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Intro
General
The Common Environmental Assessment Framework (CEAF) is meant to become a commonly
accepted set of tools for Marine Spatial Planning (MSP) decision support regarding assessing, and
dealing with unwanted potential ecological impacts of wind farm developments. Within CEAF a tool
for cumulative ecological effect assessment for potential use in Strategic Environmental
Assessment (SEA) and Environmental Impact Assessment (EIA) has been developed. This tool has
been tested within a case study within the SEANSE project.
This guidance provides a concise overview of the approach and the steps for cumulative effect
assessment (CEA), including models and methods used and assumptions made for a test within the
SEANSE project.
Status
The collaboration of parties within the Political Declaration is on a voluntary basis. The CEAF
instrument toolbox will not have a formal/legal basis. Parties are free to use the instruments.
CEAF tools will be in line with EU and OSPAR regulations/approaches. CEAF parties are responsible
to align the instrument with national legislation and policy lines if applying it in national
procedures.
1.

How does the CEAF tool on CEA work?

For the Cumulative Effect Assessment, a stepwise approach is proposed, based on the OSPAR
Cumulative Effect Approach for QSR 2023.
This OSPAR approach is risk based, focusing on ecosystem components and has a transparent and
flexible character. The cumulative effect assessment tool focusses on selected species (see: A
prioritised selection of representative species potentially vulnerable to effects of installing and / or
operating offshore windfarms in the North Sea / Irish Sea region) As a consequence of this focus
on species a cumulative effect assessment takes into account the developments in the entire
biogeographical region (within the jurisdiction of collaborating countries) of the possible affected
population of the species. Coherence with the OSPAR approach is deemed important because all
CEAF partners are Contracting Parties to OSPAR and the offshore area, covered by the participating
partners in CEAF, is a substantial and the most intensively used part of the OSPAR area.
The following steps are distinguished in the CEA:
1.
2.
3.
4.
5.
6.

Scoping; what is the scope of the CEA?
Defining the relevant stressors
Pathways; stressor - receptor relations
Spatial and temporal scale
Assessment of cumulative effects
Evaluation
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Input within this stepwise approach is based on environmental and species specific information and
wind farms technical and spatial information (from the plan).
Effect calculations are made by applying this input information in the chosen methods and models.
By applying these methods and models assumptions needs to be made for knowledge gaps and
uncertainties. These assumptions should be based on the precautionary principle.
Results depend on the used models and methods and can be presented as mortality, disturbed
numbers of animals or population impacts (eventually within uncertainty limits).
The CEAF CEA tool is a flexible instrument in which new knowledge and new methods and models
can be applied for new runs of effect assessment. In connection with an knowledge agenda the CEA
tool can fit into an adaptive management approach for continuing improvement of the tool and the
plans that it is used for.

3

2. Elaboration of the steps
2.1

Scoping; what is the scope of the Cumulative effect assessment?

Scoping of the Cumulative Effect Assessment (CEA) should be in tune with the scope of the
EIA/SEA/study where the CEA should fit in.
2.2
2.3

Defining the relevant stressors
Pathways; stressor - receptor relations

Steps 2 and 3 are interconnected. Decisions will not be made in the order of 2, 3, but will develop
in an iterative process with one or more loops. According to Directive 2017/845/EU, Table 2,
anthropogenic pressures (stressors) on the marine environment originating from Renewable Energy
Generation are:
a.
b.

Disturbance of species (e.g. at sites where they breed, rest and/or feed) due to human
presence
Extraction of, or mortality/injury to, wild species
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c.
d.
e.
f.

Input of anthropogenic sound (impulsive, continuous)
Physical disturbance to seabed (temporary or reversible)
Physical loss (due to permanent change of seabed substrate or morphology and to
extraction of seabed substrate)
Input of other forms of energy (including electromagnetic fields, light and heat)

For the CEA tool (in this stage) possible effects of stressors d, e and f are expected to be too
limited on the scale of wind farm development in the North Sea in the coming decade to allow cross
border cumulative effect assessment. For the first three stressors taken into account for calculating
effects, the following species have been selected from a longlist of species of international concern:
a.

For assessment of the cumulative effects of habitat loss due to the presence of operational
offshore wind farms, two representative species are taken into account, each of which
represent a slightly different challenge because of clearly different ecological requirements.
These are red-throated diver (Gavia stellata) because of their extreme vulnerability to any
human disturbance and the fact that they tend to prefer relatively shallow waters also
currently favoured by wind farm prospectors and, on the opposite end, common guillemot
(Uria aalge) because they may occur anywhere at sea and are thus always likely to be
influenced

b.

For assessing the cumulative effects of bird collisions with rotating rotor blades of offshore
turbines, the most representative receptor species are thought to be: black-legged
kittiwake (Rissa tridactyla) for the UK and Norway and lesser black-backed gull (Larus
fuscus) for continental NW Europe.

c.

Harbour porpoise (Phocoena phocoena) is considered to be the most vulnerable receptor
species for assessing the cumulative effects of underwater sound production by pile driving
during the installation of offshore wind turbines.
2.4

Spatial and temporal scale

Assessing the potential cumulative effects of a planned activity (strategic plan - project) means
that also other plans and projects that should be taken into account need to be defined. Other
projects and plans to take into consideration depend on the defined spatial and temporal scale to
take into account.
1. Spatial scale for calculations
The identified species are the starting point for the spatial scale of the assessment. Commission
Decision 2017/848/EU Part II1 deals with criteria and methodological standards, specifications and
standardized methods for monitoring and assessment of essential features and characteristics and
current environmental status of marine waters under point (a) of Article 8(1) of Directive
2008/56/EC. On the scale of assessments it states: Ecologically-relevant scales for birds and small
toothed cetaceans (i.e. harbour porpoise) are the subregions of the North-East Atlantic Ocean. The
Greater North Sea is for CEAF the relevant subregion of the NE Atlantic Ocean.
Based on an ecological sound spatial scale for assessment of effects of pressures, the area for
calculating effects on the chosen species depends on the area of importance for population of the
possibly affected species. For pragmatic reasons the biogeographical area is taken into the
assessment as far as it is part of the area of jurisdiction of the in the Political Declaration
participating countries (Norway, Denmark, Germany, Netherlands, Belgium, France, UK/Sc).
This implies that the population sizes for harbour porpoise and the four target bird species against
which the calculated cumulative effects will have to be contrasted in order to estimate impact, will
have to refer to the same scale, i.e. Greater North Sea.
2. Temporal scale of plan/project:
Project/plans to include within the assessment include other project/plans that are planned and/or
developed in the planning timeslot. (EC Guidance Document, Wind energy developments and
Nature 2000, EU, 2011, p.70; Other plans and projects to be considered include those that already
1

Part I deals with criteria, methodological standards, specifications and standardized methods for the
monitoring and assessment of predominant pressures and impacts under point (b) of Article 8(1) of Directive
2008/56/EC.
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have been completed, those that are approved by the planning authorities, or those that are
currently undergoing planning approval.)
3. Other activities
It is assumed that for assessing possible effects of wind farm developments other activities (others
than wind farm development), and effects of activities outside the North Sea biogeographic region
are expected to have been incorporated in the baseline population state and development. This is
not always the case. Effects of an activity can have a continuing impact, the currently observed
situation may not be the right baseline for judging new activities because effects of former
activities may not have levelled off yet.
2.5

Assessment of cumulative effects

Potential effects will be calculated by methods and models that are identified as the best available
(at the time of identification, May 2018) (see: Inventory and assessment of models and methods
used for describing, quantifying and assessing cumulative effects of offshore wind farms, RH/DHV
2018). For these calculations existing compulsory preventing - and/or mitigating measures from
national legislation are taken into account. Used methods and models are:




Harbour porpoise: Noise propagation model Aquarius together with the population impact
model iPCoD and DEPONS
Collision - birds: SOSS Band model and Band Stochastic model.
Displacement – seabirds: Bi-monthly density (ESAS+MWTL) & Overlap with wind farms +
(species specific) buffer zone will result in the number of displaced birds.

2.6 Evaluation of the calculated potential effects
Determining acceptable levels and evaluation of results is seen as a national responsibility.
Understanding differences in approaches and metrics used by the different partners is an important
step towards a common language in which collaborating partners can communicate on wind farm
developments in balance with protection of the ecosystem.
3. Assumptions
Assumptions are made in each step of the calculation process for dealing with lack of knowledge or
contradictionary information. In most cases the assumptions are made based on expert judgement,
taking into account a (realistic) precautionary approach. Transparency on the assumptions used is
an important principle in the CEAF approach. Annex 2 summed up the assumptions made for the
case studies.
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Annex 1. Definitions
Information sources:
(1) GJ Piet et al., Cumulative effect assessment, proof of concept marine mammals, Wageningen
Marine Research & Deltares, 2017
(2) Judd, A.D, Backhaus T., Goodsir F., An effective set of principles for practical implementation of
marine cumulative effect assessment, Environmental Science & Policy, 54 (2015) 254-262
Cumulative effects assessments (source 1): A systematic procedure for identifying and
evaluating the significance of effects from multiple sources/activities and for providing an estimate
on the overall expected impact to inform management measures. The analysis of the causes
(source of pressures and effects), pathways and consequences of these effects on receptors is an
essential and integral part of the process.
According to Judd et al (source 2), a key component of this is developing an understanding of the
relationships (risks) between the source of a pressure, the pathways by which exposure might
occur, and the environmental receptors that could be harmed. The use of the term ‘‘cumulative
effect’’ should always be accompanied by a detailed description of the problem perceived:

which pressures are considered in scope for the assessment,

from which source(s) they originate, and

which receptor(s) are investigated.
The purpose of the cumulative effects assessment also needs to be clearly stated.
Effects (source 2): human activities exert pressures which have effects which may lead to
impacts on receptors (i.e. activity/source - pressure/effect pathway - receptor - impact). So
pressure and effect are always coupled in such a way that every pressure has an effect, but not
every pressure necessarily leads to an impact, e.g. dredging of seafloor sediments has the effect of
temporarily mobilizing sediment into suspension in the water column, but this might not have a
discernible impact on water quality or biota.
Impact ( source 2): is a measurable, detrimental, change to a species or habitat attributable to a
human activity. ‘‘Effects’’ can be managed to reduce or prevent ‘‘impacts’’. This embodies the
consideration of environmental risk, since, whilst human activities exert pressures and thus cause
environmental effects, they do not always necessarily also impact the environment.
Pathway (2): is the mechanism by which a receptor is exposed to the pressure and effect (e.g.,
hydrodynamic regime, ingestion of contaminated water, ingestion of contaminated soil or food,
direct contact with contaminated water or soil).
Pressure (2/including addition): is an anthropogenic event or agent (biological, chemical or
physical) exerted by the source to elicit an effect (that may lead to harm or cause adverse
impacts).
Pressure and Stressor can be seen as having the same meaning
Scale (1): is the spatial, temporal, quantitative or analytic dimension used by scientists
to measure and study objects and processes. Accordingly, scale is dependent on the
extent (magnitude of dimension) and grain/resolution (precision in measurement).
Receptors (2): are physical (beaches, sandbanks, mudflats) or ecological (e.g. fish, birds,
mammals, plants) or economic (tourism, business) or social/cultural (public enjoyment of open
space) entities which are sensitive to the hazards under investigation. In other words, entities
which would be affected if exposed to the combined pressures.
Source (2): is the causal factor for pressure(s) and effects. In simple terms the source (e.g. pile
driving, dredging) is derived from an activity (e.g. installation of an offshore wind farm, port
operation). Unambiguous identification of the source(s) of the pressures included in the CEA is
essential if effects are to be appropriately managed.
Uncertainty (2): the degree to which knowledge (e.g. about the sensitivity of a receptor to a
pressure or the factors which influence exposure) is limited. Uncertainty originates from
randomness and incomplete knowledge. Given the broad range of parameters that warrant
consideration in a cumulative effect assessment, it is essential to incorporate uncertainty
assessment principles, e.g. the means to discriminate between three dimensional interactions of
location, level and nature of uncertainty.

7

Annex 2. Assumptions for calculations in SEANSE
Birds
Data used
For all seabird species the data used stemmed from a combination of the database available from
the European Seabirds At Sea (ESAS) from the years 1991-2017, to which the (aerial) survey data
from the Dutch monitoring programme for the Dutch part of EEZ (so-called ‘MWTL-data’) were
added for the same period of time (cf. Table 1). For gulls as well as for Northern Gannets so-called
‘fishy-tails’ (flocks of birds gathered together feeding behind fishing vessels) were spread out over
larger surface areas in order to avoid bias in calculating densities whenever observed densities
exceeded 10 birds/km2.
Geographical area considered
The area considered consists of the southern and central parts of the North Sea (Figure 1). The
study area thus comprises the area between 51°N and 56°N.

Figure 1. Southern and central North Sea (2 colors dark blue): the geographical area considered for
testing of CEA tool (excl. Dunkerque area)

Density method wind farm Dunkerque for SEANSE.
Wageningen Marine Research (WMR) determined bimonthly densities in a grid of 5 x 5 km by
interpolating the count data. A long-term average over the whole study period (i.e. 1991-2017)
was calculated for each bimonthly period and for each grid cell to create density maps per species.
Subsequently, the layouts of wind farms were laid over these density maps.
The local density of each species in each wind farm is then normally calculated from each grid cell
overlapping with the wind farm layout. However, an exception was made for wind farm Dunkerque,
as only one 5 x 5 km grid-cell partly overlapped with the layout of Dunkerque (see figure below),
meaning that just a slight part of the area was covered by the available density data. This could
lead to unrealistic estimates, as bird densities are potentially higher in the southern part of the
wind farm, due to the channel being narrower (thus birds might be ‘funnelled’ into higher densities,
especially during migration periods). Therefore, the three additional grid-cells east of Dunkerque
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(within 2.5 km from the wind farm) were also taken into account, to compensate for the northsouth gradient. This solution probably provides the best possible estimate we could make with the
available data.

Displacement assumptions
Theme/Task
Displacement area redthroated diver
Displacement area common
guillemot
Displacement level redthroated diver
Displacement level common
guillemot
Perimeter boundary used

Seabird density data
Displacement impact
Seasonal coverage

BSH methodology
OWF perimeter + 5.5 km

RWS methodoloy
OWF perimeter +5.5 km

OWF perimeter + 2 km

OWF perimeter + 2 km

99% perimeter + 50% buffer

100%

75% perimeter + 50% buffer

100%

Scenario GIS data (including
scaling factor2 for yet
unknown projected OWFs)
Interpolated ESAS/MWTL
survey data 5 km
Number of displaced birds
Highest densities;
Red-throated diver (Feb-Mar),
common guillemot (Dec-Jan)

Scenario GIS data (including
scaling factor for yet
unknown projected OWFs)
Interpolated ESAS/MWTL
survey data 5 km
Number of displaced birds
Bi-monthly all year

2

Scaling factor provides an estimate of the proportion an actual planned (or projected) OWF makes up of the
of the surface area of a stretch of a designated area for offshore wind energy development. Quantified
assumptions of this proportion will be supplied by BuWa (Jacco Leemans).
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Collision risk assumptions
Theme/Task
CRM model applied
Single/Multiple transits
Basic/ Extended version
Bird morphometric data
Flight type
Flight height data lesser
black-backed gull
Fight height data kittiwake
Flight speed lesser blackbacked gull
Flight speed kittiwake

BSH methodology
McGregor et al. 2018
Multiple transits
Extended
Snow & Perrins 1997
Flapping
Gyimesi et al. 2017

RWS methodology
Band 2012
Multiple transits
Extended
Snow & Perrins 1997
Flapping
Gyimesi et al. 2017

Johnston et al. 2014
8.10 m/s (measured ORJIP)

Avoidance rate lesser blackbacked gull

0.998 (empirical ORJIP 2018)

Avoidance rate kittiwake

0.998 (empirical ORJIP 2018)

Flux rates lesser blackbacked gull
Flux rates kittiwake

Interpolated ESAS/MWTL
survey data
Interpolated ESAS/MWTL
survey data
Gyimesi et al. 2017

Johnston et al. 2014
9.41 m/s (Alerstam et al)
vs. 8.10 m/s (ORJIP)
13.1 m/s (Alerstam et al)
vs. 6.22 m/s (ORJIP)
0.995 (review Maclean et al.
2009) vs. 0.998 (ORJIP
2018)
0.995 (review Maclean et al.
2009) vs. 0.998 (ORJIP
2018)
Interpolated ESAS/MWTL
survey data
Interpolated ESAS/MWTL
survey data
Gyimesi et al. 2017

Johnston et al. 2014
See scenarios
Highest density; Aug-Sep

Johnston et al. 2014
See scenarios
Bi-monthly all year

%-age flying lesser blackbacked gull
%-age flying kittiwake
Size of turbines
Seasonal coverage

6.22 m/s (measured ORJIP)

Harbour porpoise
Sound propagation
Sound propagation is calculated with the recently validated and updated Aquarius 4.0 model.
Most important changes compared to Aquarius 1.0 are as follows
1. Employing a line source instead of point source
2. Non-linear absorption of sediment under 250 Hz (based on literature and measurements in
Gemini windfarm).
3. The effect of wind on propagation is not taken into account (during the validation it is
shown to give an underestimation of the sound propagation).
4. A hammer model is made instead of a semi empirical source spectrum model, allowing to
input directly the properties of the hammer and pile such as pile diameter, hammer energy,
mass/stiffness of the pile.
Area of disturbance
The disturbance threshold for the Harbour Porpoise used in the calculations is chosen to be 140 dB
(although there are also calculations with a threshold of 143 dB). The disturbance area is chosen
based on the maximum sound levels occurring in the water column for a worst case approach. It is
assumed that all animals within this area are disturbed equally.
Number of disturbed animals
To calculate the number of disturbed animals local densities around the wind farm sites for three
seasons (spring, summer and autumn) are used based on the best available and most recent
estimation and data for that region (Geelhoed et al, 2018, Gilles et al, 2016 and Hammond et al,
2017). Six regions based on the locations of the windfarms are defined. The following regions and
densities are estimated based on the data.
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Region
1 NL Holl. kust + IJmuiden ver, UK East Anglia
2 BE, NL Borssele, UK Thanet
3 DE (part of), NL Noord van Waddeneilanden
4 DK + DE (part of)
5 UK Dudgeon + Hornsea (3x)
6 UK Scotland

Spring
0,721
0,628
0,812
0,286
0,918
0,619

Individuals/m2
Summer
0,698
0,607
0,785
0,277
0,888
0,599

Autumn
0,444
0,386
0,500
0,176
0,565
0,381

Porpoise disturbance days
It is assumed that piling of one foundation causes a disturbance of 6 hours. This assumption is the
result of the recent expert elicitation for the iPCoD model and now also part of the recent version of
the model used.
Impact on the population

The total harbour porpoise population of the North Sea Management unit is taken to be
350.000 (based on Hammond et al. 2002, Hammond et al. 2013, Hammond et al. 2017
and Gilles et al. 2016)

Vulnerable subpopulation (the part of the population that has a chance of being disturbed
by the underwater sound of the construction activities of a windfarm, a feature of the iPCod
model) is taken to be equal to that of the North Sea Management unit as porpoises are
highly mobile and there is no information that shows that the porpoises are bound to a
limited home range.

A relatively low adult survival rate of 0,85 and a relatively high fecundity of 0,96.
Assumptions on the properties of the windfarms
The sound thresholds that are each country applies in the permits for the construction of windfarms
are used when calculating the effects of underwater sound.








Monopiles are used as foundations (if no other information is available)
Max turbine size; see scenario’s (is 10 MW from 2023 on and 12 MW from 2026 on).
A density of 6 MW/km2 is assumed, if no other information is available.
Windfarms that have a distance of 10 km or less to the coast are not taken into account.
Sound propagation per windfarm is calculated for one central position in the planned site
(with a realistic worst case assumption for the depth chosen).
Hammer energy is assumed to be 2000 kJ for turbines with a capacity of 3 MW or more
and 4000 kJ for turbines with a capacity of 12 MW and more.
The hammer energy for the foundations of the transformer platform are taken to be 2000
kJ.

Planning
The following assumptions are used for the timing of the construction

The start date and number of piles are based on the excel sheet provided for the
international scenario’s.

No piling takes place during the winter (December-February) due to unfavourable
meteorological conditions.

If only a year is provided for the construction a random starting date is chosen from march
on.

It is assumed that in average 2 piles can be placed every 3 days.

When a starting date between 1st of January and 1st of March is provided, 1st of March is
chosen as the starting date.

The transformer platforms are built a year before the construction of the turbine
foundations.
The number of piling days per country per year will be elaborated by the consultancy that will work
on the calculations (see report).
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