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About the BERA Program

The central goal of the Boreal Ecosystem Recovery and Assessment (BERA) program

is to understand the effects of industrial disturbance on natural ecosystem dynamics,

and to develop strategies for restoring disturbed landscapes. BERA's research
supports six strategic management goals associated with industrial disturbance:
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Practitioners involved in boreal restoration are interested in maximizing effectiveness
and efficiency. BERA conducts research on every phase of restoration—planning,
implementation, and monitoring—to provide practitioners with the key knowledge,
tools, and techniques they need to enhance understanding and improve execution of
restoration activities.

The 2022 issue of The Edge summarizes the following key
findings:
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Plan

Forest line mapper enables aerial detection of recovered lines during planning

Accurate maps of coarse woody debris are improving restoration treatments and
navigation while keeping fire risk low

Implement

Natural regeneration of trees is more likely on seismic lines that have
experienced wildfire, have a higher light intensity, or are in certain ecosite types

Upright mounds and hummock transfers may be effective alternatives to
conventional mounds

Satellite imagery can monitor elements of forest harvest recovery, reducing the
need for expensive ground-based surveys

Drone use could enable efficient aerial monitoring of restoration programs
New techniques are documenting noise impacts on birds and informing solutions

More accurate habitat models and ARUs are improving understanding of bird
behaviour in disturbed areas
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Plan

Forest line mapper enables aerial detection of recovered
lines during planning

access to accurate data on the location and condition of linear disturbances over

large areas. The Forest Line Mapper accurately provides this information through
a semi-automated toolset. The FLM has the potential to greatly reduce the time and
effort required to assess line recovery by reducing the need for ground truthing. The
source code is freely available to restoration practitioners online at: https://github.
com/appliedgrg/fim

@:@ Tool: 1o enable efficient program planning, restoration practitioners require

- Roads - Seismic lines
- Pipelines - Power lines

Area

Ve?etation
attributes

Line
geometry

Why is it important? For linear features like seismic lines or roads, databases
about line location and line condition often exist but many have been generated by human
interpretation of aerial photos. These previous databases lack the details needed to provide
restoration planners with accurate and reliable planning layers, resulting in high ground
truthing costs for linear features under consideration.

What was done? The Forest Line Mapper (FLM) was developed to provide a robust
tool that accurately maps the location and condition of lines. The tool requires two different
data inputs, both of which are widely available in Alberta. These include a LiDAR-derived (light
detection and ranging) canopy height model, and a GIS layer of seed points, which simply
mark locations of a few known lines on a coarse map. The FLM can reliably predict the centre
line and footprint of a variety of linear features including roads, pipelines, seismic lines, and
power lines. It can also determine certain vegetation attributes such as height, which may be
useful for planning restoration programs. The FLM is more accurate than publicly available
datasets produced by human photo-interpreters and can be reliably deployed across large
areas.

What's next? The FLM is the first of a suite of free, open-source software packages
called BERA Tools designed to support large area forest-restoration planning and monitoring.
FLM is currently positioned to become a key tool for planning restoration programs and
monitoring restoration recovery. Improvements are still being made and in future iterations,
practitioners could use the FLM to not only detect and measure disturbances but also
classify them based on disturbance type and state of vegetation recovery.

Relevant Publication: Queiroz et al., 2020
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Accurate maps of coarse woody debris are improving

P I a n restoration treatments and navigation while keeping fire
risk low.

Why is it important? Accurate maps of coarse woody debris can be used by

- I Technique: A newly streamlined workflow using different LiDAR imagery researchers, foresters, biogeographers, and government agencies for a variety of applications
layers can provide practitioners with reliable and comprehensive maps and including travel planning, woodland caribou habitat restoration, and fire hazard assessments.

O accurately predict coarse woody debris volumes. The maps provide information The maps can be used to calculate more accurate travel times along lines and map out the
on which lines are the most obstructed by woody debris. fastest routes for moving restoration equipment. In addition, knowing which lines are already

well obstructed can help prioritize restoration treatments that aim to block predator passage
for caribou conservation.

What was done? Mapping and estimating volumes of coarse woody debris can be
difficult since amounts vary between ecosystem types and are affected by disturbances
including fire, insects, and disease. Coarse woody debris is visible using standard remote
""""" sensing imagery and can be accurately and efficiently mapped using computer programs
(i.e., machine-learning). Incorporating LiDAR data increases accuracy of detection results
and can be used to distinguish snags from logs. Once maps of the coarse woody debris are
created, empirical models can be applied to produce volume estimates that are comparable
to those produced by field surveys.

What's next? Estimations of coarse woody debris will continue to improve as
researchers investigate different data sources such as leaf-off imagery from the spring and
fall seasons. In the future, similar models may prove useful for estimating volumes of fine
woody debris (<7 cm diameter or <1 m length) which is a useful metric in fire assessment
models.

Debris
type

snag Relevant Publications: Queiroz et al., 2019; Queiroz et al., 2020
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Implement

Natural regeneration of trees is more likely on seismic
lines that have experienced wildfire, have a higher light
intensity, or are in certain ecosite types.

!

- @ < Knowledge: BERA researchers have determined that tree regeneration is

highest on seismic lines:

/

+ With the highest light intensity (wide and exposed to southern light). A 10-fold
increase in light intensity results in an increase of regenerating trees by 5.8 times.

« That have experienced wildfire. Tree regeneration on burned seismic lines is over
two times the average tree regeneration density on unburned lines.

« Of a certain ecotype. Fens often show low levels of natural regeneration. These
sites are more susceptible to line compression which creates high water tables and
losses of microtopography that restrict tree growth even after a burn.

Landscape
type

_Line
orientation
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Soil properties

/ Wildfire

i

Line width

Natural
regeneration

Why is it important? understanding areas that are, or have the potential to,
regenerate naturally without restoration treatments represents an important cost saving
opportunity for restoration practitioners. There are many factors that influence whether trees
will regenerate naturally and determining how much they influence tree growth will allow
practitioners to prioritize sites that would benefit the most from immediate restoration.

What was done? BERA research has found that line width, orientation, and
microclimate all influence tree growth both on the lines and within the surrounding forest.
Lines with the highest light intensity—wider and oriented so that they are exposed to southern
light—are more likely to regenerate trees naturally. Lines running north—south generally
receive more southern light but other factors such as elevation and aspect need to be taken
into consideration.

In both uplands and lowlands, wildfires increase the average tree regeneration density by
over two times. In uplands, regrowth is highest in areas with tree species, such as jack pine
and aspen, that regenerate well after fire. In lowlands, regeneration is also dependent on the
peatland ecosite type. Tree regeneration was best in bog and transitional environments. Both
poor and rich fens are more susceptible to line compression which restricts tree growth even
after a burn. For practitioners, locations within uplands, bogs, and mesic environments that
have recently burned could be left to regenerate naturally.

What's next? Researchers are currently developing models to predict the density and
growth rates of trees on seismic lines with different characteristics. Once freely available,
these models will provide government and industry a set of tools to quickly and easily
determine where restoration efforts should be prioritized, and which sites can be left for
natural regeneration.

Relevant Publications: Franklin et al. 2021; Filicetti and Nielsen, 2018; Filicetti and Nielsen,
2020; Filicetti and Nielsen, 2021
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I m I e m e n t Upright mounds and hummock transfers may be effective
alternatives to conventional mounds.

Why is it important? Historical disturbance on seismic lines has often resulted

:I Technique: Two new mounding techniques—upright mounding and in the compression of peat within lowlands, resulting in the need to recreate hummock
E hummock transfer—are proving to be more beneficial to peatland ecosystems. and hollow conditions for trees to re-establish. Currently, conventional mounding is the
U Upright mounding keeps the green vegetation upright instead of inverting the go-to technique used to address peat compaction and wet conditions to create warmer
mounds, and hummock transfer transplants trees and hummocks from the adjacent and drier microsites that support tree growth. However, it is important to understand that
forest directly onto the restored line. Unlike conventional mounds, live vegetation is mounding is both a treatment and a disturbance. Disturbing peatlands can help trees grow
preserved at the top of the mound instead of exposing the old, decomposed peat. but conventional mounds can lead to increased peat decomposition that leads to undesired
Trees therefore may have the potential to grow in more natural conditions. carbon losses.

What was done? Two new mounding techniques were created to minimize soil
disturbance and potential carbon losses while enabling forest recovery on seismic lines.
Upright mounding involves the same process as classic mounding except the green

Inverted Up” ht Hummock vegetation is placed upright in its original orientation (i.e., not flipped like in conventional
mounding moun mg transfer mounding). Hummock transfer involves moving an existing hummock from the adjacent
forest or wetland onto the line.
Digs and flips to Digs and places a Moves natural
create a classic mound without hummock from What's next? Trials are currently underway to evaluate tree recovery and carbon
mound flipping adjacent peatland dynamics when using the upright mounding and hummock transfer techniques. If longer
term studies continue to show positive results, upright mounding and hummock transfer
Inverts layers Minimal changes to techniques could become a new tool for restoration practitioners.
‘\ and changes peat properties by not
kir peat properties Inverting peat layers BERA research is also helping to better understand which ecosites are most responsive
to mounding. For peatlands, mounding can increase tree densities in bogs, rich fens, and
(A s N transitional forests but not in poor fens. Understanding that poor fens do not appear to be

responsive to current restoration practices can help practitioners save money and time by
potentially not treating these site types.

Most Mid Least Relevant Publications: Kleinke et al., 2022; Davidson et al., 2020
* . . . *
disturbed disturbed disturbed
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@ Tool: Monitoring the recovery of disturbed forests over time can be an
@ expensive undertaking. By moving monitoring to the sky through the use of
satellite imagery and modern analyses, the need for ground-based field surveys
can be reduced. BERA research has shown that practitioners can obtain accurate and
reliable information on the state of forest recovery across large areas.

Access the dataset
of forest harvest
recovery conditions
for your own use.

Access the custom Google
Earth Engine tool to see our
maps of forest recovery
levels in Alberta.
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Satellite imagery:

Can detect landscape level
structural complexity

D
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Reducing costly and time
@ consumiqng gro)l,md-hased surveys

Satellite imagery can monitor elements of forest harvest
recovery, reducing the need for expensive ground-based
surveys.

Effective forest monitoring requires collecting information
over very large areas. These workflows generally contain ground-based surveys which can be
expensive and time consuming for practitioners. Forest disturbance, like harvest blocks, can
easily be detected using satellite imagery, but forest recovery is a slower and more complex
process that is not as easily detected. Recent advancements can significantly reduce the
amount of time partitioners need to spend on ground-based surveys, keeping monitoring
efforts up to date.

To monitor forest recovery more easily, BERA research partners at
the ABMI developed a new tool for detecting changes in post-harvest forest regeneration.
Using a dataset of forest harvest recovery in Alberta that spans 34 years, researchers can
monitor changes in forest vegetation recovery and detect how this recovery varies between
ecological regions.

Information collected via satellite imagery was able to detect how
much vegetation was present, as well as its structural complexity. It is important to note,
however, that the measurements are similar but not completely equivalent to on the ground
measurements of vegetation. Next steps aim to improve understanding of linkages between
satellite imagery and ground measurements.

Relevant Publications: Hird et al., 2021
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Drone use could enable efficient aerial monitoring of
restoration programs.

The Provincial Restoration and Establishment Framework

I Technique: Drone surveys can be used to reduce intensive ground for Legacy Seismic Lines in Alberta calls for two separate establishment monitoring surveys
g surveys of vegetation after restoration, significantly increasing efficiency and after a restoration treatment. The survival assessment is performed two to five years after
O cost-savings. Detection, count, and measurement of trees, saplings, and larger treatment, and the establishment survey is performed eight to ten years after treatment.
seedlings are currently feasible and can likely proceed from pilot scale to operational Since many kilometres of seismic lines need to be assessed, being able to perform remote
conditions. monitoring assessments will decrease costs and save time.

Using airborne remote sensing drones in leaf-off conditions,
BERA researchers counted and estimated the heights of seedlings on seismic lines. Taller
seedlings and drones flown closer to the ground surface improved accuracy. Currently,
drones can be used to measure seedlings greater than 30 cm with approximately half being
accurate within 5 cm. For large seedlings (> 2 m) errors drop to less than 10%. With current
error levels, establishment monitoring of 8-10+ year-old evergreen seedlings (> 60 cm tall)
can be performed with reasonable accuracy.

The drone type and flying height
determinesy‘l]he data ¥es%lutign

-

—>» Best resolution drones
can estimate heights Environmental conditions and Transport Canada regulations remain
for seedlings > 30 cm the largest considerations for drone operations. However, recent regulatory approvals have
granted permission for some operators to fly beyond visual line of sight for surveys. Shoulder
- seasons are the best time to perform flights because seedlings stand out better and are
; more easily detected against senesced vegetation. Although vegetation is senesced in winter
as well, conditions become too cold to operate drones. Additional work focused on improving
measurement accuracies, particularly for smaller seedling sizes, is ongoing.

Relevant Publications: Chen et al., 2017; Hird et al., 2017; Feduck et al., 2018; Castilla et al.,
2020

o ' , —>  Seedlings <30 cm are
prone to errors from

Lower heights = Best resolution overlying vegetation
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New techniques are documenting noise impacts on birds
and informing solutions.

While there is often focus on how energy footprints influence

I Technique: A combination of Autonomous Recording Units (ARUs) and wildlife via vegetation change, there is emerging evidence of the influence of noise, light,
E occupancy modeling can determine the impact of industry noise on birds more and human activity at energy sites. If noisy sites reduce habitat quality, the habitat impacts
O accurately. Understanding the size and magnitude of noise impacts on different of the energy sector may be considerably larger than expected since noise can travel many
bird species will allow practitioners to better assess the extent and risks of habitat kilometres into the forest. Finding cost-effective ways to measure noise pollution and the
loss. magnitude of its effects on birds is challenging and past work could not accurately estimate
noise level.
I?Ote.ntlal ‘ BERA researchers are using a combination of ARUs and occupancy
noise |mpaCt A @ A models to provide a repeatable and consistent approach for accurately measuring noise

. . | ) ! levels and to determine the impact on birds. This research has shown that while some birds
g /'-\\ ‘ \J avoid noisy habitats, others have adapted the way they communicate to overcome habitat
@ ) g2 NP e constraints. Understanding which bird species are the most sensitive to noise and the extent
/ A of their habitat can help narrow down where initial efforts need to be prioritized.

As more effective measurement techniques are developed, key noise
thresholds that have an impact on birds can be identified. Once practitioners have clearly
defined thresholds, assessments can be made regarding investments in noise suppression
technologies or designs which can be used to improve habitat quality for birds.

Relevant Publications: Sanchez et al., 2022

ARUs record
birdsong to provide
maps of habitat
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= @’ Knowledge: Research has shown that although many forest bird species

-

= avoid disturbed areas initially, some species—including ovenbirds and Canada
warblers—will tolerate and begin to use features once they are only partially
regenerated. This has important implications for understanding how species at risk
will make use of regenerating forest environments and how these areas contribute to
future habitat.

Partially regenerated
disturbances are
tolerated by some
species when they have:

No off-highway Adequate shrub
vehicle use abundance

Leaf litter where
birds can forage
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More accurate habitat models and ARUs are improving
understanding of bird behaviour in disturbed areas.

Understanding how birds respond to landscape disturbance
is key to effective restoration. Knowing when birds start to use disturbed areas again as
vegetation recovers can help inform minimum thresholds for habitat quality.

Autonomous Recording Units (ARUs) have been adapted from
other areas of research to be used in avian ecology because they allow a non-invasive and
much more precise measurement of density and habitat use by birds while also decreasing
costs of field labour. They can be used to determine if and when wildlife view disturbances as
recovered by providing a more detailed understanding of bird behavior near disturbances.

More accurate habitat models have been created to allow for better bird population
predictions around disturbances. Different types of high-resolution habitat imagery (AVI,
satellite imagery, LiDAR, drone imagery) can easily be linked to the high-resolution bird use
data obtained from ARUs to predict bird abundance and use on and around disturbed sites.
Models that incorporate more than one type of habitat imagery provide the best results.

The combination of ARUs and various modeling approaches can be used
to establish threshold levels of habitat quality that are important for ensuring that species
have access to required habitat types. In the future, combining the digital record provided
by ARUs with an online data management platform such as WildTrax could allow recorded
data to be easily stored, processed, and shared among agencies. This method would allow
different agencies to benefit from a larger knowledge base when making decisions around
habitat protection and restoration.

Relevant Publications: Wilson et al. 2020; Wilson and Bayne, 2018; Wilson and Bayne, 2019;
Hedley et al., 2020
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BERA — What’s next?

Over the past several years, the BERA team of researchers have worked to better @

o , . . @ BERA Tools: An additional outcome of BERA's work is the development
understand ecosystem dynamics in Canada’s boreal forests and how industrial

. . : : . of practical and effective monitoring tools, some of which are now available
disturbances can be effectively restored. Thanks to close relationships with on-the- o : .. _
i . for use by practitioners. BERA Tools now available online include:
ground practitioners, BERA has contributed several key advancements to support

restoration in boreal landscapes. These key findings include: » The Forest Line Mapper freely available at: https://github.com/appliedgrg/flm
Better mapping of linear features and coarse woody debris for planning efforts. » A cloud-based tool to monitor forest recovery from satellite imagery:
A deeper understanding of tree regeneration and mounding practices to improve - To access the custom Google Earth Engine visualization tool visit: https://
implementation of restoration. abmigc.users.earthengine.app/view/harvest-area-spectral-regen-2018
More accurate techniques to assess tree growth and noise pollution to reduce - To access the dataset of forest harvest recovery in Alberta, visit: https://
post-restoration costs. abmi.ca/home/data-analytics

As a multi-sectoral research partnership, BERA will continue to make more tools and features
available to practitioners through the continued support from academic, private, public, and

non-profit organizations. For more information on the tools, techniques, and knowledge under
development, visit the beraproject.org for contact information and relevant BERA publications.
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