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Scientific Name Common Name SRank COSEWIC SARA ESA Habitat Description 

AVIFAUNA 

Accipiter cooperii Cooper's Hawk S1?B,SUN,SUM    

Not common in Nova Scotia but does breed in the province. Found in mature forest, open woodlands, wood edges and river 
groves. Nests in coniferous, deciduous and mixed woods, typically those with tall trees and with openings or edge habitat 

nearby. Also found among trees along rivers through open country, and increasingly in suburbs and cities where tall trees exist 
for nesting (e.g. parks, open fields and even backyards with feeders). Breeds between April and July (Audubon and The 

Cornell Lab) 

Accipiter gentilis Northern Goshawk S3S4    

Found in coniferous and mixed forests. Generally restricted to wooded areas (along riparian corridors), but may be in relatively 
open woods or along edges. Often more common as a breeding bird in mixed woods (e.g. mature and old-growth forests with 
more than 60% closed canopy). In the East, goshawks seek out nest sites in mixed-hardwood forests where beeches, birch, 
hemlock and maples dominate. Goshawks often build nests near breaks in the canopy, such as a forest trail, road or opening 
created by a downed tree and prefer sites with a creek, pond or lake nearby. Breeds between April and July. May mate for life 

(Audubon and The Cornell Lab). 

Actitis macularius Spotted Sandpiper S3S4B,S5M    

Common near fresh and saltwater. Habitat includes pebbly lake shores, ponds and streamsides (and seashores in the winter). 
Spotted Sandpipers spend the winter along the coasts of North America. During migration and winter, this species is found 
along the coast on mudflats, beaches and breakwaters (also found in inland habitats such as sewage ponds and irrigation 

ditches). Breeds near the edge of fresh water in a wide variety of settings, including lakes, ponds, rivers and streams (in either 
open or wooded country). Breeding territories generally need to have a shoreline, a semi-open area for the nest and patches of 

dense vegetation to conceal the chicks. Breeds between April and July (Audubon and The Cornell Lab). 

Aegolius funereus Boreal Owl S2?B,SUM    

Year-round resident, mainly in Cape Breton (MBBA, as of July 2021). Does not migrate regularly, but is nomadic and moves 
outside of range when prey is scarce. Boreal Owls occur in stands of spruce, aspen, poplar, birch and fir in the boreal forest 
(muskeg, mixed-wood and conifer forests). They also occur in high elevation mountains with subalpine forests in Canada. In 
the winter, they forage in spruce-fir forests where uncrusted snow under the trees facilitates access to prey. In spring, they 
often forage in clearcuts and agricultural fields where small mammals are easier to locate. Beginning in late winter or early 

spring, male sings at night to defend territory and attract a female (Audubon and The Cornell Lab). 

Ammospiza nelsoni Nelson's Sparrow S3S4B    
They spend most of their time on or near the ground in dense marsh vegetation.  Nelson's Sparrow breed mainly in fresh and 

saltwater marshes in the northern Great Plains and along the northern Atlantic Coast. Breeds between April and July (Audubon 
and The Cornell Lab) 

Anas acuta Northern Pintail S1B,SUM    

Found in marshes, prairies, fresh ponds, lakes and salt bays. Summers in wide variety of open habitats, including prairies, 
farmland, northern tundra and near bodies of water. Breeds in seasonal wetlands, open areas with short vegetation, wet 
meadows, grasslands and crop fields. During the nonbreeding season they use flooded and dry agricultural fields, lakes, 

reservoirs, estuaries, saltmarshes, freshwater and brackish wetlands and bays. Pintails also use different habitats depending 
on time of day (e.g. tend to forage in wetlands during the day). Breeds between April and July (Audubon and The Cornell Lab) 

Antrostomus vociferus Eastern Whip-Poor-Will S1?B Threatened Threatened Threatened 

Roughly 50% of home ranges consisted of open habitats, used primarily for foraging. Common habitat choices include rock or 
sand barrens with scattered trees, savannahs, old burns or other disturbed sites in a state of early to mid-forest succession, or 
open conifer plantations. Accordingly, pine (barrens and plantations), oak (barrens and savannahs), and aspen and birch (early 

to mid-succession) are common tree species associations. Individuals will often feed in nearby shrubby pastures or wetlands 
where perches, and power-line and roadway corridors are also occupied. Other necessary habitat elements are thought to 

involve ground-level vegetation and woodland size. Areas with little ground cover are preferred. 

Asio flammeus Short-eared Owl S1B Threatened Special Concern  
Short-eared Owls breed primarily in well-drained grasslands near coastal wetlands. In areas with extensive coastlines, some 

caution is warranted in summarizing breeding habitat as inland marshes and bogs are less frequently monitored and thus may 
be under-represented in assessments of breeding habitat (COSEWIC Assessment and Status Report). 

Asio otus Long-eared Owl S2S3    

Known to breed throughout Nova Scotia. They occur at elevations ranging from near sea level to above 6,500 feet. May be 
nomadic at times, moving about in response to changing food supplies. Favored habitat includes dense trees for nesting and 

roosting and open country (e.g. grasslands and shrublands) for hunting. Inhabits a wide variety of such settings, including 
forest with extensive meadows to groves of conifers or deciduous trees. Generally avoids unbroken forest. Known to be an 

early breeder. Breeds between April and July (Audubon and The Cornell Lab). 

Botaurus lentiginosus American Bittern S3S4B,S4S5M    
Found in marshes and reedy lakes. Breeds in freshwater marshes, mainly large, shallow wetlands with a large amount of tall 

marsh vegetation (cattails, grasses and sedges) and areas of open shallow water. Sometimes feeds in dry grassy fields. They 
are rarely seen out in the open, prefers vegeation cover. Breeds between April and July (Audubon and The Cornell Lab) 

Bucephala clangula Common Goldeneye S2S3B,S5N,S5M    

Winters in Nova Scotia along the coast. Generally migrates late in fall and early in spring. Males tend to winter farther north 
than females. Found in shallow coastal bays, estuaries that offer good foraging sites: sand, gravel, rock and boulder substrates 

supporting mollusks and crustaceans. In the interior, wintering flocks gather on large lakes and rivers as far north as open 
water occurs. Breeds between April and July (Audubon and The Cornell Lab) 

Buteo lagopus Rough-legged Hawk S3N    

Common across Nova Scotia during nonbreeding (winter). Spends the winter in open country, including grasslands, coastal 
prairies, marshes, farmland and dunes. In tree-covered areas they hunt over open bogs and other clearings. Breeds mostly on 
tundra, in areas having cliffs for nest sites; some breed along northern edge of coniferous forest zone. Rough-legged Hawks 

breed in open country of the arctic, both in North America and Eurasia. Breeds between April and July. May mate for life 
(Audubon and The Cornell Lab). 
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Accipiter cooperii Cooper's Hawk S1?B,SUN,SUM    

Not common in Nova Scotia but does breed in the province. Found in mature forest, open woodlands, wood edges and river 
groves. Nests in coniferous, deciduous and mixed woods, typically those with tall trees and with openings or edge habitat 

nearby. Also found among trees along rivers through open country, and increasingly in suburbs and cities where tall trees exist 
for nesting (e.g. parks, open fields and even backyards with feeders). Breeds between April and July (Audubon and The 

Cornell Lab) 

Calidris melanotos Pectoral Sandpiper S3M    

Common migrant in Nova Scotia. Compared to other shorebirds, migration is relatively early in spring and late in fall (adults 
before juveniles). During migration, they prefer wet, grassy environments such as prairie pools, muddy shores, fresh and tidal 
marshes. They prefer tundra in the summer. Migrants favor grassy places rather than open mudflats. Often seen along grassy 
edges of shores, at edges of tidal marshes, in flooded fields or wet meadows. Sometimes on dry prairie or even plowed fields. 
On breeding grounds, favours wet grassy areas of tundra dominated by grasses and sedges. Breeds between April and July 

(Audubon and The Cornell Lab). 

Calidris pusilla Semipalmated Sandpiper S3M    

Common migrant in Nova Scotia. Migrates in flocks (adults before juveniles). May make very long nonstop flights between 
major feeding areas on migration. Semipalmated Sandpipers nest in low tundra, usually not far from marshes or ponds (both 

dry upland habitats with sufficient vegetation cover). In preparation for migration, they gather into flocks in shallow-water 
mudflats or lakeshores. Migrating birds stop over at sewage ponds, ephemeral wetlands (rain pools), beaches, inlets, 

estuaries, tidal mudflat, sandbars and freshwater impoundments with shallow margins (edges of lakes and marshes). Breeds 
between April and July (Audubon and The Cornell Lab). 

Cardellina canadensis Canada Warbler S3B Special Concern Threatened Endangered 
Forest undergrowth, shady thickets. Breeds in mature mixed hardwoods of extensive forests and streamside thickets. Prefers 

to nest in moist habitat: in luxuriant undergrowth, near swamps, on stream banks, in rhododendron thickets, in deep, rocky 
ravines and in moist deciduous second-growth. 

Cardellina pusilla Wilson's Warbler S3B,S5M    

Found in thickets along wooded streams, moist tangles, low shrubs, willows, alders. Breeds in thickets, second-growth, bogs, 
or in alder and willow groves near streams and ponds. In migration and winter, occurs from hot lowland thickets up to cool 

mountain woods; always in scrubby overgrown clearings and thin woods, not in the interior of dense forest. Breeds between 
April and July (Cornell Lab, Audubon). 

Cathartes aura Turkey Vulture S2S3B,S4S5M    

In past was not surveyed/very rare to see Turkey Vultures in Nova Scotia, but as the climate warms they are now sighted 
across the province (MBBA and Nova Scotia Bird Society). Look for Turkey Vultures as they soar high over open areas. They 

are particularly noticeable along roadsides and at landfills. At night, they roost in trees, on rocks and other high secluded spots. 
Most common over open or semi-open country (including mixed farmland, forest, rangeland and even small offshore islands), 

especially within a few miles of rocky or wooded areas providing secure nesting sites. Generally avoids densely forested 
regions. Breeds between April and July (Audubon and The Cornell Lab) 

Chordeiles minor Common Nighthawk S3B Special Concern Special Concern Threatened 

Common Nighthawk breeds in a range of open and partially open habitats, including forest openings and post-fire habitats, 
prairies, bogs, and rocky or sandy natural habitats, as well as disturbed areas. It is also found in settled areas that meet its 

habitat needs, those with open areas for foraging and bare or short-cropped surfaces for nesting. The species use of a wide 
range of habitats makes it difficult to estimate trends in habitat availability, except in urban habitats, where their main nesting 

sites – flat graveled roofs – are disappearing. 

Chroicocephalus ridibundus Black-headed Gull S3N    

Most of this species in Nova Scotia likely comes from Iceland (followed by a sudden growth of the Icelandic nesting population 
in the 1930s). In winter, found primarily along seacoasts, estuaries and protected bays (generally rare on fresh waters well 

inland). Breeds along lakes, rivers, bogs, moors, grasslands, swamps and coastal marshes. Usually nests in colonies, 
sometimes in isolated pairs. Breeds in scattered colonies between April and July (Audubon and The Cornell Lab). 

Coccothraustes vespertinus Evening Grosbeak S3B,S3N,S3M Special Concern Special Concern Vulnerable 

Evening Grosbeak breeding habitat generally includes open, mature mixedwood forests, where fir species and/or White Spruce 
are dominant, and Spruce Budworm is abundant. Outside the breeding season, the species seems to depend largely on seed 
crops from various trees such as firs and spruces in the boreal forest, but is also attracted to ornamental trees that produce 

seeds or fruit, and bird feeders stocked with sunflower seeds. 

Coccyzus erythropthalmus Black-billed Cuckoo S3B    

Black-billed Cuckoos are birds of woodlands and thickets, including aspen, poplar, birch, sugar maple, hickory, hawthorn and 
willow. They tend to occur more frequently in larger and denser woodlands than the Yellow-billed Cuckoo. On their wintering 
grounds, they live in forest, woodlands and scrub. A long-distance migrant, going to South America for the winter. Migrates at 

night; sometimes heard calling in flight overhead at night during the spring. During migration, they seek any kind of dense 
vegetation cover (e.g. young trees or tall shrubs). Common breeder in Nova Scotia. Breeds mostly in deciduous thickets and 
shrubby places, often on the edges of woodland or around marshes. Also in second growth of mixed deciduous-coniferous 

woods, or along their brushy edges. Breeds between April and July (Audubon and The Cornell Lab). 

Contopus cooperi Olive-sided Flycatcher S3B Special Concern Special Concern Threatened 

Olive-sided Flycatcher has been widely observed in open coniferous or mixed coniferous forests, often located near water or 
wetlands with the presence of tall snags or trees from which the species sallies for prey and advertises its territory. Mature 

conifer stands within patchy landscapes influenced by natural disturbance (e.g., recent burns) support the highest densities of 
Olive-sided Flycatcher. Nests are generally placed toward the tip of coniferous branches (although other tree types have been 

used). 

Contopus virens Eastern Wood-Pewee S3S4B Special Concern Special Concern Vulnerable 
The Eastern Wood-pewee is mostly associated with the mid-canopy layer of forest clearings and edges of deciduous and 

mixed forests. It is most abundant in forest stands of intermediate age and in mature stands with little understory vegetation. 
During migration, a variety of habitats are used, including forest edges, early and successional clearings. 
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Coturnicops noveboracensis Yellow Rail SUB Special Concern Special Concern  

Yellow rail is distributed along northern Nova Scotia. Nesting Yellow Rails are typically found in marshes dominated by sedges, 
true grasses, and rushes, where there is little or no standing water (generally 0-12 cm water dept), and where the substrate 
remains saturated throughout the summer. They can be found in damp fields and meadows, on the floodplains of rivers and 

streams, in the herbaceous vegetation of bogs, and at the upper levels (drier margins) of estuarine and salt marshes. Nesting 
habitats usually have a dry mat of dead vegetation from previous growing seasons. A greater diversity of habitat types is used 
during migration and winter than during the breeding season. In winter, the rails are known to use coastal wetlands and rice 

fields. (COSEWIC Assessment and Status Report). 

Empidonax traillii Willow Flycatcher S2B    

Uncommon breeder throughout mainland Nova Scotia, not Cape Breton (MBBA, as of July 2021). In winter, they use shrubby 
clearings, pastures and woodland edges often near water. Migrates relatively late in spring and early in fall. Breeds in thickets 

of deciduous trees and shrubs, especially willows, or along woodland edges. Often near streams or marshes and may be found 
in drier habitats than the Alder Flycatcher. Breeds between April and July (Audubon and The Cornell Lab). 

Euphagus carolinus Rusty Blackbird S2B Special Concern Special Concern Endangered 

Breeding habitat is characterized by coniferous-dominated forests adjacent to wetlands, such as slow-moving streams, peat 
bogs, sedge meadows, marshes, swamps and beaver ponds. On migration, the Rusty Blackbird is primarily associated with 

wooded wetlands. In winter, it occurs primarily in lowland forested wetlands, cultivated fields and pecan groves. Suitable 
habitat for the species appears to be decreasing on its breeding range and wintering grounds, due mainly to the loss and 

degradation of wetlands by human activities. 

Gallinago delicata Wilson's Snipe S3B,S5M    

Common across Nova Scotia during breeding and also known as a permanet resident in the southern areas of the province. 
Wilson’s Snipes can be found in all types of wet, marshy settings, including wet fields, bogs, fens, swamps, wet meadows and 
along muddy edges of rivers and ponds. They avoid areas with tall, dense vegetation, but need patches of cover to hide in and 

to provide a safe lookout for predators. During the breeding season they are mainly found around fresh marshes and bogs, 
shrubby streamsides and northern tundra. Breeds between April and July (Audubon and The Cornell Lab). 

Gallinula galeata Common Gallinule S1B    

Common Gallinules use freshwater and brackish marshes, ponds and lakes that have a mix of submerged, floating and 
emergent aquatic vegetation and are open water year-round. They also use artificial aquaculture ponds, rice fields, sewage 
lagoons and urban stormwater retention ponds. May be on more open ponds with less marsh cover or on still, slow-moving 

waters. Found with American Coot in many places, but requires more marsh growth. Breeds between April and July (Audubon 
and The Cornell Lab). 

Haemorhous purpureus Purple Finch S3S4N, 
S4S5B,S5M    

Found throughout the entire province year-round. Purple finches can be found in woods, groves, suburbs. Breeds mostly in 
coniferous and mixed woods, both in forest interior and along edges. In migration and winter, found in a wide variety of wooded 
and semi-open areas, including forest, suburbs, swamps, and overgrown fields. Breeding occurs from April to July (The Cornell 

Lab, Audubon) 

Hirundo rustica Barn Swallow S3B Special Concern Threatened Endangered 

Barn Swallows forage over a wide range of open and semi-open habitats including natural and anthropogenic grasslands, other 
farmland, open wetlands, open water, savannah, tundra, highways and other cleared right-of-ways, and cities and towns. They 

avoid forested regions and high mountains. Barn Swallows throughout the world have adapted to nesting in or on human 
structures, including buildings, barns, bridges, culverts, wells and mine shafts. Use of natural nest sites such as caves or rock 
cliffs with crevices or ledges protected by overhangs is rarely reported. Nocturnal roosts are typically in reed or cane beds or 

other dense vegetation, usually in or near water. 

Icterus galbula Baltimore Oriole S2S3B,SUM    
Baltimore Orioles are often very common in open woods and groves in summer. Found in open woods, riverside groves, elms, 
shade trees. Breeds in deciduous or mixed woodland, generally in open woods or edges rather than interior of dense forest. 

May be common in trees in towns (Audubon). Breeds between April and July (Audubon and The Cornell Lab). 

Ixobrychus exilis Least Bittern SUB Threatened Threatened  

The Least bittern has been observed in every Province in Canada. However, it is only probable to be located in Nova Scotia. 
The Least Bittern breeds strictly in marshes dominated by emergent vegetation surrounded by areas of open water. Most 

breeding grounds in Canada are dominated by cattails, but breeding also occurs in areas with other robust emergent plants 
and in shrubby swamps. The presence of stands of dense vegetation is essential for nesting because the nests of Least Bittern 
sit on platforms of stiff stems. The nests are almost always within 10 m of open water. This small heron prefers large marshes 
that have relatively stable water levels throughout the nesting period. Needs for wintering habitat are less specific, and appear 
to be met by a wide variety of wetlands—not only emergent marshes like those used for breeding, but also brackish and saline 

swamps (Environment Canada Recovery Strategy) 

Lanius borealis Northern Shrike S3S4N    
They occur in open but brushy habitats, and on calm, sunny days they may sit up on utility wires, bushes, and trees (Cornell 
Lab).Nests are usually placed in a low tree or large shrub, often in spruce or willow, usually 6-15' above the ground. Breeds 

between April and July (Audubon and The Cornell Lab). 

Limosa haemastica Hudsonian Godwit S2S3M Threatened No Status  

Hudsonian Godwit occurs regularly during breeding or migration in all three territories and in provinces from British Columbia to 
Québec, as well as occasionally in the fall in all of the Atlantic provinces. Hudsonian Godwit breeds in wetland habitats (sedge 
meadows and muskeg) in sub-Arctic and Boreal regions. It uses a wide variety of habitats on migration, including freshwater 

marshes, saline lakes, flooded fields, shallow ponds, coastal wetlands and mudflats (COSEWIC Assessment and Status 
Report). 

Loxia curvirostra Red Crossbill S3S4    
Found throughout the entire province year-round. Red Crossbills can be found in conifer forests and groves, and breeds in 

pines (predominately), spruce, hemlock, Douglas-fir, or other evergreens. Breeding occurs from April to July (The Cornell Lab, 
Audubon) 
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Mimus polyglottos Northern Mockingbird S1B    

Year-round resident throughout Nova Scotia, less common in Cape Breton. Found year-round in areas with open ground and 
shrubby vegetation (e.g. dense, low shrubs - hedges, fruiting bushes and thickets). When foraging on the ground, it prefers 

grassy areas, rather than bare spots. Common places include roadsides, parkland, cultivated land, suburban areas, woodland 
edges and in second-growth habitat at low elevations. Breeds between April and July (Audubon and The Cornell Lab). 

Myiarchus crinitus Great Crested Flycatcher S1B    

Uncommon breeder throughout mainland Nova Scotia, not Cape Breton (MBBA, as of July 2021). Migrates mostly at night. 
Breeds mainly in deciduous forest or mixed forest, but avoids pure stands of conifers. May be found in either continuous deep 

forest or in more open wooded areas, around edges of clearings or abandoned orchards. Dead snags and dying trees are 
important sources of the cavities they need for nesting (will even search out cavities in old orchards and in woody urban areas 

like parks, cemeteries and golf courses). If there are enough trees, they will claim territories in pastures, along streams and 
rivers, and in swamps and wetlands. Breeds between April and July (Audubon and The Cornell Lab). 

Numenius phaeopus 
hudsonicus Whimbrel S2S3M    

Common migrant in Nova Scotia. Migrating whimbrels feed mostly on tidal mudflats and sandflats; they also forage in 
saltmarshes, lagoons, estuaries and on reefs and rocky shorelines where small crabs are available. When not feeding, 
Whimbrels roost in flocks in marshes, meadows, fields, dunes and oyster beds, as well as on small islands and even in 

mangrove trees. Migrating Whimbrels are known to also use coastal tundra and heath in Alaska and Canada. North American 
Whimbrels breed in subarctic and alpine tundra and taiga, nesting in drier upland environments (heath) or (mainly) wetter 

lowlands with grasses, sedges, mosses, lichens, small shrubs and stunted trees. Breeds between April and July (The Cornell 
Lab and eBird). 

Oxyura jamaicensis Ruddy Duck S1B    

Uncommon in Nova Scotia during migration. Only a few confirmed sightings in Cumberland and Antigonish county (MBBA, as 
of July 2021) - Migration extends over a considerable period in both spring and fall. Migrating Ruddy Ducks stop in a variety of 

habitats, mainly on large, permanent wetlands, ponds, marshes, lakes and reservoirs. About 86 percent of the breeding 
population is concentrated in the prairie pothole region of south-central Canada, hence why they are uncommon in Nova 

Scotia. Breeds between April and July (Audubon and The Cornell Lab) 

Passerella iliaca Fox Sparrow S3S4B,S5M    

Found year round in Cape Breton, and throughout the migration season (late March and early November) in the rest of the 
province. Migrates at night. Found in wooded areas, undergrowth, brush. Breeds in brushy areas including woodland edges 
and clearings, streamside thickets, scrubby second growth, stunted coastal forest. Winters in similar habitats, also in brushy 

fields, chaparral, well-vegetated suburbs and parks. Breeds from April to July (The Cornell Lab, Audubon) 

Passerina cyanea Indigo Bunting S1?B,SUM    

This species favors brushy edges rather than unbroken forest. Indigo Buntings breed in brushy and weedy areas. They're 
common on the edges of woods and fields; along roads, streams, rivers, and powerline cuts; in logged forest plots, brushy 

canyons, and abandoned fields where shrubby growth is returning. They are also in clearings within deciduous woods, edges 
of swamps. Breeds between April and July (Audubon and The Cornell Lab). 

Perisoreus canadensis Canada Jay S3    

Year-round resident throughout Nova Scotia and commonly referred to as the Gray Jay. No regular migration. On rare 
occasions, small invasions of Canada Jays will move a short distance out of boreal forest in winter. Prefers boreal and 

subalpine forests across northern North America, usually where black or white spruce trees are common (also aspen, white 
birch, balsam fir, sugar maple, jack pine, red spruce, eastern white cedar, etc.). Found in various kinds of coniferous and mixed 
forest, but rarely occurs where there are no spruce trees. Mated pairs stay together all year and defend permanent territories. 
Breeding and nesting for this species begins very early, during late winter, with breeding grounds still snow-covered. Breeds 

until, approximately, July (Audubon and The Cornell Lab). 

Pheucticus ludovicianus Rose-breasted Grosbeak S3B    

Look for these birds in forest edges and woodlands. Rose-breasted Grosbeaks breed in moist deciduous forests, deciduous-
coniferous forests, thickets, and semiopen habitats. They gravitate toward second-growth woods, suburban areas, parks, 

gardens, and orchards, as well as shrubby forest edges next to streams, ponds, marshes, roads, or pastures. They favor edges 
or openings with combination of shrubs and tall trees, rather than unbroken forest. Breeds from April to July (The Cornell Lab, 

Audubon) 

Picoides arcticus Black-backed Woodpecker S3S4    

Known throughout Nova Scotia year-round. Not strictly migratory, but may move around in response to changing conditions 
(e.g. destruction of habitat). Eastern birds occasionally stage southward irruptions in winter, with scattered individuals showing 
up well south of breeding range. Habitat includes boreal forests of firs and spruces (pine, Douglas-fir, hemlock, tamarack and 
spruce, especially spruce bogs). Favours areas of dead or dying trees (coniferous and deciduous), and may concentrate at 

burned or flooded areas with many standing dead trees. Frequents lowlands in the North and mountains in the West. Breeds 
between April and July (Audubon and The Cornell Lab). 

Pinicola enucleator Pine Grosbeak S3B,S5N,S5M    
Found throughout the province year-round. Pine grosbeaks can be found in conifers; in winter, other trees. Breeds in open 

coniferous forest, especially of spruce and fir. In winter often found in deciduous trees (especially fruiting trees), also in groves 
of pines and other conifers. Breeding occurs from April to July (The Cornell Lab, Audubon). 

Piranga olivacea Scarlet Tanager S2B,SUM    

These birds can be found in oak forests in summer, but they often remain out of sight as they forage in the leafy upper 
branches. Nest site is in tree (usually deciduous), typically 20-30' above ground. Found in forests and shade trees (especially 

oaks). Breeds mostly in deciduous forest, predominately oaks but also in maple, beech, mixed pine-oak woods, and coniferous 
woods dominated by pine or hemlock. Breeding Scarlet Tanagers prefer large forest tracts with large trees. During spring and 
fall they use similar forest habitats as well as open spaces such as parks and gardens. Breeds between April and July (The 

Cornell Lab, Audubon) 
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Pluvialis squatarola Black-bellied Plover S3M    

Migrates through Nova Scotia. Found in mudflats, open marshes and beaches (tundra in the summer). Nesting occurs in drier 
tundra, often more barren ridges above lowland lakes and rivers (sometimes in lower wet tundra near coast). In winter, found 
mostly on open sand beaches and tidal flats. During migration will often stop in short-grass prairie or plowed fields, especially 
during high tides, when mudflats are underwater. In some places, they forage on rocky shorelines. Black-bellied Plovers roost 
together at high tide and overnight on beaches, saltmarshes and sometimes upland habitats such as farm fields. Most migrate 
along coast or over sea, but numbers stop over regularly at some inland sites. Breeds between April and July (Audubon and 

The Cornell Lab). 

Poecile hudsonicus Boreal Chickadee S3    

Year-round resident throughout Nova Scotia. Occasional small southward invasions in fall, with a few appearing south of 
breeding range (similar to Black-capped Chickadees invasions). Boreal Chickadees inhabit mostly mature coniferous forests 
(sometimes mixed forests), usually spruce and balsam fir, often near water. During late fall and winter irruptions, they tend to 
be found mostly in areas dominated by coniferous trees. Occurs in low stunted spruces as far North as treeline (e.g. spruce 
bogs). May mate for life, the birds remaining together all year. Nests in a hole in a tree, either a natural cavity or one they 

created (or from another species). Breeds between April and July (Audubon and The Cornell Lab). 

Rallus elegans King Rail SNA Endangered Endangered  

The species breeds only in the extreme southern part of Ontario. King Rails are found in a variety of freshwater marshes and 
marsh-shrub swamp habitats. The species occurs in areas where wild rice grows but also in sedge and cattail marshes. Most 
importantly, the species requires large marshes with open shallow water that merges with shrubby areas. In fact, birds only 

return in successive years to large marshes that are not overgrown with cattails. This Species are accidental to Nova Scotia. 

Rallus limicola Virginia Rail S2S3B    

Breeds across Nova Scotia, but more common in the northern region. Nests in a variety of marshy situations, mostly fresh, but 
also brackish marshes near the coast. Where this species and Sora breed in same marshes, Virginia Rail typically nests in 

drier spots. Often moves into salt marshes in winter. During migration, sometimes found in odd spots, even city streets. Virginia 
Rails occupy shallow (sometimes deeper) freshwater wetlands with tall stands of cattails and rushes (need areas with standing 

water typically less than 6 inches deep with a muddy bottom). They are most common in wetlands with 40–70% coverage of 
tall emergent vegetation, mixed with open water, mudflats and areas with matted vegetation. During the nonbreeding season, 
Virginia Rails use similar habitat, but may venture into more open areas. Breeds between April and July (Audubon and The 

Cornell Lab). 

Riparia riparia Bank Swallow S2B Threatened Threatened  
As with other swallow species, migratory stopover points are usually centred on large marshes where birds roost at night and 

disperse to forage throughout the day. There is little information available for Bank Swallows in terms of the importance of area 
requirements of these disparate habitats and their proximity to each other. 

Setophaga castanea Bay-breasted Warbler S3S4B,S4S5M    

Bay-breasted warblers are found in woodlands, conifers in summer. Usually breeds in northern coniferous forest, in thick 
stands of spruce and fir. They are preators of spruce budworm, and are abundant in spruce forests during outbreaks. Where 

spruce is not found, will nest in deciduous or mixed second-growth woods of birches, maples, firs, and pines. Breed from April 
to July, typically in the latter half of the breeding window (The Cornell Lab, Audubon) 

Setophaga pinus Pine Warbler S2S3B,S4S5M    Pine Warblers live in pine or mixed pine-deciduous forest. Also sometimes in cedar or cypress. Various spottings throughout 
Nova Scotia, generally in the southern portion of the province. Breeds April to July (The Cornell Lab, Audubon) 

Setophaga striata Blackpoll Warbler S3B,S5M    

The blackpoll warbler can be found in conifers; broadleaf trees in migration. Breeds in low northern spruce forest. In migration, 
moves through forests, parks and gardens, they stop over in scrubby thickets and mature evergreen and deciduous forests. 

Found in the southern half of Nova Scotia during migration and the northern half during the breeding season. Breeding occurs 
from April to July (The Cornell Lab, Audubon). 

Setophaga tigrina Cape May Warbler S3B,SUM    

The Cape May Warbler can be found in spruce forest; other trees in migration. Breeds in spruce forest, especially during 
spruce budworm outbreaks, either in pure stands or mixed with firs or other trees, generally in more open woods or near the 

forest edge. During migration often favors conifers, but also forages in deciduous trees and thickets. Breeding occurs from April 
to July (The Cornell Lab, Audubon) 

Sialia sialis Eastern Bluebird S3B    

Uncommon breeder throughout Nova Scotia. In the north, arrives quite early in spring, and lingers late in fall. These birds live in 
semi-open country with scattered trees, but with little understory and sparse ground cover. Original habitats probably included 
open, frequently burned pine savannas, beaver ponds, mature (but open) woods and forest clearings/openings. Today, they 

are most common along pastures, roadsides, agricultural fields, suburban parks, backyards and golf courses. Breeds between 
April and July (Audubon and The Cornell Lab). 

Spatula clypeata Northern Shoveler S2B,SUM    

Migrates through all parts of Nova Scotia, except Cape Breton (uncommon for this species to breed in Nova Scotia). Migratory 
period is quite prolonged in both spring and fall, with many birds moving late in spring and early in fall. Northern Shovelers use 

shallow wetlands with submerged vegetation during the breeding season, nesting along the margins and in the neighboring 
grassy fields. Outside of the breeding season they forage in saltmarshes, estuaries, lakes, flooded fields, wetlands, agricultural 

ponds and wastewater ponds (and fields in vicinity of shallow water) with extensive muddy margins, including stagnant or 
polluted waters not much favored by other ducks. Pair formation begins in winter and continues during spring migration. Breeds 

between April and July (Audubon and The Cornell Lab) 
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Scientific Name Common Name SRank COSEWIC SARA ESA Habitat Description 

Spatula discors Blue-winged Teal S3B    

Found mainly in fresh ponds and marshes. In summer they use shallow freshwater marshes and ponds in open country, as 
well as brackish marshes near coast. In migration and winter they forage and stop in any kind of shallow waters, whether inland 

or coastal. Flocks in migration are sometimes seen over ocean, many miles offshore. They are flightless during their late 
summer molt, and they spend this time in prairie potholes or large marshes. Blue-winged Teal nest among grasses or 

herbaceous vegetation. Pair formation begins in early winter and continues during spring migration. Breeds between April and 
July (Audubon and The Cornell Lab) 

Spinus pinus Pine Siskin S3    

Found throughout the province year-round. Pine Siskins can be found in conifers, mixed woods, alders, weedy areas. Breeds 
mostly in coniferous and mixed woods, often around edges or clearings; sometimes in deciduous woods, isolated conifer 

groves. In migration and winter occurs in many kinds of semi-open areas, woodland edges, weedy fields. Breeding occurs from 
April to July (The Cornell Lab, Audubon) 

Toxostoma rufum Brown Thrasher S1B    

Not common and rarely seen in Nova Scotia, with no recorded sightings in Cape Breton (MBBA, as of July 2021). In eastern 
North America, Brown Thrashers nest in thickets, brush, shubbery, hedgerows, forest edges and overgrown clearings in 

deciduous forest. On rare occasions they breed in backyards and gardens with shrubs and hedges (but in general - areas of 
dense low growth, especially thickets around edges of deciduous or mixed woods, shrubby edges of swamps or undergrowth in 

open pine woods). Breeds between April and July (Audubon and The Cornell Lab). 

Tringa melanoleuca Greater Yellowlegs S3B,S4M    

Common migrant in Nova Scotia (migrates in flocks). During migration and throughout the winter, Greater Yellowlegs use a 
wide variety of fresh and brackish wetlands, including mudflats, estuaries, beaches, marshes, lake and pond edges, wet 
meadows, sewage ponds and flooded agricultural fields. Breeds in boggy and marshes places within northern coniferous 

forest. Breeds between April and July (Audubon and The Cornell Lab). 

Tringa semipalmata Willet S3B    

Willets inhabit open beaches, wet meadows, bayshores, marshes, mudflats and rocky coastal zones. During the breeding 
season, these birds seek saltmarshes, barrier islands and barrier beaches for breeding. Often nests in colonies, especially 

along Atlantic Coast (prefers to nest in extensive salt marsh habitat). Breeds between April and July (Audubon and The Cornell 
Lab). 

Turdus migratorius American Robin S3N, S5B    

Common in most of Nova Scotia as a year-round resident and for breeding in the very Northern part of the province (mainly 
Cape Breton). This species occupies many habitat types, such as lawns, farmland, fields and city parks, as well as in more wild 

places like woodlands, forests, mountains up to near treeline, recently burned forests and tundra. During winter many robins 
move to moist woods where berry-producing trees and shrubs are common. Males arrive first in the breeding season. Nests 

where there are trees and mud for nest-making material. Breeds between April and July (Audubon and The Cornell Lab). 

Tyrannus tyrannus Eastern Kingbird S3B    

Common breeder throughout Nova Scotia. A long-distance migrant that uses many habitats and migrates in flocks. Unlike 
many of the migratory songbirds, kingbirds may travel mostly by day. The Eastern Kingbird usually breeds in fields with 

scattered shrubs and trees, in orchards and along forest edges (also clearings, roadsides, parks, newly burned forest, beaver 
ponds, golf courses and urban environments with tall trees and scattered open spaces). It is drawn to water, often nesting 

densely in trees that overhang rivers or lakes. In summer, requires open space for hunting. Often common around edges of 
marshes, farmland and native tallgrass prairie. Breeds between April and July (Audubon and The Cornell Lab). 

Vireo gilvus Warbling Vireo S1B,SUM    
Occurs in deciduous and mixed woods, aspen groves, poplars, shade trees. Breeds in open deciduous or mixed woodland; 

also in orchards, shade trees of towns (Audubon).  They stay high in deciduous treetops (Cornell Lab). Breeds between April 
and July (Audubon and The Cornell Lab). 

Vireo philadelphicus Philadelphia Vireo S2?B,SUM    
Occurs in second growth; poplars, willows, alders. Breeds in deciduous and mixed woodlands, especially near their edges, or 

in the young growth of overgrown pastures. Also nests in willows and alders along streams, lakes, and ponds. Breeds between 
April and July (Audubon). 
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Map 1. A 100 km buffer around the study area

  

1.0 PREFACE 
 
The Atlantic Canada Conservation Data Centre (AC CDC; www.accdc.com) is part of a network of NatureServe data 
centres and heritage programs serving 50 states in the U.S.A, 10 provinces and 1 territory in Canada, plus several Central 
and South American countries. The NatureServe network is more than 30 years old and shares a common conservation 
data methodology. The AC CDC was founded in 1997, and maintains data for the jurisdictions of New Brunswick, Nova 
Scotia, Prince Edward Island, and Newfoundland and Labrador.  Although a non-governmental agency, the AC CDC is 
supported by 6 federal agencies and 4 provincial governments, as well as through outside grants and data processing 
fees. 
 
Upon request and for a fee, the AC CDC queries its database and produces customized reports of the rare and 
endangered flora and fauna known to occur in or near a specified study area. As a supplement to that data, the AC CDC 
includes locations of managed areas with some level of protection, and known sites of ecological interest or sensitivity. 
 
1.1 DATA LIST 

Included datasets:  
Filename Contents 

ClysdaleRidgNS_7800ob.xls Rare or legally-protected Flora and Fauna in your study area 
ClysdaleRidgNS_7800ob100km.xls A list of Rare and legally protected Flora and Fauna within 100 km of your study area 
ClysdaleRidgNS_7800msa.xls Managed and Biologically Significant Areas in your study area 
ClysdaleRidgNS_7800ff_py.xls Rare Freshwater Fish in your study area (DFO database) 

www.accdc.com
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1.2 RESTRICTIONS 

The AC CDC makes a strong effort to verify the accuracy of all the data that it manages, but it shall not be held 
responsible for any inaccuracies in data that it provides. By accepting AC CDC data, recipients assent to the following 
limits of use: 
a)   Data is restricted to use by trained personnel who are sensitive to landowner interests and to potential threats to rare 

and/or endangered flora and fauna posed by the information provided. 
b)   Data is restricted to use by the specified Data User; any third party requiring data must make its own data request. 
c)   The AC CDC requires Data Users to cease using and delete data 12 months after receipt, and to make a new request 

for updated data if necessary at that time. 
d)   AC CDC data responses are restricted to the data in our Data System at the time of the data request. 
e)   Each record has an estimate of locational uncertainty, which must be referenced in order to understand the record’s 

relevance to a particular location.  Please see attached Data Dictionary for details. 
f)   AC CDC data responses are not to be construed as exhaustive inventories of taxa in an area. 
g)  The absence of a taxon cannot be inferred by its absence in an AC CDC data response. 
 

1.3 ADDITIONAL INFORMATION 

The accompanying Data Dictionary provides metadata for the data provided.  
 

Please direct any additional questions about AC CDC data to the following individuals:  
 

 

Plants, Lichens, Ranking Methods, All other Inquiries 

Sean Blaney 
Senior Scientist / Executive Director 
(506) 364-2658 
sean.blaney@accdc.ca 

 
Animals (Fauna) 

John Klymko 
Zoologist  
(506) 364-2660 
john.klymko@accdc.ca 

 

Data Management, GIS 

James Churchill 
Conservation Data Analyst / Field Biologist 
(902) 679-6146 
james.churchill@accdc.ca 

 

Billing 

Jean Breau 
Financial Manager / Executive Assistant 
(506) 364-2657 
jean.breau@accdc.ca 

 
Questions on the biology of Federal Species at Risk can be directed to AC CDC: (506) 364-2658, with questions on Species at 
Risk regulations to: Samara Eaton, Canadian Wildlife Service (NB and PE): (506) 364-5060 or Julie McKnight, Canadian 
Wildlife Service (NS): (902) 426-4196.  
 

For provincial information about rare taxa and protected areas, or information about game animals, deer yards, old growth forests, 
archeological sites, fish habitat etc., in New Brunswick, please contact Hubert Askanas, Energy and Resource Development: 
(506) 453-5873. 
 

For provincial information about rare taxa and protected areas, or information about game animals, deer yards, old growth forests, 
archeological sites, fish habitat etc., in Nova Scotia, please contact Donna Hurlburt, NS DLF: (902) 679-6886. To determine if 
location-sensitive species (section 4.3) occur near your study site please contact a NS DLF Regional Biologist:  

 
Western: Emma Vost  
(902) 670-8187 
Emma.Vost@novascotia.ca 
 
Eastern: Harrison Moore 
(902) 497-4119 
Harrison.Moore@novascotia.ca 

 
Western: Sarah Spencer 
(902) 541-0081 
Sarah.Spencer@novascotia.ca 
 
Eastern: Maureen Cameron-MacMillan 
(902) 295-2554 
Maureen.Cameron-MacMillan@novascotia.ca 
 

 
Central: Shavonne Meyer 
(902) 893-0816 
Shavonne.Meyer@novascotia.ca 
 
Eastern: Elizabeth Walsh 
(902) 563-3370 
Elizabeth.Walsh@novascotia.ca 

 
Central: Kimberly George 
(902) 890-1046 
Kimberly.George@novascotia.ca 
 
 
 

For provincial information about rare taxa and protected areas, or information about game animals, fish habitat etc., in Prince 
Edward Island, please contact Garry Gregory, PEI Dept. of Communities, Land and Environment: (902) 569-7595. 

mailto:sean.blaney@accdc.ca
mailto:john.klymko@accdc.ca
mailto:james.churchill@accdc.ca
mailto:jean.breau@accdc.ca
mailto:Emma.Vost@novascotia.ca
mailto:Harrison.Moore@novascotia.ca
mailto:Sarah.Spencer@novascotia.ca
mailto:Maureen.Cameron-MacMillan@novascotia.ca
mailto:Shavonne.Meyer@novascotia.ca
mailto:Elizabeth.Walsh@novascotia.ca
mailto:Kimberly.George@novascotia.ca
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2.0 RARE AND ENDANGERED SPECIES 
 

2.1 FLORA 

The study area contains 310 records of 29 vascular and 8 records of 5 nonvascular flora (Map 2 and attached: *ob.xls), 
excluding 'location-sensitive' species. 
 
2.2 FAUNA 

The study area contains 157 records of 37 vertebrate and 7 records of 4 invertebrate fauna (Map 2 and attached data files 
- see 1.1 Data List), excluding 'location-sensitive species'. Please see section 4.3 to determine if 'location-sensitive' 
 
Map 2: Known observations of rare and/or protected flora and fauna within the study area. 
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3.0 SPECIAL AREAS 
 

3.1 MANAGED AREAS 

The GIS scan identified 3 managed areas in the vicinity of the study area (Map 3 and attached file: *ma*.xls). 
 

3.2 SIGNIFICANT AREAS 

The GIS scan identified no biologically significant sites in the vicinity of the study area (Map 3 and attached file: 
*sa*.xls). 
 

Map 3: Boundaries and/or locations of known Managed and Significant Areas within the study area. 
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APPENDIX D 
MARITIME BREEDING BIRD ATLAS SQUARES 
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1.0 AVIAN MORTALITY ESTIMATES 
 
1.1 Introduction 
The following sections outline the methods used for calculating avian mortality estimates that 
may result from interactions with Project infrastructure. An overview of avoidance rates and 
collision risks used in these estimates is also provided, as these variables and their 
associated assumptions play heavily in our calculations. 
 
1.2 Overview of Avoidance Rates/Collision Risk 
The Scottish Natural Heritage (SNH) Collision Risk Model (CRM) (also known as the Band 
model) is a method based on vantage point data to estimate the number of birds with the 
potential to collide with turbines at a proposed wind project (Scottish Natural Heritage, 
October 2016). The guidance is intended for anyone involved with collision risk modelling for 
birds at onshore wind projects. 
 
Although birds may avoid a wind project (for example, some may be displaced from the area, 
while others may avoid turbines or take other evasive action to prevent a collision), the CRM 
accounts for this by applying an avoidance rate. 
 
The guidance provided by SNH recommends avoidance rates for a number of key species 
for use in the SNH CRM (Scottish Natural Heritage, October 2016). It replaces the previous 
version (2010) and incorporates robust new information, where available, on some species. 
The recommended default avoidance rate for species not listed specifically in the guidance 
document is 98%, and has been used in the avoidance rate calculations. 
 
Band et al. (2007) stated that birds with flight heights coinciding with the rotor swept area 
(RSA) of turbines have a higher likelihood of collision. However, it should be noted that 
having the highest collision exposure index does not allow us to predict which species are 
most prone to collision, as species-specific behaviours may affect collision rates. Fatality 
rates do not depend on bird abundance alone, but on other factors, such as differential use 
of areas within a wind farm (Ferrer et al. 2012). Collision mortality has been shown to not 
simply increase with abundance alone; factors such as frequency of passage, flight 
behaviour, weather, and topography influence collision risk (Lucas, Janss, Whitfield, and 
Ferrer, 2008). Verification of collision impacts can only be confirmed through post-
construction mortality monitoring. 
 
In Canada, 69% of bird fatalities recorded from wind power projects were passerines (Bird 
Studies Canada 2016). It is likely that passerines make up an even larger percentage of 
fatalities than estimated, due to the difficulty in detection of individuals during surveys than 
larger birds (Erickson, Wolfe, Bay, Johnson, and Gehring, 2014), as well as rapid scavenger 
removal (70-80% within two days; Lekuona and Ursua, 2007). 
 
Avoidance behaviour varies between species (Whitfield 2009), with raptors appearing to be 
more vulnerable to collision with turbines than most other avian groups (Erickson et al. 2002; 
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Young, Erickson, Strickland, Good, and Sernka, 2003). Behaviour of diurnal migrants such 
as raptors makes them potentially more vulnerable to collisions with wind turbines, 
particularly during hunting (Higgins, Osborne, and Naugle, 2007), or while utilizing thermal 
updrafts to increase altitude, and conserve energy. Barrios and Rodriguez (2004) reported 
increased mortality during fall/winter migration, with birds flying closer to turbines. Some 
studies have also correlated raptor abundance with a higher collision risk; breeding grounds 
and areas with foraging habitat have been identified as sites that increase high flight 
abundance (Bevanger et al. 2010; Eichhorn, Johst, Seppelt, and Drechsler, 2012). 
Additionally, diurnal migrants (raptors, vultures, etc.) are more constrained by topographical 
features than nocturnal migrants – they tend to be concentrated along linear features such 
as rivers, ridges, and valleys (Richardson 2000); resulting mitigation suggests turbine 
placement away from such features. 
 
Ferrer et al. (2012) further suggests there is clear evidence that the likelihood of bird 
collisions with turbines depends critically on species behaviour and topographic factors, and 
not only on local abundance. Birds do not move over the area at random, but follow main 
wind currents, which are affected by topography. Therefore, certain locations of wind 
turbines could be harmful for birds even where there is a relatively low density of birds, 
whereas other locations would be relatively risk free even with higher densities of birds 
(Ferrer et al. 2012). 
 
The risk to avian species for collision with wind turbines is highest during migration periods 
(Alberta Environment and Parks 2016), when the most fatalities tend to be reported. 
Fatalities can also occur from meteorological evaluation towers (MET) and guywires, or 
through nest mortality/disturbance from clearing of vegetation/loss of habitat (Band, 
Madders, and Whitfield, 2007). Bird fatalities due to turbine collision have been consistently 
identified as a leading ecological shortcoming to wind energy (Drewitt and Langston, 2006), 
however, mitigating for this consequence is not forthright, due to the complexity of factors 
influencing collisions (Marques et al. 2014). 
 
Bird collision likelihood depends on species, turbine height and elevation, implicating 
species-specific and topographic factors in collision mortality. There was no evidence of an 
association between collision likelihood, and turbine type or the position of a turbine in a row 
(Lucas, Janss, Whitfield, and Ferrer, 2008). 
 
Populations of several groups vulnerable to collisions are increasing across Canada (e.g., 
waterfowl and raptors). This suggests collision mortality at current levels does not limit 
population growth. The factors that contribute to a species’ vulnerability to collisions include 
species that flock, have rapid flight, and are large with slow maneuverability (high wing 
loading and low wing aspect ratio) (Rioux, Savard, and Gerick, 2013). 
 
1.3 Mortality Estimate 
To estimate bird mortality associated with this Project, a guidance document from SNH 
(2000) was followed. This estimating method was previously used in the Environmental 
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Effects Assessment of the Stirling Wind Project, Alberta that was conducted by McCallum 
Environmental Ltd (now Strum Consulting). That project was subject to an Alberta Utility 
Commission (AUC) regulatory hearing, and was subsequently approved. That project is 
currently under construction. The Stirling Wind Project determined appropriate amendments 
to calculations, which have subsequently been carried forward here. 
 
The guidance document from SNH (2000) provides guidance on calculating a theoretical 
collision risk for birds, and wind power projects assuming there’s no avoidance behaviour 
(Scottish Natural Heritage, 2000). 
 
However, in reality, most birds do use avoidance behaviours to avoid the turbine structures. 
Therefore, the results of the no avoidance calculations are moderated by an important factor 
that represents the proportion of birds often hit which are likely to take effective avoidance 
action. There are approaches that may be appropriate depending on the species and flight 
behaviour to determine the probability of birds flying through a RSA, and using the guidance 
document the assumption is where a bird population makes regular flights through the wind 
farm in a reasonably defined direction (Scottish Natural Heritage, 2000). 
 
Avian species were surveyed at the Clydesdale Ridge Wind Project using point count (PC) 
plots and radar tracking methods. The data sets generated by these surveys differ to a large 
degree in timing, area coverage, and resolution, among others, resulting in incompatibility 
when calculating mortality estimates. For this reason, estimates were made separately using 
each data set as a means to highlight information unique to those surveys. Multiple 
estimates also provide a measure by which we can scrutinize our outputs. 
 
Important notes regarding this Project: 
 

• The appended avian biophysical baseline and radar reports can be referenced 
regarding limitations with the data. An important note on the radar data is that it 
assumed that most targets it detected are migratory birds, but some proportion may 
also be insects, bats, ground clutter, and precipitation. Detections at very low 
altitudes (e.g., below RSA) are difficult to capture due to ground clutter and 
background noise due to vegetation. This is also known as interference. Due to the 
placement of the radar, differing filtering criteria, and weather conditions it is difficult 
and unrealistic to compare different projects and sites and the focus of the radar data 
is to provide an overall comparison between seasons. Overall, the radar results 
showed that more birds migrate during the fall than in the spring and this is likely due 
to the influx of juveniles in addition to the adult birds that arrived during spring 
migration. 
 

The calculations are completed in two stages and adapted as follows (Scottish Natural 
Heritage, 2000): 
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Stage 1: 
1. Identify a 'risk window':  i.e. a window of width equal to the length of the windfarm 

across the general flight direction of the birds, and of height extending from the 
minimum height of the rotor to the maximum height of the highest turbine. The cross-
sectional area W = width x (maximum rotor height – minimum rotor height). 

 
2. Estimate the number of bird flights (n) flying through this risk window per hour. This 

data was taken from the total bird species counted and the subsequent population 
estimate. The population estimate calculated as follows: 

 
a. Number of sampling plots 
b. Individual plot areas (πR2) were calculated 
c. SWP area (m2) 
d. Average # birds / plot = total birds counted / (a) 
e. Population = (c / b) x (d) 

 
3. For estimates based on point count data, the total hour time estimates for spring, fall, 

and summer frames are based on a specific number of hours within the assessment 
season. The assumption of 12 hours of flight time per day was used. 
 
For estimates using radar data, survey time covered the daily nocturnal migration 
period (dusk to dawn), and varied depending on time of year. Total survey hours for 
each season (spring and fall) were used to calculate estimates. See appended report 
on radar surveys for further detail. 

 
4. The number of birds in the risk window was calculated by multiplying the total 

number of bird flights per hour by the total number of survey hours.  
 

5. Calculate the area presented by the wind farm rotors: assuming the rotors are 
aligned in the plane of the risk window, any reduction in cross-sectional area 
because the rotors are at an oblique angle is offset by the increased risk to birds 
which must make a longer transit through the rotors. Where rotors overlap when 
viewed in cross-section, allow for the full cross-sectional area of separate rotors as 
the risk to birds is doubled if passing through two successive rotors: 

 
A = N x π R2 where N is the number of rotors and R is the rotor radius 

 
6. Express the total rotor area as a proportion A / W of the risk window. 

 
7. Number of birds passing through rotors = number of birds through risk window x 

proportion occupied by rotors = n x (A / W) 
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8. The weighted average within the rotor swept area was multiplied by the total bird 
flights in the risk area to estimate the number of bird flights through the rotor swept 
area. This number was carried forward into stage 2. 
 

Stage 2: Probability (pr) of bird collision when flying through the rotor swept area 
This stage computes the probability of a bird being hit when making a transit through a rotor. 
The probability depends on the size of the bird (both length and wingspan), the breadth and 
pitch of the turbine blades, the rotation speed of the turbine, and of course the flight speed of 
the bird. 
 
To facilitate calculation, many simplifications must be made. The bird is assumed to be of 
simple cruciform shape, with the wings at the halfway point between nose and tail. The 
turbine blade is assumed to have a width and a pitch angle (relative to the plane of the 
turbine), but to have no thickness. 
 
For ease of use, the calculations are provided on a pre-formatted spreadsheet at SNH 
Society website (NatureScot, 2020). The spreadsheet calculates p(r) at intervals of 0.05 R 
from the rotor centre (i.e. evaluating equation (2)), and then undertakes a numerical 
integration from r=0 to r=R (i.e. evaluating equation (1). The spreadsheet is set out as 
follows: 
 

1. The input parameters are in the first two columns. Bird aspect ratio β is calculated. 
2. Collision probabilities are then calculated for radii at intervals of 0.05 R from the hub 

to the tip. Each radius is represented by a row in the table, with the value of the 
radius r/R in the first column. 

3. The second column of the table is the chord width at radius r as a proportion of the 
maximum chord width. The taper profile here is that of a modern Aerpac turbine 
blade. The taper will differ for different turbine blades. 

4. Factor α is calculated. 
5. The 'collide length' is the entire factor within square brackets within equation (2) 

above, using the upwind case. 
6. p(collision) is p at radius r, as calculated by equation (2). It is however limited to a 

maximum value of 1. 
7. 'contribution from radius r' is the integrand of equation (1) (including the factor 2) prior 

to integration. 
8. The total risk is then the summation of these contributions. 
9. The calculation is then repeated for the downwind case. 
10. The spreadsheet then shows a simple average of upwind and downwind values.  
11. The result is an average collision risk for a bird passing through a rotor. 
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The inputs provided for the models are based upon average characteristics of species as 
follows: 
 

1. Waterfowl: Bird Length1 = 0.6 m 
   Wingspan = 0.8 m 
   F:  Flapping (0) or Gliding (1) = 1 
   Bird Speed2 = 20 m/sec 
 

2. Shorebirds:    Bird Length = 0.3 m 
   Wingspan = 0.4 m 
   F:  Flapping (0) or Gliding (1) = 0 
   Bird Speed3 = 14 m/sec 

 
3. Passerines Bird Length = 0.2 m 

   Wingspan = 0.35 m 
   F: Flapping (0) or Gliding (1) = 0 
   Bird Speed4= 15 m/sec 

 
Mortality estimates for point count plot data were calculated by bird group, five in total, as 
resolution of this data set allowed for analysis at this scale. Estimates using radar tracking 
data are made based on all bird passes as this survey does not differentiate to the species 
level.  
 
Model Testing 
In an effort to determine the validity of the above noted mortality estimating method, the 
mortality estimate method as described above was tested using an existing Alberta Wind 
Power Project. In November of 2016, McCallum Environmental Ltd. (now Strum) requested 
mortality data collected from post construction monitoring for the Halkirk Wind Power Project, 
owned by Capital Power Corporation. Following a Freedom of Information and Protection of 
Privacy Act (FOIPOP) request from AEP, bird and bat mortality data was provided in the 
form of annual reports, from 2013, 2014, and 2015 (bat data only).  
 
Strum obtained copies of the pre-construction environmental assessment from public 
databases, with relevant population counts, species counts and identifications, and relevant 
inputs to be used in the aforementioned calculations. This was completed to determine if the 
mortality estimating model was a valid method for further use. The results of those inputs 
and calculations estimates are provided in Table 1.1. 
 
  

 
1 All lengths and wingspan taken from Cornell Lab of Ornithology.  2016.  All about birds.  www.allaboutbirds.org. 
2 R. Meinertzhagen, 1954.  Speed and Altitude of Bird Flight.  Journal of Avian Science. Vol 97. – Mallard. 
3 R. Meinertzhagen, 1954.  Speed and Altitude of Bird Flight.  Journal of Avian Science. Vol 97. – Killdeer. 
4 R. Meinertzhagen, 1954.  Speed and Altitude of Bird Flight.  Journal of Avian Science. Vol 97. – Horned Lark. 
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Tabler 1.1:  Collision Estimates per Species Group 

Species group Total Collision Estimates5 
Estimated Mortality: 
Birds / Turbine / Year 

Waterfowl 126.21 1.26 
Shorebirds 10.84 0.11 
Passerines 247.68 2.48 

Raptors 8.68 0.09 
Total 393.41 3.93 

   
 2013 corrected mortality obtained from Annual Report6 5.32 birds / turbine / year 

 2014 corrected mortality obtained from Annual Report7 4.30 birds / turbine / year 
 
1.3.1 Results – Point Count Data 
The estimated results for the Clydesdale Ridge Wind Project are presented in Tables 1.2 
through 1.18. 
 
1.3.1.1 Waterfowl 
As per the methods of analysis previously provided, the following population estimates were 
estimated for waterfowl: 
 
Table 1.2: Population Estimate for Waterfowl - Spring/Fall 

Sampling Plots 42 
Plot area (m2) 125,664 
Project Area (m2) 5,894,110 
Avg # Birds / plot 3 
Population 131 

 
Table 1.3: Population Estimate for Waterfowl – Summer 

Sampling Plots 38 
Plot area (m2) 125,664 
Project Area (m2) 5,894,110 
Avg # Birds / plot 0.11 
Population 5 

 
 
 
  

 
5 Baseline data used for the calculations was collected from Greengate Halkirk Wind Project. A Report to ASRD in Support 
of an AUC Rule 007 Application: Vegetation and Wildlife Overview. Jacques Whitford Stantec Axys Ltd., February 2009. 
6 Halkirk Wind Project – Bird and Bat Monitoring, 2013 Annual Report. January 2014. Prepared by Hemmera Envirochem 
Inc. 
7 Annual Report Halkirk Wind Project – Bird and Bat Monitoring 2014. January 2015. Prepared by Hemmera Envirochem 
Inc. 
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Table 1.4: Estimated Mortality for Waterfowl 
Characteristic Notes Value 

Rotor Diameter (m)  
 

160 
Hub Height (m)  

 
120 

Maximum Rotor Height (m) 
 

200 
Minimum Rotor Height (m)  

 
40 

Actual Rotor Height (m) 
 

160 
Rotor swept area (?R2) 

 
20106 

Number of Turbines (N) 
 

18 

Length of wind farm (m) 
Lateral distance from 
boundaries  

12,390 

Survey Time (mins) 

Spring: 5 rounds x 10 minutes 
/ location x 42 locations 

2,100 

Fall: 5 rounds x 10 minutes / 
location x 42 locations 

2,100 

Summer:  2 rounds x 10 
minutes / location x 38 
locations 

760 

Survey Time (hrs) 
 

83 

Total number of birds identified in survey time 
(Tn) 

Fall 22 

Spring 95 
Summer 4 

Population estimate (n) 
 

136 
Fall % within RSA 9.2% 
Spring % within RSA 46.8%  

Weighted Average within RSA 39.7% 
STAGE 1 

Risk Window (W) length of wind farm x max 
turbine height 

2,478,000 

Birds Flights per hour (bch)  Tn / hrs 1.64 

Total hours estimate for Spring (Sh) 
March 15 - May 30 = 76 days 
x 12hrs flight time / day 

912 

Total hours estimate for Fall (Fh) 
Sept 1 - October 15 = 45 days 
x 12 hrs flight time / day 

540 

Total hours estimate for Summer (Su) 
June 1 - August 31 = 92 days 
x 12hrs flight time / day 

1,104 

Number of birds in risk window (n)  bch*(Sh+Fh) 4,193 
Area presented by wind farm rotors (A) m2 N x ?R2 361,911 
Total rotor area (TRA) proportion A / W 0.146 
Birds in Risk Area 

 
612 

Weighted Average within RSA Wrsa 0.40 
Number of birds through rotors n x Wrsa 243 

STAGE 2 
Probability of Collision (Band Model) 

 
0.066 

Collisions during study period with 100% 
operation and no avoidance 

Number of birds through rotors 
x Probability of Collision 

16 

Collisions during study period with 75% 
operation and no avoidance 

75% x above number 12 

SNH recommended avoidance rate 98.00% 0.020 
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Characteristic Notes Value 
Collisions during study period with 75% 
operational rate and 98% avoidance 

 
0.24 

Birds/Turbine/Year 0.01 

 
The estimated mortality for waterfowl associated with the Project at 98% avoidance is 0.18 
waterfowl (or approximately 0.01 birds/turbine/year). 
 
1.3.1.2 Shorebirds 
As per the methods of analysis previously provided, the following population estimates were 
determined for shorebirds: 
 
Table 1.5: Population Estimate for Shorebirds – Spring/Fall 

Sampling Plots 42 
Plot area (m2) 125,664 
Project Area 5,894,110 
Avg # Birds / plot 0 
Population 17 

 
Table 1.6: Population Estimate for Shorebirds – Summer 

Sampling Plots 38 
Plot area (m2) 125,664 
Project Area 5,894,110 
Avg # Birds / plot 0.18 
Population 9 

 
Table 1.7: Estimated Mortality for Shorebirds 

Characteristic Notes Value 
Rotor Diameter (m)    160 
Hub Height (m)    120 
Maximum Rotor Height (m)   200 
Minimum Rotor Height (m)    40 
Actual Rotor Height (m)   160 
Rotor swept area (?R2)   20106 
Number of Turbines (N)   18 

Length of wind farm (m) Lateral distance from 
boundaries  12,390 

Survey Time (mins)  

Spring: 5 rounds x 10 minutes 
/ location x 42 locations 2,100 
Fall: 5 rounds x 10 minutes / 
location x 42 locations 2,100 

  

Summer:  2 rounds x 10 
minutes / location x 38 
locations 760 

Survey Time (hrs)   83 
Total number of birds identified in survey time 
(Tn) Fall 8 
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Characteristic Notes Value 
Spring 7 
Summer:   7 

Population Estimate   25 
Fall % within RSA 36.3% 
Spring % within RSA 51.9% 
  Weighted Average within RSA 43.6% 

STAGE 1 

Risk Window (W) length of wind farm x max 
turbine height 2,478,000 

Birds Flights per hour (bch)  Tn / hrs 0.31 

Total hours estimate for Spring (Sh) March 15 - May 30 = 76 days 
x 12hrs flight time / day 912 

Total hours estimate for Fall (Fh) Sept 1 - October 15 = 45 days 
x 12 hrs flight time / day 540 

Total hours estimate for Summer (Su) June 1 - August 31 = 92 days 
x 12hrs flight time / day 1,104 

Number of birds in risk window (n)  bch*(Sh+Fh) 785 
Area presented by wind farm rotors (A) m2 N x ?R2 361,911 
Total rotor area (TRA) proportion A / W 0.146 
Birds in Risk Area   115 
Weighted Average within RSA Wrsa 0.44 
Number of birds through rotors n x Wrsa 50 

STAGE 2 
Probability of Collision (Band Model)   0.071 
Collisions during study period with 100% 
operation and no avoidance 

Number of birds through rotors 
x Probability of Collision 4 

Collisions during study period with 75% 
operation and no avoidance 75% x above number 3 
SNH recommended avoidance rate 98.00% 0.020 
Collisions during study period with 75% 
operational rate and 98% avoidance   0.05 

Bird Mortality / Turbine / Year 0.003 
 
The estimated mortality for shorebirds associated with the Project at 98% avoidance is 0.054 
waterfowl per year (approximately 0.003 birds/turbine/year.). 
 
1.3.1.3 Passerines 
As per the methods of analysis previously provided, the following population estimates were 
determined for passerines: 
 
Table1 1.8: Population Estimate for Passerines– Spring/Fall 

Sampling Plots 42 
Plot area (m2) 125,664 
Project Area (m2) 5,894,110 
Avg # Birds / plot 130 
Population 6,101 
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Table 1.9: Population Estimate for Passerines – Summer 
Sampling Plots 38 
Plot area (m2) 125,664 
Project Area (m2) 5,894,110 
Avg # Birds / plot 20.45 
Population 959 

 
Table 1.10: Estimated Mortality for Passerines  

Characteristic Notes Value 
Rotor Diameter (m)  

 
160 

Hub Height (m)  
 

120 
Maximum Rotor Height (m) 

 
200 

Minimum Rotor Height (m)  
 

40 
Actual Rotor Height (m) 

 
160 

Rotor swept area (?R2) 
 

20106 
Number of Turbines (N) 

 
18 

Length of wind farm (m) 
Lateral distance from 
boundaries  

12,390 

Survey Time (mins) 

Spring: 5 rounds x 10 minutes 
/ location x 42 locations 

2,100 

Fall: 5 rounds x 10 minutes / 
location x 42 locations 

2,100 

Summer:  2 rounds x 10 
minutes / location x 38 
locations 

780 

Survey Time (hrs) 
 

83 

Total number of birds identified in survey time 
(Tn) 

Fall 1,980 

Spring 3,483 
Summer 777 

Population Estimate 
 

7,060 
Fall % within RSA 1.8% 
Spring % within RSA 76.5%  

Weighted Average within RSA 49.4% 
STAGE 1 

Risk Window (W) 
length of wind farm x max 
turbine height 

2,478,000 

Birds Flights per hour (bch)  Tn / hrs 85.06 

Total hours estimate for Spring (Sh) 
March 15 - May 30 = 76 days 
x 12hrs flight time / day 

912 

Total hours estimate for Fall (Fh) 
Sept 1 - October 15 = 45 days 
x 12 hrs flight time / day 

540 

Total hours estimate for Summer (Su) 
June 1 - August 31 = 92 days 
x 12hrs flight time / day 

1,104 

Number of bird flights in risk window (n)  bch*(Sh+Fh) 217,411 
Area presented by wind farm rotors (A) m2 N x ?R2 361,911 
Total rotor area (TRA) proportion A / W 0.146 
Birds in Risk Area 

 
31,753 

Weighted Average within RSA Wrsa 0.49 
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Characteristic Notes Value 
Number of birds through rotors n x Wrsa 15,694 

STAGE 2 
Probability of Collision (Band Model) 

 
0.060 

Collisions during study period with 100% 
operation and no avoidance 

Number of birds through rotors 
x Probability of Collision 

942 

Collisions during study period with 75% 
operation and no avoidance 

75% x above number 706 

SNH recommended avoidance rate 98.00% 0.020 
Collisions during study period with 75% 
operational rate and 98% avoidance 

 
14.12 

Bird Mortality / Turbine / Year 0.785 
 
The estimated mortality for passerines associated with the Project at 98% avoidance is 14.13 
passerines per year (or approximately 0.785 birds/turbine/year). 
 
1.3.1.4 Raptors 
As per the methods of analysis previously provided, the following population estimates were 
determined for raptors: 
 
Table 1.11: Population Estimate for Raptors– Spring/Fall 

Sampling Plots 42 
Plot area (m2) 125,664 
Project Area 5,894,110 
Avg # Birds / plot 1 
Population 30 

 
Table 1.12: Population Estimate for Raptors – Summer 

Sampling Plots 38 
Plot area (m2) 125,664 
Project Area 5,894,110 
Avg # Birds / plot 0.03 
Population 1 

 
Table 1.13: Estimated Mortality for Raptors 

Characteristic Notes Value 
Rotor Diameter (m)  

 
160 

Hub Height (m)  
 

120 
Maximum Rotor Height (m) 

 
200 

Minimum Rotor Height (m)  
 

40 
Actual Rotor Height (m) 

 
160 

Rotor swept area (?R2) 
 

20106 
Number of Turbines (N) 

 
18 

Length of wind farm (m) 
Lateral distance from 
boundaries  

12,390 

Survey Time (mins) 
Spring: 5 rounds x 10 minutes 
/ location x 42 locations 

2,100 
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Characteristic Notes Value 
Fall: 5 rounds x 10 minutes / 
location x 42 locations 

2,100 

Summer:  2 rounds x 10 
minutes / location x 38 
locations 

760 

Survey Time (hrs) 
 

83 

Total number of birds identified in survey time 
(Tn) 

Fall 17 

Spring 10 
Summer 1 

Population Estimate 
 

31 
Fall % within RSA 50.0% 
Spring % within RSA 13.5%  

Weighted Average within RSA 36.5% 
STAGE 1 

Risk Window (W) length of wind farm x max 
turbine height 

2,478,000 

Birds Flights per hour (bch)  Tn / hrs 0.38 

Total hours estimate for Spring (Sh) 
March 15 - May 30 = 76 days 
x 12hrs flight time / day 

912 

Total hours estimate for Fall (Fh) 
Sept 1 - October 15 = 45 days 
x 12 hrs flight time / day 

540 

Total hours estimate for Summer (Su) 
June 1 - August 31 = 92 days 
x 12hrs flight time / day 

1,104 

Number of bird flights in risk window (n)  bch*(Sh+Fh) 970 
Area presented by wind farm rotors (A) m2 N x ?R2 361,911 
Total rotor area (TRA) proportion A / W 0.146 
Birds flights in Risk Area 

 
142 

Weighted Average within RSA Wrsa 0.36 
Number of bird flights through rotors n x Wrsa 52 

STAGE 2 
Probability of Collision (Band Model) 

 
0.165 

Collisions during study period with 100% 
operation and no avoidance 

Number of birds through rotors 
x Probability of Collision 

9 

Collisions during study period with 75% 
operation and no avoidance 

75% x above number 6 

SNH recommended avoidance rate 99.00% 0.010 
Collisions during study period with 75% 
operational rate and 99% avoidance 

 
0.06 

Bird Mortality / Turbine / Year 0.004 
 
The estimated mortality for raptors associated with the Project at 99% avoidance is 0.072 
raptors per year (or approximately 0.004 birds/turbine/year). 
 
1.3.1.5 Other Landbirds 
As per the methods of analysis previously provided, the following population estimates were 
determined for other landbirds: 
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Table 1.14: Population Estimate for Other Landbirds – Spring/Fall 
Sampling Plots 42 
Plot area (m2) 125,664 
Project Area 5,894,110 
Avg # Birds / plot 7 
Population 335 

 
Table 1.15: Population Estimate for Other Landbirds – Summer 

Sampling Plots 38 
Plot area (m2) 125,664 
Project Area 5,894,110 
Avg # Birds / plot 0.47 
Population 22 

 
Table 1.16: Estimated Mortality for Other Landbirds 

Characteristic Notes Value 
Rotor Diameter (m)  

 
160 

Hub Height (m)  
 

120 
Maximum Rotor Height (m) 

 
200 

Minimum Rotor Height (m)  
 

40 
Actual Rotor Height (m) 

 
160 

Rotor swept area (?R2) 
 

20106 
Number of Turbines (N) 

 
18 

Length of wind farm (m) 
Lateral distance from 
boundaries  

12,390 

Survey Time (mins) 

Spring: 5 rounds x 10 minutes 
/ location x 42 locations 

2,100 

Fall: 5 rounds x 10 minutes / 
location x 42 locations 

2,100 

 
Summer:  2 rounds x 10 
minutes / location x 38 
locations 

760 

Survey Time (hrs) 
 

83 

Total number of birds identified in survey time 
(Tn) 

Fall 133 

Spring 167 
Summer 18 

Population Estimate 
 

357 
Fall % within RSA 1.8% 
Spring % within RSA 76.5%  

Weighted Average within RSA 43.4% 
STAGE 1 

Risk Window (W) length of wind farm x max 
turbine height 

2,478,000 

Birds Flights per hour (bch)  Tn / hrs 4.32 

Total hours estimate for Spring (Sh) 
March 15 - May 30 = 76 days 
x 12hrs flight time / day 

912 
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Characteristic Notes Value 

Total hours estimate for Fall (Fh) 
Sept 1 - October 15 = 45 days 
x 12 hrs flight time / day 

540 

Total hours estimate for Summer (Su) 
June 1 - August 31 = 92 days 
x 12hrs flight time / day 

1,104 

Number of bird flights in risk window (n)  bch*(Sh+Fh) 11,046 
Area presented by wind farm rotors (A) m2 N x ?R2 361,911 
Total rotor area (TRA) proportion A  / W 0.146 
Birds in Risk Area 

 
1,613 

Weighted Average within RSA Wrsa 0.43 
Number of birds through rotors n x Wrsa 700 

STAGE 2 
Probability of Collision (Band Model) 

 
0.066 

Collisions during study period with 100% 
operation and no avoidance 

Number of birds through rotors 
x Probability of Collision 

46 

Collisions during study period with 75% 
operation and no avoidance 

75% x above number 35 

SNH recommended avoidance rate 98.00% 0.020 
Collisions during study period with 75% 
operational rate and 98% avoidance 

 
0.69 

Bird Mortality / Turbine / Year 0.038 
 
The estimated mortality for other landbirds associated with the Project at 98% avoidance is 
0.684 other landbirds per year (or approximately 0.038 birds/turbine/year). 
 
1.3.1.6 Total Mortality Estimates for Point Count Data 
The above point count plot data estimates that total mortality associated with the Project on 
an annual basis will be approximately 15.12 birds, or 0.84 birds/turbine/year (Table 1.17). 
Note that the avian PC data captures wooded areas within the Project Area, where bird 
abundance and diversity was higher when compared to open areas. The radar data for the 
Project reflects open areas, therefore a higher number of birds in forested areas within the 
Project Area does not reflect higher risk since these areas are not within the rotor swept area 
(i.e., the risk window). 
 
Table 1.17: Summary of Collision and Mortality Estimates 

Species Group Total Collision Estimates 
Estimated mortality 
Birds/Turbine/Year 

Waterfowl 0.18 0.01 
Shorebirds 0.054 0.003 

Passerines 14.13 0.785 
Raptors 0.072 0.004 

Other landbirds 0.684 0.038 
Total 15.12 0.84 
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1.3.2 Radar Tracking Data 
As per the methods of analysis previously provided, the following mortality estimates were 
determined for all nocturnal migrant bird passes using radar tracking data. 
 
Due to radar limitations, radar captures ‘target’ signals. There is a broad assumption in the 
results that the targets are birds. In addition, targets (assuming they are birds), cannot be 
broken down easily by size, and there is no method to determine species. Therefore, the 
below estimate includes all radar targets and applies the 98% avoidance rate. The below 
estimate would then represent total estimated mortality. 
 
Table 1.18: Estimated Mortality for Total Nocturnal Migrant Bird Passes using Radar 
Tracking Data 

Characteristic Notes Value 
Rotor Diameter (m)  

 
160 

Hub Height (m)  
 

120 
Maximum Rotor Height (m) 

 
200 

Minimum Rotor Height (m)  
 

40 
Rotor swept area (?R2) 

 
20106 

Number of Turbines (N) 
 

18 
Length of wind farm (m) Lateral distance from 

boundaries 
12,390 

Survey Time (hrs) 
 

3,850 
STAGE 1 

Risk Window (W) 
length of wind farm x max 
turbine height 

2,478,000 

Birds Flights per hour (bch)  Tn / hrs 32.93 
Number of bird flights in risk window (n)  bch*(Sh+Fh) 126,781 
Area presented by wind farm rotors (A) m2 N x ?R2 361,911 
Total rotor area (TRA) proportion A / W 0.146 
Birds in Risk Area 

 
18,516 

Weighted Average within RSA Wrsa 0.69 
Number of birds through rotors n x Wrsa 12,823 

STAGE 2 
Probability of Collision (Band Model) 

 
0.060 

Collisions during study period with 100% 
operation and no avoidance 

Number of birds through rotors 
x Probability of Collision 

769 

Collisions during study period with 75% 
operation and no avoidance 

75% x above number 577 

SNH recommended avoidance rate 98.00% 0.020 
Collisions during study period with 75% 
operational rate and 98% avoidance 

 
11.54 

Bird Mortality / Turbine / Year 0.641 
 
The estimated mortality for all nocturnal migrant bird passes associated with the Project as 
detected from radar and using a 98% avoidance is 11.53 birds per year (or approximately 
0.641 birds/turbine/year). 
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Note that the avian PC data captures wooded areas within the Project Area, where bird 
abundance and diversity was higher when compared to open areas. The radar data for the 
Project reflects open areas, therefore a higher number of birds in forested areas within the 
Project Area does not reflect higher risk since these areas are not within the rotor swept area 
(i.e., the risk window). 
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2.0 STATEMENT OF QUALIFICATIONS AND LIMITATIONS 
 
This Report (the “Report”) has been prepared by Strum Consulting (“Consultant”) for the 
benefit of Natural Forces (“Client”) in accordance with the agreement between Consultant 
and Client, including the scope of work detailed therein (the “Agreement”). 
 
The information, data, recommendations, and conclusions contained in the Report 
(collectively, the “Information”): 
 

• is subject to the scope, schedule, and other constraints and limitations in the 
Agreement and the qualifications contained in the Report (the “Limitations”) 

• represents Consultant’s professional judgement in light of the Limitations and 
industry standards for the preparation of similar reports 

• may be based on information provided to Consultant which has not been 
independently verified 

• has not been updated since the date of issuance of the Report and its accuracy 
is limited to the time period and circumstances in which it was collected, 
processed, made or issued  

• must be read as a whole and sections thereof should not be read out of such 
context 

• was prepared for the specific purposes described in the Report and the 
Agreement 

• in the case of subsurface, environmental, or geotechnical conditions, may be 
based on limited testing and on the assumption that such conditions are uniform 
and not variable either geographically or over time 

 
Consultant shall be entitled to rely upon the accuracy and completeness of information that 
was provided and has no obligation to update such information.  Consultant accepts no 
responsibility for any events or circumstances that may have occurred since the date on which 
the Report was prepared and, in the case of subsurface, environmental, or geotechnical 
conditions, is not responsible for any variability in such conditions, geographically or over time. 
 
Consultant agrees that the Report represents its professional judgement as described above 
and that the Information has been prepared for the specific purpose and use described in the 
Report and the Agreement, but Consultant makes no other representations, or any 
guarantees or warranties whatsoever, whether express or implied, with respect to the 
Report, the Information or any part thereof. 
 
The Report is to be treated as confidential and may not be used or relied upon by third 
parties, except: 

• as agreed in writing by Consultant and Client 
• as required by law 
• for use by governmental reviewing agencies 
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Consultant accepts no responsibility, and denies any liability whatsoever, to parties other 
than Client who may obtain access to the Report or the Information for any injury, loss, or 
damage suffered by such parties arising from their use of, reliance upon, or decisions or 
actions based on the Report or any of the Information (“improper use of the Report”), except 
to the extent those parties have obtained the prior written consent of Consultant to use and 
rely upon the Report and the Information.  Any damages arising from improper use of the 
Report or parts thereof shall be borne by the party making such use. 
 
This Statement of Qualifications and Limitations forms part of the Report and any use of the 
Report is subject to the terms hereof. 
 
Should additional information become available, Strum requests that this information be 
brought to our attention immediately so that we can reassess the conclusions presented in 
this report. This report was prepared by Mark MacDonald, MEM, Senior Environmental 
Scientist, and was reviewed by Melanie Juurlink, MREM, Senior Environmental Scientist. 
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WL ID 
Hydrological Group WATER Quality Group AQUATIC SUPPORT Group AQUATIC Habitat Group TRANSITIONAL Habitat 

Group WETLAND CONDITION WETLAND RISK Functional 
WSS Function Benefits Function Benefits Function Benefits Function Benefits Function Benefits Benefit Score Benefit Rating Benefit 

Score 
Benefit 
Rating 

1 0.67 10.00 2.93 4.10 6.42 5.75 4.91 5.21 8.57 9.44 4.35 Moderate 8.77 Higher No 
2 7.63 8.12 7.37 4.78 5.91 0.69 1.82 2.63 7.00 9.60 1.88 Lower 8.83 Higher No 
3 0.65 8.87 2.46 3.29 7.17 3.83 6.07 7.66 7.51 9.62 5.36 Moderate 6.64 Moderate No 
4 1.58 8.87 2.54 4.68 9.33 8.29 8.22 8.57 8.06 9.67 10.00 Higher 8.81 Higher No 
5 1.51 8.18 2.06 4.29 8.96 5.76 4.35 2.73 8.63 9.72 8.84 Higher 9.27 Higher No 
6 1.35 8.23 1.89 5.14 7.86 5.44 4.42 7.67 7.50 9.68 5.56 Moderate 8.41 Higher No 
7 2.83 9.42 2.99 9.53 7.34 5.85 2.42 2.42 6.66 9.50 8.26 Higher 5.85 Moderate No 
8 2.11 9.76 3.90 9.53 7.50 6.71 4.37 7.57 7.34 9.61 7.39 Higher 6.68 Moderate No 
9 0.77 8.40 2.83 4.68 7.45 6.77 4.66 8.15 8.12 9.74 4.49 Moderate 7.26 Higher No 

10 7.88 4 7.71 3.79 4.76 0.55 1.72 2.48 6.4 9.53 5.65 Moderate 8.7 Higher No 
11 4.45 4.17 3.40 7.09 7.26 4.88 1.72 1.60 6.27 6.55 4.78 Moderate 7.96 Higher No 
12 5.85 4.46 8.95 3.94 3.95 2.29 4.09 7.61 7.32 9.63 4.49 Moderate 7.19 Higher No 
13 1.28 4.51 3.26 3.81 7.62 6.32 5.27 7.62 6.79 9.59 4.78 Moderate 6.19 Moderate No 
14 5.47 4.62 9.06 3.74 4.37 2.07 3.24 5.14 7.66 6.85 5.65 Moderate 6.80 Higher No 
15 9.30 5.19 8.62 2.76 5.73 0.60 1.94 1.68 6.68 6.57 8.26 Higher 7.99 Higher No 
16 6.74 5.02 9.35 1.80 4.78 2.89 4.76 5.18 8.00 7.02 8.26 Higher 5.86 Moderate No 
17 6.43 4.23 9.18 3.74 4.77 3.53 6.31 5.45 7.36 6.83 1.88 Lower 5.62 Moderate No 
18 2.88 5.24 3.68 2.43 6.13 6.55 4.88 7.66 7.46 8.93 3.62 Lower 7.00 Higher No 
19 2.48 5.02 2.76 3.81 6.82 6.44 5.43 5.38 8.46 9.75 7.10 Higher 7.21 Higher No 
20 2.68 4.91 2.51 3.68 5.77 5.92 3.50 5.30 7.53 9.66 1.88 Lower 4.97 Moderate No 
21 1.99 5.21 3.40 2.16 7.47 7.00 4.61 7.65 7.88 9.71 7.10 Higher 7.72 Higher No 
22 1.22 5.19 3.22 3.81 7.88 7.07 4.93 7.67 7.97 9.71 8.26 Higher 6.86 Higher No 
23 1.57 5.30 3.59 3.85 7.00 7.83 6.53 5.73 5.63 9.45 1.88 Lower 7.05 Higher  No 
24 1.94 5.19 3.65 3.16 7.44 7.02 6.04 5.29 6.38 9.51 1.88 Lower 5.07 Moderate No 
25 2.56 5.19 3.26 3.81 6.25 6.27 4.16 5.39 7.94 9.71 3.04 Lower 7.21 Higher No 
26 3.51 4.74 3.59 3.81 4.40 5.78 4.55 5.49 8.52 9.76 7.10 Higher 7.24 Higher No 
27 2.86 3.55 3.31 3.85 6.99 5.04 5.21 7.64 7.42 9.64 4.78 Moderate 5.84 Moderate No 
28 1.82 3.27 3.07 2.74 7.39 5.15 5.17 7.59 6.63 9.52 8.26 Higher 6.97 Higher No 
29 6.41 5.08 8.85 0.88 4.80 2.60 4.36 7.65 8.03 8.99 5.36 Moderate 8.07 Higher No 
30 7.38 5.02 7.42 2.66 6.64 0.44 1.60 2.37 5.75 8.73 6.52 Higher 7.18 Higher No 
31 8.66 5.17 8.04 3.77 5.91 0.41 1.52 2.35 5.89 8.74 5.65 Moderate 7.47 Higher No 
32 6.72 5.36 8.30 3.74 5.07 1.97 2.96 7.60 6.87 8.88 3.04 Lower 6.13 Higher No 
33 0.13 5.19 2.05 2.05 5.06 7.40 5.20 5.50 7.21 6.85 5.65 Moderate 4.84 Moderate No 
34 7.63 5.19 7.61 2.66 4.36 0.53 1.91 1.61 6.42 6.57 5.36 Moderate 7.62 Moderate No 
35 6.22 5.14 8.96 3.74 3.93 2.62 4.35 7.66 7.54 8.96 5.36 Moderate 6.13 Moderate No 
36 6.44 5.36 9.38 2.63 4.80 2.64 4.24 7.63 7.19 8.91 3.04 Lower 7.24 Higher No 
37 6.91 5.30 7.05 4.85 5.42 0.43 1.49 2.38 5.11 8.70 3.04 Lower 9.32 Higher No 
38 4.69 5.30 3.56 3.81 5.43 3.30 5.81 7.65 7.07 8.91 3.04 Lower 4.42 Moderate No 
39 0.84 5.24 3.37 9.28 6.94 7.77 5.47 7.97 8.35 8.97 8.26 Higher 6.83 Higher No 
40 8.05 5.13 7.37 3.75 5.17 0.62 2.48 2.40 5.97 8.76 3.04 Lower 7.31 Higher No 
41 6.70 5.47 8.89 3.74 4.12 2.89 6.66 5.10 5.36 6.49 4.78 Moderate 4.84 Moderate No 
42 6.20 5.19 9.34 3.74 5.22 2.92 5.63 5.14 5.99 6.52 6.52 Higher 6.50 Moderate No 
43 2.49 5.08 3.56 3.81 6.51 6.41 4.60 5.20 7.85 6.98 8.26 Higher 4.57 Moderate No 
44 0.15 4.96 2.63 1.75 6.36 7.14 4.16 5.45 7.90 7.00 8.26 Higher 4.80 Moderate No 
45 1.01 4.74 3.67 9.35 8.57 6.84 5.00 5.25 8.73 7.21 8.26 Higher 6.35 Moderate No 
46 0.16 4.51 2.95 3.74 8.54 6.64 4.38 5.21 7.83 6.91 8.26 HIgher 5.51 Moderate No 
47 7.63 4.85 7.46 3.52 4.47 0.50 1.69 1.62 4.98 6.48 0.00 Lower 7.03 Higher No 
48 5.96 3.78 9.21 3.88 4.55 2.67 3.82 5.18 7.20 6.74 0.00 Lower 7.87 Higher No 
49 7.80 3.50 7.54 1.78 6.12 0.42 1.48 2.38 6.99 8.82 6.52 Higher 7.14 Higher No 
50 8.66 5.16 7.92 2.79 4.67 0.29 1.25 2.28 6.41 8.76 3.91 Moderate 7.95 Higher No 
51 2.45 4.96 2.99 3.88 7.42 2.48 3.49 7.64 7.63 8.95 2.46 Lower 5.95 Moderate No 
52 8.66 5.02 7.74 4.35 4.49 0.30 1.24 2.28 5.84 8.72 2.46 Lower 7.18 HIgher No 
53 8.08 5.02 7.74 3.85 5.72 0.39 1.37 2.36 5.92 8.74 3.62 Lower 8.50 Higher No 
54 3.09 5.02 3.03 4.81 6.47 2.32 3.49 7.60 7.21 8.91 2.46 Lower 7.38 Higher No 
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WL ID 
Hydrological Group WATER Quality Group AQUATIC SUPPORT Group AQUATIC Habitat Group TRANSITIONAL Habitat 

Group WETLAND CONDITION WETLAND RISK Functional 
WSS Function Benefits Function Benefits Function Benefits Function Benefits Function Benefits Benefit Score Benefit Rating Benefit 

Score 
Benefit 
Rating 

55 0.60 4.91 3.99 9.14 7.82 6.96 5.55 7.74 8.85 9.72 6.52 Higher 7.16 Higher No 
56 1.94 4.51 3.90 9.30 8.00 6.34 3.90 5.57 8.56 7.14 8.26 Higher 8.29 Higher No 
57 7.32 4.51 7.24 3.36 5.44 0.59 1.77 2.51 6.58 9.55 5.65 Moderate 8.72 Higher No 
58 2.45 4.46 2.89 9.36 6.55 6.08 4.16 8.00 7.12 8.85 3.62 Lower 8.40 Higher No 
59 1.29 4.51 2.61 9.53 7.61 6.79 5.76 8.11 7.07 9.59 3.62 Lower 6.71 Higher No 
60 7.61 5.64 9.29 2.80 5.38 2.30 4.15 3.36 8.48 7.15 8.26 Higher 7.07 Higher No 
61 3.55 4.64 3.63 2.97 6.14 2.58 4.19 7.63 8.26 8.99 7.68 Higher 7.63 Higher No 
62 2.83 3.55 2.87 4.45 6.15 2.11 3.77 7.58 7.63 8.95 5.65 Moderate 6.42 Moderate No 
63 2.62 3.55 2.55 3.74 5.73 2.76 4.51 5.56 7.73 6.95 7.10 Higher 6.50 Moderate No 
64 8.08 3.95 7.61 4.01 5.69 0.52 1.67 1.64 6.91 6.60 5.65 Moderate 7.99 Higher No 
65 4.98 4.96 3.98 4.01 6.43 5.58 1.39 2.35 6.22 8.75 5.65 Moderate 6.72 Higher No 
66 6.91 4.51 8.80 3.22 4.07 2.48 5.37 5.26 6.15 9.54 3.62 Lower 6.55 Moderate No 
67 8.35 4.79 7.90 3.52 5.91 0.53 1.71 1.65 5.81 6.52 3.62 Lower 7.95 Higher No 
68 6.03 3.72 9.30 3.74 3.60 2.04 3.29 5.17 7.71 6.97 8.26 Higher 5.39 Moderate No 
69 3.16 3.33 3.11 3.81 4.92 4.51 4.19 5.12 7.17 6.68 5.65 Moderate 6.67 Moderate No 
70 8.92 3.55 8.29 3.77 6.67 0.96 3.17 1.84 6.60 6.59 5.65 Moderate 7.94 Higher No 
71 6.81 4.40 9.05 2.24 4.32 2.76 4.21 7.64 8.15 8.25 4.78 Moderate 7.17 Higher No 
72 1.50 4.06 2.08 2.17 4.21 5.03 4.19 7.62 7.49 8.91 6.52 Higher 4.92 Moderate No 
73 1.27 3.55 3.28 9.08 8.37 6.83 7.16 8.04 9.04 9.04 8.26 Higher 7.35 Higher No 
74 8.53 3.72 8.16 3.43 4.82 0.02 0.00 2.27 5.51 9.46 0.43 Lower 7.11 Higher No 
75 8.94 4.68 8.46 0.89 5.10 0.24 0.15 2.45 5.56 9.46 3.04 Lower 6.26 Moderate No 
76 8.49 8.69 8.19 2.51 5.13 0.36 1.35 2.34 5.49 8.70 6.52 Higher 7.38 Higher No 
77 6.11 4.34 9.20 1.80 4.48 2.38 3.48 7.61 7.67 8.95 5.65 Moderate 7.20 Higher No 
78 8.02 4.68 8.15 1.78 4.45 0.18 0.24 2.36 6.72 9.54 8.26 Higher 6.21 Moderate No 
79 0.13 4.34 1.78 2.76 6.58 6.23 4.59 5.51 7.91 7.03 5.65 Moderate 6.11 Moderate No 
80 1.51 10.00 2.66 9.90 5.94 5.20 4.42 5.12 6.30 6.61 0.00 Lower 6.49 Moderate No 
81 7.16 5.41 7.04 4.87 6.62 0.68 2.83 2.40 6.97 9.54 8.26 Higher 8.34 Higher No 
82 3.25 1.93 5.27 2.56 4.94 3.69 5.15 7.47 6.94 7.44 6.95 Lower 2.51 Lower No 
83 4.29 3.83 5.81 4.03 5.58 4.16 4.34 3.50 7.39 3.84 8.06 Moderate 3.95 Higher No 
84 3.03 2.08 4.47 2.60 4.73 3.99 4.39 7.72 7.15 7.50 9.17 Higher 3.88 Higher No 
85 3.06 2.10 4.83 3.10 4.43 4.03 4.25 7.73 7.20 7.50 8.61 Higher 4.36 Higher No 
86 3.02 1.98 4.76 3.67 5.53 4.02 4.55 2.53 7.22 3.21 7.78 Moderate 4.04 Higher No 
87 3.33 2.00 4.95 8.35 5.77 4.97 5.60 2.58 7.36 3.39 7.78 Moderate 3.10 Moderate No 
88 6.21 1.88 9.48 2.67 3.43 2.26 4.09 8.28 7.04 7.50 8.06 Moderate 4.30 Higher No 
89 4.03 1.93 5.67 2.49 4.66 3.09 5.70 4.54 6.58 4.07 9.17 Higher 4.12 Higher No 

Average 
Score 

4.45 4.98 5.53 4.14 5.92 3.69 3.87 5.20 7.14 8.23 5.57  6.69   

Average 
Rating* 

Moderate Moderate Higher Moderate Higher Lower Moderate Higher Higher Moderate Moderate  Moderate  

                
*Average group rating calculated based on the Nova Scotia normalized reference values in the WESP-AC tool.  
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1 Introduction 
The Clydesdale Ridge Wind Project (the Project) is being developed by Clydesdale Holdings 
Ltd. (the Proponent). The Proponent represents a partnership between Natural Forces 
Developments Limited Partnership (Natural Forces) and Dalhousie Mountain Wind Energy 
Inc. The Proponent is further partnering with Mi’kmaq bands in Nova Scotia to ultimately 
develop, construct, own, and operate the Project.  

The Project consists of up to 18 wind turbine generators (WTGs) and is situated adjacent to 
the operational Dalhousie Mountain Wind Farm, which is owned and operated by an affiliate 
of Dalhousie Mountain Wind Energy Inc. The Project is located near Mount Thom, Earltown, 
Loganville, and Berichan in both Colchester County and Pictou County. The proposed WTG 
locations and associated infrastructure are predominantly on privately-owned lands owned 
by multiple landowners, with a portion of the access road and collector lines traversing 
provincial Crown land. The private lands are secured under Lease, Option to Lease, and 
Easement.  The Proponent has an active application for an Easement over the provincial 
Crown land. 

On behalf of the Proponent, Natural Forces has undertaken a visual impact assessment. This 
assessment details the perceived visual impacts from the proposed project on the 
surrounding community. A distance of 2 km from each turbine location has been used to 
determine an area of influence for shadow flicker impacts at receptors in the area. In addition 
to a shadow flicker assessment, this report includes a Zone of Visual Influence (ZVI) 
assessment as well as a photomontage of the Project. 

This report outlines background information on the shadow flicker effect and relevant policy 
and guidelines, describes the source of shadows and the receptors (homes), provides the 
prediction methodology and results, and proposes mitigation methods.  

1.1 Background 

Prior to determining the predicted amount of shadow flicker effect of a project, careful site 
design is recommended, followed by industry accepted mitigation strategies. This 
assessment serves to demonstrate that shadow flicker is being assessed with careful 
planning and mitigation.  The ZVI assessment and photomontage are additional tools in 
determining the cumulative visual impacts of the Project on the surrounding community. 

Incident light rays on a moving object casts an intermittent shadow on a receptor.  This 
intermittent shadow, perceived as a change in light intensity by an observer, as it pertains to 
WTGs, is referred to as shadow flicker. This is caused by incident sun rays on the rotor blades 
as they turn.      

For shadow flicker to occur, the following criteria must be met: 

1. The sun must be shining and not obscured by any cloud cover or fog; 
2. The wind turbine must be located between the sun and the shadow receptor; 
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3. The line of sight between the turbine and the shadow receptor must be clear, as sight-
impermeable obstacles, such as vegetation, buildings, awnings etc., will prevent 
shadow flicker from occurring at the receptor; and 

4. The shadow receptor must be close enough to the WTG to be in the shadow of the 
turbine rotor. 

A ZVI assessment creates polygons that show how many turbines will be visible from a given 
location on a map. This assessment, while relatively simple, is a reliable, conservative 
representation of the visual impacts to the broader area surrounding a project.  

The Photomontage study demonstrates how the Project may be visible on the landscape from 
local viewpoints used by, or known to, community members. The resulting Photomontages 
serve as an example of how the Project may appear following construction, subject to minor 
adjustments to the layout further into the design process. 

1.2 Policy and Guidelines 

The Guide to Preparing an EA Registration Document for Wind Power Projects in Nova Scotia, as 
provided by the Environmental Assessment Branch, states that shadow flicker perceived by a 
receptor must not exceed 30 hours or more per year, or exceed 30 minutes or more per day. 
This document is aligned with industry standards and other regulations in maritime 
provinces. 

There are no policies or guidelines concerning ZVI or viewshed, as visual aesthetics are 
subjective to the observer.  

1.3 Source of Shadow 

This assessment is conducted using the Nordex N163, 7MW turbine model, with a hub height 
of 118m, a rotor diameter of 163m, and a total height of ~200 m. Of the turbine models 
considered for the Project, this model signifies the highest possible impact. This approach 
allows for the visual and shadow flicker assessment to evaluate a scenario of maximum 
potential impact. This assessment also assumes that all 18 turbine locations will be 
constructed, further demonstrating the highest possible impact. 

Should another turbine model be selected for the Project, modelling will be re-run prior to 
construction to ensure compliance. 

The geographical coordinates of the 18 proposed turbine locations are included in Appendix B. 

1.4 Receptors 

There are 26 receptors within the vicinity of the turbine locations. The receptors consist of year-
long dwellings, seasonal dwellings, and local businesses. They have been identified based on 
online geographical data from the Nova Scotia Data Catalogue and cross referenced with aerial 
photography, as well as site visits. The geographical coordinates of these receptors are 
included in Appendix B. A map of the project area with the receptors is included in Appendix 
A. 
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2 Shadow Flicker Assessment 
The shadow flicker impact was calculated for the proposed Project layout at each of the 26 
receptors using the Shadow module of the software package WindPRO version 4.0. This was 
completed using methodologies, detailed below, to calculate the expected hours per year and 
maximum minutes per day of shadow flicker from the Project at each receptor. 

2.1 Methods 

The flicker assessment, conducted in WindPRO, uses monthly sunshine probabilities from the 
nearest data source (Charlottetown station database) (Table 1) and the turbine specifications 
to calculate the shadow levels at each receptor.  

TABLE 1: SUNLIGHT PROBABILITIES FOR CHARLOTTETOWN, PEI IN HOURS PER DAY 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
3.37 4.18 4.42 5.04 6.34 7.54 7.95 7.19 5.76 3.98 2.63 2.31 

The position of the sun relative to the wind turbine rotor plane and the resulting shadow is 
calculated in steps of one-minute intervals throughout a complete year. If the rotor plane, 
assumed to be a solid disk equivalent in size to the swept area, indicated in Table 2, casts a 
shadow on a receptor window during one of these intervals, it is registered as one minute of 
potential shadow impact. 

TABLE 2: TURBINE CHARACTERISTICS 

Turbine Model Nordex N163/6.X 

Nameplate Capacity 7.0 MW 

Hub Height 118 m 

Rotor Diameter 163 m 

Sweep Area 20,867 m2 

The impact of shadow flicker on surrounding receptors is limited by two factors in the modeled 
scenario. The first factor is that the angle of the sun over the horizon must be greater than 3 
degrees, due to optic conditions in the atmosphere that cause the shadow to dissipate before 
it could potentially reach a receptor. The second factor is that the blade of the wind turbine 
must cover at least 20% of the incident solar rays to have a noticeable effect.   

To further ensure a conservative approach, each receptor is treated as a greenhouse with 1.5 m 
high by 1.5 m wide windows for 360° of the building.  Furthermore, no topographical or ground 
cover shielding caused by buildings, barns, trees, awnings, etc. has been considered between 
the wind turbines and receptors. Finally, the model assumes that WTGs are constantly 
operational and always facing the receptor directly.  
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These assumptions result in a highly conservative prediction of the potential shadow flicker 
impacts, meaning that the actual shadow flicker impacts will likely be much less severe than 
those calculated in the predictive model. 

2.2 Shadow Flicker Assessment Results 

The results of the shadow flicker prediction model at each receptor demonstrate compliance 
with the selected requirements of no more than 30 hours per year of shadow, and no more than 
30 minutes on the day of maximum shadow flicker.    

The assessment demonstrates that all receptors located within 2 km of the 3 WTG Project 
layout are modelled to be subjected to less than 30 hr/year and less than 30 min/day of 
shadow flicker. The detailed results of the shadow assessment study for all receptors are 
included in Appendix B.  A summary of the only receptors with any expected shadow flicker 
levels are detailed below in Table 3. 

TABLE 3: SHADOW FLICKER IMPACT ASSESSMENT SUMMARY FOR THE ONLY RECEPTORS IMPACTED 

Receptor ID 
Expected Shadow Flicker 

from WTGs [hr/year] 
Shadow Flicker from 
WTGs [minutes/day] In Compliance 

I 4:31 8 Yes 

O 19:50 17 Yes 

P 4:41 10 Yes 

Q 6:53 12 Yes 

R 4:46 11 Yes 

S 5:23 10 Yes 

3 Other Visual Assessments 
3.1 Zone of Visual Influence 

The software package WindPRO version 4.0 was used to complete the ZVI assessment, 
specifically, the module for ZVI within the package. The ZVI assessment shows the broader 
extent of visual impacts from the Project on the surrounding landscape. The ZVI assessment 
does not consider factors such as weather conditions, vegetation cover, existing buildings, or 
other screening objects, but exclusively considers the location of turbines with respect to 
topographical features. Therefore, this assessment represents a conservative approach.  

For the ZVI assessment, an observation height of 150 cm was selected and a 50 x 50 km area 
was used. The assessment simulates if an individual would be able to perceive any of the WTGs 
from the location specified on the map. This includes WTGs that would be fully or partially 
visible. 

A map showing the results of the assessment is included in Appendix C. 
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The resulting polygon shows that at least one of the turbines will be visible from much of the 
surrounding landscape. This is due to higher-elevated areas being favored for turbine 
locations, where wind resource is more available. The topography of the surrounding area 
results in some sections to the east and west of the Project where no turbines are visible.  

3.2 Photomontage 

A photomontage is a rendering of the proposed turbines on a georeferenced photograph of the 
existing landscape. The rendering is then adjusted to remove any turbines or sections of 
turbines that would be obscured by existing obstacles in reality. The photomontages were 
completed using the Photomontage module in WindPRO version 4.0. 

The photomontage photos were taken from four locally known points where the Project may 
impact the view scape. Distributed around the Project to capture the WTGs from multiple 
angles, these locations include a point near the Earltown Community Centre along NS-311, a 
point along Loganville Road, a point along Balmoral Road, and at the entrance to the South of 
the Project on Glen Road. The geographical coordinates of the photomontage locations are 
indicated in Table 4.  

In each photomontage, at least one proposed turbine is visible or partially visible from the 
selected location.  The photomontages and a map of their locations are included in Appendix 
D. 

TABLE 4: PHOTOMONTAGE LOCATIONS 

Location Latitude Longitude 

Earltown -63.137 45.576 

Loganville Road -63.046 45.633 

Balmoral Road -63.132 45.654 

Glen Rd -63.001 45.521 

4 Proposed Mitigation 
The shadow flicker modelling demonstrates that the Project is in compliance with the industry 
standard thresholds. However, should the amount of shadow flicker experienced at nearby 
receptors become an issue, there are various mitigation measures that can be put in place, 
which are discussed below. 

The ZVI and photomontage assessments were carried out to provide additional information on 
how the Project will appear on the landscape. There are no particular requirements for these 
assessments, but the visual impact on the landscape is mitigated by the siting of the Project 
on agricultural land and the selection of paint for the WTGs that reduce contrast with the 
environment and minimizes blade glint.  
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4.1 Tracking the Shadow Flicker 

Should receptors experience shadow flicker that becomes an issue, the complaint will be 
addressed following a Complaint Resolution Plan. The main steps to resolve the issue will be: 

1) Conduct an investigation to understand the conditions under which shadow flicker 
issues are experienced. The specific date, time, location of observed shadow flicker, and 
local weather conditions (including wind direction and wind speed) will be noted for 
each incident of shadow flicker as well as the duration of the event.  

2) If it is determined from the investigation that the shadow flicker was caused by the 
Project and exceeds thresholds, the Operations Team for the Project will work to identify 
the best mitigation based on the circumstances, such as screening, discussed below. 

3) The Operations Team will track any such events along with the supporting data, and 
will track the success of any mitigation measures employed to inform future 
resolutions.  

4.2 Screening  

Screening efforts are a feasible and effective mitigation measure for reducing shadow flicker 
impact. If the investigation following the Complaint Resolution Plan reveals that a receptor 
experiences an exceedance of the modelled shadow flicker levels, the Proponent could use 
screening methods that will provide shade to buildings and windows, effectively reducing 
shadow flicker annoyance.  

Screening can be accomplished with existing vegetation, revegetation, and planting 
additional vegetation to the area that is experiencing shadow flicker. Similar, and sometimes 
superior, results can be obtained by installing awnings and window coverings if it would be 
preferred by those experiencing the impact. 

5 Discussion and Conclusions 
Natural Forces has completed an assessment to evaluate the visual impacts of the Clydesdale 
Ridge Wind Project at receptor locations within 2 km of the proposed WTGs through the 
shadow flicker assessment. The broader surrounding area has been assessed through the 
photomontage and ZVI assessments.   

Based on the parameters used in WindPRO shadow flicker prediction model, it has been shown 
that in a conservative scenario, shadow flicker emitted by the proposed WTG model in the 18-
turbine layout is less than 30 hours per year and 30 minutes per day at all receptors. The 
maximum potential shadow flicker impact, as measured in hours per year at a receptor, is 19 
hours and 50 minutes per year. The highest potential maximum daily shadow flicker time at a 
receptor is 17 minutes. 

Various measures may be used to mitigate the effect of shadow flicker perceived at receptors 
if it becomes an issue, including screening using natural barriers, awnings, or other structures.  
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The model indicates that the receptors will not receive excessive amounts of shadow flicker. 
Natural Forces will work closely with the homeowners and businesses to observe occurrences 
of real-case shadow flicker impact during operation and apply mitigation as mentioned. 
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