Marine Policy 160 (2024) 105982

Contents lists available at ScienceDirect

Marine Policy

journal homepage: www.elsevier.com/locate/marpol

ELSEVIER

Check for

Assessing areas suitable for offshore wind energy considering potential risk  [%&s
to breeding seabirds in northern Japan

Hideaki Obane ™, Kentaro Kazama ", Hiroshi Hashimoto ¢, Yu Nagai d Kenji Asano

2 The Institute of Energy Economics, Japan, 131, Kachidoki 1-chome, Chuo-ku, Tokyo 104-0054 Japan

b Faculty of Human Sciences, Waseda University, 2-579-15 Mikajima, Tokorozawa, Saitama 359-1192, Japan

¢ Faculty of Agriculture, Meijo University, 1-501 Shiogamaguchi, Tempaku Ward, Nagoya, Aichi 468-8502, Japan
d Central Research Institute of Electric Power Industry, 1-6-1 Otemachi, Chiyoda-ku, Tokyo 100-8126, Japan

ARTICLE INFO ABSTRACT

Keywords:

Energy policy

Offshore wind

Wind energy

Environmental impact assessment
Renewable energy

Seabird

Offshore wind energy is expected to play a major role in realizing carbon neutrality. However, the installation of
offshore wind turbines is of concern for breeding seabirds. Identifying areas with low potential risk for breeding
seabirds in Japan is urgently needed. This study identified technically and legally potential areas for wind energy
development that are suitable for breeding seabirds by integrating risk assessment models through a spatial
approach using Geographic Information System (GIS). While many studies and the government have assessed the
potential areas for offshore wind energy in northern Japan, this study shows that most of these legally potential
areas overlap with major concern areas for breeding seabirds. Currently, Japanese rules do not sufficiently
consider the risk to seabirds when zoning areas for installing offshore wind energy system. The results imply that
the risk to breeding seabirds should be carefully examined when zoning areas for local offshore wind energy
installations. The approach developed in this study is expected to aid in clearly identifying areas suitable for the
installation of offshore wind turbines and minimize the impacts on breeding seabirds. It provides a balance

between the expansion of offshore wind energy and conservation biology.

1. Introduction

The reduction of greenhouse gas emissions is a global objective. In
2020, the Japanese government declared its objective to reduce green-
house gas emissions to the net-zero level by 2050 [1]. To date, the
Japanese Ministry of Economy, Trade, and Industry has continued to
renew the medium- and long-term energy policy of Japan, known as the
“Strategic Energy Plan”, which states that photovoltaic and wind energy
systems will be expanded to become the “main sources of power supply”
of the nation [2]. As Japan is an island country, offshore wind energy is
expected to play a major role in achieving this objective. By 2019, Japan
had installed an offshore wind energy system of 4.39 MW capacity [3].
For further development of offshore wind energy projects, the Japanese
government enacted “the Act of promoting utilization of sea areas in
development of power generation facilities using maritime renewable
energy resources” (the Act) in April 2019. The Act establishes frame-
works for coordination with stakeholders and allows the design of
“promoting zones” within territorial waters to enable the long-term use
of offshore renewable energy facilities. To determine the promoting

zones, the Act prescribes several requirements, including natural con-
ditions and impact on shipping routes [4].

Offshore wind turbines are of two types: fixed-bottom and floating
wind turbines [5]. A fixed-bottom turbine is connected to the seabed and
is usually economical at water depths of less than 50-60 m. The floating
turbine is on a floating foundation attached to the seabed by mooring
lines to hold the assembly in position. Although fixed-bottom turbines
are mainly installed worldwide, floating turbines are also planned to be
installed in Japan, wherein the water depth increases markedly with the
distance from the shore. While Japan is in the first stage of development
of offshore wind energy, several studies on high-density offshore wind
energy systems have indicated their adverse impacts on the regional
ecosystems. Therefore, the construction of offshore wind turbines raises
concerns related to environmental sustainability. Farr et al. [6] per-
formed a systematic literature review to evaluate six categories of po-
tential effects of deep water-based wind turbines on the environment
such as changes to atmospheric and oceanic dynamics due to energy
removal and modifications, electromagnetic field effects on marine
species from power cables, habitat alterations to benthic and pelagic fish
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and invertebrate communities, underwater noise effects on marine
species, structural impediments to wildlife, and changes to water qual-
ity. These potential effects could be of concern to Japan as well as the
water depth is high.

Recently, the breeding populations of seabirds have rapidly
decreased in Japan [7]. The construction of offshore wind farms may
pose potential risks such as collision with wind turbines, loss or deteri-
oration of feeding grounds, and changes in their distribution and
behavior due to alterations in the quality of their feeding grounds [8].
However, only a few of these risks have been assessed so far. Therefore,
it is necessary to perform a comprehensive assessment of the impacts of
the construction of offshore wind farms on seabirds to determine suit-
able areas with a low impact. A sensitivity map is effective in identifying
areas in which seabirds are likely to be significantly affected by the
construction of offshore wind energy farms. For example, Garthe and
Hiippop [9] created a sensitivity map for 26 species of seabirds in the
Exclusive Economic Zone (EEZ) of Germany. Bradbury et al. [10]
created a sensitivity map for 54 species in parts of the EEZ of UK and
Scottish waters with a grid mesh resolution of several and a dozen ki-
lometers, respectively. Kelsey et al. [11] assessed the density of popu-
lation collision and displacement vulnerability to offshore wind energy
systems on seabirds of the Pacific Outer Continental Shelf in the United
States. While these approaches are effective for identifying suitable
areas with a low potential risk to seabirds, these studies do not consider
other restrictions such as technical or legal considerations. In addition to
these studies, Goodale et al. [12] assessed the cumulative adverse effects
on seabird foraging guilds in the potential development areas of offshore
wind energy systems along the East Coast of the United States. Although
several impact assessment models for seabirds have been suggested,
these have uncertain factors, such as the determination of risk param-
eters [13]. Hence, it is important to compare the results from several
models when a sensitivity map is used to delineate promoting zones for
the installation of offshore wind systems.

Conversely, several studies have assessed the suitability of an area or
energy potential of the offshore wind energy system considering tech-
nical or social restrictions worldwide [14-19]. In Japan, the Ministry of
Environment (MOE) [20], the International Energy Agency (IEA) [21],
Yamaguchi et al. [22], and Obane et al. [23] assessed suitability of sites
for offshore wind energy systems considering technical and social con-
straints. However, these studies did not consider the potential risk to
seabirds posed by the development of offshore wind turbines. Further-
more, current requirements in the Act for determining the promoting
zones that allow the installation of offshore wind turbines do not
consider the risk to breeding seabirds. Japan has many seabird breeding
colonies around the coastline [24]. Based on conditions experienced in
other countries, where offshore wind turbines have been installed, it is
necessary to evaluate the potential risk to breeding seabirds and deter-
mine the promoting zones in areas with a low potential risk in Japan.

This study assessed preliminary areas suitable for offshore wind
energy development with a low potential risk to breeding seabirds. This
study integrates the conventional risk assessment model used for
sensitivity mapping with a spatial approach to identify potential areas
for offshore wind energy development using a Geographic Information
System (GIS) approach. This approach is expected to reduce the possi-
bility of reworking environmental impact assessments to efficiently
demarcate areas suitable for offshore wind energy systems. In Japan,
after the designation of promotion zones based on government consid-
erations, a developer is selected based on several assessment points,
including cost and feasibility. The selected developer must conduct an
Environmental Impact Assessment (EIA) separately apart from the
government evaluation. Approaches to the assessment and mitigation of
the impact of seabirds may differ according to the planning or con-
struction steps of offshore wind energy systems [25]. This study focuses
on the assessment of the first site selection step by the government,
which does not necessarily require a detailed and precise assessment.
Nevertheless, this study compares the results of two risk assessment
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models for seabirds. This study selected Hokkaido in Japan as a case
study area, as it has many potential areas for the development of
offshore wind turbines that satisfy the requirements of the Act [23]
along with many seabird colonies. During the breeding season, parents
of seabirds take a central position as foragers, commuting daily between
breeding colonies and foraging sites to provide food for their offspring.
Breeding seabirds potentially can interact with a wind farm and face
frequent collision and displacement risks. Therefore, this study focused
only on the assessment of breeding seabirds during the breeding season,
which can be estimated using data available for Japan.

2. Methodology
2.1. Overview of the assessment model

This study integrated risk assessment models for breeding seabirds
through spatial analysis to identify legally potential areas for offshore
wind energy development using a GIS approach. First, the risk to
breeding seabirds was quantified in each of the 500-m grid meshes near
Hokkaido using a publicly available database on breeding colonies of
seabirds. Two types of risk assessment models were used, and the results
from them were compared. Second, legally potential areas were iden-
tified for developing offshore wind energy systems considering zoning
rules. Finally, this study showed the level of risk to breeding seabirds
within potential areas for developing offshore wind energy systems.

2.2. Risk assessment model for seabirds

This study quantified the risk to breeding seabirds in each of the 500-
m grid meshes using the wind farm sensitivity index (WSI) because the
data source for GIS analysis, such as bathymetry or wind speeds, is
available as 500-m grid mesh data. WSI represents the risk to seabirds by
building offshore wind farms and comprises population density of sea-
birds and species-specific sensitivity indices (SSI). Fig. 1. shows the
overview of the risk assessment model. The WSI models developed by
Garthe and Hiippop [9] and Bradbury et al. [10] were referred to among
several similar models instead of the model developed by Kelsey [11]
that requires regionally specific demographic or breeding parameters,
which are unavailable for Japan, to calculate population vulnerability.
While Goodale et al. [12] assessed the vulnerability of seven guilds from
a total of 36 species, this study assessed the WSI for each breeding
species because the number of target species was only 13. Although the
basic idea is similar in both models, a small difference exists in the
quantification of risk to seabirds. To date, the relative merits of these
models have not been adequately studied. Hence, this study compared
the results from both the models in Eq. (1) and (2) and analyzed their
differences.

WSlgane = D . I0(densityspecies + 1) X Sl secis m

WSIBradburv = Z:pea.e:ln(denSity:/Jec[ex + 1) X SSIBmdbury' species (2)

In European countries, population density data of seabirds at sea are
available at the European Seabirds in the Sea Database [26]-[28]. These
data were assessed based on counts from boats or planes over 10 to 30
years. However, such data are not available for Japan. Soanes et al. [29]
suggested that the concentric maximum foraging area from the breeding
colony is suitable for the prediction of the potential density of breeding
seabirds at sea, when actual data are not available. Hence, this study
estimated the density of breeding seabirds at sea using the maximum
foraging area and location data from public databases, including loca-
tion and population size of the breeding colony for each seabird species
[24]. This approach was only used the summer breeding season.
Furthermore, contrary to earlier studies based on empirical data of
seabird distribution, our theoretical approach does not consider the
temporal variations in colony size or foraging radiuses and does not
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Fig. 1. Flow chart illustrating the risk assessment model for seabirds.
distinguish between foraging (stationary) and commuting movements of
individual seabirds. Density of breeding seabirds at sea is obtained ac- ;l;?ll’(le 1 ers in SSI
cording to Eq. (3), where individual seabirds are expected to distribute 15X parameters n 55
equally within the maximum foraging range, independent of the dis- Parameter Note
tance from the colony. Collision Flight altitude a Flight properties with regard to

n;

densitypecies = Z (w2 —8) @

where.

n: number of nests in i of colony.

r: maximum foraging radius in i of colony.

S: land area in maximum foraging area in i of colony.

SSI, which is a part of WSI, is originally determined for each species
of seabird using nine risk parameters as follows: a: flight altitude; a’:
percentage of seabirds flying at blade height; m: flight maneuverability;
t: percentage of time flying; n: nocturnal flight activity; d: disturbance by
ship and helicopter traffic; h: flexibility in habitat use; p: biogeograph-
ical population size; s: adult survival rate; c: conservation status, con-
cerning the risks of collision, displacement, and conservation level
(Table 1). In the model developed by Garthe and Hiippop [9], each risk
factor is crossed as shown in Eq. (4):

(a+m+t+n) (d+h) (p+s+c)

S81Garme = y X " X 3 (©))

However, the original Garthe and Hiippop model did not consider
the avoidance rate suggested by the Kelsey model. According to several
studies, the avoidance rate is identified as the most important consid-
eration for collisions when assessing the vulnerability to seabirds [8,11,
30,31]. Hence, this study revised the model to adopt the macro avoid-
ance rate of collision (MA,), percent time spent in the rotor-swept zone
(RSZ), macro avoidance rate of displacement (MA,) instead of flight
altitude, flight maneuverability, percentage of time flying as shown in
Eq. (5). The macro avoidance rate in this study is the rate at which birds
avoid a windfarm outside its perimeter, defined as a 500 m buffer sur-
rounding the outermost turbines according to Cook et al. [32]. This is
the difference between the collision rates and the expected number of
collisions given no avoidance behavior occurs for all individuals of a
species. This study did not consider meso- and micro-avoidance, as well
as the Kelsey model, because data on these parameters were insufficient.

(MA.+RSZ+n) (MA;+h) (p+s+c)

S81 Garme = 3 X 3 X 3 5)

Contrarily, in the original model developed by Bradbury et al. [10],
after independently calculating collision risk and displacement, the
larger SSI is selected as shown in Egs. (6)-(8):

S8 praapury = max(collision, displacement) (6)

risk the potential to avoid collision
with wind farms at sea. (Not
used in the study)

Flight altitude a Percentage of seabirds flying at
blade height. (Not used in the
study)

Flight m The factor based on flight

maneuverability altitude assessments for regular
seabirds at sea surveys. (Not
used in the study)

Percentage of time t Percentage of time flying

flying obtained from seabirds at sea
counts.

(Not used in the study)

Nocturnal flight n Score would be high for seabird

activity acting at night.

Macro avoidance MA, Macro avoidance of collision
risk.

Rotor-swept zone RSZ Percent time spent in rotor-

swept zone of a wind turbine.

Displacement Disturbance by ship d Score would be high for seabird
risk and helicopter traffic vulnerable by ship and
helicopter traffic, because these
seabirds are considered to be
vulnerable to wind farms.
Flexibility in habitat h Habitats at sea defined by
use hydrographic characteristics.
Macro avoidance MA;  Macro avoidance of
displacement risk.
Conservation Biogeographical P Scored according to the
level population size respective biogeographical
population size of each species.
Adult survival rate s Score would be high for seabird
with higher survival rate.
Conservation status c Reflected both threat and
conservation status of the
species in Japan.
L , (m+t+n)
collision = a' x — x (p+s+c) 7)

(dxh)yx(p+s+c)

10 ®)

displacement =

The model developed by Bradbury was also adapted to adopt the
macro avoidance rate as shown in Egs. (9)-(11):

SS1 gradiury = max (collision', displacement’) (C)]
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(MA, + RSZ + n)

3 (10)

collision' = x(p+s+c)
(MA; X h) x (p+s+¢)

10

displacement = 1D

2.3. Identifying potential areas for the development of offshore wind
energy systems

To identify legally potential areas for developing offshore wind en-
ergy systems, it is necessary to consider local zoning rules. In Japan,
offshore wind farms are expected to be installed in the promoting zone
based on the Act. To determine the promoting zone, the Act specifies the
following six requirements: (i) natural condition; (ii) avoiding hindrance
to shipping route and harbor use; (iii) integral use with harbor; (iv)
power system interconnection; (v) avoiding hindrance to fishery; and
(vi) avoiding fishing port, harbor, coastal conservation area, low-water
line preservation area. Given these requirements, this study excluded
the non-conforming area according to the Act by referring to the study
by Obane et al. [23] (Table 2).

These legal constraints based on the Act are almost the same as those
in Goodale et al. [12] except that this study covers the areas within
Japanese territorial water (distance from shore is less than 22.2 km),
while Goodale et al. included areas covered by the distance from the
shore of 5.6-92.6 km.

This study defined the excluded areas as potential areas for offshore
wind energy development in Hokkaido. Using GIS, the study area was
divided into a mesh separated by 15 arc-seconds for latitude and 22.5
arc-seconds for longitude. The length of each side of the mesh was
approximately 500 m, and the area of each mesh was approximately
0.025 km?. The following seven parameters were considered based on
risk assessment models for each mesh: (i) annual average wind speed;
(ii) water depth; (iii) shipping density; (iv) distance from shore; (v) legal
area; (vi) WSL; and (VII) population density of each seabird species.
Table 3 summarizes data used for the GIS analysis.

3. Assumptions
3.1. Studied area and species

The Act allows to determine promoting zones for offshore wind farms
only in Japanese territorial waters. Therefore, this study focused on the
sea within 12 nautical miles (22.2 km) from Hokkaido main island
(Fig. 2). Hokkaido possesses most of the legally potential areas for
offshore wind energy development [23]. The electricity generated from
offshore wind energy near Hokkaido will be used in the island or Jap-
anese mainland by connecting to the transmission lines. In addition to
possessing most of the legally potential areas, Hokkaido has the greatest
number of colonies of seabirds in Japan. Based on information in the

Table 2
Areas excluded in this study.
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Table 3
Data used for GIS analysis.
Category Type Notes Base data
Water depth Numerical  Average water depth JODC-Expert Grid data
within mesh. for Geography [33]
Annual Numerical  Annual average wind Wind map “NeoWins”
average speed at 100 m height. [34]
wind speed
Shipping Numerical  Total number of the AIS data (latitude/
density ships with AIS in Jan longitude) supplied by
2014-Dec 2014 within  the Japanese Maritime
mesh. Safety Agency
Distance from Numerical Minimum distance -
shore from the center of each
mesh to shore
Legal area Binary Existence of legal area  Coastal preservation area
in mesh (Y or N). [35]
Natural park [35]
Military maneuvers [36]
WSIGarthe-based Numerical ~ WSI by the Garthe- -
based model
WSlgradbury- Numerical ~ WSI by the Bradbury- -
based based model
Population Numerical  Population density of Colony database [24]
density each seabird estimated
of each using the colony
seabird database
= "
Study aree |
V. | 44°N
T T 1 = 40°N
C f = 5 736°N
; f '
% 1 32°N
! )
500 250 0 500 1,000( 28°N
¥ [___ ] km
128°E 132°E 136°E 140°E 144°E 148°E

Fig. 2. Map of the study area.

Excluded area Requirements in the Act

Annual wind speed is less than 7.0 m/s at 100 m

Water depth is above 200 m**

Traffic of vessels with automatic identification
system (AIS) is above 31 ships/month within the
mesh

%2

Area around isolated land from main grid mesh

%2 (VIII-1-v) Hindrance to fishery shall be avoided.

Coastal preservation area
Natural parks

Military maneuvers
%1

2
%3

(VIII-1-ii) Hindrance to shipping route or use of harbor shall be avoided.

Assuming the installation of floating wind turbines in the future despite the description in the guidelines.
This study did not establish the excluded area based on the requirements in VIII-1-iii and VIII-1-v due to the difficulty in identifying the specific area to be excluded.
Fishing ports and harbors were not removed in this study because these areas are under the legal jurisdiction of the Port and Harbor Act and the Fishing Port Act.

(VIII-1-i) Weather, marine, and natural condition shall be suitable for generation.

(VIII-1-iii) It shall be recognized to integrally utilize both promotion area and harbor.
(VIII-1-iv) It shall be assured to electrically connect to electric grid.

(VIII-1-vi) Fishing port*®, Harbor*, Coastal preservation area, and Low-water line conservation area** shall not be included.
(III) Off-shore wind development shall be harmonized with marine environment and security.
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Table 4
Studied species.
Family Species Scientific name Conservation
status™
Auk Common Uria aalge Critically
(Alcidae) Murre endangered (CR)
Ancient Synthliboramphus Critically
Murrelet antiquus endangered (CR)
Tufted Puffin Fratercula cirrhata Critically
endangered (CR)
Spectacled Cepphus carbo Vulnerable (VU)
Guillemot
Rhinoceros Cerorhinca
Auklet monocerata
Gull Slaty-backed Larus schistisagus Near threatened
(Laridae) Gull (NT)
Black-tailed Larus crassirostris -
Gull
Cormorant Japanese Phalacrocorax
(Phalacrocoracidae) ~ Cormorant capillatus
Pelagic Phalacrocorax Endangered (EN)
Cormorant pelagicus
Red-faced Phalacrocorax urile Critically
Cormorant endangered (CR)
Great Phalacrocorax carbo
Cormorant
Prion Leach’s Oceanodroma
(Procellariidae) Storm-petrel leucorhoa
Streaked Calonectris
Shearwater leucomelas

" Status determined by the Japanese Ministry of Environment in September
2023.

colony database [24], this study selected 13 breeding species (Table 4),
including the endangered Common Murre (Uria aalge), Ancient Murrelet
(Synthliboramphus antiquus), Tufted Puffin species (Fratercula cirrhata),
and Red-faced Cormorant (Phalacrocorax urile) in Hokkaido for analysis.

3.2. Population density

Colony data from the database were used to estimate population
density [24]. The database contains maximum foraging radius, number
of nests, peer-reviewed articles, technical reports, and private notes.
Using this database, the longitude and latitude of each colony were
added by referring to location information such as names of rocks and
capes. Because some colony data were redundant, colony information
was extracted based on peer-reviewed studies. Furthermore, to ensure
reliability, this study did not include data collected prior to 1979 and
private notes made by non-researchers. Finally, data from 211 colonies
were extracted from the colony database.

This study used a GIS-based approach to estimate population density
and ArcGIS Pro 10.6 (ESRI Inc.). Based on colony data, foraging areas in
the sea were estimated for each colony by assuming concentric and
uniform foraging areas. Population density from each of the 211 col-
onies was estimated for each 500-m grid mesh by dividing the number of
nests by the area of foraging areas.

Fig. 3 shows species-wide foraging area in Hokkaido. While gulls
(Laridae) and prions (Procellariidae) are distributed throughout the area
near Hokkaido, auks (Alcidae) are distributed in the northern, western,
and eastern areas. The foraging area of cormorants (Phalacrocoracidae)
was smaller than that of the others, and it was distributed in specific
areas. Fig. 4 shows the estimated densities of breeding seabirds at sea. In
the northern and eastern parts of Hokkaido, the population density was
relatively higher than that in other areas.

3.3. SSI

To estimate the SSI, a total of eight risk parameters were used as
inputs and were scored from 1 to 5 following the methods described by
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Common Murre m— Japanese Cormorant
Ancient Murrelet = = == Pelagic Cormorant

. + Tufted Puffin == Red-faced Cormorant
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[birds/mesh]

Fig. 4. Layout map showing the estimated population density.

Garthe- and Bradbury-based models. Estimated scores of studied species
or related species were used for estimating the risks of collision and
displacement (Table 5). The scores for macro avoidance, RSZ, used the
same parameters for the same species or related species as in Kelsey et al.
[11] and Adams et al. [37]. RSZ was assumed to be 20-200 m. Because
offshore wind turbines must be installed in Japanese territorial waters,
the maximum height of the wind turbines was assumed to be 200 m by
considering the seascape. Adult survival rates were based on interviews
from experts or experimental data. The score for nocturnal flight ac-
tivity, disturbance by ship and helicopter traffic, and flexibility in
habitat use were based on interviews of experts. The score for biogeo-
graphical population size was based on the number of nests in colony
data. For conservation status, the score was based on the rank in the red
list provided by the Japanese Ministry of Environment on September
2023. Although some studies considered uncertainty in the vulnerability
of seabirds [11,31], this study did not consider it because long-term and
broad measured density data of seabirds are not available.

Fig. 5 shows the assumed risk parameters for each species. Auks and
cormorants have similar characteristics; their biogeographical popula-
tion sizes, adult survival rates, and conservation statuses are relatively
larger than those of other parameters. For gulls, the survival rate and
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Table 5
Reference of risk parameters in SSI.
Parameter Reference Approach
Collision Macro avoidance MA, Assessed score of Measurement
risk of collision risk same species or
related species
[11,37]
Rotor-swept zone RSZ Assessed score of Measurement
same species or
related species
[11,37]
Nocturnal flight n Assessed score of Expert
activity same species or elicitation
related species
[8]
Displacement Macro avoidance MA;  Assessed score of Measurement
risk of displacement same species or
risk related species
[11,37]
Flexibility in h Assessed score of Expert
habitat use same species or elicitation
related species
[8]
Conservation Biogeographical P Based on the Measurement
level population size number of nests in
Hokkaido [30]
(1: 100,000- 2:
10,000-100,000
3:1000-10,000 4:
100-1000 5: -100
Adult survival s Based on survival Measurement
rate rate of related
species [27].
(1: -75%, 2: 75%-—
3: 80%-— 4: 85%-—
5: 90%-)
Conservation c Based on the rank  Literature

of red list in the
Japanese Ministry
of Environment in
2021.

(1: Near
threatened; 2:
(Not defined); 3:
Vulnerable; 4:
Endangered; 5:
Critically
endangered)

status

RSZ were relatively higher. For prions, the adult survival rate and macro
avoidance of displacement were relatively higher than those of the other
species.

Fig. 6 shows the estimated SSIs according to the model. When the
Garthe-based model was used, the rates of SSIs of auks and cormorants
with higher conservation levels were higher. By contrast, when the
Bradbury-based model was used, the SSIs of gulls and cormorants with
higher conservation levels were higher. In both models, the SSIs of
prions were relatively lower than those of the other species.

3.4. Technological assumptions on offshore wind turbines

The type of foundation used for offshore wind turbines differs
depending on the water depth, and it can generally be classified as either
bottom-fixed or floating. In this study, it was assumed that the bottom-
fixed wind turbines are installed in areas with water depth < 60 m and
the floating wind turbines are installed in water depths of 60-200 m.
Floating wind turbines are currently at the demonstration stage in Japan
[38,39].

Offshore wind turbines are arranged at intervals to reduce wake loss
and maximize plant level profitability. In this study, an installation
density of 6.0 MW/km? was used, which is based on the actual average
installation density achieved in the North Sea [40].
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4. Results and discussion
4.1. Level of concern based on WSI

This study assessed the level of concern based on the estimated WSI
in the sea near Hokkaido (Fig. 7). A slight difference between the results
from the Garthe- and Bradbury-based models were observed. For
example, the WSI estimated by the Garthe-based model was higher in
the Wakkanai area, the northern part of Hokkaido Island. This is because
cormorants and auks with higher SSI of conservation levels according to
the Garthe-based model are distributed in these areas. The WSI esti-
mated by the Bradbury-based model was higher in the Nemuro area in
the eastern part of Hokkaido Island because gulls with higher SSI of
collision risk according to the Bradbury-based model are distributed in
these areas. Thus, the results of WSI were different for the two WSI
models. Despite this, the major concern area can be observed in the
northern and eastern areas. In the north area, nine of the 13 seabird
species, including the Great Cormorant (Phalacrocorax carbo), Specta-
cled Guillemot (Cepphus carbo), Common Murre, and Japanese Cormo-
rant (P. capillatus) with higher SSI of conservation levels are distributed
according to the Garthe-based model. Slaty-backed Gulls (Larus schisti-
sagus) and Black-tailed Gulls (L. crassirostris) with higher SSI of collision
risk are distributed according to the Bradbury-based model. In the east
area, nine of the 13 seabird species, including the Red-faced Cormorant,
Spectacled Guillemot, Tufted Puffin, and Japanese Cormorant with
higher SSI of conservation level are distributed according to the Garthe-
based model. Slaty-backed and Black-tailed Gulls with higher SSI of
collision risk are distributed according to the Bradbury-based model.
Furthermore, population density (30-50 birds/mesh) is relatively higher
in the northern and eastern areas than in the other areas. Hence, the WSI
was larger in these areas irrespective of the model used.

Conversely, almost all of the south falls under the area of lesser
concern, and only a few foraging seabirds are observed because of the
presence of a few colonies. However, migratory birds may pass through
this area. According to a local survey in the area [41], it has been re-
ported that Slaty-backed Gulls, Japanese Cormorants, Ancient Murre-
lets, Common Gulls (L. canus), and Black-legged Kttiwakes (Rissa
tridactyla) which are not the target species in the study, pass through this
area during autumn or winter. Hence, it should be noted that the area of
lesser concern does not necessarily mean no risk areas to the seabirds.

Areas of concern can be observed in some parts of the central and
eastern areas, in particular, for either the species whose SSI of conser-
vation level is high or for those with high SSI of collision risk. As
described above, the concern level can be a relative index. When the
promoting zones are to be described for each area, careful consideration
according to the concern level would be required in EIA.

4.2. Level of concern in the potential promoting zone for offshore wind
farms

This study extracted the potential promoting zone, overlapped the
concern level based on the WSI and classified the extracted area into
potential promoting zone for bottom-fixed wind turbines (water depth:
0-60 m) and floating wind turbines (water depth: 60-200 m).

The potential promoting zones for bottom-fixed wind turbines exist
especially in the northern and eastern areas. As the floating wind turbine
remains under demonstration in Japan, bottom-fixed wind turbines are
expected to be developed first. Therefore, considering the feasibility, the
determination of the promoting zones in the northern and eastern areas
can be planned. The northern and eastern areas have shallow waters
where wind speeds are higher; however, most of these areas are also of
major concern (Fig. 8). Hence, when bottom-fixed wind turbines are to
be installed in these areas, careful consideration in the EIA process will
be required.

Conversely, the potential promoting zone for floating wind turbines
can be observed in all areas apart from the shore (Fig. 9). Compared to
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Fig. 5. Diagrams illustrating the assessed risk parameters in SSI according to species.
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Fig. 6. Plots showing the estimated species sensitivity indices (SSI). *The colors of the bars show the family of the sea birds (red: Phalacrocoracidae; blue: Laridae;

green: Alcidae; black: Procellariidae).

bottom-fixed wind turbines, it is possible to install floating wind tur-
bines in areas, such as the southern area, with less concern. Therefore,
the potential installation capacity of floating wind turbines in the lesser
concern area increased (Fig. 10). In Japan, floating wind turbines are
under demonstration. However, when this technology is developed,
considering installation is crucial for reducing the risk to seabirds.

4.3. Area-wide level of concern in the potential promoting zones

In Japan, the potential promoting zone for an offshore wind farm will
be considered by the municipality. This study estimated the potential
installation capacity in the potential promoting zone based on the level
of concern (Fig. 11). As for bottom-fixed wind turbines, although po-
tential installation capacities in the eastern and northern areas are
relatively higher than those in other areas, almost all of the eastern and
northern areas are in the major concern areas (Fig. 11 [A]). Hence,
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careful consideration will be required when bottom-fixed wind turbines
are to be installed especially in the northern and eastern areas.
Contrarily, almost all areas in the southern and central areas are in the
less concern category. While the risks to seabirds from the installation of
wind farms in these areas are considered to be relatively lower than
those in the other areas owing to fewer or no colonies, migratory birds
may pass through this area. Compared to the eastern or northern areas,
the southern and central areas can be prioritized because these are areas
where offshore wind farms are to be developed.

If floating wind turbines are developed, the potential installation
capacity of wind turbines in less concern areas will increase. However,
most of the northern and eastern areas are in the major concern areas
even for floating wind turbines (Fig. 11 [B]). As the potential installation
capacities of wind turbines in the central areas are similar to those in the
eastern and northern area, it is also important to consider the promoting
zones in the central areas on a priority basis. In Hokkaido, floating wind
turbine technology is expected to avoid the impact on seabirds.

5. Conclusions and political implications

This study assessed areas suitable for offshore wind energy devel-
opment with less potential risk to seabirds by integrating risk assessment
models and a spatial approach to identify potential areas. The main
findings of this study are as follows.

First, by comparing the results from two models to assess the SSI, the
differences in the characteristic of both models were shown. The SSI
values obtained from both models were different. Hence, this study re-
inforces the importance of comparing several models during the
assessment of the potential risk to seabirds. This study differs from those
of the past that used only one model, and hence, it will enable an un-
derstanding of the uncertainty of each model for the identification of
suitable areas for the installation of offshore wind energy systems.

Second, this study established suitable areas with less potential risk
to seabirds in Hokkaido. Although many previous studies assessed the
potential areas for offshore wind energy in Hokkaido, this study estab-
lished that most of the legally and technically potential areas overlap
with major concern areas regardless of the risk assessment model used.
Currently, the requirements in the Act to establish promoting zones do
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not include concrete criteria for evaluating the impact on ecosystem;
however, this study reinforces their importance. By identifying suitable
areas in the planning stage, the risk of reworking EIA especially in me-
dium or major concern areas is expected to reduce. The importance of
assessment or monitoring before starting work on installing offshore
wind farms is emphasized. Based on these pre-assessments, the wind
farms can be oriented to adaptive management, such as designing the
turbine layout or size.

Limitations exist in the analysis using these quantification models.
For example, because some risk parameters were determined by expert
elicitations, periodical relook on assumptions or SSI models by
measuring biological data such as displacements is needed. Moreover,
WSI does not directly assess the impact on the reduction of populations,
as it is a relative index that depends on the number and variety of sea-
birds. Because this study focuses on the assessment of the first site se-
lection by the government, careful examination based on experiments
will be required for the EIA to be performed by selected developers.
Although this study only focused on breeding seabirds, which is espe-
cially important in Hokkaido, it should be noted that non-breeding or
migratory birds may pass the shore of Hokkaido throughout the year.
Tracking studies and ship surveys have shown that non-breeding (e.g.,
juveniles) or migratory seabirds, such as kittiwakes, gulls, albatrosses,
shearwaters, and phalaropes visit the shore of Hokkaido [41-47].
Further assessment of these birds in broader areas will enhance the
comprehensive risk assessment of seabirds.

It should be noted that the population density used in the model is
not based on empirical data but is an estimated value based on colony
data. For a more detailed assessment using WSI, especially for non-
breeding or migratory birds, the measured density of seabirds at sea
obtained from national or local government projects can be used. In
European countries, distribution density data on seabirds are obtained
throughout the year, including both the non-breeding and breeding
seasons. Distribution densities are measured by airplanes or boats under

Appendix A
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national projects spanning 10-30 years. Although such density data
have not been developed in Japan, some studies have attempted to
identify foraging areas and flight routes of seabirds by attaching GPS
loggers or radio transmitters to seabirds [48-52]. Data from these ap-
proaches will be helpful for a more detailed assessment using the WSI.

Although assessments or legal criteria regarding potential risk to
biology are inadequate, Japan has already started determining pro-
moting zones for the installation of offshore wind farms. The approach
of integrating risk assessment models for seabirds in a spatial context to
identify potential areas for offshore wind energy development is useful
especially in areas with abundant seabird habitats as in Hokkaido. The
results of this study are expected to contribute toward the expansion of
offshore wind turbines and preserving regional biology.
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To assess the SSI, this study referred to the distribution percentages of the same or related species in the altitude related to that of the offshore wind
turbine for assessing the number of colonies for biological population size, adult survival, and conservation status. Table A.1 shows the summary of the
characteristics of the studied seabirds for assessing the SSI. The scores of some species were referred to those of related species as shown in Table A.2.

Table A.1
Characteristics of the studied seabirds for assessing the SSI.

Family Species Number of nests Adult survival rate [%] Conservation status

Alcidae Common Murre 9 87-95 Critically endangered (CR)
Ancient Murrelet 22 77 Critically endangered (CR)
Tufted Puffin 0 94.2 Critically endangered (CR)
Spectacled Guillemot 304 80 Vulnerable (VU)
Rhinoceros Auklet 474,308 94.2 -

Laridae Slaty-backed Gull 3769 91 Near threatened (NT)
Black-tailed Gull 25,684 79-92 -

Phalacrocoracidae Japanese Cormorant 3176 88 -
Pelagic Cormorant 106 95 Endangered (EN)
Red-faced Cormorant 34 95 Critically endangered (CR)
Great Cormorant 653 88 -

Procellariidae Leach’s Storm-petrel 704,260 73-93
Streaked Shearwater 120 93-94
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Table A.2
Related species for score.

Marine Policy 160 (2024) 105982

Family Species Related species for score Related species Related species for macr
for survival rate avoidance and RSZ
Alcidae Common Murre - - -
Ancient Murrelet Little Auk - -
(Alle alle)
Tufted Puffin Atlantic Puffin Atlantic Puffin -
(Fratercula arctica) (F. arctica)
Spectacled Guillemot Black Guillemot - Pigeon Guillemot
(Cepphus grille) (C. columba)
Rhinoceros Auklet Atlantic Puffin Atlantic Puffin -
(F. arctica) (F. arctica)
Laridae Slaty-backed Gull Herring Gull Herring Gull Herring Gull
(Larus argentatus) (L. argentatus) (L. argentatus)
Black-tailed Gull Common Gull California Gull Ring-billed Gull
(L. canus) (L. californicus) (L. delawarensis)
Phalacrocoracidae Japanese Cormorant Great Cormorant Great Cormorant Brandt’s Cormorant
(Phalacrocorax carbo) (P. carbo) (P. penicillatus)
Pelagic Cormorant European Shag - -
(P. aristotelis)
Red-faced Cormorant European Shag Pelagic Cormorant Pelagic Cormorant
(P. aristotelis) (P. pelagicus) (P. pelagicus)
Great Cormorant - - Brandt’s Cormorant
(P. penicillatus)
Procellariidae Leach’s Storm-petrel - - -
Streaked Shearwater Manx Shearwater Short-tailed Shearwater Flesh-footed Shearwater
(Puffinus puffinus) (P. tenuirostris) (P. carneipes)
References [18] B. Sheridan, S.D. Baker, N.S. Pearre, J. Firestone, W. Kempton, Calculating the
offshore wind energy resource: robust assessment methods applied to the U.S.
Atlantic Coast, R . Ei Vol 43 (2012) 224-233.
[1] Prime Minister of Japan and His Cabinet, Speeches and Statements by the Prime antic £oas ,.H.enew qglrgy ° ( Ki ) illiland d multinl
Minister, 2020. (last access: 10 Sep 2023)(https://japan.kantei.go.jp/99 suga/sta [19] S.J. Boyes, M. Elliot, .M. Thomson, S. Atkins, P. Gilliland, A proposed multiple-use
. t/,20201(.)/ 00006.ht i h v . . o - zoning scheme for the Irish Sea: an interpretation of current legislation through the
21 T;rzegnovemment,of Japa-n rgn/-;.itegic Energy Plan, 2018, (last access: 10 Sep 2023) use of GIS-based zoning approaches and effectiveness for the protection of nature
| X R > ) N ’ C - conservation interests, Mar. Policy Vol 31 (3) (2007) 287-298.
‘\}jlcng ;é/r/ww‘llzﬁncdcf}j o.meti.go.jp/en/category/others/basic plan/5th/pdf/strate [20] Ministry of Environment, Entrusted Work Concerning the Development and
[3] I%Ai[;isn’yggf_llemI;Zm; Technology and Industry Web site [In Japanese]. (last access: Disclosure of Basic Zoning Information Concerning Renewable Energies (FY 2019),
’ . . . (http: . able-
10 Sep 2023) (https://www.enecho.meti.go.jp/category/saving_and_new/saiene 2019 [Iq Jlapaneseq (last acce}:)s]s 10 Sep 2023)(http }ﬁ/wlv:/w renewable-energ
Jstatistics/index. html) y-potentia .clnv.go.Jp/chcwa ;:fE;crgy/rc%ort/:lm.k tml). " ook
e ' I 21] Internati E A, , O Wind O 2019: W E Out
[4] Japanese Law Translation Act on Promoting the Utilization of Sea Areas for the (21 Sn :cin.:ll ;:e m:)rt n;(r)gl); gency shore Wind Dutioo orid knergy Qutloo
Development of Marine Renewable Energy Power Generation Facilities, Act of No. P port, . . . .
89 2018.last access 10 Sep 2023 [22] A. Yamaguchi, T. Ishihara, Assessment of offshore wind energy potential using
§ ) soscal del and aphic information system, . Ei 1
[5] E.Dornhelm, H. Seyr, M. Muskulus, Vindby - A serious Offshore Wind Farm Design ?;;OZ)C ;(6)611—1;1; and geographic information system, Renew. Energy Vol 69
Game, Energies Vol. 12 (8) (2019). C . . .
[6] H. Farr, B. Ruttenberg, R.K. Walter, Y. Wang, C. White, Potential environmental [23] H. Obane, V. Nagai, K. As:?no, Asse§51ng potenn‘al areas for offshore; wind energy
effects Z;f deepwater ﬂ:)ating offsho;e wind e;mrgy facil’ities Ocean Coast. Manag development based on national zoning and possible social conflicts in Japan, Mar.
’ o : Policy Vol 129 (2021) 1-11.
Vol 207 (2021). Lo . .
[7] M. Senzaki, A. Terui, A. Tomita, F. Sato, Y. Fukuda, Y. Kataoka, Y. Watanuki, Long- [24] Biodiversity Center of Japan, Sea bird colony data base [In Japanese]. (last access
) Lo e B g 10 Sep 2023)(https://www.sizenken.biodic.go.jp/seabirds/).
E;g;s)cdmcs in common breeding seabirds in Japan, Bird. Conserv. Int. Vol 30 (3) [25] D.A. Croll, et al., Framework for assessing and mitigating the impacts of offshore
8] RW Fllrness HLM. Wade. E.A. Masden. Assessing vulnerability of marine bird wind energy development on marine birds, Biol. Conversat. Vol 276 (2022).
px.)pL.lhtions t’o o.ffsilore in11 d féirms 3 l;nviron I\Emag Vol 11}; (2013) 5666 [26] Joint Nature Conservation Committee, JNCC seabird distribution and abundance
) " e e data (all trips) fi ESAS database.
[9] S. Garthe, O. Hiippop, Scaling possible adverse effects of marine wind farms on [27] CaJaS(ZmengS)V\;:t?; C Bar::) : ?\IseRatcliffe T.C. Reed. M.L. Tasker. C.J
seabirds: Developingand applying a vulnerability index, Journal of Applied C. . h ik — K k,‘ A 1 f’ y b d d" b TS th
Ecology, Vol 41, 2004 amphuysen, M.W. Pienkows] bl, n a}t1 as of seabird distribution in north-west
J ’ ) E N P ISBN 1 1 2,1 .
[10] G. Bradbury, M. Trinder, B. Furness, A.N. Banks, R.W.G. Caldow, D. Hume, [28] Jgollz:clll ‘l;vaGteIfls’lé]vaig’S ;tef\lo‘;l;(l)ll:igd ’e SAtlas :f7 gzgicegai d’ist?igbition in north-
Mapping seabird sensitivity to offshore wind farms, PLOS ONE Vol 12 (1) (2014). V\;e;t Eur:) e':al; v;laters ’JNCC Peterbofoil h. ISBN 1 86107 550 2. 2003
[11] E.C. Kelsey, J.J. Felis, M. Czapanskiy, D.M. Pereksta, J. Adams, Collision and [29] LM SoanIer JA. Bri ’ht L P’An ol J Pf ;\rnould M. Bolton M’ Berli‘ncourt
displacement vulnerability to offshore wind energy infrastructure among marine B. L;"iscelles JE IO;/vengB ’Sir.m:'»n—Bgul;et. JA Green. ISeﬁ;lin maJrine. important b’ird
birds of the Pacific Outer Continental Shelf, J. Environ. Manag. Vol 227 (1) (2019) o .’ ‘h P i di T h ol ’ J P
999947 areas: testing the oragmgkra 1uskap;pr1(:ac , Biol. Conserv. 196 (2016) 69—19.
) E.A. M AS.CP. A. i . B N.H.K.B .B. Tl
[12] M.W. Goodale, A. Milman, C.R. Griffin, Assessing the cumulative adverse effects of (301 When :Sg::il,maft:rs‘ 'Ii‘?eoil;‘l or(éagczso;et’liwht :f:g’in an avi::?:[c:ilicsion ri:lf ter,
offshore wind energy development on seabird foraging guilds along the East Coast model. l::nvironment‘al Im aclz Assessment I%eviesv vol 90, 2021
of the United States, Environmental Research Letters, Vol 14 (7). [31] H.M \;Va de. EA. Masden. PA C. Jackson. R.W. Furx,less Inc,or ora-itin data
[13] A. Shavykin, A. Karnatov, The issue of using ordinal quantities to estimate the I h i AR ial ! l‘ y bili ; 'ph ) bg. d .
vulnerability of seabirds to wind farms, J. Mar. Sci. Eng. Vol 10 (11) (2022). uncertainty when estimating potential vu nerability o Scottish seabirds to marine
[14] Wind EUROPE, Unleashing Europe’s O%fshore Wind Potential. 2017 renewable energy developments, Mar. Policy vol 70 (2016) 108-113.
[15] F. Boero, et al., CoCoNet: towards coast to coast networks of marine protected [32] A'S'.C.'P'COOk’ E.M.Humphreys, E.A.Masd.en, N'H.' If.Burton, The avt?ldance rates of
areas (from the shore to the high and deep sea), coupled with sea-based wind collision between birds and offshore turbines, British Trust for Ornithology report,
N ) I N 2014.
energy potential, Sci. Res. Inf. Technol. Vol 6 (2016) 1-95. [33] J?u:n &2::8 r(:a ‘l‘ﬂc Data Center, 500 m Gridded Bathymetry-sounding Data,
[16] S. Cavazzi, A.G. Dutton, An Offshore Wind Energy Geographic Information System P grap 'h’ ./ /idoss.iodc Y . h 8 £l ’h
(OWE-GIS) for assessment of the UK’s offshore wind energy potential, Renew. 2020. (last access 10 Sep 2023)(https://jdoss1.jodc.go.jp/vpage/depth500 file.ht
Energy Vol 87 (2016) 212-228. [34] I;It;v Energy and Industrial Technology Development Organization, NeoWins, 2020
[17]1 B. Nie, J. Li, Technical potential assessment of offshore wind energy over shallow 8y (34 P & ’ >

continent shelf along China coast, Renew. Energy Vol 128 (2018) 391-399.

11

[in Japanese]. (last access 10 Sep 2023)(https://appwdcl.infoc.nedo.go.jp/Nedo
_Webgis/top.html).


https://japan.kantei.go.jp/99_suga/statement/202010/_00006.html
https://japan.kantei.go.jp/99_suga/statement/202010/_00006.html
https://www.enecho.meti.go.jp/en/category/others/basic_plan/5th/pdf/strategic_energy_plan.pdf
https://www.enecho.meti.go.jp/en/category/others/basic_plan/5th/pdf/strategic_energy_plan.pdf
https://www.enecho.meti.go.jp/category/saving_and_new/saiene/statistics/index.html
https://www.enecho.meti.go.jp/category/saving_and_new/saiene/statistics/index.html
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref1
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref1
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref2
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref2
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref2
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref3
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref3
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref3
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref4
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref4
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref5
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref5
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref6
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref6
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref6
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref6
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref7
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref7
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref8
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref8
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref8
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref9
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref9
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref9
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref10
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref10
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref11
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref11
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref11
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref12
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref12
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref12
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref12
http://www.renewable-energy-potential.env.go.jp/RenewableEnergy/report/r01.html
http://www.renewable-energy-potential.env.go.jp/RenewableEnergy/report/r01.html
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref13
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref13
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref13
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref14
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref14
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref14
https://www.sizenken.biodic.go.jp/seabirds/
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref15
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref15
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref16
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref16
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref16
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref17
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref17
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref17
https://jdoss1.jodc.go.jp/vpage/depth500_file.html
https://jdoss1.jodc.go.jp/vpage/depth500_file.html
https://appwdc1.infoc.nedo.go.jp/Nedo_Webgis/top.html
https://appwdc1.infoc.nedo.go.jp/Nedo_Webgis/top.html

H. Obane et al.

[35]

[36]

[37]

[38]

[39]
[40]

[41]

[42]

[43]

Ministry of Land, Information, Transport and Tourism, National Land Numerical
Information download service, 2020 [In Japanese]. (last access 20 Mar 2021)(htt
ps://nlftp.mlit.go.jp/index.html).

Ministry of Land, Information, Transport and Tourism, MDA situational indication
linkages, 2020. (last access 10 Sep 2023) (https://www.msil.go.jp/msil/htm/main.
html?Lang=1).

Adams J., Kelsey E.C., Felis J.J., Pereksta D.M., Collision and displacement
vulnerability among marine birds of the California Current System associated with
offshore wind energy infrastructure, United States Geological Survey, Open-File
Report 2016-1154, 2016.

Toda Corporation website, Sakiyama 2MW Floating offshore wind turbine. (last
access 10 Sep 2023)(https://www.toda.co.jp/business/ecology/special /pdf/
sakiyama2mw _e.pdf).

Fukushima Offshore Wind Consortium website. (last access 10 Sep 2023)(htt
p://www.fukushima-forward.jp/english/).

ECOFYS, Translate COP21 2045 outlook and implications for offshore wind in the
North Seas — Public report —, 2017. (Accessed 10 September 2023).

K. Kurasawa, K. Hirata, Seasonal change of marine avifauna in Tsugaru Strait,
Northern Japan, Bird Research, Vol 17, pp. 31-44, 2021. [In Japanese with English
abstract] https://doi.org/10.11211/birdresearch.17.A31.

S.A. Shaffer, Y. Tremblay, H. Weimerskirch, D. Scott, D.R. Thompson, P.M. Sagar,
H. Moller, G.A. Taylor, D.G. Foley, B.A. Block, D.P. Costa, Migratory shearwaters
integrate oceanic resources across the Pacific Ocean in an endless summer, Proc.
Natl. Acad. Sci. Vol 103 (34) (2006) 12799-12802.

M.J. Carey, R.A. Phillips, J.R.D. Silk, S.A. Shaffer, Trans-equatorial migration of
Short-tailed Shearwaters revealed by geolocators, Emu- Austral Ornithol. Vol 114
(4) (2014) 352-359.

12

[44]

[45]

[46]

[47]
[48]

[49]

[50]

[51]

[52]

Marine Policy 160 (2024) 105982

O. Glig, R.S.A. van Bemmelen, H. Lee, J. Park, H. Kim, W. Lee, K. Sokolovskis, D.
V. Solovyeva, Flyways and migratory behaviour of the Vega gull (Larus vegae), a
little-known Arctic endemic, PLOS ONE vol 18 (2) (2023), e0281827.

R.M. Suryan, F. Sato, G.R. Balogh, K.D. Hyrenbach, P.R. Sievert, K. Ozaki, Deep Sea
Research Part II: Topical Studies in Oceanography, Vol 53(3-4), pp. 370-386,
2006.

R.A. Orben, A.J. O’Connor, R.M. Suryan, K. Ozaki, F. Sato, T. Deguchi, Ontogenetic
changes in at-sea distributions of immature short-tailed albatrosses Phoebastria
albatrus, Endanger. Species Res. vol 35 (2018) 23-37.

E.A. Schreiber, J. Burger, Biology of marine birds, 1st Edition, CRS Press, 2001.
K. Kazama, B. Nishizawa, S. Tsukamoto, J.E. Gonzalez, M.T. Kazama, Y. Watanuki,
Male and female Black-tailed Gulls Larus crassirostris feed on the same prey species
but use different feeding habitants, J. Ornithol. 150 (2018) 923-934.

J. Burger, L.J. Niles, R.R. Porter, A.D. Dey, S. Koch, C. Gordon, Using a shore bird
(red knot) fitted with geolocators to evaluate a conceptual risk model focusing on
offshore wind, Renew. Energy Vol 43 (2012) 370-377.

J.V. Lane, R. Jeavons, Z. Deakin, R.B. Sherley, C.J. Pollock, R.J. Wanless, K.

C. Hamer, Vulnerability of northern gannets to offshore wind farms; seasonal and
sex-specific collision risk and demographic consequences, Mar. Environ. Res. Vol
162 (2020).

K. Mikami, K. Kazama, M.T. Kazama, Y. Watanuki, Mapping the collision risk
between two gull species and offshore wind turbines: Modelling and validation,
J. Environ. Manag. Vol 316 (2022), 115220.

1.J. Stenhouse, A.M. Berlin, A.A. Gilbert, M.W. Goodale, C.E. Gray, W.A.
Montevecchi, L. Saboy, C.S. Spiegel, Assessing the exposure of three diving bird
species to offshore wind areas on the U.S. Atlantic Outer Continental Shelf using
satellite telemetry, Diversity and distribution, vol 26 (12), pp. 1703-1714.


https://nlftp.mlit.go.jp/index.html
https://nlftp.mlit.go.jp/index.html
https://www.msil.go.jp/msil/htm/main.html?Lang=1
https://www.msil.go.jp/msil/htm/main.html?Lang=1
https://www.toda.co.jp/business/ecology/special/pdf/sakiyama2mw_e.pdf
https://www.toda.co.jp/business/ecology/special/pdf/sakiyama2mw_e.pdf
http://www.fukushima-forward.jp/english/
http://www.fukushima-forward.jp/english/
https://doi.org/10.11211/birdresearch.17.A31
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref18
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref18
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref18
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref18
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref19
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref19
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref19
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref20
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref20
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref20
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref21
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref21
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref21
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref22
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref23
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref23
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref23
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref24
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref24
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref24
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref25
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref25
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref25
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref25
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref26
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref26
http://refhub.elsevier.com/S0308-597X(23)00515-8/sbref26

	Assessing areas suitable for offshore wind energy considering potential risk to breeding seabirds in northern Japan
	1 Introduction
	2 Methodology
	2.1 Overview of the assessment model
	2.2 Risk assessment model for seabirds
	2.3 Identifying potential areas for the development of offshore wind energy systems

	3 Assumptions
	3.1 Studied area and species
	3.2 Population density
	3.3 SSI
	3.4 Technological assumptions on offshore wind turbines

	4 Results and discussion
	4.1 Level of concern based on WSI
	4.2 Level of concern in the potential promoting zone for offshore wind farms
	4.3 Area-wide level of concern in the potential promoting zones

	5 Conclusions and political implications
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	Appendix A
	References


