos/watch?videoid=3mwbnYaVX4c&title=j-d-irving-limited-seedling-to-shelf-a-forest-product-supply-chain-gis-transformation
http://www.cif-ifc.org/wp-content/uploads/2019/10/The-AWARE-Project-and-Outcomes-Sept-2019.pdf
http://www.cif-ifc.org/wp-content/uploads/2019/10/The-AWARE-Project-and-Outcomes-Sept-2019.pdf
http://www.cif-ifc.org/wp-content/uploads/2019/10/The-AWARE-Project-and-Outcomes-Sept-2019.pdf

