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1.2 Regulatory Context

The Nova Scotia Environment Act [SNS 1994-95, ¢ 1] requires all wind energy projects that produce at least
2 MW of energy to submit a Class ! Environmental Assessment (EA) to the NS Department of Environment
and Climate Change (NS Environment). An EA registration document must be prepared and assessed by
the EA Branch of NS Environment. Avian radar study is required for projects that include turbines greater
than 150 m in height (Nova Scotia Government 2021). Other relevant provincial legislation inciudes
the Nova Scotia Endangered Species Act (S.N.S 1998, ¢.11), which protects species that may not be
federally protected. The following guidance document has been used to implement the regulatory
requirements into this report: Guide to Preparing an EA Registration Document for Wind Power Projects
in Nova Scotia (NSEAB 2021).

Key federal legislation relevant to environmental aspects of wind energy development includes
the Migratory Birds Convention Act [SC 1994, ¢ 22] (MBCA), which protects nearly ail migratory songbirds,
the Migratory Birds Regulations [SOR/2022-105] (MBR), and the Species at Risk Act [SC 2009, ¢ 29] (SARA),
particularly Schedule 1 of the Act (Committee on the Status of Endangered Wildlife in Canada 2021).
Additional statutes under the jurisdiction of NAV Canada, Transport Canada, and Natural Resources
Canada may also be relevant to wind energy development. A federal EA pursuant to the Impact Assessment
Act [SC 2019, c. 28, s. 1] {IAA; Government of Canada 2019) is not required for land-based wind project
development in Canada. Sections 42 through 45 of the Physical Activity Regulations under the IAA
[SOR 2019-285] identify thresholds for renewable energy facilities. Recently, the Supreme Court of Canada
found that the Physical Activity Regulations are in part unconstitutional. At the time of writing, no new
projects are being assessed under |AA until new regulations are in place,

Key federal regulatory requirements refevant to environmentat studies for wind energy development include
Wind Turbines and Birds: A Guidance Document for Environmental Assessment (Government of Canada
2007a), Recommended Protocols for Monitoring Impacts of Wind Turbines on Birds (Government of Canada
2007b), and CWS Atlantic Region — Wind Energy & Birds Environmental Assessment Guidance Update
{Government of Canada 2022). The latter document was prepared by ECCC-CWS Atlantic Region to provide
updated standards and best approaches related to impact assessment for wind energy development
in Atlantic Canada. ECCC-CWS Atlantic Region recommends using radar and acoustic monitoring
during the spring and fall migration periods, in addition to standard avian surveys, for a minimum of 2 years
of consecutive monitoring. These monitoring periods are designed to facilitate and assessment of impacts
to multiple avian species groups which use coastal regions.
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The radar registers movement of targets from 70 m up to approximately 1000 m agl. This radar system has
been an effective tool to evaluate migration activity in the Atlantic Region over the past three years.
The system has been proven to provide an adequate representation of target passage rates and flight
heights at other wind energy projects (Ausenco Sustainability ULC 2022; Hemmera Envirochem inc. 2021).

Raw radar data (i.e. unprocessed radar scans) were stored locally on a solid-state drive (SSD) during
the sampling period. At the end of each field season, raw radar data were copied to external hard drives
and archived. Raw radar data were processed locally throughout the sampling period. Processed data were
uploaded to a remote server each hour, as described below.

2.1.2 Radar Data Processing

Radar processing is a two-step process: 1) autonomous hourly processing during recording in the field
and 2} secondary data cleaning after the radar data have been uploaded.

During the first step of radar data processing, radar scans are processed using standalone software that
captures radar sweeps. Radar sweeps are numerical data from a single rotation of the antenna. These raw’
data are stored locally on an SSD drive for backup. Every hour, radar sweeps are automatically
amalgamated and converted into blipmovies, which are a data format similar to a video, using
the open-source software package radR (Taylor et al. 2010). The processed data include an associated
SQLite database of target detections. The parameters for these locally processed data are liberal,
in the sense that they include radar clutter and smalier non-bird and non-bat targets. Radar clutter is defined
as surfaces or particles such as grass, trees, water, clouds, or atmospheric particles, etc. which obscure
target detection. Hourly files are uploaded automatically to a remote cloud-based server, where they can
be downloaded at any time by analysts for further processing.

During the second step of radar data processing, blipmovies are processed again with radR using more
conservative parameters to efiminate radar clutter and non-bird targets. These parameters vary by site,
so professional judgment is required to effectively filter out unwanted data while retaining a sufficiently
large sampling area. The data are also filtered to include only detections from within an ‘area’ that is
a specific distance from the radar, thus effectively capturing the activity in a vertical column a set distance
from the radar. This step heips reduce bias caused by the radar beam sampling a larger area of space at
greater ranges. Finally, periods of heavy rain are filtered from the processed dataset using automated
methods because targets cannot be detected in the presence of rain. Rain is readily identified by sharp
changes in the presence of targets, such that very large numbers of targets occur at all altitudes, and usually
appear quite suddenly. Analysts examine processed radar files to validate the presence of rain. In addition,
targets below 50 m agl are filtered out because they are often masked by ground ciutter and are located
below the RSZ of turbines. The remaining targets form the dataset used for further analysis and data
visualization.

Representative nights with large numbers of radar and acoustic detections were selected to illustrate
the different migration activity patterns observed throughout the study. The full Spring 2023 radar and
acoustic dataset is provided in a visual format in Appendix A. The full Fali 2023 radar and acoustic dataset
is provided in a visual format in Appendix B.
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2.2 Acoustic Monitoring

Automated acoustic monitoring sensors were used to assess the composition of bird species migrating
through the Project area. The acoustic sensors detect and record nocturnal flight calls (NFC) of migratory
birds as the birds fly through the sensor microphone’s detection cone. These data are used in conjunction
with the radar data to determine the avian species and species groups migrating through the area.

2.2.1 Acoustic Data Coltection

AudioMoth™ full-spectrum acoustic recorders were deployed to detect migrating bird calls at 11 sampling
locations in the Project area (Figure 1.1) which had a clear view of the sky. Acoustic data coliection
occurred each night during the spring and fall migration in 2023. Acoustic recordings were programmed to
start at 30 minutes before sunset, which is when nocturnal migrants generally start flight (Alerstam 1990)
and to end 30 minutes after sunrise, which prevents interference with daytime calls of non-migratory birds
(Smith et al. 2014).

Recordings were made with a 10-minute on / off cycle throughout the night. Acoustic data were recorded
at a sample rate of 32 kHz to allow NFC to be filtered at a frequency range of 0-16 kHz, which is the typical
range of passerine NFC (Evans and O’'Brien 2002). The recording units were checked approximately every
30 days to replace batteries and download data onto an external hard drive. The recording units have
a maximum detection range of approximately 200 m, which is within the range of the RSZ for turbines under
consideration for the Project (i.e. 40 to 200 m agf). Acoustic data are stored Iocally on 64 GB (gigabyte)
micro-SD (secure digital) cards. Data cards are retrieved monthly; a new data card is swapped in the field,
and the used card is returned to the lab. All SD cards are uniquely identified with a 4-digit number which is
recorded upon deployment and associated with a given recording unit and location.

When SD cards are returned to the lab, analysts make direct copies of those cards into folders on a portable
drive with the same name as the SD card. These files are then bulk processed to create a set of new files
that are compressed using Free Lossless Audio Codec (FLAC) format. These compressed files are also
renamed using a master metadata spreadsheet, such that each file retains its original timestamp, but also
includes a site name, unit number and the site’s latitude and longitude. This information is used in
subsequent audio manipulation.

2.2.2 Acoustic Data Processing

Bird species and species groups were identified from the acoustic recordings using an Al
(Artificial Intelligence) model trained on ~12,000 0.5 second clips of classified NFCs validated by
Tabanid Consulting. The model was built using OpenSoundScape V0.90 (Lapp et al. 2023;
www.opensoundscape.org). Score thresholds were determined separately for each species by calculating
precision-recall curves using the yardstick package in program R (R Core Team 2021).

From these curves we determined a score threshold for each species, where the ‘recall’ (the proportion of
calls that are truly positive that were identified as such) exceeded 0.7. For each of these threshoids,
the ‘precision’ (the proportion of the calls classified as True that were actually true) was then calculated.
For most species, precision exceeded 0.9 (that is, the model classified these calls very well). Herein, we only
report on species where model precision exceeded 0.5.
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Weather data were acquired from the National Centers for Environmental Prediction (NCEP) and National
Center for Atmospheric Research (NCAR) Reanalysis data product (NCEP-NCAR Reanalysis 1;
https://psl.noaa.gov/data/gridded/data.ncep.reanalysis.html) and downloaded via the RNCEP package
(Kemp et al. 2011).

2.4 Data Analysis

The two response variables in our radar data analysis are:
1. Flight volume, which is the total number of targets.

2. The proportion of targets within the RSZ, which is the ratio of number of targets within the RSZ.
compared to the number of targets above the RSZ.

Flight volume is used to describe temporal trends in targets detected at the Project location, and flight
elevation is used to evaluate the likelihood of flights occurring within the RSZ. Targets were divided in
two groups:

1. Low risk targets were located above RSZ (i.e. above 200 m).
2. High-risk targets were located within the RSZ (i.e. between 40 and 200 m).

Targets below 70 m were excluded from analysis because ground clutter made it impossible to reliably
identify targets, as described in Section 2.1.2. Airspeed was calculated with the vector addition procedure
called “triangle of velocities” (Pennycuick 1968), using fiight direction, flight speed, wind direction and wind
speed as input variables. Since the exact flight trajectories of the birds are unknown, a heading of
45 degrees was assumed for the spring migration and a heading of 225 degrees was assumed for the fall
migration. Tailwind assistance is then calculated as the difference between the ground speed
{speed relative to the ground) and airspeed (speed relative to the air). When a flying bird’s power output
remains constant, but the wind behind the bird increases, the airspeed remains unchanged, whereas
the ground speed increases. This results in a positive tailwind assistance. When wind blows against a flying
bird (e.g. wind from the south during fall migration), birds experience a headwind, indicated by a negative
tailwind assistance.

To determine the effect of weather on flight volume and proportion of targets within RSZ, tailwind
assistance was plotted against the flight volume and proportion of targets within RSZ. Time of night was
added as additional explanatory variable and was grouped as:

» Sunset (sunset until 2 hours after sunset)
» Sunrise (2 hour before sunrise until sunrise)

» Middle (representing the remaining hours in the night).
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In 2021, the Nova Scotia Department of Lands and Forestry (NSDLF) developed a recovery plan for
the Canada Warbler in Nova Scotia. The provincial plan adopted sections from the federal Recovery
Strategy (NSDLF 2021a) that are relevant to Nova Scotia. The short-term population objective for
the Canada Warbler is to stop the population decline by 2025, while ensuring that the population does not
decline more than 10 percent between 2015 to 2025. The long-term objective is a positive population trend
after 2025. The distribution objective is the maintain the current range throughout Canada (Environment
Canada 2015).

The Canada Warbler nocturnal call was detected 6 times in the spring season, and 115 times in the fall
season. These numbers are relatively low and only comprise 2.7 and 2.8 percent of the total spring and
fall detections respectively. Because this species is diurnal and only migrates at night these detections are
only from migratory birds. It is possible that the Canada Warbler also breeds in or nearby the Project area,
though it is unclear if the habitat inside or nearby the Project area is suitable for this species. In Nova Scotia
the Canada Warbler is known to prefer moist sites with cinnamon fern (Osmunda cinnamomea), speckled
alder (Alnus incana) or other deciduous shrubs, and the birds are often associated with sphagnum
(NSDLF 2021).
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Although the Canada Warbler is also a species at risk protected under the Nova Scotia Endangered Species
Act (S.N.S 1998, c.11), the numbers of call detections for Canada Warbler were much lower than for
the Common Nighthawk (Table 3.2 and Table 3.3). Because the Canada Warbler was only detected a few
times, the collision risk for Canada Warbler is judged to be low. Post-construction monitoring will be
required to accurately predict potential mortality for the Canada Warbler in the Project area.

itisimportant to note that prediction of collision risk of migratory birds with turbines using pre-construction
radar and acoustic data is complex and has not been well established in Atlantic Canada. The best indicator
of risk is the volume of birds migrating within the RSZ, though only a small fraction of the birds migrating
atthis height may collide with the turbine rotors. Several models have been developed to predict
the collision risk based on the flight volume, species, rotor height, RSZ, etc. (Band et al. 2007; Masden and
Cook 2016; Kleyheeg-Hartman et al. 2018). Although these models are useful to predict potential mortality
and may be used to prevent potentially high collision rates by allocating turbines to less risky locations,
post-construction research has shown that model predictions often underestimate the actual
mortality (Ferrer et al. 2012; Schippers et al. 2020), indicating the importance of post-construction
monitoring. Although the risk of coliision may be correlated with volume of migration, without multipie,
standardized radar/acoustic studies conducted across a broader region (i.e. across Nova Scotia),
and without post-construction mortality data to validate predictions, forecasts will have substantial error
and uncertainty.
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