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Regional Models
• MDAT
Local data
• Northwest Atlantic Catalog
Tracking data
• Non-marine migratory

• Songbirds
• Raptors
• Wading birds

• Marine
• Colonial nesters
• Migratory 

Coastal use data
• Colonies
• Radar
• Stopover sites

Avian Data on Exposure Recap

What can you learn from MDAT?
• Spatiotemporal use patterns
• Relative abundance
• Distribution
• Seasonal changes
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This map was generated using data on the Northeast Ocean Data Portal on 3/4/2021.
www.northeastoceandata.org
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Avian Data on Exposure: Catalog Data

Northwest Atlantic 
Seabird Catalog
• Some local data used in 

MDAT models
• Inconsistent effort
• Old data
• Poor spatial coverage



Spatial Analysis with MDAT
• Currently species are weighed equally
• Will combine based upon vulnerability
• Based upon methods used by Kelsey et al. 2018 

and others

Step 1: Spatial Assessment with MDAT Model
Collision
• Avoidance (literature)
• Time in RSZ (Catalog data)
• Flight activity (literature & Catalog)
Displacement
• Avoidance (literature)
• Habitat flexibility (literature)
Population
• Proportion population exposed (MDAT)
• Conservation status, including state Species of 

Greatest Conservation Need (SGCN)
• Adult survival (literature)

Kelsey, E. C., J. J. Felis, M. Czapanskiy, D. M. Pereksta, & J. Adams. 2018. Collision and displacement vulnerability to offshore 
wind energy infrastructure among marine birds of the Pacific Outer Continental Shelf. J. Environ. Manage. 227: 229–247.

vulnerability to OWEI in the North Sea and eastern Atlantic Ocean
(Desholm, 2009; Furness and Wade, 2012; Furness et al., 2013; Garthe
and Hüppop, 2004), and western Atlantic Ocean (Robinson Willmott
et al., 2013). Herein, we update these methodologies based on our
current understanding of OWEI impacts on marine birds and provide
the !rst vulnerability assessment of the POCS species assemblage. Un-
like previous assessments in Europe, but similar to the Robinson
Willmott et al. (2013) assessment of the Atlantic Outer Continental
Shelf, our assessment precedes OWEI development in the POCS and
proactively facilitates planning that could minimize negative interac-
tions between marine birds and OWEI in this region.

2. Species selection

In this assessment, we included all marine birds that occur regularly
in the POCS (Appendix Table A1). The list of species considered was
generated from aerial at-sea surveys (Adams et al., 2014; Briggs et al.,
1981, 1983, 1987, 1992; Mason et al., 2007), plus additional species
known to be present (e.g., Black Skimmer [Rynchops niger], Tufted
Pu"n [Fratercula cirrhata], Yellow-billed Loon [Gavia adamsii], Ha-
waiian Petrel [Pterodroma sandwichensis]), but are rarely encountered
during surveys cited above. We will use the phrase “species group”
when discussing vulnerabilities or characteristics that apply to more
than one species of a genus or taxonomic group (e.g. – "loon species
group" when refering to the avoidance behavior of the four loon species
found in the POCS). Shorebirds, raptors, and passerines that occur
o#shore within the POCS were not considered herein.

3. Vulnerability calculations

We quanti!ed three types of vulnerability among seabirds in the
POCS: Population Vulnerability (PV), Collision Vulnerability (CV), and
Displacement Vulnerability (DV; Table 1). For all metrics used in the
PV, CV, and DV calculations, we searched available literature to de-
termine appropriate values for each species. When available literature
sources provided con$icting data, we gave preference to the most re-
levant source (e.g., the study that had been done within the region,
most recently, etc.). If no sources were available to estimate a metric
value for a given species, we used data from similar species. When such
compensations were made, we incorporated a level of uncertainty to
create a range of possible metric values (described in following sec-
tions). Metric values for each species should be interpreted with caution
and revised when new, relevant information is published. All metric
values and source citations used in this study are available via USGS
ScienceBase (Adams et al., 2017; see Data Accessibility). PV, CV, and
DV scores are calculated independently and are not directly comparable
to each other.

3.1. Population Vulnerability (PV)

Factors related to demography, population size, and at-sea range
can in$uence a species vulnerability to OWEI on a population level. We
used six metrics to calculate Population Vulnerability (PV) for each of
the 81 species: global population size (POP), annual occurrence in the
POCS (AO), percent of the population present in the POCS (POCSpop),
threat status (TS), annual adult survival (AS), and breeding score (BR;
equation (1)). The metrics POP, POCSpop, TS, and AS were valued from
1 to 5. The metrics AO and BR were valued from 1 to 2 and included as
weighting factors for POCSpop and AS, respectively.= ±+ ! ± + + ! ±POP POPu

pop popu TS BR AS ASu
Population!Vulnerability(PV) ( )

(AO (POCS POCS )) ( ( )) (1)

where
POP=Global Population Size, AO=Annual Occurrence in the

POCS, POCSpop=Proportion of Species' Population found in POCS,
TS=Threat Status, BR = Breeding Score, AS=Adult Survival,
u=uncertainty (see section 3.4).

3.1.1. Global population size (POP)
We used American Bird Conservancy (ABC, 2012), Birdlife

International (2014), and additional sources, to estimate Global Popu-
lation Size (POP). We assigned POP values from 1 to 5, where

1 =>3,000,000 individuals
2=1,000,001–3,000,000 individuals
3=500,001–1,000,000 individuals
4=100,000–500,000 individuals
5 =<100,000 individuals.

3.1.2. Proportion of population in POCS (POCSpop)
We derived local population size estimates (POCSpop) from at-sea

surveys for California, Oregon, and Washington (Briggs et al., 1981,
1983, 1987, 1992), Birdlife International (2014), ABC (2012), and
additional sources. When counts of breeding pairs only were recorded
(e.g., Ainley et al., 1990) the estimated number of non-breeders in the
population was added to the breeding pair counts using breeder to non-
breeder population ratios (Manuwal, 1972).

We calculated the POCSpop by dividing by POCS population size by
POP. We binned POCSpop into numerical range categories (1–5), where

1= <1%
2=1–33%
3=34–66%
4=67–99%
5 =>99%.

Fig. 1. Map of the west coast of North America showing California (CA), Oregon (OR), Washington (WA), and the extent of the U.S. west coast Paci!c Outer
Continental Shelf (POCS) region (200 nm from coastline, tan and black line outline) in relation to the California Current Large Marine Ecosystem (dark blue shading;
NOAA IEA: http://www.noaa.gov/iea/regions/california-current-region/index.html). Black line indicates the continental shelf break (200m water depth).

Table 1
Organization, abbreviations, and de!nitions for metrics used to calculate Population (PV), Collision (CV), and Displacement Vulnerability (DV; data available:
https://www.sciencebase.gov/catalog/item/58f7fadae4b0b7ea5451fc5c).

Population Vulnerability Collision Vulnerability Displacement Vulnerability

POP Global Population Size NFA Nocturnal Flight Activity MAd Macro-Avoidance of Wind Turbines
POCSpop Proportion of POP in POCS DFA Diurnal Flight Activity HF Habitat Flexibility
TS Threat Status MAc Macro-Avoidance of Wind Turbines
AS Adult Survival RSZt Percent Time in RSZ
BR Breeding Score in POCS
AO Annual Occurrence (mos. in POCS)
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3.1.3. Annual occurrence in the POCS (AO)
We estimated the number of months per year that each species re-

sides within the POCS (AO) based on aerial seabird surveys (Adams
et al., 2014; Briggs et al., 1981, 1983, 1987, 1992), eBird sightings
(eBird, 2015), and additional sources (see Adams et al., 2017). AO was
valued from 1 to 2 and used as a weighting factor for POCSpop; for
example, if a species spends more time in the POCS annually (AO=2),
POCSpop carried twice the weight of a species that only spends a few
months annually in the POCS (AO=1), thus

1= 1–4 months spent in the POCS each year
1.5=5–8 months spent in the POCS each year
2= 9–12 months spent in the POCS each year.

3.1.4. Threat status (TS)
We used the International Union for Conservation of Nature (IUCN)

species threat status (International Union for Conservation of Nature,
2014) and the U.S. Fish and Wildlife national threat status lists (U.S.
Fish and Wildlife Service, 2014a) to determine Threat Status (TS).
Where available, we evaluated threat status values from U.S. Fish and
Wildlife Service Birds of Conservation Concern (U.S. Fish and Wildlife
Service, 2012), California Endangered Species Act (California
Department of Fish and Wildlife, 2015), California Department of Fish
and Wildlife Bird Species of Special Concern list (Shuford and Gardali,
2008), Oregon Department of Fish and Wildlife (Oregon Department of
Fish and Wildlife, 2014), and Washington State Department of Fish and
Wildlife State Sensitive and Candidate Species (Washington Department
of Fish and Wildlife, 2015, Table 2). For species that migrate through
the POCS, but breed in another country, we also considered TS values
from all countries where the species is found (Canada, Mexico, Chile,
New Zealand, and Japan). In lieu of TS values based solely on breeding
distribution or U.S. geopolitical boundaries, we suggest that the
greatest TS value, regardless of source (Adams et al., 2017, Table 2),
conservatively re!ected the full geographical and ecological threat
level for a given species (Hyrenbach et al., 2000; Nevins et al., 2009).

3.1.5. Adult survival (AS)
Adult annual survival rate (AS) is indicative of life history char-

acteristics among birds (Sæther et al., 1996). Species with greater AS
generally will comprise populations that are more susceptible to de-
clines resulting from increased adult mortality (Desholm, 2009). We
evaluated AS for each species and determined a binned value from 1 to
5, where AS

1 =<0.75
2= 0.75–0.80
3= 0.81–0.85

4=0.86–0.90
5 =>0.90.

3.1.6. Breeding score (BR)
The vulnerability of collision and displacement associated with

OWEI is exacerbated for breeding birds whose o"spring may also be
a"ected. Therefore, we incorporated Breeding Score (BR) to weight AS.
For example, if a species breeds or feeds its young within the POCS
(BR=2), its AS rank was weighted more than a species that does not
breed in the POCS (BR=1), thus

1.0= Species is unlikely to be foraging to feed young in the POCS
1.5= Some individuals of species will forage for young in the POCS
2.0= Species is known to regularly forage to feed young in the
POCS.

3.2. Collision vulnerability (CV)

Site-speci#c, quantitative wind turbine/bird-collision-risk-modeling
(e.g., Band, 2012; Johnston et al., 2014; Masden and Cook, 2016;
Tucker, 1996) has incorporated detailed !ight characteristics, bird
morphology, visual and radar observations, landscape features, turbine
dimensions, and other factors to assess and predict bird collision rates
with energy infrastructure. To calculate Collision Vulnerability (CV),
we selected four non-site-speci#c metrics used in collision-risk-models
and adopted by Desholm (2009), Furness and Wade (2012), Furness,
et al. (2013), Garthe and Hüppop (2004), and/or Robinson Willmott
et al. (2013): diurnal and nocturnal !ight activity, !ight-height (de-
#ned as time spent in the rotor sweep zone), and macro-avoidance
(Equation (2)). For species in the POCS that didn't have data associated
with these metrics, data on similar species were used.= ± + ±+ ± + ±NFA NFAu DFA DFAu

RSZt RSZtu MAc MAcu
Collision!Vulnerability(CV) (( ) ( ))/2

( ) ( ) (2)

NFA = Nocturnal Flight Activity, DFA=Diurnal Flight Activity,
RSZt=Percent time spent in Rotor Sweep Zone, MAc=Macro-Avoid-
ance, u=Uncertainty.

3.2.1. Nocturnal !ight activity (NFA) and diurnal !ight activity (DFA)
OWEI avoidance behavior, and consequently collision vulnerability,

can di"er during day and night for some bird species (Band, 2012;
Krijgsveld et al., 2009; Marques et al., 2014; Peterson et al., 2006). We
used information from the Birds of North America accounts, previous
OWEI vulnerability assessments (Furness and Wade, 2012; Furness
et al., 2013; Garthe and Hüppop, 2004; Robinson Willmott et al., 2013),
and additional sources to determine NFA and DFA. Because vision for
birds during crepuscular periods is thought to be comparable to

Table 2
Regional Threat Status (TS) values and sources used for each species; Population Vulnerability was calculated using the greatest TS from these #ve regional
assessments.

TS International United States California Oregon Washington

IUCN 2014a USFWS 2014b, USFWS 2012c CESA 2015d, Shuford and Gardali 2008 e ODFW 2014f WDFW 2015g

1 Least Concern No Ranking No Ranking No Ranking Monitored
2 Near-Threatened Petitioned/Paci#c Region BCCc BSSCe, Taxa to Watch Vulnerable Sensitive Sensitive
3 Vulnerable Candidate BSSCe Critical Sensitive Candidate
4 Endangered Threatened Threatened Threatened Threatened
5 Critical Endangered Endangered Endangered Endangered

a International Union for Conservation of Nature.
b US Fish and Wildlife Service national threat status list.
c Birds of Conservation Concern (BCC).
d California Endangered Species Act.
e California Bird Species of Special Concern (BSSC).
f Oregon Department of Fish and Wildlife Sensitive, Threatened, or Endangered Species.
g Washington Department of Fish and Wildlife State Sensitive Species and State Candidate Species.
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nighttime vision (Stienen et al., 2007), we included time spent in cre-
puscular !ight with NFA for species that are active during these periods
(e.g., alcids and pelicans; del Hoyo et al., 1996). For migrating pas-
serines, and perhaps some seabird species, collision risk can increase at
night (Hüppop et al., 2016; Marques et al., 2014). The proportion of
time spent !ying during day and night for some species can also vary
with season and latitude, thus potentially in!uencing their collision
risk. However, supporting evidence for these variations in vulnerability
associated with nocturnal versus diurnal !ight activity is sparse and we
thus were not able to incorporate such variations into our equation.

To calculate CV (Equation (2)), we averaged NFA and DFA for each
species. The equation herein was modi"ed slightly from our previous
calculations in Adams et al. (2017), where NFA was given 2! the
weight of DFA. The NFA and DFA values represent ranges of time spent
!ying during day or night (0–100%), where

1= 0–20%
2=21–40%
3=41–60%
4=61–80%
5=81–100%.

3.2.2. Percent time spent in the rotor sweep zone (RSZt)
The percent time a bird spends !ying within the rotor sweep zone

(RSZt) of the turbine blades will in!uence its risk of collision. We
evaluated previously reported !ight heights among marine birds
(Furness and Wade, 2012; Furness et al., 2013; Garthe and Hüppop,
2004; Robinson Willmott et al., 2013) and new data on !ight heights
among seabirds in the UK (e.g., Bradbury et al., 2014; Johnston et al.,
2014) and in the eastern Paci"c (Ainley et al., 2015), to estimate RSZt.
We found considerable variation in reported !ight-height values,
especially for birds with>20% RSZt. Therefore, we binned data into
three range categories (instead of 5) based on RSZt. To keep the range
of metric values between 1 and 5, the three bin values were 1, 3, and 5,
where RSZt

5 =>20%
3=5–20%
1 =<5%.

3.2.3. Macro-avoidance (MAc)
The ability of a bird to maneuver around a wind turbine (i.e.,

avoidance) is important for assessing collision vulnerability and has
been a major focus of post-construction studies at existing OWEI sites
(e.g., Blew et al., 2008; Cook et al., 2014; Krijgsveld et al., 2011;
Plonczkier and Simms, 2012). We recognize three broad types of
avoidance behavior: macro-avoidance, meso-avoidance and micro-
avoidance. Macro-avoidance refers to a bird's ability to change its !ight
course to avoid entering a wind farm area, quanti"ed as the di#erence
between actual and expected collision rates (Cook et al., 2014). We
reviewed macro-avoidance data from visual and radar observations at
existing OWEI sites to determine Macro-Avoidance (MAc) for POCS
species or, when data was not available, for similar species (Adams
et al., 2017). Although we acknowledge that some species can exhibit
meso-avoidance (a change in !ight direction within a wind farm area)
and micro-avoidance (last-minute !ight movements to avoid a speci"c
turbine) behavior (Cook et al., 2014), we did not have enough in-
formation on meso- and micro-avoidance rates for POCS species to in-
corporate it into our analysis.

In contrast with avoidance, some species may be attracted to OWEI
by increased prey availability (shearwaters, fulmars, storm-petrels;
Baird, 1990; Burke et al., 2012), availability of new, arti"cial roosting
habitat (gulls, cormorants, and pelicans; Peterson et al., 2006; Ronconi
et al., 2014; Vanermen et al., 2014; Dierschke et al., 2016), or by at-
traction to arti"cial light at night (alcids, shearwaters, storm-petrels,
and sea ducks; Burke et al., 2012; Hamer et al., 2014; Ronconi et al.,

2014). Apart from the few current studies and new compilation e#orts
of these behaviors (e.g. Dierschke et al., 2016), attraction of marine
birds to OWEI is not well understood (Wade et al., 2016). Although
attraction may be considered negative MAc, studies reporting attraction
behaviors at OWEI were considered too inconclusive to be incorporated
into our MAc calculations.

We estimated MAc as a range of percentages (i.e., rates) describing
OWEI avoidance. Greater rates of avoidance indicate lower risk of
collision, and therefore, corresponds with a smaller MAc value.

1 =>40% avoidance
2=30–40% avoidance
3=18–29% avoidance
4=6–17% avoidance
5=0–5% avoidance.

MAc values are inverse of MAd, macro-avoidance value calculated
for the displacement calculation (Section 3.3.1).

3.3. Displacement vulnerability (DV)

OWEI also can cause barrier e#ects and habitat loss for seabirds
(Busch and Garthe, 2016; Cook et al., 2014; Vanermen et al., 2014).
Herein, we accounted for such e#ects in our estimation of Displacement
Vulnerability (DV). We calculated DV (Equation (3)) based on metrics
that could in!uence species-speci"c chances for displacement caused
by OWEI. For species in the POCS that didn't have data associated with
these metrics, data on similar species were used.= ± + ±MAd MAdu HF HFuDisplacement!Vulnerability(DV) ( ) ( ) (3)

where

MAd=Macro-Avoidance, HF= Habitat Flexibility, u=uncertainty

3.3.1. Macro-avoidance (MAd)
Macro-avoidance (MAd) is the di#erence between collision rates

(e.g., based on observational and radar studies) and the expected
number of collisions given no avoidance behavior occurs for all in-
dividuals of a species (Cook et al., 2014). We used MAd values gener-
ated from avoidance rates at existing OWEI. In contrast with Collision
Vulnerability (Section 3.2.3), for DV, a greater MAd corresponded with
a greater value, thus

1=0–5% avoidance
2=6–17% avoidance
3=18–29% avoidance
4=30–40% avoidance
5 =>40% avoidance.

3.3.2. Habitat !exibility (HF)
We considered species with greater habitat !exibility (HF; i.e.,

ability to feed on a variety of food sources or forage within multiple
habitat types) to be less-likely a#ected by OWEI than species that forage
on speci"c prey or in speci"c habitats (Busch and Garthe, 2016; Masden
et al., 2010). We reviewed descriptions of feeding behavior from the
Birds of North America species accounts, del Hoyo et al. (1992, 1996)
and additional sources (see Adams et al., 2017) to determine HF values.

Where

1= Species uses a wide range of foraging habitats, or are oppor-
tunistic foragers with the ability to switch among prey types based
on availability, 2–4= Species show some grade of behavior be-
tween 1 and 5, or
5= Species have very habitat- and prey-speci"c requirements with
little !exibility in foraging range, foraging behavior, habitat selec-
tion, or diet.
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Considering relationships
• Physical or environmental factors related to bird 

relative abundance
• Included in MDAT models

Conflicting & uncertain relationship
• Highly variable by species
• Some relations generally know
• But high uncertainty

Species groups and life cycle
• Seabirds (breeding, wintering, migrating)
• Terrestrial migrants

General heuristics possible for some species
• Further from shore; deeper water

Step 2: Covariate Considerations



How do we use tracking data?
• Migration routes
• Foraging areas, distance
• Phenology 
• Qualitatively validate MDAT
• Presence of species not 

represented in MDAT 
(terrestrial migrants and 
bats)

How do we use colony and 
other data?
• Potential foraging areas
• Migration routes based upon 

ecology

Step 3: Tracking and Other Data 

¯
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This map was generated using data on the Northeast Ocean Data Portal on 3/25/2021.
www.northeastoceandata.org

Northern gannet, fall
migration, utilization
distribution

50% - Core use areas

75%
95% - Mean home
range

Prioritize monitoring for permitting
• Optimized survey methods

Identify data gaps and research questions
• Exposure of terrestrial migrants
• Flight heights and avoidance rates



MDAT analysis approach
• Questions?
• Feedback

Use of covariates
• Key relationships?
• Priority species?

Priority monitoring for permitting
• We have time
• Priority species?

Identify data gaps and research questions
• Priority questions?

Questions and Discussion

Loring et al. 2019

Common Tern Migration

8 
 

 
Figure J-3. Model-estimated tracks of Common Terns (n=5) during the post-breeding dispersal 
period, 29 July - 26 Sep 2017. 



Thanks! 
Questions?

Wing Goodale
Biodiversity Research Institute
wing_goodale@briloon.org


