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Assessing the potential
of multi-use to reduce
cumulative impacts in
the marine environment
Jacqueline E. Tamis1*, Ruud H. Jongbloed1,
Marcel J. C. Rozemeijer1, Anne Grundlehner1, Pepijn de Vries1,
Annaïk Van Gerven2, Robbert G. Jak1 and Gerjan J. Piet1

1Wageningen University and Research, Wageningen Marine Research, Den Helder, Netherlands,
2Royal Belgian Institute of Natural Sciences, Operational Directory Natural Environment, Marine
Ecology and Management, Brussels, Belgium
The intentional combination of two or more marine activities with the purpose of

sharing space, infrastructure, resources and/or operations, referred to as multi-

use, is gaining attention as a means to reduce the spatial footprint of human

activities but possibly also its ecological footprint. In this study, the Spatial

Cumulative Assessment of Impact Risk for Management (SCAIRM) method was

adapted and applied to assess whether multi-use can reduce the ecological

footprint in terms of the cumulative impacts on the marine ecosystem, by

integrating multiple offshore activities in different configurations as compared

to these activities separated in space, referred to as single-use. These

configurations combine renewable energy, aquaculture, nature restoration and

tourism activities, in different combinations. For the sake of this multi-use

assessment these activities were subdivided into actions, their allocation in

space and time represented in scenarios (e.g. single-use versus multi-use)

which were then evaluated in terms of their ecological footprint (i.e. Impact

Risk). The main finding is that the calculated Impact Risk in multi-use is often

lower than that in single-use and in any case never higher. This study also shows

that there is still much to be gained in terms of further reduction in Impact Risk

through an optimization of the multi-use design by comparing the scenario

based on actual pilots deemed more realistic (i.e. co-existence with limited

synergies) with a hypothetical optimal scenario (i.e. multi-functional).
KEYWORDS

multi-use, offshore, cumulative impact assessment, cumulative effect assessment,
footprint, human activities, marine spatial planning, environmental benefit
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1 Introduction

As demand for resources continues to grow and land-based

sources decline, the use of marine resources is increasing, resulting in

a race among diverse and often competing interests for ocean food,

material, and space (Jouffray et al., 2020). Increased pressure on the

marine environment has led to two important types of conflict: 1)

competition between users for ocean space or having adverse effects on

each other (user vs user conflicts) and 2) the cumulative impact of all

these activities on the marine environment (user–environment

conflicts) (Douvere and Ehler, 2009). The latter being more

important as human-dominated marine ecosystems are experiencing

accelerating loss of populations and species (Worm et al., 2006).

Within Europe, Multi-Use (MU) has been promoted, amongst

others via the Blue Growth Strategy (European Commission, 2017)

and the Maritime Spatial Planning (MSP) Directive (European

Commission, 2014a), as a concept to reduce the spatial footprint

of pressures on European Seas and create new opportunities for

socio-economic development, along with potential environmental

benefits (Schultz-Zehden et al., 2018). Marine, or ocean, MU is

defined as the intentional combination of two or more marine

activities, with the purpose of sharing space, infrastructure,

resources and/or operations (Przedrzymirska et al., 2021). Other

terms to describe MU are multiple-use, co-use, coexistence,

interdependencies and co-location, which are sometimes used

interchangeably (Przedrzymirska et al., 2021). As MU can relate

to spatial proximity, overlap or concurrence, or economic
Frontiers in Marine Science 02
interaction it is considered an umbrella term that covers a

multitude of use combinations in the marine realm (Schupp et al.,

2019). Schupp et al. (2019) identified four dimensions in which

connections in MU occur: spatial, temporal, provisional, and

functional. Based on these dimensions different types of MU can

be defined (Figure 1) that range from the lowest level of connectivity

(spatial proximity/coexistence) to the highest level of connectivity

(multi-functionality). Multi-functionality is characterized by its

need for a joint development processes (e.g. inclusive planning

and joint licensing procedure, from start to finish), in order to

account for every individual users needs, rights, and finally

responsibilities in regard to any joint assets. For example, offshore

aquaculture devices could be structurally integrated in offshore

wind farms (Buck et al., 2017; Danovaro et al., 2024).

Several European projects have explicitly focused onMU, such as

EU-FP7 projects TROPOS (Modular Multi-use DeepWater Offshore

Platform Harnessing and Servicing Mediterranean, Subtropical and

Tropical Marine and Maritime Resources), MERMAID (Innovative

Multi-purpose off-shore platforms: planning, Design and operation)

and H2OCEAN (Development of a wind-wave power open-sea

platform equipped for hydrogen generation with support for

multiple users of energy) and the EU-H2020 projects MARIBE

(Marine Investment for the Blue Economy), MUSES (Multi-Use of

European Seas Project), Space@Sea (Multi-use affordable

standardized floating Space at Sea) and UNITED (Multi-Use

offshore platforms demonstrators for boosting cost-effective and

eco-friendly production in sustainable marine activities). To date,
FIGURE 1

Schematic presentation of four different scenarios and use combinations (after Schupp et al. (2019)) of the sectoral activities considered in this study.
Sharing is possible in the four dimensions: space, time (together represented by the green symbol), servicing (yellow symbol) and infrastructure/main
functions (blue symbol). Scenario Single-use (SU) is represented by scheme I and assumes no connectivity between activities. Scenario MU 1 is
represented by scheme II and III and assumes co-existence with a limited symbiotic use (some sharing of servicing). Scenario MU 2 is represented by
scheme IV (sharing all dimensions) and assumes the highest level of connectivity between the involved activities, including sharing of servicing and
structures/functions).
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the main focus of MU projects has been on technical, social,

economic and environmental aspects of MU which provided a

good basis for the MU concept development (Airoldi et al., 2016;

El Serafy, 2020; European Commission, 2018; Flikkema and Waals,

2019; van Hoof et al., 2020; Papandroulakis et al., 2017; van den Burg

et al., 2020). For example, the EU projects TROPOS and MERMAID

provided specific information regarding environmental impacts of

floating islands and their applications (Airoldi et al., 2016; TROPOS,

2014), which has been used together with new insights within the

Space@Sea project to develop an environmental impact assessment

for floating island applications (Tamis et al., 2021). Another example

is the MUSES project, that increased the knowledge base on

environmental interactions with tidal energy (Sangiuliano, 2018).

However, implementation of MU is still in its infancy (Bocci et al.,

2019; Stancheva et al., 2022). A recent review of support tools to

assess ocean multi sectoral interactions identified a need for

development of approaches that can integrate across different

sectors (Turschwell et al., 2022). Within UNITED, MU of marine

areas is encouraged by developing guidelines, tools and experience

through five pilots in three European seas (Baltic Sea, North Sea and

Mediterranean Sea). These pilots combine renewable energy,

aquaculture, nature restoration and tourism activities in different

combinations, with the aim to provide evidence for the viability of

marine MU (Kerkhove et al., 2021; Van Gerven et al, in prep.). More

specifically, the pilots aim to: demonstrate in practice the benefits of

the MU of offshore wind farms and aquaculture activities; investigate

the possibilities of floating solar panels and seaweed aquaculture

offshore; improve the design and deployment methods for offshore

aquaculture (shellfish and seaweed) activities combined with

restoration (flat oyster) at offshore wind farms; investigate

possibilities to expand tourism activities at offshore wind farms and

tourism activities at aquaculture sites (Brouwers et al., 2020). The EIA

(Environmental Impact Assessment) Directive (2011/92/EU as

amended by 2014/52/EU) requires Member States to ensure that

projects likely to have significant effects on the environment, such as

the installation of offshore infrastructure, are subject to an assessment

of their environmental effects, which should take place before

development consent is given by the authorities. EIA should focus

on ensuring ‘no-net-loss’ of biodiversity and avoiding effects from the

start, before considering mitigation, with compensation being used as

a last resort (European Commission, 2013). As such, MU can be

regarded as a concept to advance towards this goal. In addition to the

existing EIA guidance and tools, the Ocean Multi-Use Assessment

Framework (OMUAF) was developed (Van Gerven et al., 2024)1, The

OMUAF is designed to allow for comparisons between single-use

(SU, i.e. activities are taking place simultaneously but in different

exclusive areas) and MU approaches in an integrated manner based

on three pillars of sustainable development: an environmental,

societal and an economic assessment. In addition to these three

pillars, two categories of conditions must be met: technological
1 Van Gerven, A., Kerkhove, T. R. H., Lago, M., Araujo, A., Berge, M.,

Mashkina, O., et al. (2024). Facilitating an integrated assessment of impacts

in marine multi-use: Developing the Ocean Multi-Use Assessment

Framework (OMUAF)., Submitted to Marine Policy.
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feasibility and regulatory appropriateness (legal, policy and

governance) (Van Gerven et al., 2024)1. This study addresses the

development of the third pilar for the OMUAF; the

environmental assessment.

Because MU involves at least two marine sectors or activities being

together, an assessment of the potential impacts of all involved activities

and their pressures is essential. Cumulative effect assessments (CEAs)

and/or cumulative impact assessments (CIAs), are both defined as: “a

systematic procedure for identifying and evaluating the significance of

effects from multiple pressures and/or activities on single or multiple

receptors” (Judd et al., 2015). As such, they are therefore considered the

main tools to fulfill that role (Halpern and Fujita, 2013; Piet et al., 2023;

Stelzenmüller et al., 2018; Tamis et al., 2016). CIAs are also

recommended to inform an Ecosystem Approach to MSP (European

Commission, 2014b; European Commission et al., 2021). The Spatial

Cumulative Assessment of Impact Risk for Management (SCAIRM)

method (Piet et al., 2023) is a novel CIA approach for the marine

ecosystem and is here applied to assess the Impact Risk of multiple

offshore activities in different configurations. These configurations are

based on actual pilots but to avoid confounding location-specific effects,

the configurations are assumed to occur in a hypothetical area in the

southern North Sea. Hence, this study aims to assess whether MU as

applied in the UNITED pilots (Brouwers et al., 2020) can reduce the

ecological footprint in terms of the cumulative impacts on the

marine ecosystem.
2 Methods

2.1 Study area

As part of the UNITED project, this study is subjected to MU

applied in five pilots in the Baltic Sea, North Sea andMediterranean Sea,

with different environmental and ecological conditions (e.g. depth,

salinity. seabed substrates, species). These differences in ecosystems

may affect the environmental impact of human activities. Because this

study is aimed to compare the Impact Risk of MU versus SU and not

necessarily to assess the local Impact Risk of the pilots, there is no need

to address differences related to location. Therefore, to avoid

unnecessary complexity, all pilots are assumed to be applied in one

European Sea. The study area is defined as a hypothetical area of 22 km2

(comprising area for the activity and area for the potential dispersal of

pressures) in the southern North Sea consisting of two habitats, i.e.

sublittoral sediment and pelagic water column, and three species groups,

i.e. fish, birds, and marine mammals. The size of the study area is based

on the pilot with the largest spatial footprint, the Offshore Windfarm

(OWF) Belwind (i.e. 17 km2, Table 1) buffered with a zone surrounding

the area to account for maximum potential dispersal of the pressures.

Belwind is an existingOWF in Belgium and is included in one of the five

pilots of the UNITED project (Brouwers et al., 2020).
2.2 Activities, configurations and scenarios

The different combinations of ten activities divided over four

sectors are represented by configuration A to E (Table 1). These
frontiersin.org
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activities and configurations are based on the UNITED practical

pilots (Brouwers et al., 2020), with two exceptions: 1) each

configuration is assumed to occur in a hypothetical area (as

defined above) and 2) the OWF of configuration A (based on the

pilot with OWF Belwind) is representative for OWF in all

configurations. These adaptations are for simplicity reasoning and

enable a better comparison between the environmental impact of

MU versus SU. In addition to the selection of activities and their

combinations, also the required areas (Table 1) are based on the

practical pilots of UNITED.

Scenarios then describe how the configurations of these activities

are arranged in space and time. Three scenarios are applied to all

configurations A to E: The first scenario represents SU (Figure 1,

scheme I), for the configurations (assuming no sharing). This

scenario is used for comparison to the MU scenarios to assess the

change in environmental impact between SU andMU configurations.

The second scenario represents MU for the configurations operating

in a MU context. Since translating the concept of MU into practice

has proven to be challenging (Guyot-Téphany et al., 2024), a low level

of sharing is assumed for current MU (Figure 1, scheme II and III).

However, this scenario does not reflect the full potential of MU as

reflected by a multifunctional design with the highest level of

connectivity between the involved activities (Figure 1, scheme IV).

Therefore, an additional MU scenario is used that represents MU for

the configurations operating with the highest possible level of

connectivity. The two distinct MU scenarios thus follow the

different types of MU as defined by Schupp et al. (2019) with 1)

current practice represented by co-existence, characterized by a

moderate to low degree of connectivity between the involved

activities and a limited symbiotic use (sharing is possible for only

some actions related to servicing) and 2) optimal represented by

multi-functionality, characterized by the highest level of connectivity

between the involved activities, including sharing of structures and/

or installations.
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Following the four MU dimensions by Schupp et al. (2019)

(spatial, temporal, provisional, and functional, Figure 1), the

combinations of activities may involve sharing space (here reflected

in the reduction of area extent and hence spatial footprint, Table 1),

time (here reflected in duration, Supplementary Material SM1),

provisions and/or functions (here reflected by the actions,

Supplementary Material SM2).

These scenarios are subsequently evaluated in terms of the

resulting Impact Risk for each relevant Ecosystem Component (i.e.

species and habitats) to test if MU can potentially reduce

environmental impact and to which extent.

In addition to the scenarios applied to the configurations, a

baseline scenario is included. The baseline consists of North Sea

activities but without any of the activities used in the various

configurations. It is used to describe the average environmental

impact in the study area prior to application of the configurations

(Table 1). A set of common (“business as usual”) activities at

average intensities on the North Sea was used from Piet et al.

(2023) to represent the baseline scenario: Angling; Boating/

Yachting/Watersports (with and without engine); Commercial

fishing (Benthic trawls and dredges; Nets (fixed/set/gillnets/other

nets/lines); Pelagic trawls); and Shipping. These baseline activities

are not part of the configurations (Table 1) and it is assumed that

these will be excluded from the area.

2.2.1 Applying the scenarios to the configurations
The surface area required for each activity in the configuration

is indicated for SU andMU scenario (Table 1) where SU assumes no

spatiotemporal connectivity between activities and MU assumes

connectivity between activities (Figure 1). The boundary conditions

for the scenarios are specified such that they have the same yield of

the desired commercial products from the activities. Three project

phases are distinguished for the configurations: installation phase

(e.g. turbine installation and laying of cables), operational phase
TABLE 1 Activities and extent of their areas (km2) for the five configurations under Single-Use (SU) and Multi-Use (MU) scenarios.

Sector Activity Configuration A Configuration B Configuration C Configuration D Configuration E

SU MU SU MU SU MU SU MU SU MU

Renewable energy Wind farms 17 17 17 17 0.35 0.35 17 17

Export cables 1 1 3.2 3.2 0.12 0.12 0.5 0.5

Solar
platforms

4.2 0

Aquaculture Macro-algae 4.2 0 4.2 0 4.2 0

Shellfish 4.2 0 4.2 0

Fin-fish 0.07 0.07

Nature development Oyster reefs 0.05 0

Tourism

Diving 4 3.2 1.3 1.2

Day trips 0.02 0

Touristic
fishing

0.78 0.43
fro
Empty cells indicate that the activity is not included in the configuration.
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(e.g. wind energy production and presence of cables) and

decommissioning phase (e.g. removal of turbines and cables).

In the configurations A to D, wind farms are considered to be

the basic activity designated to occupy that specific area and in

configuration E (the only configuration without a wind farm) the

basic activity is aquaculture (see Table 1). Other activities may be

combined with the basic activity and will thus be situated within the

area designated for wind farms or aquaculture, as additional

activities. As such, of these other activities do not require

additional space, and their spatial extent is maximally set to zero

if entirely confined within the wind farm or aquaculture area. For

example, when combining solar energy with offshore wind energy

(configuration D), bundling of electricity cables reduces the spatial

footprint. However, some actions are exclusive to a specific activity,

or are not expected to be shared with other activities. For example,

aerial structures are only applicable for wind farms in the form of

wind turbines therefore spatial sharing with other activities (hence

extent reduction) is not applicable. Another example is foundations

and installations which can only be shared spatially under a multi-

purpose/functional MU scenario (Figure 1). Servicing may

be shared resulting in a reduced duration of the actions

(Supplementary Material SM1). For example, activities in MU can

share shipping time, thereby reducing costs and disturbances. For

each of the actions in a specific configuration it is indicated if

sharing is expected in the two MU scenarios (Supplementary

Material SM2). In case sharing is expected, the extent and

duration expected in MU apply for that specific action (see

Table 1 and Supplementary Material SM1, respectively). In case

no sharing is expected the extent and duration as in SU apply for

that specific action. For configuration A (wind energy, aquaculture

(macro-algae and shellfish) and nature development) 44 actions are

required of which 10 are expected to change in scenario MU 1

(limited sharing) and 26 are expected to change in scenario MU 2

(highest level of sharing). The same is expected for configuration B

(wind energy and aquaculture (macro-algae and shellfish)). Less

actions (38) are required for configuration C (wind energy and

tourism (diving, day trips and touristic fishing) of which 4 are

expected to change in scenario MU 1, and 8 are expected to change

in scenario MU 2. For configuration D (wind energy, solar energy

and aquaculture (macro-algae) most actions are required (46) of

which 14 are expected to change in scenario MU 1 and 27 are

expected to change in scenario MU 2. Configuration E (aquaculture

(finfish) and tourism (diving)) requires 36 actions of which 3 are

expected to change in scenarios MU 1 and MU 2.
2.3 Cumulative impact assessment

2.3.1 Linkage framework
To assess the potential impacts on ecosystem components use is

made of the SCAIRM method (Piet et al., 2023). At the basis of

SCAIRM is a linkage framework consisting of impact chains that

link causes from stressors to impacts on receptors via the three main

elements, i.e. activities, pressures and ecosystem components.

Human activities are sectoral at their basic level (e.g. fishing,

renewable energy) but can be further sub-divided into operations.
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Pressures (e.g. abrasion, noise) represent the mechanism through

which human activities interact with the ecosystem. The ecosystem

components include (at the most basic level) pelagic habitats,

benthic habitats and species groups (birds, mammals, reptiles,

fish, cephalopods).

The framework includes a total of 42,333 impact chains

covering all North Sea activities, pressures and ecosystem

components (Piet et al., 2023). These impact chains cover the

baseline (2,487 impact chains related to fisheries, shipping and

tourism) and activities selected for the configurations (1,245 impact

chains related to offshore wind, aquaculture, solar, oyster reef

restoration and tourism). To explore the potential combinations

in MU, the activities defined in SCAIRM (sector activities and their

operations) are split up into actions to provide a higher level of

detail, e.g. on the installation of foundations, manual labor etc. See

supplemental material (Supplementary Material SM3) for a

description of all actions. Because of this introduced level of

detail, the number of impact chains increased from 1,245 to 6,791

(Supplementary Material SM4). This level of detail is required to

describe how functions and provisioning are shared between

sectors, and therewith distinguish between the different scenarios.

2.3.2 Impact risk
The key concept of SCAIRM is Impact Risk, reflecting the

expected pressure-induced loss of a specific ecosystem component

relative to an undisturbed situation for that specific assessment

period (Piet et al., 2023). Impact Risk is estimated per impact chain

as a function of Exposure and Effect Potential (Piet et al., 2023) after

one year of exposure (Supplementary Material SM5).

Exposure reflects the chance of co-occurrence of the ecosystem

component (receptor) and the pressure from an activity (stressor),

representing the proportion of an ecosystem component (percentage

or fraction of its distribution area or population) that may be

perturbed by the pressure (Piet et al., 2023). For the configurations,

the areas as presented in Table 1 are used, in proportion to the study

area (activity extent) complemented with pressure-specific dispersal

scores (Piet et al., 2023). Ecosystem components were assumed to be

evenly distributed within the study area. For the temporal overlap the

applied extent and dispersal and hence estimated Exposure were

adjusted to account for the duration of the activities (i.e. multiplied by

the fraction of the year that activities occur).

In case of Exposure, the Effect Potential then reflects the degree

of impact expressed as the expected change in abundance (numbers,

biomass) of the ecosystem component assuming that each spatial

unit is a closed system with no exchange with its surroundings. The

Effect Potential is assessed using data available in SCAIRM for the

North Sea (Piet et al., 2023), see Supplementary Material SM5.

The SCAIRM output is basically an aggregation of Impact Risk

across impact chains and thus cumulative pressures (Piet et al., 2023):

IREC,P   =  oNA
A=1IREC,P, A  

IREC   = 1 −
YNP

P=1(1 − IREC,P)

Where IR = Impact Risk, EC = Ecosystem Component, P =

Pressure, A = Activity
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This means that for the baseline and for each configuration, the

total Impact Risk is estimated for each Ecosystem Component by

summation of the Impact Risk of all impact chains related to the

involved activities.
3 Results

3.1 Evaluation of scenarios: baseline
compared to SU

The cumulative impacts from a set of common activities being

part of the baseline on the North Sea shows that fish suffer the

biggest threat followed by benthic habitats (Figure 2, left). Benthic

fisheries contribute most to the Impact Risk for all ecosystem

components. Comparing the Impact Risk between all activities,
Frontiers in Marine Science 06
including activities operated in SU configuration (Figure 2, right),

shows that for all ecosystem components except birds, maximum

Impact Risk is posed by benthic fisheries in the baseline. From the

operation of SU activities, birds endure the biggest threat. Wind

farms contribute most to the Impact Risk (birds), followed by finfish

culture (fish and marine mammals).
3.2 Evaluation of scenarios: MU compared
to SU

The Impact Risk on Ecosystem Components (ECs) from

activities in SU, MU 1 (Co-existence with limited symbiotic use)

and MU 2 (Multi-functional) for each configuration distinguishing

an installation, operational, and decommissioning phase (Figure 3)

reveals that for all ECs except sublittoral sediment the highest
FIGURE 2

Impact Risk from activities on ecosystem components in the Baseline (North Sea average, left) and SU configurations (right). Activities included in
this baseline are taken from Piet et al. (2023) and include: Angling; Boat_eng (boating/yachting, with engine); Boat_no (boating/yachting/water
sports, without engine); Fish_Bent (benthic trawls and dredges); Fish_Net (nets, fixed/set/gillnets/other nets/lines); Fish_Pel (pelagic trawls); Ship
(shipping). The Impact Risk of SU activities that are included in more than one configuration (wind farms, shellfish, macro-algae, Table 1) represents a
worst case, i.e. the maximum Impact Risk is used.
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Impact Risk is expected for the operational phase. For sublittoral

sediment the highest Impact Risk is expected for the installation

phase. In most configurations, wind farms cause highest Impact

Risk for sublittoral sediment, fish, mammals and birds (Figure 4).

Fish culture causes highest Impact Risk for the pelagic water

column, fish and mammals. The Impact Risk in MU is often

lower and in any case never higher than the Impact Risk in SU.

Differences between Impact Risk of SU and Impact Risk of MU are

most pronounced for the installation phase of the configurations

that combine oyster reefs (configuration A) and solar platforms

(configuration D) with wind farms. The Impact Risk in MU 2 is

never higher than the Impact Risk in MU 1 and is in some cases

lower. The highest difference between Impact Risk in MU 1 andMU

2 is shown for the sublittoral sediment in configuration D, which is

mainly related to the combination of solar platforms with

wind farms.
Frontiers in Marine Science 07
4 Discussion

This study shows that the ecological footprint (i.e. Impact Risk)

posed by the common activities in the baseline situation (fishing,

shipping, tourism) exceeds that from activities operated in SU

configuration, except for birds which are strongly impacted by

wind farms. Therefore, if existing common activities are excluded

within the area of a configuration (and hence assumed removed

from the ecosystem, not reallocated), it can be expected that for all

ecosystem components, except birds, the total Impact Risk in the

operational phase of the configuration area will be reduced

compared to the situation prior to the configuration development

(i.e. baseline situation).

The Impact Risk of a suite of activities, captured in a specific

configuration, shows that in many cases the estimated Impact Risk

in MU is lower than the Impact Risk in SU and it is never higher.
FIGURE 3

Impact Risk on five ecosystem components in configuration (A–E) in Single Use and Multi Use aggregated per phase. Multi Use: 1 = Co-existence
with limited symbiotic use and; 2 = Multi-functional.
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This is expected as only reductions in the spatial extent and/or the

duration of activities are foreseen, which are the two variables in the

assessment of Impact Risk for SU compared to MU. Differences

between Impact Risk of SU and Impact Risk of MU are most

pronounced for the installation phase of the configurations that

combine oyster reefs and solar platforms with wind farms.

Installation activities affect benthic habitats by e.g. abrasion/

damage for which the Impact Risk of the combined installation is

much less than individual installations. Minor reductions of Impact

Risk are expected in the operational phase. However, since the
Frontiers in Marine Science 08
(reduction of) Impact Risk is based on a yearly exposure this could

ultimately result in a significant reduction considering the full

operational lifespan of the initiative (an anticipated 15 years or

more). The highest difference between Impact Risk in MU 1 (co-

existence with limited symbiotic use) and MU 2 (multi-functional)

is shown for the sublittoral sediment in configuration D, which is

mainly related to the combination of solar platforms with wind

farms. These are both renewable energy activities and show the

greatest reduction of Impact Risk in a multi-functional type of MU

where structures such as electricity cables (infield and export) are
FIGURE 4

Impact Risk on five ecosystem components in configuration (A–E) in Single Use and Multi Use aggregated per activity. Multi Use: 1 = Co-existence
with limited symbiotic use and; 2 = Multi-functional.
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shared. Assuming co-existence with limited symbiotic use is

currently a more realistic scenario, and therefore there is still

much to be gained through a (further) optimization of the MU

design. For example, offshore aquaculture devices could be

structurally embedded in the offshore wind turbine infrastructure

(Buck and Langan, 2017). Multi-functionality requires a joint

development process (inclusive planning and joint licensing

procedure, from start to finish) in order to account for every

individual user’s needs, rights, and finally responsibilities in

regard to any joint asset (Schupp et al., 2019). Obstacles during

this process, in the form of legal aspects, insurance, risk and

uncertainty, and the overall governance of multi-use, determine

whether multi-use can be implemented successfully and be

financially viable (Ciravegna et al., 2024).

In this study, the SCAIRM methodology (Piet et al., 2023) has

been adapted and applied to assess the environmental impact of

MU. While the method was initially intended for studies on

ecosystem scale (i.e. regional seas), this is the first application of

SCAIRM at the local scale. Additional detail deemed necessary for

these assessments has been obtained by dividing the activities into

actions. Also, this is the first time that the SCAIRM method has

been used to assess the change in cumulative impacts that can be

achieved by integrating multiple activities and functions (i.e. Multi-

Use). For this latter application, the method has been further

developed and extended to include the combinations of actions

using the four dimensions as defined by (Schupp et al., 2019): space,

time, provisions and/or functions. The methodology has been

applied in a representative hypothetical area in the southern

North Sea comprising the two most common habitats, i.e.

sublittoral sediment and pelagic water column, and three species

groups, i.e. fish, birds, and marine mammals. This assumed

identical environment simplified the assessment and allowed the

comparison of Impact Risk between configurations to focus on

differences between SU and MU and not on differences between

local conditions. Application of a representative hypothetical area

for such assessments proved useful where application in other areas

and/or regions than the North Sea might involve other habitats such

as littoral sediment or rocks and other hard substrates, and other

species groups such as reptiles.

Regarding this type of CIA, the spatial extent relates to the

proportion surface area of the study area in which both the pressure

and ecosystem component co-occur. The Impact Risk is assessed

assuming linear additivity. Within CIA approaches, the assumption

of additivity is generally accepted (Judd et al., 2015; Stelzenmüller

et al., 2018; Piet et al., 2023) and is currently the best available

technique. This implies that the Impact Risk of all impact chains

affecting an ecosystem component are summed and possible

synergistic and antagonistic effects (Crain et al., 2008) are ignored.

The CIA applied here with SCAIRM only addresses potential

negative impacts on ecosystem components. However, it has been

suggested that MU might generate positive environmental or even

social impacts as well, including: more diverse species assemblages

thanks to an artificial reef effect, an increase in commercial fish
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species abundance, changes in nutrient cycling leading to less

eutrophication, carbon sequestration from organic matter

accumulating on the seafloor if the seafloor remains undisturbed,

sustainable food production, increased renewable energy production

per amount of space dedicated for renewable energy production

thanks to the combination of wind turbines and floating solar panels,

more space for conservation elsewhere thanks to the combination of

space-demanding activities, a reduction of conflicts over space use

and an increased social acceptance of offshore wind farms and

aquaculture (Van Gerven et al., 2023). Potential positive

environmental impacts are thus relevant in the evaluation and

prediction of the impact of ocean multi-use and hence included in

the UOMAF (Van Gerven et al., 2024)1. Besides (positive and

negative) environmental impacts, the UOMAF also includes other

key pillars of assessment, i.e. economic and social, and addresses

technological and regulatory conditions therewith providing a holistic

view of the impacts and benefits associated with MU scenarios. This

holistic view is especially important in the context of MSP, which is a

political and social management process informed by both the

natural and social sciences for the distribution of human activities

in space and time to achieve ecological, economic and social

objectives and outcomes (Ehler et al., 2019).

Information to properly evaluate any hypothetical optimal MU

scenarios is currently limited or even lacking but during commercial

rollout more information is expected to become available, for

example specific structural designs, details of proposed activities,

but also regarding specific locations including geographical and

environmental information. The SCAIRM method allows

harmonization of qualitative and quantitative approaches into a

single method, which has the advantage that it is comprehensive

and can be used in data-poor situations while allowing the use of

available quantitative information in more data-rich situations (Piet

et al., 2023). The SCAIRM method as applied in this study can thus

be used throughout the commercial rollout process. Moreover, it

has been considered an advantage to conduct the (cumulative)

environmental impact assessment at a high strategic level even at an

early stage when data are still limited and apply it consistently

throughout the sequential levels of decision making (Partidário,

2000; Tamis et al., 2016). Since MU may cover many combinations

of activities involving spatial, temporal, provisional, and functional

dimensions (Schupp et al., 2019) the SCAIRM method as applied

here can be used as a tool for communication between users and to

help identify possible beneficial connections.

This study contributes to the MU knowledge base and may help

implementation of MU in spatial planning aimed at reducing

environmental impacts. The presented methodology can easily be

adopted in future studies to explore other MU scenarios, as well as

be applied to other regions. The differences in environmental impact

caused by MU and how this is determined by various assumptions

regarding spatial and temporal aspects of MU indicates that it is

important to consider these assumptions in the commercial rollout and

to discuss with sector representatives or researchers the possibilities for

optimizing the design of activities and their actions in practice.
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