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Abstract
The multiple uses of marine space and the synergies among their effects require a systematic assessment of cumulative
impacts, especially amid the growing blue economy and offshore wind expansion, which interact with existing human
activities in an impacted seascape. Cumulative Impact Assessment (CIA) has become essential for systematically managing
complex environmental interactions. Clear legal requirements for CIA are crucial to supporting better-informed decision-
making, improving environmental governance, and fostering the implementation of CIA into practices. This study aims to
compare the legal requirements related to CIA applied to the early planning and development phases of offshore wind energy
(OWE) in the United Kingdom, the Netherlands, the United States, and Canada, offering guiding elements for designing or
restructuring CIA regulations for offshore wind markets. We conducted a comprehensive scholarly and gray literature review
to identify the key federal legislation related to CIA applied for OWE, which was then comparatively analysed using a set of
core questions. The key findings are (1) Clear legislation is foundation to CIA practice; (2) Definition of cumulative impacts
is key to guiding CIA implementation; (3) CIA requirements are crucial at various planning levels, from marine spatial
planning to project-level assessments; (4) CIA regulations should consider collaboration, clear roles, and shared
accountability among institutions and sectors; and (5) Stakeholder engagement and public consultation should be ensured
throughout all the CIA steps. These elements may be used to support countries that have not yet adopted CIA, as well as
those seeking to strengthen its implementation in offshore wind development.

Keywords Cumulative impacts ● Environmental impact assessment ● Marine and coastal environment ● Marine and coastal
management

Introduction

Offshore wind energy (OWE) is rapidly growing globally
due to the expected shift to a low-carbon economy. While it
offers climate benefits, it can also have a significant impact
on marine biodiversity, fisheries, and coastal communities.
Therefore, it is crucial to evaluate the environmental and
social consequences of OWE expansion, along with other
existing pressures and impacts in a region. Cumulative

impacts (or effects) are environmental changes caused by
multiple interactions among human activities and natural
processes that accumulate across space and time (CCME—
Canadian Council of Ministers of the Environment (2014).

To assess these impacts, it is essential to understand how
ecosystems respond to various disturbances caused by
multiple stressors (Raoux et al. 2018), supported by prin-
ciples and frameworks such as ecosystem-based manage-
ment, integrated marine and coastal management, and the
Sustainable Development Goals. In this context, the issues
to be addressed regarding the expansion of OWE relate to
ensuring its compatibility with the multiple uses of marine
space (Schupp et al. 2021), including fishing, tourism, and
oil and gas activities, while not jeopardizing biodiversity
and the efforts to protect it. Managing incremental changes
caused by continuum effects is considered the greatest
challenge in marine management (Willsteed et al. 2018a),
calling for an assessment on how various activities and
processes cumulatively impact the environment (Willsteed
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et al. 2023). The lack of adequate assessment of cumulative
impacts from offshore developments can severely impact
sensitive species (Caine 2020).

Several countries have recognized the critical role of
Cumulative Impact Assessment (CIA), also referred to as
Cumulative Effect Assessment (CEA), in the strategic
governance and management of coastal and marine eco-
systems (Willsteed et al. 2023). However, despite the
increasing acknowledgment of cumulative impacts, chal-
lenges persist in leveraging its practice (Willsteed et al.
2018b; Blakley and Russell 2022; Hollarsmith et al. 2022;
Greaves and Parrott 2024), particularly in integrating CIA
into policies and planning (Willsteed et al. 2023). This may
involve fragmented legislation and regulations, as well as
policies that inadequately address cumulative impacts,
along with a lack of guidance on assessing and managing
these impacts (Davies et al. 2020; Olagunju et al. 2021).

Therefore, there is a pressing need for clearly defined
policies and regulations that fully address cumulative
impacts assessment to effectively reconcile environmental
and socio-economic trade-offs (Kuempel et al. 2025). Clear
and transparent requirements are needed to guide the
effective implementation of CIA at both project and stra-
tegic levels (RenewableUK 2013), while regulatory and
legislative frameworks play a pivotal role in integrating CIA
into mainstream practices (Olagunju et al. 2021). Addres-
sing these challenges requires concerted efforts from pol-
icymakers, practitioners, and stakeholders to develop
cohesive strategies that improve the effectiveness of the
CIA (Ma et al. 2012), based on sound scientific evidence.

Building on the recognition that understanding how
requirements of cumulative effects are addressed in national
EIA laws can facilitate implementation in other contexts
and contribute to the development of international best
practices (Nelson and Shirley 2023), and current CIA
practices offer a valuable source of insight (Hague et al.
2022), this study aims to compare the legal requirements
related to CIA applied to the early planning and develop-
ment phases of OWE in the United Kingdom, the Nether-
lands, the United States and Canada, offering guiding
elements for designing or reframing CIA regulations related
to offshore wind markets. The chosen countries have either
established OWE projects or are actively planning their
development, ensuring relevance to the study’s focus. They
have also demonstrated concerns about cumulative impacts
on marine and coastal environments, particularly related to
interactions with other sectors. This paper is organized into
six sections. Next section (Section “Cumulative Impact
Assessment and Its Relevance to the Offshore Wind Energy
Sector”) provides an overview of CIA and its importance in
the context of offshore wind energy. The details of the
research methods are presented next (Section “Method”).
Section “Regulation Review” presents the results of the

regulatory review of CIA requirements in each selected
country. The comparative analysis and the identification of
guiding elements of CIA legislation, which may be valuable
to other contexts, are addressed in Section “Comparative
Analysis and Discussions on Guiding Elements of CIA
Legislation”. Finally, Section “Conclusion” synthesises the
guiding elements identified for strengthening CIA reg-
ulatory frameworks and suggests future research
opportunities.

Cumulative Impact Assessment and Its
Relevance to the Offshore Wind
Energy Sector

Cumulative impacts are increasingly discussed in various
countries, especially in jurisdictions with advanced marine
management policies and legal frameworks at both the
project and strategic levels, such as the European Union and
the United Kingdom (Declerck et al. 2023; Willsteed et al.
2023).

As cumulative impacts gain prominence in regulatory
and planning discussions, CIA has become a vital tool for
systematically addressing these complex interactions by
establishing and evaluating connections among multiple
activities that have various effects on different ecosystem
components (Judd et al. 2015). By integrating CIA into
decision-making, especially in regions with a high con-
centration of OWE developments, authorities can make
better-informed choices by alleviating significant cumula-
tive effects (Ma et al. 2009; Connelly 2011; IFC - Inter-
national Finance Corporation (2013) and improving sectoral
or regional planning (Harriman and Noble 2008).

Given the complexity of understanding cumulative
effects, incorporating their assessment into spatial planning
and environmental studies is crucial (Hernandez et al.
2021), particularly when multiple overlapping activities
jeopardize ecosystem functions (Stephenson et al. 2019).
Various CIA approaches can be applied at both project and
strategic levels, each serving different roles and deliverables
(Harriman and Noble 2008; Kaveney et al. 2015; Sinclair
et al. 2022; Sánchez 2023). In addition to assessing chal-
lenges, the long-term monitoring of cumulative impacts
remains a complex task in the context of OWE, as the
identification of appropriate indicators necessitates con-
sideration of ecological processes at broader spatial and
temporal scales (Rezaei et al. 2023).

Cumulative impacts are especially pronounced when
“different phases of OWF1 development, happening
simultaneously in an area, each have different pressures and
impacts on the environment over different periods of time”

1 Offshore wind farm.
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(Nordic Energy Research 2022, p. 42). These impacts are
often overlooked when assessing only a single wind farm
(Köller et al. 2006). As an example of cumulative impacts
of OWE, Berkenhagen et al. (2010) pointed out that the
fisheries industry can be impacted by decreased opportu-
nities to catch valuable species when several wind farms are
proposed in the same region. Another potential cumulative
impact arises from noise generated by pile driving at mul-
tiple wind farms, which can affect marine mammals at the
population level (Bailey et al. 2014). Additionally, during
decommissioning, increased vessel traffic and underwater
noise can further contribute to cumulative disturbances
affecting marine mammal populations (Hall et al. 2022).
Other offshore and coastal activities must also be con-
sidered, as they contribute to cumulative impacts (Renew-
able UK 2013).

Given these cumulative impacts, early and comprehen-
sive planning is essential for the OWE sector. The CIA’s
contributions to early planning may benefit the sector in
different ways (Fig. 1), influencing the decision-making
process, as discussed by Ferguson et al. (2024). It can be
integrated into marine spatial plans, particularly by identi-
fying areas with high pressures and sensitive ecosystems
(Hammar et al. 2020), therefore supporting the achievement
of Good Environmental Status (Kirkfeldt and Andersen
2021). In addition, CIA can support the definition of areas
for the leasing process, and the development phase, which
involves environmental approval and licensing procedures.

Method

The comparative analysis of the CIA legal requirements
involved in the planning and development of OWE in
selected countries aimed to serve as a potential guiding
resource for policymakers and regulatory bodies seeking to
create, adapt, or refine their frameworks in alignment with

the evolving landscape of CIA implementation related to
OWE.

The countries were selected considering (i) existing or
planned OWE projects; (ii) concerns regarding the cumu-
lative impacts on the coastal and marine environment from
OWE projects; (iii) history of legal requirements to consider
cumulative impacts; (iv) availability and accessibility of
academic and grey literature; and (v) prior knowledge and
experience in EIA systems of the authors. These criteria
were applied based on preliminary scans of available lit-
erature, legal documents, and institutional frameworks
across several countries. This selection does not imply that
the chosen countries have the best practices, nor does it
encompass all countries that meet these criteria. The
selection was also influenced by the availability of infor-
mation in scientific and technical literature and public
documents related to CIA. The selected countries were the
United Kingdom, the Netherlands, the United States of
America, and Canada, as detailed below.

The United Kingdom (UK) significantly contributes to
the world’s installed offshore wind capacity (14.7 GW),
being the largest offshore wind market in Europe and the
second largest in the world (GWEC—Global Wind Energy
Council (2024). The assessment of cumulative impacts has
been required since 1985 under European Directive 85/337/
EEC. Currently, with the United Kingdom outside the
European Union, The Town and Country Planning (Envir-
onmental Impact Assessment) Regulations 2017 require the
need to consider the accumulation of effects with other
existing and/or approved projects. Concerns about embra-
cing a comprehensive marine management strategy that
incorporates cumulative effects derived from human activ-
ities, such as offshore wind projects, has a potential to
increase in UK waters, especially due to the adoption of
national planning policies (Willsteed et al. 2018b; Declerck
et al. 2023), as well as considering the requirements for
project approvals, with the significance of CIA growing for

Fig. 1 Main contributions of
Cumulative Impact Assessment
(CIA) to the early planning and
development stages in the
offshore wind energy sector.
Source: Prepared by the authors
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renewable energy developments (Masden et al. 2015). In
addition, there is a specific guideline for cumulative impact
assessment in offshore wind farms (RenewableUK 2013).

The Netherlands is the fourth largest producer of off-
shore wind energy in the world, and the third in Europe,
with 4.8 GW installed and 1.9 GW of new capacity com-
missioned in 2023, being the largest market in Europe
considering new additions (GWEC - Global Wind Energy
Council (2024). The requirement to consider cumulative
effects in combination with other plans and projects has
been established since the 1998 Nature Conservation Act.
Additionally, recognizing the importance of evaluating
cumulative impacts in future decisions regarding offshore
wind energy, as mentioned in the 2016–2021 North Sea
Policy Document for the Dutch sector, the tool Framework
for Assessing Ecological and Cumulative Effects was cre-
ated to evaluate the potential cumulative impacts on species
populations.

The United States is the only market with offshore wind
development in operation in the Americas. There is an
expectation of a significant and rapid increase in offshore
and onshore wind energy to achieve the carbon emission
reduction targets with the Inflation Reduction Act of 2022.
In 2023, the total installation was 42MW (GWEC - Global
Wind Energy Council (2024). The assessment of cumula-
tive impacts under the 1969 National Environmental Policy
Act (NEPA) documents was first required by the Council on
Environmental Quality (CEQ) regulations in 1978, which
inspired similar requirements in several other countries,
including CIA. Concerns regarding the rapid growth of the
offshore wind sector on the South and North Outer Con-
tinental Shelf have led to the development of a cumulative
impacts scenario framework intended for use in NEPA
analyses (BOEM—Bureau of Ocean Energy Management

(2019); BOEM—Bureau of Ocean Energy Management
(2020).

Canada is an emerging player in the offshore wind
sector. The country has the longest coastline globally, with
a technical potential of 9.3 TW2. A new legislative frame-
work for offshore renewable energy was introduced in 2023
(Bill C-49)3. The assessment of cumulative impacts is a
requirement for future projects since the Canadian Envir-
onmental Assessment Act, which came into force in 1995.
Although the offshore wind energy sector is still in the
initial phases, the country has a historical and meaningful
CIA practice that can be reflected in the planning and
development of OWE. Currently, the progress of the OWE
is mainly focused on Nova Scotia and Newfoundland and
Labrador provinces, with the development of Regional
Assessments in each province to inform future planning,
licensing processes, and impact assessments, considering
cumulative impacts4.

The comparative analysis of the legal requirements was
conducted in four steps (Fig. 2), inspired by the methodo-
logical approach applied by similar comparative studies
(e.g. Loza and Fidélis 2022; Nelson and Shirley 2023).
These steps are detailed below, which supported the dis-
cussion of the findings for improving CIA regulation
applied to the OWE sector.

Fig. 2 Steps for the comparative
analysis of legal requirements
for Cumulative Impact
Assessment (CIA) in the
offshore wind energy (OWE)
sector in the selected countries
and the identification of key
guiding elements for designing
or restructuring CIA regulation.
Source: Prepared by the authors

2 Source: https://gwec.net/wp-content/uploads/2021/06/Canada_Offshore-
Wind-Technical-Potential_GWEC-OREAC.pdf. Accessed 18 Jan. 2024.
3 Source: https://www.parl.ca/documentviewer/en/44-1/bill/C-49/second-
reading. Accessed 23 May 2024.
4 Available at: https://iaac-aeic.gc.ca/050/evaluations/proj/83514?culture=
en-CA and https://iaac-aeic.gc.ca/050/evaluations/proj/84343?culture=en-
CA.
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Legislation identification

The identification of legislation for analysis was primarily
guided by a review of academic literature related to the
planning and development of OWE at the national level in
the target countries. The review focused on documents that
mention and/or discuss legal requirements related to CIA in
these countries, specifically applied to offshore wind farms or
marine renewable energies, such as Willsteed et al. (2023)
and Hollarsmith et al. (2022). The Scopus and ScienceDirect
databases were used to gather the academic literature.

In addition, a gray literature review was conducted by
examining available documents on the websites of govern-
ment agencies responsible for approving OWE projects.
These agencies were identified through literature discussing
the regulatory framework for OWE (e.g., Vasconcelos et al.
2022 and GWEC - Global Wind Energy Council (2024). The
search for legislation was concentrated exclusively on key
national laws related to marine spatial planning, as well as
laws establishing requirements for EIA at the strategic (for
plans, programs, and policies), regional (for the assessment
of specific areas), and project (for project approvals) levels
that apply to the planning and development of the OWE
sector. This approach provided a more comprehensive view
of the regulatory landscape, as the offshore industry is pri-
marily regulated at the national level in the chosen countries,
creating a standardized regulatory system that ensures uni-
formity among sub-national jurisdictions.

Sub-national legislation and non-statutory regulations
(such as ministerial orders, normative instructions, and
resolutions issued by the Executive with legal force), as
well as technical guidelines associated with the reviewed
legislation were not considered, as they fall outside the main
objective of this study. The decision to focus on primary
legislation and not conduct an in-depth search in legal
portals may have implications for the scope of the findings.
Some specific requirements for CIA may be present in
supplementary regulations or operational guidelines that
were not captured in this review. However, we believe that
the analyzed instruments provide a representative overview
of the regulatory landscape and are sufficient to meet the
study’s objectives. Future research could expand this ana-
lysis to include subordinate regulations and specific sectoral
policies that also influence CIA practices.

Legislation review

The review of key legislation was conducted using a set of
core questions, grounded in key characteristics identified in
the literature as essential for improving CIA practice,
drawing on current CIA practice and recommendations
(Table 1). The main goal was to understand how different
regulators are addressing the specific requirements related to Ta

bl
e
1
C
or
e
qu

es
tio

ns
fo
r
an
al
yz
in
g
C
um

ul
at
iv
e
Im

pa
ct
A
ss
es
sm

en
t
(C
IA

)
re
qu

ir
em

en
ts
,b

as
ed

on
ke
y
ch
ar
ac
te
ri
st
ic
s
fo
r
im

pr
ov

in
g
C
IA

in
th
e
ea
rl
y
pl
an
ni
ng

an
d
de
ve
lo
pm

en
t
of

th
e
of
fs
ho

re
w
in
d
se
ct
or

in
se
le
ct
ed

co
un

tr
ie
s
(E
IA

,
E
nv

ir
on

m
en
ta
l
Im

pa
ct

A
ss
es
sm

en
t)

C
or
e
qu
es
tio

ns
K
ey

ch
ar
ac
te
ri
st
ic
s
of

C
IA

S
up
po
rt
in
g
re
fe
re
nc
es

(1
)
D
o
th
e
le
ga
l
pr
ov
is
io
ns

re
qu
ir
e
th
e
as
se
ss
m
en
t
of

cu
m
ul
at
iv
e
im

pa
ct
s?

M
ak
in
g
C
IA

m
an
da
to
ry
:
ne
ed

fo
r
cl
ea
r
le
gi
sl
at
io
n
an
d
st
at
ut
or
y
au
th
or
iti
es

to
im

pl
em

en
t
C
IA

ef
fe
ct
iv
el
y

M
as
de
n
et

al
.
(2
01
0)
;
W
är
nb
äc
k
an
d
H
ild

in
g-

R
yd
ev
ik

(2
00
9)
;
F
ol
ke
so
n
et

al
.
(2
01
3)

(2
)
D
o
th
e
le
ga
l
pr
ov
is
io
ns

de
fi
ne

th
e
te
rm

“
cu
m
ul
at
iv
e
im

pa
ct
”
or

“
cu
m
ul
at
iv
e

ef
fe
ct
”
?

U
nd
er
st
an
di
ng

cu
m
ul
at
iv
e
im
pa
ct
s:
th
e
pr
es
en
ta
tio

n
of

a
de
fi
ni
tio

n
of

cu
m
ul
at
iv
e

im
pa
ct
s
in

a
re
gu
la
to
ry

co
nt
ex
t
w
ill

su
pp
or
t
its

st
ra
ig
ht
fo
rw

ar
d
ap
pl
ic
at
io
n
at

th
e

di
ff
er
en
t
pl
an
ni
ng

le
ve
ls
an
d
w
ill

av
oi
d
an

un
ce
rt
ai
n
re
gu
la
to
ry

en
vi
ro
nm

en
t

B
ro
de
ri
ck

et
al
.
(2
01
8)
;
M
as
de
n
et

al
.
(2
01
0)

(3
)
D
o
th
e
le
ga
l
pr
ov
is
io
ns

re
qu
ir
e
th
e
as
se
ss
m
en
t
of

cu
m
ul
at
iv
e
im

pa
ct
s
at

pr
oj
ec
t,
re
gi
on
al

an
d/
or

st
ra
te
gi
c
le
ve
ls
?
D
o
th
e
le
ga
l
pr
ov
is
io
ns

re
qu
ir
e
th
e

us
e
of

in
fo
rm

at
io
n
fr
om

st
ra
te
gi
c
an
d
re
gi
on
al

as
se
ss
m
en
ts
to

pr
oj
ec
t-
le
ve
l

as
se
ss
m
en
t?

F
ra
m
in
g
C
IA

at
di
ffe
re
nt

le
ve
ls
:C

IA
is
ad
ap
ta
bl
e
to

va
ri
ou
s
pl
an
ni
ng

st
ag
es
,s
uc
h

as
st
ra
te
gi
c
an
d
re
gi
on
al

as
se
ss
m
en
ts
,
an
d
un
de
r
E
IA

at
th
e
pr
oj
ec
t-
le
ve
l.
T
he

tie
r

fr
om

st
ra
te
gi
c
an
d
re
gi
on
al
as
se
ss
m
en
ts
to

pr
oj
ec
t-
le
ve
lc
an

in
fl
ue
nc
e
th
e
de
ci
si
on
-

m
ak
in
g
pr
oc
es
s
of

pr
oj
ec
ts
ap
pr
ov
al
,
be
si
de
s
th
e
id
en
tifi

ca
tio

n
of

is
su
es

or
tr
en
ds

of
re
gi
on
al
re
le
va
nc
e
an
d
cu
m
ul
at
iv
e
si
gn
ifi
ca
nc
e,
as

w
el
la
s
th
re
sh
ol
ds

an
d
lim

its
to

be
re
sp
ec
te
d

B
la
kl
ey

an
d
N
ob
le

(2
02
1)

G
un
n
an
d
N
ob
le

(2
00
9)

H
al
pe
rn

et
al
.
(2
00
8a
)

W
ill
st
ee
d
et

al
.
(2
01
8b

)

(4
)
D
o
th
e
le
ga
lp

ro
vi
si
on
s
de
fi
ne

th
e
re
sp
on
si
bi
lit
ie
s
fo
r
as
se
ss
in
g
an
d
m
an
ag
in
g

cu
m
ul
at
iv
e
im

pa
ct
s?

Se
tti
ng

ro
le
s
an
d
re
sp
on
si
bi
lit
ie
s:

th
e
es
ta
bl
is
hm

en
t
of

ro
le
s
an
d
re
sp
on
si
bi
lit
ie
s

ar
e
ke
y
in

an
y
le
gi
sl
at
io
n
to

en
su
re

th
e
C
IA

im
pl
em

en
ta
tio

n
S
in
cl
ai
r
et

al
.
(2
01
7)

IF
C

-
In
te
rn
at
io
na
l
F
in
an
ce

C
or
po
ra
tio

n
(2
01
3)

(5
)
D
o
th
e
le
ga
l
pr
ov
is
io
ns

re
qu
ir
e
th
e
en
ga
ge
m
en
t
of

pu
bl
ic

pa
rt
ic
ip
at
io
n
in

st
ra
te
gi
c,

re
gi
on
al

an
d
pr
oj
ec
t-
le
ve
l
as
se
ss
m
en
ts
?

P
ro
m
ot
in
g
pu
bl
ic

pa
rt
ic
ip
at
io
n:

th
e
ea
rl
ie
r
en
ga
ge
m
en
t
of

st
ak
eh
ol
de
rs

is
co
ns
id
er
ed

vi
ta
l
in

al
l
fo
rm

s
of

en
vi
ro
nm

en
ta
l
im

pa
ct
as
se
ss
m
en
t
to

be
tte
r
ad
dr
es
s

is
su
es

of
co
nc
er
n
re
la
te
d
to

cu
m
ul
at
iv
e
im

pa
ct
s,
in
cr
ea
si
ng

tr
an
sp
ar
en
cy

an
d

ef
fe
ct
iv
el
y
in
fl
ue
nc
in
g
on

de
ci
si
on
-m

ak
in
g

H
am

m
ar

et
al
.
(2
02
0)

F
id
le
r
an
d
N
ob
le

(2
01
3)

S
ou

rc
e:

P
re
pa
re
d
by

th
e
au

th
or
s

Environmental Management (2025) 75:3025–3043 3029



the CIA for OWE during the planning and development of
the sector. Each legislation identified (Step 1) was first
searched by considering the following words related to
cumulative impacts: ‘cumulative’, ‘combined’, ‘combina-
tion’, ‘synergistic’, and ‘accumulation’5. After searching for
the terms, the context in which they were used was carefully
analyzed to respond to the defined core questions. The
answers to these questions were organized by country to
facilitate a more comprehensive comparative analysis.

Comparative analysis

The comparative analysis of CIA legal requirements was
organized considering the characteristics for improving CIA
practice listed in Table 1, derived from the literature review,
to identify similarities and differences between the selected
countries. The analysis was intended to show variations in
the legal landscape, providing insights for identifying
guiding elements that may influence policymakers and
promote dialogue on harmonizing legal requirements on
CIA for the offshore wind sector.

Identification of guiding elements

The identification of guiding elements for designing or
reframing CIA regulation was based on a comprehensive
analysis of the regulatory frameworks, grounded on the
existing literature on fundamental characteristics of CIA,
informed by the professional experience and expert judgment
of the authors. We have selected elements that highlight key
features of these systems, aligning with the issues explored in
the methods. The insights presented are generalizations drawn
from current practice (Morrison-Saunders et al. 2003)—in this
context, recent norms—focusing on identifying elements from
mature EIA systems that could be transferable or adaptable to
other contexts. In doing so, we aimed to contribute to a
broader discussion on strengthening CIA implementation in
both emerging and well-established regulatory frameworks for
the OWE sector. We acknowledge that the review has lim-
itations and could be improved by interviewing experts
knowledgeable of the jurisdiction where they work. Even so,
we recognize that the surveyed requirements fulfill the study’s
aim, and the guiding elements will be useful to direct future
studies with greater depth on key points of interest.

Regulation Review

The legal requirements related to the CIA in key national
legislation concerning marine spatial planning and EIA at

strategic, regional, and project levels for the OWE sector are
outlined by each selected country based on the set of core
questions defined for the regulation review (Table 1). Figure 3
summarizes the CIA’s adopted legal requirements during the
early planning and development stages of the OWE sector.

The United Kingdom

Several legislations in the United Kingdom require the
consideration of cumulative impacts in the early planning,
leasing, and project approval process of offshore wind
development, enacted by the United Kingdom Government
and the Devolved Administration6 (Kofahl and Northrup
2023).

Under marine planning, the Marine and Coast Access
Act 2009 regulates the sustainable use of the coastal and
marine space in the UK, integrating marine planning,
environmental protection and licensing process, with no
explicit mention of cumulative impacts, as the Marine Act
(Northern Ireland) 2013 and the Marine (Scotland) Act
2010.

The Marine Management Organisation (MMO)—a non-
departmental public body—is responsible for developing
marine plans in England, while in Scotland, Wales and
Northern Ireland government departments have this role7.

Regarding the leasing process, the Strategic Environ-
mental Assessment (SEA) has been applied to inform future
licensing round decisions for offshore energy develop-
ment8. The instrument is governed by the Environmental
Assessment of Plans and Programmes Regulations 2004 in
England, which requires the consideration of “the cumula-
tive nature of the effects” (Schedule 1, s. 2(b)) when
determining the likely significance of effects of a plan or
programme. Environmental reports should also consider
“cumulative and synergistic effects” (Schedule 2, s. 6). The
related legislation in Wales, Northern Ireland, and Scotland9

provides the same requirements. The regulations state the

5 The Netherlands’ laws were translated into English using the auto-
matic translation tool of the Microsoft Edge browser.

6 Devolved Administrations govern specific matters in Northern Ire-
land, Scotland and Wales.
7 Marine Scotland, Marine and Fisheries Division of Welsh Govern-
ment, and the Department for Agriculture, Environment and Rural
Affairs (DAERA), respectively.
8 In 2003, a SEA was undertaken to support site leases for offshore
wind farms in three strategic regions off the coasts of England and
Wales. In 2023, a SEA was conducted by the Department of Enter-
prise, Trade and Investment for the development of offshore wind and
marine renewable energy in Northern Ireland to support the identifi-
cation of locations for future developments. In Scotland, the Sectoral
Marine Plan for Offshore Wind Energy (2020) was subject to SEA, to
assess the draft plan option areas potentially suitable for wind energy
generation.
9 Environmental Assessment of Plans and Programmes (Wales)
Regulations 2004, Environmental Assessment of Plans and Pro-
grammes Regulations (Northern Ireland) 2004 and Environmental
Assessment (Scotland) Act 2005.
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need to ensure that consultation bodies and public con-
sultees have been given an effective opportunity to express
their opinion on the relevant documents. The responsible
authorities for preparing the SEA related to offshore energy
are the Department for Energy Security and Net Zero and
Marine Scotland.

Concerning the consenting process in inshore and
onshore waters, the MMO is responsible for projects up to
100MW in England and Wales. In contrast, the Planning
Inspectorate is responsible for projects classified as
Nationally Significant Infrastructure Projects (NSIPs). Local
planning authorities are statutory consultees in the process,
without any responsibility for decisions. In Northern Ire-
land, the Department for Agriculture, Environment and
Rural Affairs is responsible for consenting offshore wind
projects within 12 nautical miles off the coast. Beyond this
limit, the MMO is the authority responsible for consenting
to such projects.

The applicable legislation for offshore projects encom-
passes several pieces of legislation. In England, the Town
and Country Planning (Environmental Impact Assessment)
Regulations 2017 require the consideration of “the cumu-
lation of the impact with the impact of other existing and/or
approved development” as one of the criteria for project
screening (Schedule 3, s. 3(g)). Additionally, Environ-
mental Statements must address “the cumulation of effects
with other existing and/or approved projects, taking into
account any existing environmental problems relating to

areas of particular environmental importance likely to be
affected or the use of natural resources” (Schedule 4,
s. 5(e)).

The Infrastructure Planning (EIA) Regulations 2017
(England, Wales and Scotland for limited purposes), which
implements the EIA Directive procedures in the context of
NSIPs10, the Town and Country Planning (Environmental
Impact Assessment) (Scotland) Regulations 201711 and the
Electricity Works (Environmental Impact Assessment)
(Scotland) Regulations 201712—also present the need of
considering cumulative impacts in both the screening pro-
cess and the preparation of Environmental Statements. The
same requirements are provided by the Marine Works
(Environmental Impact Assessment) (Amendment) Regula-
tions 2017 and the Marine Works (Environmental Impact
Assessment) (Scotland) Regulations 2017, which apply to
projects requiring a marine licence. All the above-
mentioned legislation states that the results of other rele-
vant assessments must be considered both in the screening
phase and when preparing the environmental report.

The local planning authorities are responsible for
onshore elements (and offshore up to 50MW) while

Fig. 3 Cumulative Impact Assessment (CIA) legal requirements applied in the context of offshore wind energy in the United Kingdom, the
Netherlands, the United States, and Canada. Source: Prepared by the authors

10 Applied to offshore wind projects (including its elements, such as
cabling and onshore and offshore substations) with a capacity of more
than 100 megawatts (England) or more than 350 megawatts (Wales).
11 Applied to offshore wind projects and onshore elements related up
to 50MW.
12 Applied to projects that exceed 50MW.
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offshore projects over 50MW are consented to by the
Marine Directorate—Licensing Operations Team. The
developer/applicant is responsible for preparing an Envir-
onmental Statement of a proposed development, which
should involve competent experts, as well as for monitoring
impacts.

Public participation is crucial in the environmental
impact assessment process across all the legislation
mentioned. Environmental impact reports must be pub-
licly accessible, allowing stakeholders to engage in the
decision-making process. Responsible authorities are
required to consider public feedback before reaching a
final decision.

Finally, the UK-National Policy Statement13 for
Renewable Energy Infrastructure (EN-3) recognizes the
importance of assessing and reducing cumulative effects of
offshore wind, especially considering the offshore-onshore
transmission infrastructure; the need to define mitigation
and compensation measures collaboratively when several
developers are likely to have cumulative impacts; and
highlights valued components to be considered when
assessing cumulative impacts (as birds and marine mam-
mals). Moreover, when the Rochdale Envelope14 approach
is employed, cumulative impacts should also be assessed,
especially when establishing the worst-case scenario. None
of the aforementioned legislation defines cumulative
impacts.

The Netherlands

In the Netherlands, cumulative impacts are required—
implicitly and explicitly—at the early planning stage of the
OWE, in the designation of wind energy, besides the wind
farm site decisions.

The designation of offshore wind farm areas is part of the
North Sea Programme, which outlines the spatial planning
for the Dutch North Sea. The latest North Sea Programme
(2022–2027) includes a spatial development strategy for the
Dutch North Sea, addressing knowledge gaps about the
effects of human activities on the ecosystem, including
cumulative impacts, and emphasizing the need for tackling
(cumulative) impacts of all human activities in areas of
concern. The responsible authority for developing the North
Sea Programme is the Dutch Ministry of Infrastructure and
Water Management, with the support of the Interdepart-
mental Directors’ Consultative Body North Sea15. The

Programme was subjected to the Water Act, which trans-
posed the obligations of the Maritime Spatial Planning
Directive (MSPD—Directive 2014/89/EU) and the Marine
Strategy Framework Directive (MSFD—Directive 2008/56/
EC) (Government of the Netherlands 2022).

The MSPD requires that marine spatial plans consider
the various and significant pressures on marine waters,
ecosystems, and resources—“in the marine waters, eco-
systems and marine resources are subject to significant
pressures” (s. 13). The MSFD states the need for marine
strategies “apply an ecosystem-based approach to the
management of human activities, ensuring that the collec-
tive pressure of such activities is kept within levels com-
patible with the achievement of good environmental status”
(art. 3, s. 3). It also determines that an assessment in marine
waters should include an analysis of the predominant
pressures and impacts, covering the main cumulative and
synergetic effects (art.8, s. 1). The Water Act was replaced
by the new Environment and Planning Act 2024, which
emphasizes that a maritime spatial plan should be adopted
as referred to by the MSPD.

Another instrument required under the Environment and
Planning Act 2024 is the EIA for plans or programs16. The
Act and its regulatory Decree do not explicitly mention
considering cumulative impacts when preparing an EIA for
plans and programmes. Instead, the EIA should comply
with the SEA Directive, which requires consideration of
cumulative impacts during both the screening phase and
when preparing the environmental report.

There is a mention of considering the “existing envir-
onmental problems relevant to the plan or programme, in
particular in the context of the particular problems in areas
where the importance of protecting the environment plays
an important role” (s. 11.1, art. 11.3(1)(d)).

The Act highlights that the competent authority may use
“other environmental impact assessment if they comply
with the requirements set out in or pursuant to this
Requirements” (s. 16.4, § 16.4.1, art. 16.37(b)(1°) to avoid
overlap of EIA for a plan or programme. The Minister of
Economic Affairs and Climate Policy is the competent
authority responsible for preparing an EIA for a plan or
programme and for implementing monitoring measures.

In addition, EIA is applied for each wind farm site
decision, which must be completed prior to the auction

13 National Policy Statements are planning documents that define the
government’s objectives towards the development of NSIPs.
14 The Rochdale Envelope approach is employed when some details
of a proposed development have not been confirmed when the appli-
cation is submitted.
15 Source: https://maritime-spatial-planning.ec.europa.eu/media/
document/Netherlands_countryprofile. Accessed 16 Jul. 2024.

16 A SEA on North Sea Energy (SEANSE) was carried out to develop
a Common Environmental Assessment Framework for renewable
energy to support the implementation of marine spatial plans, focusing
on cumulative effects of large scale wind farms. In addition, a SEA
will be conducted for the North Sea Programme revision, considering
the cumulative effects for each farm zone determined, where possible.
The ecological effects will be determined by using the valued eco-
system components and indicators through the cumulative ecological
impact study.
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stage, that must be developed under the Environment and
Planning Act 2024 and the Offshore Wind Energy Act 2015.
The pre-auction EIA is overseen by the Netherlands
Enterprise Agency (RVO) and forms the basis for the tender
requirements, including mitigation measures. Furthermore,
TenneT, the national electricity transmission system
operator, conducts an EIA for the energy transmission
infrastructure. The winning developers must present studies
to demonstrate that their project complies with the envir-
onmental conditions established by the pre-auction EIA. If
necessary, additional studies may be required. The Act
outlines EIA requirements for projects that comply with the
EIA Directive. The Environmental Decree defines that
when describing the potentially significant environmental
effects of the project, it should consider “the cumulation of
impacts with other existing or approved projects, whereby
take into account all the existing environmental problems of
areas that are of particular environmental importance and
may be affected by the project, or with the use of natural
resources” (s. 11.2, art. 11.18(1)(e)). In addition, it is also
stated that another EIA can be used if set out in or pursuant
to the requirements, and when “the project is described in
that environmental impact report” (s. 16.4, § 16.4.2, art.
16.48). The developer is responsible for monitoring mea-
sures. The Act indicates that the General Administrative
Law Act applies to the EIA process regarding public
involvement. This legislation outlines the necessary steps
for interested parties to express their opinions to the
administrative body regarding an application.

The Act and its regulatory Decree further state that the
competent authority shall provide the Netherlands Com-
mission for Environmental Assessment (NCEA) with the
opportunity to advise the EIA regarding plans, programs, or
projects. The NCEA plays a significant role in the EIA
process by drafting compulsory or voluntary advisory
reports for the government concerning environmental
assessment scope (optional) and quality of environmental
assessments, that can contribute to the transparency and
accountability of environmental decision-making. The
advice on the environmental impact report of a project is
mandatory, while it is voluntary for planning EIA or a
programme. These reports may be opened to public com-
ments, particularly in cases where a project generates con-
troversy17. None of the legislation applied to the
development of offshore wind farms defined cumulative
impacts.

The United States

In the United States, cumulative impacts are required for
both programmatic (strategic) and project assessments,

including conducting environmental reviews at early plan-
ning stages of offshore wind development in the planning
and leasing stages18, as well as at the project level for
project approval. Under the marine spatial planning, the
Ocean Act 2000, which establishes a commission to make
recommendations for coordinated and comprehensive
national ocean policy that will promote sustainable use of
the ocean and its resources, does not explicitly mention the
need to consider cumulative impacts in ocean management.
The National Oceanic and Atmospheric Administration
(NOAA) is responsible for conducting coastal and marine
spatial initiatives.

The environmental review process at both the strategic
and project levels related to the OWE is led by the Bureau
of Ocean Energy Management (BOEM), an agency of the
U.S. Department of the Interior, which is the responsible
authority for overseeing offshore renewable energy devel-
opment in federal waters. The proponent is responsible for
monitoring during and after the construction phase.

The environmental reviews must comply with NEPA and
implementing CEQ Regulations (40 CFR Parts 1500-
1508)19. The first CEQ regulation for implementing NEPA
(1978) required the assessment of cumulative effects of an
action along with other proposed actions, both at the project
and strategic levels and defined cumulative impacts. The
2024 CEQ NEPA Implementing Regulations Revisions
Phase 2 also considers the need to consider cumulative
effects, which are defined as “the effects on the environment
that result from the incremental effects of the action when
added to the effects of other past, present, and reasonably
foreseeable actions regardless of what agency (Federal or
non-Federal) or person undertakes the action”. In addition,
“cumulative effects can result from action with individually
minor but collectively significant effects taking place over a
period of time” (40 CFR Parts 1508.1(i)(3)).

For a broader analytical level, programmatic reviews can
be conducted under NEPA, which can be based on a Pro-
grammatic Environmental Impact Statement (PEIS). A
PEIS was conducted to assess alternative uses of renewable
energy in the Outer Continental Shelf20Additionally, a PEIS
may be undertaken for a regional analysis that considers the
development of multiple offshore wind projects within a
lease area or across multiple lease areas, assessing the
environmental effects and potential programmatic mitiga-
tion and monitoring measures for future wind energy

17 Source: https://www.commissiemer.nl/english/our-services.

18 The offshore wind development involves four stages: planning,
leasing, site assessment and construction and operations.
19 Important to note that pursuant to Executive Order 14154 of Feb-
ruary 21, 2025, BOEM may amend its NEPA implementing
procedures.
20 Available at: https://www.boem.gov/renewable-energy/guide-ocs-a
lternative-energy-final-programmatic-environmental-impact-sta
tement-eis. Accessed 17 Jul. 2024.
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development, as in the cases of the California Offshore
Wind PEIS21 and the New York Bight PEIS22. Furthermore,
an Environmental Assessment is prepared to support the
leasing process within wind energy areas of competitive
interest by determining whether the issuance of leases and
approval of site assessment plans in specific areas would
have a significant effect on the environment (BOEM—

Bureau of Ocean Energy Management (2025). Finally, an
Environmental Impact Statement (EIS) is prepared to
inform a decision regarding a project’s Construction and
Operations Plan, which outlines all planned facilities related
to construction, commercial operations, and decom-
missioning of a project.

The 2024 CEQ Regulations also emphasize that “where
an existing environmental impact statement, environmental
assessment, or programmatic environmental document is
relevant to a later proposed action, agencies may employ
tiering” (40 CFR Parts 1501.11(b)). Tiering is suitable for
moving from broader assessments to narrower ones or from
early-stage assessments to later ones, allowing agencies to
concentrate on current issues and exclude those that have
already been resolved or are no longer relevant.

NEPA regulations require public participation when
preparing programmatic assessments, EAs, and EISs. This
participation should be promoted and facilitated in the
decision-making process, encompassing meaningful
engagement with communities throughout the NEPA pro-
cess. Potentially affected Federal, State, Tribal, and local
governments can act as cooperating agencies. Engagement
should begin early, during the scoping phase, and continue
through various opportunities after the environmental
assessment is prepared, consistent with the different types of
assessments.

Canada

In Canada, diverse marine activities should be considered
for developing marine spatial plans that balance ecological
health with human activities. In addition, cumulative effects
should be considered for strategic, regional, and project-
level assessments.

Marine spatial plans are being developed for five areas
across the country to identify both suitable and unsuitable
locations for various marine activities23. These plans are

founded on the Oceans Act of 1996, which mandates “the
development and implementation of plans for the integrated
management of all activities or measures affecting estuaries,
coastal waters, and marine waters that form part of Canada
or in which Canada has rights under international law”
(s. 31), but does not present an explicit requirement for
cumulative impacts. Fisheries and Oceans Canada, a federal
institution, leads the marine spatial planning process in
partnership with other provincial and territorial govern-
ments, while engaging affected Indigenous organizations,
coastal communities, and other stakeholders.

The Impact Assessment Act 2019 (IAA) is the primary
legislative framework governing the impact assessment
process in Canada. The Act includes a general provision
that underscores the importance of considering the “cumu-
lative effects of physical activities” in the administration of
the law (s. 6(2)). Regional assessments are encouraged by
the IAA to understand the effects of existing or future
physical activities carried out in a region that is entirely on
federal lands (s. 92). Regional assessments are the primary
ongoing instrument used to inform future wind planning
and licensing processes, along with recommendations for
offshore wind licensing areas and future impact assessments
of offshore wind projects24. They aim to comprehend the
impacts of major resource development initiatives and
programs, while also outlining the preferred course of
action and setting conditions for project proponents (Blak-
ley et al. 2020). The IAA also recognizes the importance of
Strategic Assessments in assessing federal “policy, plan or
program—proposed or existing—that is relevant to con-
ducting impact assessments” (s. 95(1)(a)). A committee or
the Impact Assessment Agency of Canada (the Agency)
carries out the Regional Assessment and Strategic Assess-
ments. Both assessments must ensure that meaningful
opportunities for public participation are guaranteed,
ensuring information is accessible to the public.

The approval of offshore wind projects—with 10 or more
turbines or an expansion—is subjected to the IAA, which
establishes that an impact assessment of a project under
approval must consider “any cumulative effects that are
likely to result from the designated project in combination
with other physical activities that have been or will be
carried out” (s. 22(1)(a)(ii)). While the Act does not include
a formal definition of cumulative effects, this provision
offers a clear and operational interpretation within the reg-
ulatory context. In addition, it should also consider any
Regional or Strategic Assessment carried out (s. 22(1)(p)).

21 Available at: https://www.boem.gov/renewable-energy/state-activities/ca
lifornia-offshore-wind-programmatic-environmental-impact. Accessed 16
Jun 2025.
22 As the case of the New York Bight Programmatic Environmental
Impact Statement, available at: https://www.boem.gov/renewable-energy/
state-activities/new-york-bight-final-programmatic-environmental-impact-
statement. Accessed 17 Jul. 2024.
23 Source: https://www.dfo-mpo.gc.ca/oceans/planning-planification/a
reas-aires/index-eng.html.

24 Two Regional Assessments of Offshore Wind Development are
being conducted in Nova Scotia (https://iaac-aeic.gc.ca/050/evalua
tions/proj/83514?culture=en-CA) and Newfoundland and Labrador
(https://iaac-aeic.gc.ca/050/evaluations/proj/84343?culture=en-CA).
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Project proponents, including individuals, federal
authorities, governments, or organizations, are responsible
for preparing an impact assessment of a designated project,
as well as developing and implementing follow-up and
monitoring programs. Public involvement starts early with
consultations involving Indigenous communities and
members of the public who may be affected by the project
to identify major concerns. Similarly, the Agency must
ensure meaningful public participation during the project’s
impact assessment.

Comparative Analysis and Discussions on
Guiding Elements of CIA Legislation

The analysis of similarities and differences in the CIA legal
requirements applied during the early planning and devel-
opment phases of the OWE sector across selected countries
is structured around five key characteristics of CIA
(Table 2): i) making CIA mandatory; ii) understanding
cumulative impacts; iii) framing CIA at different levels; iv)
setting roles and responsibilities; and v) promoting public
participation. These results provide the foundation for dis-
cussing the guiding elements of CIA legislation, which may
guide policymakers in various jurisdictions to enhance the
adoption and harmonization of CIA practices for the plan-
ning and development of OWE.

Making CIA mandatory

The legislation reviewed across the four countries reveals
that cumulative impact requirements are both explicitly and
implicitly integrated into legal frameworks. Legislation
plays a pivotal role in shaping the practice of CIA for off-
shore wind energy projects, with strict legislative require-
ments identified as a significant factor in promoting the
effective implementation and development of these assess-
ments (Folkeson et al. 2013).

Although legislation alone is unlikely to provide a
complete solution for addressing cumulative environmental
change (Nelson and Shirley 2023), establishing minimum
standards for assessing cumulative impacts does not
necessarily require extensive legal frameworks.

Clear statutory authorities are essential for overseeing
and enforcing CIA requirements. Instead of relying on
complex or overly detailed regulations, concise legal fra-
meworks that prioritize clear guidelines, define responsi-
bilities, and establish effective mechanisms for CIA
application can be highly effective (Masden et al. 2010).

The focus should be on ensuring that laws address the
most critical issues in a practical and adaptable manner,
allowing for flexibility as environmental management needs
evolve (Wärnbäck and Hilding-Rydevik 2009). This

approach reinforces the importance of formalized, manda-
tory CIA requirements as an essential step in disseminating
international best practices and ensuring strong environ-
mental governance (Nelson and Shirley 2023).

Voluntary CIA studies in the marine context, while not
required by the legal framework, are likely to have limited
capacity to engage the multiple stakeholders involved in a
heavily utilized marine environment, thereby significantly
reducing their chances of influencing decision-making. It is
crucial to recognize that political shifts and changes in
government priorities can greatly impact regulatory frame-
works, potentially leading to inconsistent enforcement and
disruptions in the continuity of CIA practices. Conse-
quently, a stable and transparent legal framework is essen-
tial to ensure the effectiveness and consistency of CIA
processes amidst shifting governmental priorities.

The main finding related to CIA being mandatory is that
clear and concise legislation, rather than overly complex or
extensive frameworks, plays a vital role in shaping effec-
tive CIA practices, particularly in rapidly evolving sectors
such as offshore wind energy. While legislation alone is
not a complete solution for cumulative impacts, main-
taining formalized CIA requirements within regulatory
processes is essential because it can facilitate the sharing
of international best practices and enhance the consistency
of assessments.

Understanding cumulative impacts

Only the CEQ NEPA regulations provide a formal defini-
tion of cumulative impacts, which encompass effects from
past, present, and future activities. In marine planning, some
legal frameworks emphasize the need to consider all
activities collectively or account for significant pressures
that affect coastal and marine waters. Additionally, certain
legislation explicitly acknowledges cumulative, additive,
and synergistic (in-combination) effects. Overall, the legal
frameworks recognize the importance of assessing the
impacts of other activities, which may include both existing
and/ or future developments.

The absence of a clear and appropriate definition
regarding cumulative impacts can create a regulatory
environment marked by uncertainty and confusion (Masden
et al. 2010). This lack of clarity can hinder effective
decision-making processes and obstruct stakeholders’
understanding of the implications of cumulative impacts on
environmental and social systems. Additionally, the varia-
tion in requirements and definitions may result in differing
expectations concerning EIA content (Nelson and Shirley
2023). In this context, Judd et al. (2015) emphasized that,
regardless of the terminology used, it is crucial to focus on
the combination and interaction of pressures affecting
environmental features. Thus, providing a definition based
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on scientific findings may help standardize CIA practices
(Foley et al. 2017).

Consequently, it is essential to provide a well-defined
concept of cumulative impacts within a regulatory frame-
work. By establishing a clear definition, regulatory bodies
can promote a more straightforward application of CIA
across various planning levels, ensuring that all stake-
holders share a common understanding and set of expec-
tations (Broderick et al. 2018).

An interesting aspect of the UK’s approach is its con-
sideration of cumulative effects when preparing environ-
mental reports, particularly during the screening phase of a
plan, programme, or project. The provisions for cumulative
effects can significantly influence whether a project requires
an EIA, thereby broadening its scope and enhancing public
participation. Additionally, accounting for cumulative
impacts can affect the type of environmental assessment
needed during scoping. In the post-EIA phase, cumulative
effects are crucial for monitoring and managing the envir-
onmental impacts of a project. Authorities can establish
more effective monitoring programs that track not only the
direct impacts of a project but also its cumulative effects
over time (Nelson and Shirley 2023).

Although it falls outside our scope, it is essential to note
the need for clear technical guidance that outlines expec-
tations, methods, and implementation requirements (Ola-
gunju et al. (2021). The associated technical guidance on
the requirements for orienting CIA practice is one of the
recommendations to improve this practice (Natural England
2014; Broderick et al. 2018; Dibo et al. 2018). Hague et al.
(2022) emphasized that CIA practice should meet legisla-
tive requirements while remaining flexible enough to adapt
to new knowledge and promote effective cross-industry
cumulative assessments.

Several technical guidelines have been prepared to orient
CIA practices at the project level, particularly in the United
Kingdom, Canada, and the United States (Natural England
2014). For offshore wind farms, we highlight the guidance
developed by BOEM, which establishes a common cumu-
lative impact scenario framework for preparing Environ-
mental Assessments and EISs. This framework provides
information on cause-and-effect relationships between
renewable energy projects and affected resources, as well as
other types of actions (BOEM—Bureau of Ocean Energy
Management (2019); BOEM—Bureau of Ocean Energy
Management (2020). Furthermore, RenewableUK (2013)
offers several solutions for addressing the challenges asso-
ciated with the cumulative impacts of offshore wind farms.
Additionally, the guidelines put forth by Willsteed et al.
(2018b, p. 2342) to incorporate an ecological perspective
into project-led CIAs can aid in the preparation of guidance
in emerging markets. It is important to note that to enhance
CIA practices, technical guidelines must be updated to

reflect new scientific knowledge and best practices (Antwi
et al. 2024).

The main finding is that a lack of clarity can lead to
regulatory uncertainty and obstruct decision-making. Clear
definitions are crucial for effective environmental regula-
tion, whether in legal or technical sources, improving con-
sistency and effectiveness of CIA practice. Incorporating
cumulative effects from screening to follow-up emphasizes
the importance of addressing impacts across all project
phases development.

Framing CIA at different levels

CIA is integrated at multiple levels, including marine
planning, regional, strategic, and project assessments. Pro-
ject EIAs should account for relevant broader assessments,
ensure a tiered approach, and support the assessment of
cumulative impacts. In the Netherlands, existing EIAs for
plans or programs may be used to assess new ones. Simi-
larly, at the project level, an existing EIA can be used if it
complies with regulations and adequately describes the
project.

Based on the findings, CIA is applied for project
approval, focusing on the assessment of the combined
impacts of several activities within the context of regulatory
approval of proposals, as well as SEA-driven approaches
related to the proactive planning of a sector or region, with
various purposes and deliverables (Harriman and Noble
2008). Although CIA should be applied at different spatial
scales to implement ecosystem-based management princi-
ples in marine management (Judd et al. 2015), previous
experiences with CIA at various levels may face challenges
related to integrating frameworks by connecting data,
modeling, and monitoring approaches (Declerck et al.
2023).

CIA plays a vital role in addressing anthropogenic dri-
vers linked to global climate change, which significantly
contribute to the cumulative impact on offshore ecosystems
(Halpern et al. 2008a). Policies related to Marine Spatial
Planning emphasise the need for an integrated assessment of
pressures arising from multiple sources and uses in specific
regions. Integrating CIA into MSP supports the adoption of
an ecosystem approach for the sustainable use of the marine
environment (Halpern et al. 2008b; Bergström et al. 2019)
and facilitates strategic decision-making by identifying
areas with high and low concerns regarding cumulative
impacts from pressures in particular locations, especially
taking into account seascape connectivity (Jonsson et al.
2021). This approach limits additional pressures on specific
areas of concern and enhances transparency in planning
decisions (Hammar et al. 2020). Various studies have
explored the role and implementation of CIA in MSP, as
well as methods to quantify and manage cumulative impacts
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on the marine ecosystem, assisting governments and sta-
keholders, particularly in regions with intense usage and
significant cumulative impact concerns (Fernandes et al.
2017; Bonnevie et al. 2020; Hammar et al. 2020; Choi et al.
2021). Concerns related to OWE can be addressed, such as
the need to assess potential cumulative effects related to
noise and vibration on sensitive receptors (HM Government
2011), along with other impacts of human activities on
marine mammals and migrating birds (Government of the
Netherlands 2022), contributing to a more detailed assess-
ment in subsequent levels of evaluation.

CIA at strategic and regional levels can support the
leasing process of the offshore wind sector by adopting a
strategic mindset at this decision window (Gunn and Noble
2009). The strategic and regional assessments can offer
meaningful context for assessing cumulative impacts (Ola-
gunju et al. 2021). Under Strategic Environmental Assess-
ment, CIA supports the establishment of thresholds for
future projects, besides providing clear recommendations of
mitigation measures to be adopted (Dalal-Clayton and
Scott-Brown (2024). Regional assessments can incorporate
broad spatial and temporal scales, including the multiple
pressures that influence conditions, which contribute to
regional marine management (Willsteed et al. 2018b).
Additionally, there exists an opportunity to effectively
influence the decision-making process and advance toward
project-level approval (Blakley and Noble 2021). This also
involves identifying issues or trends of regional relevance
and cumulative significance and recognizing the thresholds
and limits that must be maintained (Gunn and Noble 2009)
earlier in the planning process (Cooper and Sheate 2004).
Other outcomes of regional assessments, which inform and
improve project impact assessments and regional manage-
ment, are also discussed by Bonnell (2025). Approaches for
rebalancing the CIA at the project-level, supported by a
multi-stakeholder regional assessment, are discussed by
Joseph et al. (2023).

One regional initiative to be highlighted specifically
developed for OWE is the Framework for Assessing Eco-
logical and Cumulative Effects (FAECE, Dutch: Kader
Ecologie & Cumulatie), developed by the Rijkswaterstaat,
which is used to identify, describe, and assess cumulative
ecological effects of decisions on future planned wind
farms. The KEC provides an analysis of whether future
planned wind farms align with an acceptable ecological
level, outlines provisions for sharing mitigation measures,
and identifies species considered critical and those near in
an acceptable ecological level, provisions on how the
mitigation measures can be shared, and the species con-
sidered critical and near the acceptable ecological level of
impact. It is applied when preparing environmental impact
assessments and appropriate assessments for site decisions,
besides when designating new areas for the sector

(Rijkswaterstaat 2022) and other planning decisions related
to offshore wind farm development (such as strategic
planning documents). The framework is based on the
DPSIR method (Gari et al. 2015) and is planned to be
regularly updated.

Finally, EIA at the project level is fundamental for off-
shore wind project approvals, which should include the
assessment of cumulative impacts (World Bank Group
2021). CIA practices at the project level continue to pose
challenges under EIA (Foley et al. 2017; Sinclair et al.
2017; Dibo et al. 2018; Roudgarmi 2018; Hegmann 2021;
Blakley and Russell 2022). In particular, offshore wind
farms face shortcomings in adequately identifying and
assessing cumulative impacts, especially concerning path-
ways of impacts and the future conditions of valued com-
ponents and uncertainties. Nonetheless, it is essential to
strengthen CIA at the project level, as it serves as the pri-
mary source of information for the decision-making pro-
cess, offering a high degree of detail about the environment
(Willsteed et al. 2018b).

The main finding about applying CIA at different levels
shows that, despite CIA being crucial from marine planning
to project assessments, each approach delivers a specific
outcome. At the project level, CIA focuses on analyzing
combined impacts, while at the strategic level, it supports
planning. The integration of approaches in CIA at several
planning levels, although desired, can be challenging for
supporting tiered decision-making.

Setting roles and responsibilities

CIA involves multiple actors, including government agen-
cies, third parties, and affected communities, each playing a
distinct role in assessing and managing cumulative impacts
(IFC—International Finance Corporation (2013). Clearly
defining roles and responsibilities in legislation is essential
for ensuring effective CIA implementation (Sinclair et al.
2017). National authorities are generally responsible for
preparing marine spatial plans and conducting strategic and
regional assessments. Project proponents manage the
assessment and monitoring at the project level in the United
Kingdom and Canada. In contrast, BOEM, which oversees
offshore wind project approvals in federal waters in the
United States, is responsible for preparing the PEIS, EA and
EIS, while proponents handle monitoring. In the Nether-
lands, the RVO is responsible for an EIA for a wind farm
decision, and the tender winner is responsible for detailing
specific project requirements and monitoring.

A key discussion point is that while project proponents
often face challenges in conducting CIA, competent
authorities can sometimes streamline the process by leading
environmental reviews and establishing standardized pro-
cedures. Standardization can lead to more predictable
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outcomes, reduce the time required for assessments, and
improve the overall quality of environmental reviews by
ensuring consistent terminology and methods, albeit
context-specific issues can be overlooked (Fonseca et al.
2020). Additionally, authorities may receive support from
other agencies to identify projects and plans in areas of
concern, facilitating the identification of other actions cap-
able of contributing to cumulative impacts (Prahler et al.
2014).

The “One Stop Shop” system is internationally recog-
nized as a best practice for reducing time and costs in the
approval of offshore wind development projects (González
et al. 2020; Vasconcelos et al. 2022), promoting colla-
boration between governments and other stakeholders. In
this regard, CIA could benefit from this type of initiative to
support not only project approval but also monitoring
cumulative impacts.

Dibo et al. (2018), based on stakeholder perspectives,
argued that all actors involved in project-level CIA should
assume greater responsibility. Shared responsibility among
stakeholders may be a more effective approach for mana-
ging cumulative impacts and adopting mitigation strategies
(Sunderland 2021). RenewableUK (2013) also emphasizes
the benefits of collaboratively identifying and managing
cumulative impacts related to OWE development, espe-
cially in data collection and modeling.

To support the assessment and monitoring of cumulative
impacts, establishing a shared regional baseline, alongside
site-specific studies conducted by developers with higher
resolution, offers opportunities to improve practices at both
the project and regional levels, as discussed by Willsteed
et al. (2017). Moreover, baseline monitoring is essential to
support data-driven decision-making (Tedeschi et al. 2025).

By sharing data from previously constructed projects,
stakeholders in the consenting process can gain a better
understanding of potential cumulative impacts. One
approach could be offshore developers paying a fee to
access this repository and being required to contribute their
monitoring data, thereby promoting collaboration with
statutory consultees to ensure comprehensive data collec-
tion. This approach aims to transfer costs from individual
data collection efforts to a collective system, ultimately
facilitating large-scale data gathering while providing
developers access to vital information (Caine 2020).

On the other hand, government agencies play a crucial
role in creating publicly accessible databases with standar-
dized protocols to enhance data quality and availability to
facilitate CIA (Neri et al. 2016). Additionally, publicly
available data platforms, also known as clearinghouses, are
vital for storing and sharing environmental information.
These centralized systems offer access to EIS and related
documents, aiding agencies, consultants, and the public in
assessing cumulative impacts. Moreover, data-sharing

initiatives enhance access to authoritative data, including
marine-specific information (Prahler et al. 2014). This is
particularly important in countries where project proponents
are responsible for conducting environmental studies,
including CIA.

Declerck et al. (2023) demonstrated that, in the case of
CIAs required at various levels of MSP, SEA, and project-
level EIA, a framework involving data requirements,
modeling approaches, and shared monitoring strategies may
be necessary to support a proper, holistic, and ecosystem-
based assessment of cumulative impacts. In the United
States, BOEM collaborates with the National Oceanic and
Atmospheric Administration (NOAA), which provides
baseline data and analysis on ocean conditions, marine
resources, fisheries operations, and research and monitoring
of offshore wind energy impacts25. Similarly, in Canada,
Fisheries and Oceans Canada supports programs and
research to enhance the understanding of cumulative effects
(Clarke et al. 2022).

In this way, effective CIA assessment and management
highlight the importance of a collaborative approach with
clearly defined roles and responsibilities among project
proponents, government authorities, and affected commu-
nities. Ensuring access to high-quality data and commitment
to shared accountability strengthen environmental assess-
ments and support informed decision-making.

Promoting public participation

Public participation is a cornerstone of the EIA process and
is required across different levels of planning, from strategic
to project assessments, in most countries. Ensuring public
involvement provides interested parties with opportunities
to express their opinions, especially during the scoping
phase, when community input can guide the direction of
assessments. However, public participation in the scoping
phase is not widely required. Practices, such as participatory
funding in Canada, can significantly improve public
participation.

The practice of public participation in MSP reinforces the
guiding principle of promoting the inclusive participation of
stakeholders in the MSP process (UNESCO-IOC, European
Commission 2021; Quesada-Silva et al. 2019), aiding in the
identification of interactions among stakeholders and their
cumulative impacts (Flannery et al. 2018) as well as the
most affected resources and components.

CIA tools enable the assessment of various policy sce-
narios and planning decisions, involving planners and
practitioners in addressing complex information while
enhancing transparency (Hammar et al. 2020). Continuous

25 Source: https://www.fisheries.noaa.gov/topic/offshore-wind-energy.
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engagement of affected communities and the public is key
to assessing and managing cumulative impacts.

Opportunities for participation should be promoted in
all CIA steps, especially in scoping, impact significance
determination, and management of cumulative impacts
(IFC - International Finance Corporation (2013). Stake-
holder engagement at the strategic level is crucial in the
process, but it involves how stakeholders are truly engaged
and their effective influence on decision-making (Fidler
and Noble 2013). Special attention should be given to
stakeholder engagement and public consultation, as these
are fundamental to identifying and addressing cumulative
concerns at the project-level, especially local stakeholders,
which can reduce local objections (World Bank Group
2021).

The main findings highlighted the importance of
encouraging meaningful engagement at every stage, from
screening to follow-up, at strategic, regional, and project
levels. Communities can play a more meaningful role in
planning decisions and help ensure environmental man-
agement is inclusive and well-informed.

Conclusion

CIA for offshore projects has been implemented in several
countries, aiming at capturing the effects of multiple
activities on marine ecosystem components. A review of
established regulatory practices for assessing cumulative
impacts in certain countries was conducted with the
expectation that it could be applied to guide the develop-
ment of future regulations in both emerging and mature
offshore wind markets.

The comparative analysis shows that while all assessed
countries incorporate CIA into their legal frameworks to
varying degrees, key differences remain in terms of defi-
nitions, levels of application, institutional responsibilities,
public participation, and tiered assessment. The key find-
ings from this review for advancing CIA regulation are: (1)
Clear legislation is foundational to effective CIA, as it
ensures consistency and can foster best practices; (2) Defi-
nition of cumulative impacts is key to guiding CIA imple-
mentation for effective environmental regulation, enhancing
both consistency and efficacy; (3) CIA requirements are
crucial at various planning levels, from marine planning to
project assessments, promoting better informed decision-
making, although integrating CIA approaches at different
levels can be challenging for supporting tiered decision-
making; (4) CIA regulations should consider collaboration,
clear roles, and shared accountability among institutions
and sectors; and (5) Stakeholder engagement and public
consultation should be ensured throughout all the
CIA steps.

CIA can be regarded as a public policy innovation in
various contexts. It is critical for responsibly advancing
marine uses, including OWE. To frame new systems in
contexts where CIA is not regulated, comparing the existing
practice can identify guiding elements to be considered. The
practice of CIA is quite diverse, but it is increasingly
recognized as essential in areas with intensive or conflicting
uses. Therefore, even in well-established systems, each
jurisdiction could consider fit-for-purpose amendments to
enhance their practice.

Ultimately, successfully implementing CIA in the off-
shore wind sector will contribute to the long-term sustain-
ability of marine ecosystems and ensure perennial economic
activity. This will require balancing a greater renewable
energy supply with protecting environmental health and
biodiversity. Conciliating both objectives requires that
policymakers and legislators develop clear and enforceable
CIA requirements adaptable to their national contexts while
focusing on ecological integrity and stakeholder
inclusiveness.

Future research could explore sub-national legislation
and sub-legal regulations, as well as the content of technical
guidelines, to provide a more detailed assessment of the
guiding elements of CIA discussed in this study. These
regulatory layers play a crucial role in shaping how
cumulative impact considerations are operationalized in
practice, offering additional mechanisms beyond national
legislation. Investigating these frameworks could provide
valuable insights into how CIA principles are applied in
decision-making at various governance levels. Furthermore,
research could analyze how CIA implementation aligns
with both regulatory requirements and technical guidelines
content. This could aid in identifying potential compliance
gaps, assessing the effectiveness of existing legislative
instruments, and uncovering opportunities for enhancing
CIA practices.

Data availability

No datasets were generated or analysed during the current
study.

Acknowledgements We gratefully acknowledge the support of the
RCGI—Research Centre for Greenhouse Gas Innovation, hosted by
the University of São Paulo (USP) and sponsored by FAPESP—São
Paulo Research Foundation (2020/15230-5; 2014/50279-4) and
sponsors, particularly TotalEnergies SE, and the strategic importance
of the support given by ANP (Brazil’s National Oil, Natural Gas and
Biofuels Agency) through the R&DI levy regulation. We thank the
scholarship grant to AT from the Brazilian National Council for Sci-
entific and Technological Development (CNPq; 316837/2023-7). We
also acknowledge Bridget Durning and Bobbi Schijf for sharing their
expertise and time in providing essential information into offshore
wind energy in the United Kingdom and the Netherlands, respectively.
Their input significantly enriched our study.

3040 Environmental Management (2025) 75:3025–3043



Author contributions APAD led the conception, design, and writing
of the manuscript. JSG and CGD provided substantial inputs and
revisions. AT and LES contributed to the revision and editing.

Compliance with ethical standards

Conflict of interest The authors declare no competing interests.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, distribution and
reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if you modified the licensed
material. You do not have permission under this licence to share
adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s
Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative
Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

References

Antwi EK, Yohuno Apronti PT, Boakye-Danquah J et al. (2024) The
role of federal guidelines in the Evolution of cumulative effects
assessment research in the Canadian forest ecosystem. Ecol Indic
166:112333. https://doi.org/10.1016/j.ecolind.2024.112333.

Bailey H, Brookes KL, Thompson PM (2014) Assessing environ-
mental impacts of offshore wind farms: Lessons learned and
recommendations for the future. Aquat Biosyst 10:1–13. https://
doi.org/10.1186/2046-9063-10-8.

Bergström L, Miloš A, Haapaniemi J, et al. (2019) Cumulative Impact
Assessment for Maritime Spatial Planning in the Baltic Sea
Region.

Berkenhagen J, Döring R, Fock HO et al. (2010) Decision bias in
marine spatial planning of offshore wind farms: Problems of
singular versus cumulative assessments of economic impacts on
fisheries. Mar Policy 34:733–736. https://doi.org/10.1016/j.ma
rpol.2009.12.004.

Blakley J, Russell J (2022) International progress in cumulative effects
assessment: a review of academic literature 2008–2018. J Environ
Plan Manag 65:186–215. https://doi.org/10.1080/09640568.
2021.1882408.

Blakley J, Noble B, Vella B, Marty J, Nwanekezie K, Fedoroff K
(2020) Lessons learned, best practices and critical gaps in
regional environmental assessment: a synthesis of Canadian and
international literature. Prepared for the impact assessment
Agency of Canada, and the Social Sciences and Humanities
Research Council of Canada.

Blakley JAE, Noble B (2021) Assessing cumulative effects in regional
and strategic assessment. In: Blakley, J. A. E.; Franks, D. (ed.).
Handbook of Cumulative Impact Assessment. Cheltenham:
Edward Elgar.

BOEM – Bureau of Ocean Energy Management (2019) National
Environmental Policy Act Documentation for Impact-Producing
Factors in the Offshore Wind Cumulative Impacts Scenario on

the North Atlantic Outer Continental Shelf. US Dept. of the
Interior, Bureau of Ocean Energy Management, Office of
Renewable Energy Programs, Sterling, VA. OCS Study 2019-
036.

BOEM – Bureau of Ocean Energy Management (2020) National
Environmental Policy Act Documentation for Impact-Producing
Factors in the Offshore Wind Cumulative Impacts Scenario on
the South Atlantic Continental Shelf. US Dept. of the Interior,
Bureau of Ocean Energy Management, Office of Renewable
Energy Programs, Sterling, VA. OCS Study 2021-043.

BOEM – Bureau of Ocean Energy Management (2025) National
Environmental Policy Act and Offshore Renewable Energy.
Available at: https://www.boem.gov/renewable-energy/national-
environmental-policy-act-and-offshore-renewable-energy.

Bonnell S (2025) Regional Assessments Under the Canadian Impact
Assessment Act: Objectives, Outcomes and Lessons So Far.
Environ Manage. https://doi.org/10.1007/s00267-025-02176-4.

Bonnevie IM, Hansen HS, Schrøder L (2020) SEANERGY - a spatial
tool to facilitate the increase of synergies and to minimise con-
flicts between human uses at sea. Environ Model Softw
132:104808. https://doi.org/10.1016/J.ENVSOFT.2020.104808.

Broderick M, Durning B, Sánchez LE (2018) Cumulative effects. In:
Therivel, R.; Wood, G. (eds.) Methods of Environmental and
Social Impact Assessment, New York: Routledge, 4th ed., p. 649-
677.

Caine CA (2020) The Race to the Water for Offshore Renewable
Energy: Assessing Cumulative and In-combination Impacts for
Offshore Renewable Energy Developments. Journal Environ Law
32:83–109. https://doi.org/10.1093/jel/eqz031.

CCME - Canadian Council of Ministers of the Environment (2014)
Canada-wide Definitions and Principles for Cumulative Effects.

Choi HJ, Cho SJ, Hwang T et al. (2021) Cumulative Impact Assess-
ment for Marine Spatial Planning: A Case Study of the Gyeonggi
Bay in South Korea. J Coast Res 114:360–364. https://doi.org/10.
2112/JCR-SI114-073.

Clarke C, Lonsdale JA, Judd A et al. (2022) Cumulative effect
assessment in the marine environment: A focus on the London
protocol/ London convention. Environ Sci Policy 136:428–441.

Connelly RB (2011) Canadian and international EIA frameworks as
they apply to cumulative effects. Environ Impact Assess Rev
31:453–456. https://doi.org/10.1016/j.eiar.2011.01.007.

Cooper LM, Sheate WR (2004) Integrating cumulative effects
assessment into UK strategic planning: implications of the Eur-
opean Union SEA Directive. Impact Assess Proj Appraisal
22:5–16. https://doi.org/10.3152/147154604781766067.

Dalal-Clayton B, Scott-Brown M (2024) Improving decision-making
for the energy transition. Guidance for using Strategic Environ-
mental Assessment. Fargo, USA: International Association for
Impact Assessment (IAIA).

Davies KK, Fisher KT, Couzens G et al. (2020) Trans-Tasman
Cumulative Effects Management: A Comparative Study. Front
Mar Sci 7:1–19. https://doi.org/10.3389/fmars.2020.00025.

Declerck M, Trifonova N, Hartley J, Scott BE (2023) Cumulative
effects of offshore renewables: From pragmatic policies to hol-
istic marine spatial planning tools. Environ Impact Assess Rev
101:107153. https://doi.org/10.1016/j.eiar.2023.107153.

Dibo APA, Noble BF, Sánchez LE (2018) Perspectives on Driving
Changes in Project-based Cumulative Effects Assessment for
Biodiversity: Lessons from the Canadian Experience. Env Manag
62:929–941. https://doi.org/10.1007/s00267-018-1086-6.

Ferguson MC, Williams KA, Goodale MW et al. (2024) A Flexible
Framework for Assessing the Cumulative Effects of Offshore
Wind Energy Activities and Other Pressures on Aerofauna.
Environ Impact Assess Rev 114:107912. https://doi.org/10.1016/
j.eiar.2025.107912.

Environmental Management (2025) 75:3025–3043 3041



Fernandes ML, Esteves TC, Oliveira ER, Alves FL (2017) How does
the cumulative impacts approach support Maritime Spatial
Planning?. Ecol Indic 73:189–202. https://doi.org/10.1016/j.
ecolind.2016.09.014.

Fidler C, Noble BF (2013) Advancing Regional Strategic Environ-
mental Assessment in Canada’S Western Arctic: Implementation
Opportunities and Challenges. J Environ Assess Policy Manag
15:1350007. https://doi.org/10.1142/S1464333213500075.

Flannery W, Healy N, Luna M (2018) Exclusion and non-participation
in Marine Spatial Planning. Mar Policy 88:32–40. https://doi.org/
10.1016/j.marpol.2017.11.001.

Foley MM, Mease LA, Martone RG et al. (2017) The challenges and
opportunities in cumulative effects assessment. Environ Impact
Assess Rev 62:122–134. https://doi.org/10.1016/j.eiar.2016.06.008.

Folkeson L, Antonson H, Helldin JO (2013) Planners’ views on
cumulative effects. A focus-group study concerning transport
infrastructure planning in Sweden. Land use policy 30:243–253.
https://doi.org/10.1016/j.landusepol.2012.03.025.

Fonseca A, Brito LLA, Gibson RB (2020) Methodological pluralism
in environmental impact prediction and significance evaluation: A
case for standardization?. Environ Impact Assess Rev 80:106320.
https://doi.org/10.1016/j.eiar.2019.106320.

Gari SR, Newton A, Icely JD (2015) A review of the application and
evolution of the DPSIR framework with an emphasis on coastal
social-ecological systems. Ocean Coast Manag 103:63–77.
https://doi.org/10.1016/j.ocecoaman.2014.11.013

González MOA, Santiso AM, Melo DC de, Vasconcelos RM de (2020)
Regulation for offshore wind power development in Brazil. Energy
Policy 145. https://doi.org/10.1016/j.enpol.2020.111756.

Government of the Netherlands (2022) North Sea Programme 2022-
2027.

Greaves C, Parrott L (2024) Re-grounding cumulative effects assess-
ments in ecological resilience. Environ Impact Assess Rev
105:107403. https://doi.org/10.1016/j.eiar.2023.107403.

Gunn JH, Noble BF (2009) Integrating Cumulative Effects in Regional
Strategic Environmental Assessment Frameworks: Lessons From
Practice. J Environ Assess Policy Manag 11:267–290. https://doi.
org/10.1142/S1464333209003361.

GWEC - Global Wind Energy Council (2024) Global Offshore Wind
Report 2024.

Hague EL, Sparling CE, Morris C et al. (2022) Same Space, Different
Standards: A Review of Cumulative Effects Assessment Practice
for Marine Mammals. Front Mar Sci 9:822467. https://doi.org/10.
3389/fmars.2022.822467.

Hall R, Topham E, João E (2022) Environmental Impact Assessment
for the decommissioning of offshore wind farms. Renew Sustain
Energy Rev 165:112580. https://doi.org/10.1016/j.rser.2022.
112580.

Halpern BS, McLeod KL, Rosenberg AA, Crowder LB (2008a)
Managing for cumulative impacts in ecosystem-based manage-
ment through ocean zoning. Ocean Coast Manag 51:203–211.
https://doi.org/10.1016/j.ocecoaman.2007.08.002.

Halpern BS, Walbridge S, Selkoe KA, Kappel CV, Micheli F,
D’Agrosa C, Bruno JF, Casey KS, Ebert C, Fox HE, Fujita R,
Heinemann D, Lenihan HS, Madin EMP, Perry MT, Selig ER,
Spalding M, Steneck R, R (2008b) A global map of human
impact on marine ecosystems. Science 319:948–952. https://doi.
org/10.1126/science.1157390.

Hammar L, Molander S, Pålsson J et al. (2020) Cumulative impact
assessment for ecosystem-based marine spatial planning. Sci
Total Environ 734:139024. https://doi.org/10.1016/j.scitotenv.
2020.139024.

Harriman JAE, Noble BF (2008) Characterizing Project and Strategic
Approaches to Regional Cumulative Effects Assessment in
Canada. J Environ Assess Policy Manag 10:25–50. https://doi.
org/10.1142/S1464333208002944.

Hegmann G (2021) The challenge of cumulative effects assessment at
the project level. In: Blakley, J. A. E.; Franks, D. (ed.). Handbook
of Cumulative Impact Assessment. Cheltenham: Edward Elgar.

Hernandez COM, Shadman M, Amiri MM et al. (2021) Environmental
impacts of offshore wind installation, operation and maintenance,
and decommissioning activities: A case study of Brazil. Renew
Sustain Energy Rev 144:110994. https://doi.org/10.1016/j.rser.
2021.110994.

HM Government (2011) UK Marine Policy Statement. Available at:
https://assets.publishing.service.gov.uk/media/5a795700ed915d
042206795b/pb3654-marine-policy-statement-110316.pdf.

Hollarsmith JA, Therriault TW, Côté IM (2022) Practical imple-
mentation of cumulative-effects management of marine ecosys-
tems in western North America. Conserv Biol 36:1–12. https://
doi.org/10.1111/cobi.13841.

IFC - International Finance Corporation (2013) Good Practice Hand-
book: Cumulative Impact Assessment and Management, Gui-
dance for the Private Sector in Emerging Markets.

Jonsson PR, Hammar L, Wåhlström I et al. (2021) Combining seas-
cape connectivity with cumulative impact assessment in support
of ecosystem-based marine spatial planning. J Appl Ecol
58:576–586. https://doi.org/10.1111/1365-2664.13813.

Joseph C, Gunton TI, Hoffele J, Baldwin M (2023) Improving
cumulative effects assessment: alternative approaches based upon
an expert survey and literature review. Impact Assess Proj
Appraisal 41:162–174. https://doi.org/10.1080/14615517.2023.
2170093.

Judd AD, Backhaus T, Goodsir F (2015) An effective set of principles
for practical implementation of marine cumulative effects
assessment. Environ Sci Policy 54:254–262. https://doi.org/10.
1016/j.envsci.2015.07.008.

Kaveney T, Kerswell A, Buick A (2015) Cumulative Environmental
Impact Assessment Industry Guide. Minerals Council of
Australia.

Kirkfeldt TS, Andersen JH (2021) Assessment of collective pressure in
marine spatial planning: The current approach of EU Member
States. Ocean Coast Manag 203:105448. https://doi.org/10.1016/
j.ocecoaman.2020.105448.

Kofahl M, Northrup T (2023) Comparative Jurisdictional Research
Report on the Assessment and Regulation of Offshore Wind
Development. Prepared for: Ecology Action Centre.

Köller, J, Köppel, J, Peters, W, 2006. Research on Environmental
Impacts. Springer, Berlin, Germany.

Kuempel CD, Stockbridge J, O’Neill T et al. (2025) Frameworks and
best practices for cumulative impact accounting in offshore
energy development. Mar Policy 173:106571. https://doi.org/10.
1016/j.marpol.2024.106571.

Loza ARA, Fidélis T (2022) Addressing climate change in EIA leg-
islation and the climate-proofing of dams: a comparative analysis
of Canada, Oman and Portugal. Impact Assess Proj Appraisal
40:269–282. https://doi.org/10.1080/14615517.2022.2041160.

Ma Z, Becker DR, Kilgore MA (2009) Assessing cumulative impacts
within state environmental review frameworks in the United
States. Environ Impact Assess Rev 29:390–398. https://doi.org/
10.1016/j.eiar.2009.03.004.

Ma Z, Becker DR, Kilgore MA (2012) Barriers to and opportunities
for effective cumulative impact assessment within state-level
environmental review frameworks in the United States. Journal
Environ Plan Manag 55:961–978. https://doi.org/10.1080/
09640568.2011.635013.

Masden EA, Fox AD, Furness RW et al. (2010) Cumulative impact
assessments and bird/wind farm interactions: Developing a con-
ceptual framework. Environ Impact Assess Rev 30:1–7. https://
doi.org/10.1016/j.eiar.2009.05.002.

Masden EA, McCluskie A, Owen E, Langston RHW (2015) Renew-
able energy developments in an uncertain world: The case of

3042 Environmental Management (2025) 75:3025–3043



offshore wind and birds in the UK. Mar Policy 51:169–172.
https://doi.org/10.1016/j.marpol.2014.08.006.

Morrison-Saunders A, Baker J, Arts J (2003) Lessons from practice:
towards successful follow-up. Impact Assess Proj Appraisal
21:43–56. https://doi.org/10.3152/147154603781766527.

Natural England (2014) Development of a generic framework for
informing Cumulative Impact Assessments (CIA) related to
Marine Protected Areas through evaluation of best practice.
Natural England Commissioned Report NECR147.

Nelson R, Shirley LM (2023) The Latent Potential of Cumulative
Effects Concepts in National and International Environmental
Impact Assessment Regimes. Transnational Environ Law
12:150–174. https://doi.org/10.1017/S2047102522000243.

Neri AC, Dupin P, Sánchez LE (2016) A pressure–state–response
approach to cumulative impact assessment. J Clean Prod
126:288–298. https://doi.org/10.1016/j.jclepro.2016.02.134.

Nordic Energy Research (2022) Accommodating Biodiversity in
Nordic Offshore Wind Projects. 10.6027/NER2022-01.

Olagunju A et al. (2021) Cumulative effects assessment requirements
in selected developed and developing countries. In: Blakley, J. A.
E.; Franks, D. (ed.). Handbook of Cumulative Impact Assess-
ment. Cheltenham: Edward Elgar.

Prahler EE, Reiter SM, Bennett M et al. (2014) It All Adds Up:
Enhancing Ocean Health by Improving Cumulative Impacts
Analyses in Environmental Review Documents. Stanf Environ
Law J 33:351–417.

Quesada-Silva M, Suarez J, Campos AI, Turra A (2019) Stakeholder
Participation Assessment Framework (SPAF): A theory-based
strategy to plan and evaluate marine spatial planning participatory
processes. Mar Policy 108:103619. https://doi.org/10.1016/j.ma
rpol.2019.103619.

Raoux A, Dambacher JM, Pezy JP et al. (2018) Assessing cumulative
socio-ecological impacts of offshore wind farm development in
the Bay of Seine (English Channel). Mar Policy 89:11–20.
https://doi.org/10.1016/j.marpol.2017.12.007.

RenewableUK (2013) Cumulative Impact Assessment Guidelines:
Guiding Principles for Cumulative Impacts Assessment in Off-
shore Wind Farm.

Rezaei F, Contestabile P, Vicinanza D, Azzellino A (2023) Towards
understanding environmental and cumulative impacts of floating
wind farms: Lessons learned from the fixed-bottom offshore wind
farms. Ocean Coast Manag 243:01–18. https://doi.org/10.1016/j.
ocecoaman.2023.106772.

Rijkswaterstaat (2022) Framework for Assessing Ecological and
Cumulative Effects (KEC) 4.0 for the roll-out of offshore wind
energy and wind farm zones (Éxtra Task 2030+). Report A:
Scope.

Roudgarmi P (2018) Cumulative Effects Assessment (CEA), A Review.
Journal of Environmental Assessment Policy and Management
20:1850008. https://doi.org/10.1142/S1464333218500084.

Sánchez LE (2023) Avaliação de impactos cumulativos. São Paulo,
SP: Oficina de Textos.

Schupp MF, Kafas A, Buck BH et al. (2021) Fishing within offshore
wind farms in the North Sea: Stakeholder perspectives for multi-
use from Scotland and Germany. J Environ Manage 279:111762.
https://doi.org/10.1016/j.jenvman.2020.111762.

Sinclair AJ, Doelle M, Duinker PN (2017) Looking up, down, and
sideways: Reconceiving cumulative effects assessment as a
mindset. Environ Impact Assess Rev 62:183–194. https://doi.org/
10.1016/j.eiar.2016.04.007.

Sinclair, L, Pope, J, Holcombe, S et al., 2022. Towards a framework
for regional cumulative impact assessment. CRC TiME Limited,
Perth, Australia.

Stephenson RL, Hobday AJ, Cvitanovic C et al. (2019) A practical
framework for implementing and evaluating integrated manage-
ment of marine activities. Ocean Coast Manag 177:127–138.
https://doi.org/10.1016/j.ocecoaman.2019.04.008.

Sunderland CV (2021) Measures to effectively forecast potential cumu-
lative effects. In: Blakley, J. A. E.; Franks, D. (ed.). Handbook of
Cumulative Impact Assessment. Cheltenham: Edward Elgar.

Tedeschi AC, Stoot LJ, Rytwinski T, et al. (2025) A Policy Scan of
Cumulative Effects Assessment in Support of Renewable Clean
Growth Projects in Canada. Environ Manage. https://doi.org/10.
1007/s00267-025-02125-1.

UNESCO-IOC, European Commission (2021) MSPglobal Interna-
tional Guide on Marine/Maritime Spatial Planning. Paris,
UNESCO. (IOC Manuals and Guides no 89).

Vasconcelos RM de, Silva LLC, González MOA, et al. (2022)
Environmental licensing for offshore wind farms: Guidelines and
policy implications for new markets. Energy Policy 171:113248.
https://doi.org/10.1016/j.enpol.2022.113248.

Wärnbäck A, Hilding-Rydevik T (2009) Cumulative effects in
Swedish EIA practice - difficulties and obstacles. Environ
Impact Assess Rev 29:107–115. https://doi.org/10.1016/j.eiar.
2008.05.001.

Willsteed E, Gill AB, Birchenough SNR, Jude S (2017) Assessing the
cumulative environmental effects of marine renewable energy
developments: Establishing common ground. Sci Total Environ
577:19–32. https://doi.org/10.1016/j.scitotenv.2016.10.152.

Willsteed EA, Birchenough SNR, Gill AB, Jude S (2018a) Structuring
cumulative effects assessments to support regional and local
marine management and planning obligations. Mar Policy
98:23–32. https://doi.org/10.1016/j.marpol.2018.09.006.

Willsteed EA, Jude S, Gill AB, Birchenough SNR (2018b) Obligations
and aspirations: A critical evaluation of offshore wind farm
cumulative impact assessments. Renew Sustain Energy Rev
82:2332–2345. https://doi.org/10.1016/j.rser.2017.08.079.

Willsteed EA, New L, Ansong JO et al. (2023) Advances in cumu-
lative effects assessment and application in marine and coastal
management. Cambridge Prism Coast Futur 1:1–9. https://doi.
org/10.1017/cft.2023.6.

World Bank Group (2021) Key Factors for Successful Development of
Offshore Wind in Emerging Markets. ESMAP, World Bank,
Washington, DC.

Environmental Management (2025) 75:3025–3043 3043


