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Executive summary

An Integrated Ecosystem Assessment (IEA) was carried out with the purpose to determine the
main  human activities, pressure/impacts and ecosystem components from a
management/policy perspective. As the integrated management of the human activities at sea
should be driven by the European Integrated Maritime Policy, of which the Marine Strategy
Framework Directive (MSFD) provides the ecological pillar, this assessment was aimed at
determining the risk that the main MSFD objective (i.e. Good Environmental Status, GES, in
2020) will not be achieved. As only the pressures caused by human activities can be managed,
this IEA was based on establishing all relevant links (so-called chains, see figure 1) between
these activities and the eleven descriptors that determine GES (see table 1). A risk assessment
framework was developed and applied in order to determine for each of these chains their
share in compromising GES . This was done through a qualitative/semi-quantitative assessment
based on expert judgement in three regional teams covering some of the main MSFD (sub-
Jregions (i.e. North sea, Bay of Biscay, Mediterranean). For the Baltic Sea a similar IEA was
conducted recently by HELCOM and these results were adopted.
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Figure 1. Example of possible chains that link one human activity (commercial fisheries) to some the
MSFD descriptors.

The outcome of this IEA was then used as the basis for an evaluation of the relevance of the
MEECE simulation models (WP2) in a policy/management context. When considering this
relevance we distinguish between the pressure- and state-type of descriptors (see table). We
make this distinction because the pressure descriptors are often directly linked to a specific
pressure/activity while the descriptors of state essentially integrate the impacts of these different
pressures. Most of the MEECE drivers (which were identified before the MSFD was released)
would potentially map directly onto the MSFD pressure descriptors (except for energy and
noise). However, in reality Pollution was interpreted somewhat narrower within MEECE so that it
does not apply to the descriptors “Contaminants in seafood “and “Marine litter”. The IEA shows
that fisheries is the main human activity that could compromise achieving GES. This is also a
driver considered in MEECE.

Page 2 of 75



EC FP7 MEECE | 212085 | Deliverable D5.1 | Generic framework for the integrated assessment of marine resources

Table 1. Linkages between MEECE drivers and GES descriptors including an indication of whether these
reflect State or Pressure.

MEECE Driver Descriptor State  Pressure
Biological diversity X

Alien invasive species Non-indigenous species X

Fisheries Commercial (shell)fish X X
Food webs X

Eutrophication Eutrophication X
Sea-floor integrity X

Ocean Circulation Hydrographical conditions X

Pollution Contaminants X

Pollution Contaminants in seafood X

Pollution Marine Litter X
Energy and noise X

The IEA also shows that the higher trophic levels are most likely to be affected by the human
activities, immediately followed by the (biogenic) habitats. The lower trophic levels and
hydrographic conditions are not likely to be affected. For the descriptors of state these results
imply that overall biodiversity is the descriptor most likely to be compromised. This follows from
the fact that biodiversity encompasses most ecosystem components including those that
contribute most to the risk of not achieving GES (i.e. several habitats and top predators like
cetaceans, seals and seabirds).

The MEECE drivers as they occur in the proposal, map directly onto the GES pressure
descriptors (except for energy and noise). Therefore this IEA provides a first formal attempt not
just to rank these drivers in terms of their importance, but also show how these drivers and
other pressures could potentially affect the state of the ecosystem (as expressed by the State
descriptors). Due to this the effects of all pressure/impacts are integrated. The main aim of this
exercise was to identify policy related (parts of) chains that are not adequately covered by
models, with an emphasis on those most likely to compromise policy objectives. This would then
deliver an evaluation of the suitability and relevance of the MEECE models from a policy
perspective.

The MEECE models cover several of the ecosystem components considered in the IEA.
However, there is a significant mismatch between the importance from a policy management
perspective as emerges from the IEA, and the degree to which the combined models are able to
calculate relevant indicators. Management requirements mostly involve the higher trophic level
components (i.e. top predators, fish and benthos) as well as habitats, in contrast the models
focus mostly on the lower trophic levels and physico/chemical parameters. There is, however,
one component where they coincide: fish. The main components not covered by models in all
regions are the habitats. In spite of this limited coverage of the various ecosystem components,
the MEECE models cover three of the four state descriptors reasonably well in several of the
MSFD (sub)regions. Even though this may only include a limited part of the attributes and/or
indicators, at least part of the descriptor is covered.

The ecosystem components that mostly contribute to the risk that GES is compromised all have
distinct spatial patterns as do many of the most important human activities (e.g. fisheries,
mariculture, extraction of marine aggregates). Thus, the applicability of the models in a
management context would improve if they include a spatial component.
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1. Introduction

The main policy frameworks for the management of European marine resources have all
committed themselves to the development of an ecosystem approach to management.

Ecosystem Approach to Management

A The comprehensive integrated management of human activities
based on best available scientific knowledge about the ecosystem
and its dynamics, in order to identify and take action on influences
which are critical to the health of the marine ecosystems, thereby
achieving sustainable use of ecosystem goods and services and
maintenance of ecosystem integrity.” (Kege Stakeholder
Conference 2002)

A ‘A strategy for the integrated management of land, water and
living resources that promotes conservation and sustainable use in
an equitable way’ (Fifth Conference of the Parties to the
Convention on Biodiversity)

It is already being implemented through the Marine Strategy Framework Directive, which is the
environmental pillar of the International Maritime Policy and sets the obligation for Member
States to achieve Good Environmental Status (GES) in 2020 (see Box 1). In the revision of the
Common Fisheries Policy (CFP) it is stated that the future CFP must be set up to provide the
right instruments to support this ecosystem approach.

One major requirement of an ecosystem approach to management is to provide a
comprehensive framework for decision making on the exploitation of marine resources.
Integrated ecosystem assessments (IEAs) are a critical element to support such decision-
making frameworks.

Many different types of assessment exist and the use of the phrase IEA is not always
consistently used. In 2007 ICES WGECO provided the following definitions of assessment types
(ICES 2007):

Assessment — the most general term. A pressure, a state or a response can be assessed,
alone or in many combinations. An assessment can be the evaluation of status, or status and
trends, and can be with or without reference points against which to assess status.

Multispecies assessment — An assessment that includes more than one species, and includes
dynamic predator-prey interactions among the species. Status and trends of the species are
generally kept separate in the dynamics. It includes only biotic interactions.

Ecosystem Assessment — An assessment that includes at least two trophic levels and often
more than two species may be aggregated, and there are usually, but not necessarily more than
one species/aggregate, in at least some trophic levels. Assessments that are called “ecosystem
assessments” may or may not include abiotic influences on some or all of the biotic components
being assessed. There is no established term to differentiate “ecosystem assessments” that do
include effects of abiotic forcers from ones that do not. It would be useful to have such a term.
Until such a term becomes established, it is important to always differentiate whether an
ecosystem assessment being reviewed or reported did or did not include abiotic forcing.
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Integrated Ecosystem Assessment — An integrated ecosystem assessment has all major
trophic levels represented and linked, although the level of aggregation of species at each level
can be high or low, and may differ among levels. Integrated Ecosystem Assessments must
have major abiotic forcers included dynamically. The hydrographic model may be part of the
analytical tool used for the integrated ecosystem assessment, or may be run separately from
the biological one, and provide drivers for a dynamic biological model. In addition to State
attributes of ecosystems, Integrated Ecosystem Assessments should either estimate directly or
produce outputs adequate to estimate the status and trends of the dominant Pressures and
Impacts as well.

Integrated Ecosystem Assessments with socio-economic aspects — This long and
awkward label is used to refer to Integrated Ecosystem Assessments where it is intended that
Drivers and Responses will be part of the assessment, and often when Pressures and Impacts
are of equal or more interest than the bio-physical state variables. It would be useful to have
established terms to differentiate integrated ecosystem assessments that primarily focus on the
biological and physical components of the ecosystem, from integrated ecosystem assessments
that give substantial emphasis to the human dimensions of uses of the ecosystem. Such terms
do not yet exist. Following from the last point, there is a second partition that can be made to at
least ecosystem assessments and integrated ecosystem assessments. Assessments may be
relative to a single industry sector to inform policy and management of fisheries, aquaculture,
marine transport, etc.

Strategic Environmental Assessments systematically and comprehensively assess the
environmental effects of a plan or programme (or policy). The objective of the SEA process is to
ensure that environmental considerations are taken formally and fully into decision-making. In
each case the sector specific assessment is intended to evaluate how well a specific industry
sector can be supported by the ecosystem, and/or the size and nature of the footprint of the
industry sector on the ecosystem. Consequently, for different sectors, different ecosystem
components may be included, or at least disaggregated and assessed with as much accuracy
and precision as possible. The differences reflect the parts of the ecosystem with which each
industry sector interacts most directly. Within each sector these are likely to each be considered
an ‘“integrated ecosystem assessment”, but the components, dynamics, and results may be
different.

Integrated Ecosystem Assessments for Integrated Management of all human activities in
the sea. These necessarily require Integrated Ecosystem Assessments with socio-economic
considerations. They are intended to support policy and management to permit simultaneous
achievement of the social and economic objectives of all industry sectors active in an
ecosystem and to evaluate the total footprint of all the human activities in the sea, including
cumulative effects and interactions. As such they may still give some emphasis to some
ecosystem components on which particular industries depend directly or impact severely.
However, they also must give emphasis to the ecosystem components and interactions (biotic
or abiotic) most likely to regulate ecosystem structure and function. This can make their results
differ from the results of a sector-specific “integrated ecosystem assessment” [sometimes to the
surprise and consternation of the industry sector]. Both sector-specific and multi-sector
integrated ecosystem assessments have valuable uses, and again there is no established
terminology for differentiating among them. It would be useful to establish such terminology, as
well as terminology to clarify whether an integrated ecosystem assessment is intended to
produce estimates of P and R indicators directly, or simply support their estimation outside the
assessment. Without [clear language on][common terminology for use with] these issues, it can
be expected that confusion and sometimes misunderstandings about what will and will not be
done in different assessments as well as the results coming from those assessments will be
increasingly frequent.”

According to the IOC’s ‘Assessment of Assessments’ (UNEP&IOC-UNESCO 2009), an
assessment consists in formal efforts to assemble selected knowledge with a view toward
making it publicly available in a form intended to be useful for decision making; an integrated
(ecosystem) assessment takes account of interactions and cumulative effects across pressures,
activities, ecosystem components, environmental, social and economic aspects, or all of them.
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The MEECE project aims to resolve how marine ecosystems respond to global change, i.e.
combinations of climate change and anthropogenic drivers in order to increase the predictive
capacities regarding the influence of these drivers on marine ecosystems towards fulfiiment of
the goals of the Common Fisheries Policy (CFP) and Marine Strategy Framework Directive
(MSFD).

The CFP is limited to the impact of fisheries on the commercially exploited stocks and a
framework to assess this is already well established. Therefore we chose to focus on the MSFD
for the MEECE Integrated Ecosystem Assessment (IEA). The Marine Strategy Framework
Directive sets up a comprehensive list of ecological descriptors and characteristics, pressures
and impacts that are to be used i) to assess the environmental status of European marine
waters, and ii) to elaborate marine strategies, including programmes of measures to achieve
Good Environmental Status (GES) in those waters by 2020. According to (ICES 2010), IEAs
can contribute to both of these purposes for integrating descriptors, pressures and impacts.
Therefore an approach was developed for an IEA with the intent to establish the main human
induced pressures/impacts that can compromise GES (as defined in the MSFD). The MEECE
IEA builds on this approach.

Within MEECE and from the perspective of resource management, this IEA is intended to show
the main links through which human activities may compromise the main MSFD policy objective:
Good Environmental Status (GES). These links then form the basis for an evaluation of the
extent to which the elements that determine the risk that GES is compromised, are covered by
the suite of models developed within MEECE. Ultimately we intend to show the applicability and
usefulness of the MEECE models in terms of their potential to provide advice for resource
management aimed at achieving GES. As GES is determined on a regional basis, these regions
are also considered explicitly in this exercise.

2. Material & methods

2.1 MEECE Integrated Ecosystem Assessment

The MSFD distinguishes 11 qualitative descriptors (Annex | MSFD, see box 1) that together
determine the characteristics of Good Environmental Status (GES) which according to the
MSFD should be achieved by 2020.
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Box 1. Qualitative descriptors for determining Good Environmental Status (GES)

Box 2. MSFD Annex lll pressures and impacts

Physical loss
1 Smothering (e.g. by man-made structures, disposal of dredge spoil),
1 Sealing (e.g. by permanent constructions).

Physical damage

1 Changes in siltation (e.g. by outfalls, increased run-off, dredging/disposal of dredge spoil),

1 Abrasion (e.g. impact on the seabed of commercial fishing, boating, anchoring),

1 Selective extraction (e.g. exploration and exploitation of living and non-living resources on
seabed and subsoil).

Other physical disturbance
1 Underwater noise (e.g. from shipping, underwater acoustic equipment),
1 Marine litter.

Interference with hydrological processes

1 Significant changes in thermal regime (e.g. by outfalls from power stations),

1 Significant changes in salinity regime (e.g. by constructions impeding water movements,
water abstraction).

Contamination by hazardous substances

1 Introduction of synthetic compounds (e.g. priority substances under Directive 2000/60/EC
which are relevant for the marine environment such as pesticides, antifoulants,
pharmaceuticals, resulting, for example, from losses from diffuse sources, pollution by ships,
atmospheric deposition and biologically active substances),

1 Introduction of non-synthetic substances and compounds (e.g. heavy metals, hydrocarbons,
resulting, for example, from pollution by ships and oil, gas and mineral exploration and
exploitation, atmospheric deposition, riverine inputs),

1 Introduction of radio-nuclides.

Systematic and/or intentional release of substances

1 Introduction of other substances, whether solid, liquid or gas, in marine waters, resulting
from their systematic and/or intentional release into the marine environment, as permitted
in accordance with other Community legislation and/or international conventions.

Nutrient and organic matter enrichment

1 Inputs of fertilisers and other nitrogen and phosphorus-rich substances (e.g. from point and
diffuse sources, including agriculture, aquaculture, atmospheric deposition),

1 Inputs of organic matter (e.g. sewers, mariculture, riverine inputs).

Biological disturbance

1 Introduction of microbial pathogens,

1 Introduction of non-indigenous species and translocations,

1 Selective extraction of species, including incidental non-target catches (e.g. by commercial
and recreational fishing).

As the MEECE work package for which this is the first deliverable dresses marine resource
management and acknowledging that only human activities can be managed, not the
ecosystem, we put together a comprehensive list of human marine activities (thus excluding
land-based activities that may influence the marine resources, e.g. agriculture) that affect the
marine ecosystem through various pressures/impacts. Therefore in this integrated assessment
we linked the human activities to the MSFD descriptors through the pressures/impacts as

identified in the MSFD Annex Il (see box 2) while considering all the MSFD Annex llI
characteristics that constitute these descriptors (see box 3).
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Box 3. List of characteristics according to the MSFD Annex Il

Physical and chemical features

1 Topography and bathymetry of the seabed,

1 annual and seasonal temperature regime and ice cover, current velocity, upwelling, wave
exposure, mixing characteristics, turbidity, residence time,

1 spatial and temporal distribution of salinity,

1 spatial and temporal distribution of nutrients (DIN, TN, DIP, TP, TOC) and oxygen,

1 pH, pCO2 profiles or equivalent information used to measure marine acidification.

Habitat types

1 The predominant seabed and water column habitat type(s) with a description of the
characteristic physical and chemical features, such as depth, water temperature regime, currents
and other water movements, salinity, structure and substrata composition of the seabed,

1 identification and mapping of special habitat types, especially those recognised or identified
under Community legislation (the Habitats Directive and the Birds Directive) or international
conventions as being of special scientific or biodiversity interest,

1 habitats in areas which by virtue of their characteristics, location or strategic importance merit a
particular reference. This may include areas subject to intense or specific pressures or areas
which merit a specific protection regime.

Biological features

1 A description of the biological communities associated with the predominant seabed and water
column habitats. This would include information on the phytoplankton and zooplankton
communities, including the species and seasonal and geographical variability,

1 information on angiosperms, macro-algae and invertebrate bottom fauna, including species
composition, biomass and annual/seasonal variability,

1 information on the structure of fish populations, including the abundance, distribution and
age/size structure of the populations,

1 adescription of the population dynamics, natural and actual range and status of species of
marine mammals and reptiles occurring in the marine region or subregion,

1 adescription of the population dynamics, natural and actual range and status of species of
seabirds occurring in the marine region or subregion,

1 adescription of the population dynamics, natural and actual range and status of other species
occurring in the marine region or subregion which are the subject of Community legislation or
international agreements,

1 aninventory of the temporal occurrence, abundance and spatial distribution of non-indigenous,
exotic species or, where relevant, genetically distinct forms of native species, which are present
in the marine region or subregion.

Other features

1 Adescription of the situation with regard to chemicals, including chemicals giving rise to concern,
sediment contamination, hotspots, health issues and contamination of biota (especially biota
meant for human consumption),

1 adescription of any other features or characteristics typical of or specific to the marine region or
subregion.

This was done by creating chains that link the GES descriptors to the human activities through
the pressure/impacts (i.e. GES — pressure/impact —activity) and for each chain we performed an
assessment on the importance of that chain. For these assessments we applied two
approaches depending on the type of GES descriptor. Descriptors 1, 4, 6 and 7 are specifically
about the state of the ecosystem while descriptors 2, 8, 9, 10 and 11 describe the pressures
acting on the ecosystem. The remaining descriptor 3 has both a state and pressure component
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(e.g. the status of the commercial fish and shellfish is determined both by their abundance, i.e.
SSB, as well as their fishing mortality F). If the aim is to identify the main pressures likely to
compromise the GES objectives and from that the key human activities that need to be
managed if one or more of these GES objectives are compromised, then different methods of
assessment are required depending on the type of GES descriptor:

1 For the state-type of descriptors, GES is compromised if sustainability of one or more
ecosystem components (or sub-components) of that descriptor is compromised through one
or more of the pressures combined, considering prevailing physiographic, geographic and
climatic conditions.

1 For the pressure-type of descriptors, GES is compromised if sustainability of one or more
components (or sub-components) occurring in that ecosystem is compromised through that
particular pressure, including the effects of other existing pressures and considering
prevailing physiographic, geographic and climatic conditions. In practice this implies that the
assessment is based on the ecosystem component that is directly linked to the pressure
(e.g. the pressure impact “Introduction of radio-nuclides” links directly to the ecosystem
component “Radioactivity levels” or “Introduction of synthetic compounds” links directly to the
ecosystem component “Synthetic compound levels”) or otherwise the ecosystem component
considered to be affected most, i.e. the worst-case scenario (e.g. Underwater noise affecting
cetaceans).

In order to assess the main pressures and human activities, based on the extent to which the
sustainability of the ecosystem and its components are compromised, we followed a slightly
modified approach as developed by Robinson et al (2008ab) We identified so-called chains that
link the activity to the GES descriptor through a pressure/impact, taking into account that this
GES descriptor is an aggregate of several ecosystem components. One activity can thus be
linked to a GES descriptor through several chains (i.e. several pressures/impacts and several
ecosystem components). This approach consists of a number of steps that each provides
scores that together determine the importance of the chain(s) and thus the key human activities
for each GES descriptor.

Step 1: Identify possible pressure/impact mechanisms per human activity

Each human activity can interact with the marine environment through several pressures. In this
step we not only identify those pressures but also their relative importance (see table 1). In
order to avoid that those activities that affect the ecosystem through various pressures are
assessed as being more important just because the same ecosystem component is affected
through several chains as opposed to just one, each pressure score is corrected by dividing the
overall score of an activity by the summed pressure scores (see table 2.1.1.).

Step 2: Potential impact activity on ecosystem component

This is based on the spatio-temporal overlap of the component and pressure as caused by the
specific activity which in turn is characterized by the extent and frequency of that overlap. The
frequency and extent categories were allocated according to table 2.1.2.. The extent categories
were then combined into the following categories of increasing severity of the pressure: Site,
Local/Patchy, Local/Even, Widespread/Patchy, and Widespread/Even. Based on these, the
degree of overlap was assessed using table 2.1.2.. If there is no overlap, there is no risk from
the pressure as it is caused by the activity and therefore the chain does not need to be included
in the assessment; if there is a spatial overlap, proceed to Step 3. As most of the ecosystem
components as defined in the MSFD are broad categories that occur throughout the region,
overlap is in practice mostly determined by the extent of the pressure. However, for those
ecosystem components not occurring throughout the region (i.e. fish-deep sea, fish migratory,
seabirds and water birds and all habitats), the overlap of the component and pressure as
caused by the specific activity are relevant.

Step 3: Effect on ecosystem component

This is determined by the resistance of the ecosystem component to that pressure and the
resilience of the ecosystem component once affected. The allocation of resistance category
(low or high) (Table 2.1.3) depends on the degree to which the component can be pushed past
the threshold values in Table 2.1.4. This resistance score should reflect if that pressure is
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potentially capable of causing this (assuming sufficient overlap). Step 3 should therefore be
independent of the score in step 2. A chain of an ecosystem component with a pressure
emerging from a specific activity that hardly overlaps with the ecosystem component can thus
still get a low resistance score. The resilience of components is determined by the time taken to
return from the impacted status to a point above the resistance threshold level for that
component (Table 2.1.5.), i.e. the recovery time. Both resistance and resilience (Table 2.1.5.)
should be assessed using existing data, evidence or judgment, based on their
characterizations. Having chosen a resistance and resilience category for the particular
component, it is then possible to select the appropriate combination of these by applying the
resistance/resilience matrix for the specific component and the specific pressure (Table 2.1.6).

Step 4: Calculating the priority score

Finally the priority score is completed using the outcome of the previous steps where scores
from step 1 (Table 2.1.1.), step 2 (table 2.1.3.) and step 3 (table 2.1.6.) are combined. For this
the most straightforward method of multiplication is applied but other methods can be explored.
Finally total scores are summed but, again, other methods of aggregation can also be explored
(e.g. based on highest score, mean score or summed scores).

Finally a sensitivity analysis is conducted in order to determine the sensitivity of the outcome of
the assessment to the applied methodology and uncertainties in the various steps.

In order to assess how the quality of expert judgment may affect the outcome of this analysis
we considered the three regional teams as different expert groups. We then aggregated across
all minimum (between the three teams) and maximum scores separately. Because the IEA was
conducted by each of these teams from their regional perspective this implies that the observed
effect of the quality of expert judgment, is larger than would actually be the case if this was only
a difference between experts. Similarly, the effect of the method of aggregation and other
assumptions was assessed by applying slight variations to the methodology and comparing the
outcomes of the IEA. Results of the following changes to the applied methodology were
assessed:

a. Scores of 1,4,9 instead of 1,2,3 for each step

b. Priority score based on summation instead of multiplication of scores

c. Priority score based on only step 2 & 3, disregarding step 1 (= relative importance of
pressures per activity)

d. Priority score based on only step 1 & 3, disregarding step 2 (= frequency and extent of
each activity)

e. Priority score based on only step 1 & 2, disregarding step 3 (= resistance and resilience
of ecosystem components)

Page 10 of 75



EC FP7 MEECE | 212085 | Deliverable D5.1 | Generic framework for the integrated assessment of marine resources

Table 2.1.1. Human activities in the North Sea and the relative importance of the MSFD pressures through which these activities impact on the marine
environment. Most important=3, least important =1. 0 indicates the activity does not cause such pressures.
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hydrological Changes in salinity regime 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
processes
Contamination by | Introduction of synthetic | 1 0 0 0 0 2 1 0 0 2 0 0 1 0 0
hazardous compounds
substances Introduction  of  non-synthetic | 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0
substances and compounds
Introduction of radio-nuclides. 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
Systematic  and/or | Introduction of other substances | O 0 0 0 0 2 1 0 0 0 0 0 1 0 0
intentional release of | (solid, liquid or gas)
substances
Nutrient and organic | Inputs of fertilisers and other N | 3 0 0 0 1 2 0 0 0 2 0 0 0 0 0
matter enrichment and P-rich substances
Inputs of organic matter 2 0 0 0 0 2 0 0 0 3 0 0 0 0 0
Biological Introduction of microbial | O 0 0 0 0 1 0 0 0 2 0 0 1 0 0
disturbance pathogens,
Introduction of non-indigenous | O 3 0 0 0 1 0 0 0 2 1 1 2 0 0
species and translocations,
Selective extraction (biological) 0 0 0 0 0 0 0 0 0 0 3 2 0 0 0
Sum 6 3 9 2 11 18 6 9 11 13 12 7 10 5 6
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Table 2.1.1. continued. Human activities in the Mediterranean and the relative importance of the MSFD pressures through which these activities impact on
the marine environment. Most important=3, least important =1. 0 indicates the activity does not cause such pressures.
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Pressure / Impact < O ] Oa <= c o Won Ws | = [al | o
Physical loss Smothering 2 1 2 1 1 2 2 1 1 0 0 1 0
Sealing 3 1 0 0 0 3 0 0 0 0 0 1
Physical damage Changes in siltation 1 0 1 1 1 1 1 1 0 0 0 0
Abrasion 1 2 1 2 1 0 2 1 1 3 1
Selective extraction (physical) 3 0 0 3 0 0 0 0 0 0
Other physical | Underwater noise 1 0 2 1 0 0 1 2 3 1 2
disturbance Marine litter. 0 3 1 0 0 1 1 2 2 0
Interference with | Changes in thermal regime 0 0 0 0 0 0 0 0 0 0
hydrological Changes in salinity regime
processes 0 0 0 0 0 0 0 0 0
Contamination by | Introduction of synthetic
hazardous compounds 1 0 1 1 0 0 2 1 1 1 0 1
substances Introduction  of  non-synthetic
substances and compounds 0 1 1 0 0 0 0 0 2 0
Introduction of radio-nuclides. 0 1 0 0 0 0 0 0 0 0
Systematic  and/or | Introduction of other substances
intentional release of | (solid, liquid or gas)
substances 0 0 0 0 0 0 0 0 0 0
Nutrient and organic | Inputs of fertilisers and other N
matter enrichment and P-rich substances 3 0 2 0 0 0 2 0 0 0 0
Inputs of organic matter 2 0 2 0 0 0 3 0 2 0 0
Biological Introduction of microbial
disturbance pathogens, 0 1 0 0 0 1 0 0 1 0
Introduction of non-indigenous
species and translocations, 3 0 0 0 0 0 0 0 2 0 0 2 0
Selective extraction (biological) 0 0 0 0 0 0 3 1 0 0
Sum 6 3 7 2 8 13 8 9 7 13 10 9 12 5 5
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Table 2.1.1. continued. Human activities in the Bay of Biscay and the relative importance of the MSFD pressures through which these activities impact on
the marine environment. Most important=3, least important =1. 0 indicates the activity does not cause such pressures.
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Physical loss Smothering 1 2 1 3 1 1 3 1 1
Sealing 1 3 3 1 1
Physical damage Changes in siltation 2 1 1 3 1 1 1 2 2 1 1
Abrasion 2 1 3 1 2 2 1 3 2 2
Selective extraction (physical) 3
Other physical | Underwater noise 1 2 1 1 1 1 1 3 1 3
disturbance Marine litter. 3 2 1 3
Interference with | Changes in thermal regime 0
hydrological Changes in salinity regime
processes 1 0
Contamination by | Introduction of synthetic
hazardous compounds 1 1 2 1 1 2
substances Introduction  of  non-synthetic
substances and compounds 2 2
Introduction of radio-nuclides. 1
Systematic  and/or | Introduction of other substances
intentional release of | (solid, liquid or gas)
substances 2 1 1 1
Nutrient and organic | Inputs of fertilisers and other N
matter enrichment and P-rich substances 3 2 1
Inputs of organic matter 1 1 3 3
Biological Introduction of microbial
disturbance pathogens, 2 2 1
Introduction of non-indigenous
species and translocations, 1 1 3 1 1 3
Selective extraction
(biological) 3 2
Sum 5 6 8 3 15 21 6 7 11 13 11 5 13 6 8
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Table 2.1.2. Frequency and extent categories used to describe the spatio-temporal overlap.
Frequency categories are according to (Halpern 2007)

Frequency Extent
Rare Infrequent enough to affect | Site 1 km2
long-term dynamics but not
short-term fluctuations (events
may only occur once in the six-
year assessment period)
Occasional | Frequent but irregular in | Local 1000 km2
nature (not necessarily every
year and not following a
regular pattern of occurrence)
Annual or | Frequent (every year) and | Widespread Much of (sub)region
regular often seasonal or periodic in
nature (may occur regularly
over one season within each
year for example)
Persistent More or less constant year- | Patchy Distinct patterns  of
round frequency or intensity
at appropriate
resolution
Even No differences in
frequency or intensity
at appropriate
resolution

Table 2.1.3. Scores for spatio-temporal overlap between ecosystem component and pressure
as caused by the specific activity. For description categories, see table 3.

Frequency

Rare Occasional

Site

Local patchy

Local
Extent |even

\Widespread
patchy

\Widespread
even

Regular

Page 14 of 75




EC FP7 MEECE | 212085 | Deliverable D5.1 | Generic framework for the integrated assessment of marine resources

Table 2.1.4: Resistance threshold values. For each ecosystem component defined in the OSPAR assessment matrix, a metric and threshold for that metric
are described. Low resistance is defined where exposure to a pressure is likely to cause a change in the metric of the component (e.g. biomass of a fish

population) beyond the threshold, given current status of the component. High resistance to a pressure would not cause a change beyond the threshold.

Ecosystem components Metric Threshold Low resistance High resistance
Air-sea exchanges ? ?
pH pH 0.5 pH unit change >0.5 pH unit change <0.5 pH unit change
Regime 10% change in regime <10% change in regime
Temperature regimes description >10% change in regime description  description
Regime 10% change in regime <10% change in regime
Salinity regimes description >10% change in regime description  description
Regime 10% change in regime <10% change in regime
Current regimes description >10% change in regime description  description
10% change in regime <10% change in regime
Wave regime & sea level Regime description >10% change in regime description  description
Water clarity Sechi depth EcoQO threshold > EcoQO threshold change < EcoQO threshold change
Nutrient levels & balance (N/P)  N/P OSPAR threshold > OSPAR threshold change < OSPAR threshold change
Oxygen levels in water &
sediment Oxygen saturation EcoQO threshold > EcoQO threshold change < EcoQO threshold change
Concentration of <WFD/OSPAR threshold
Synthetic compound levels compound WFD/OSPAR threshold >WFD/OSPAR threshold change change
Concentration of <WFD/OSPAR threshold
Non-synthetic compound levels  compound WFD/OSPAR threshold >WFD/OSPAR threshold change change
Concentration of <WFD/OSPAR threshold
Hydro-carbon levels compound WFD/OSPAR threshold >WFD/OSPAR threshold change change
<WFD/OSPAR threshold
Radioactivity levels Reactivity WFD/OSPAR threshold >WFD/OSPAR threshold change change
Phytoplankton Chlorophyll a OSPAR threshold > OSPAR threshold change < OSPAR threshold change
Zooplankton Biomass/Abundance ?% change >?% change in abundance < ?% change in abundance
Fish — pelagic Biomass Bpa Decline below Bpa No decline below Bpa
Fish — demersal Biomass Bpa Decline below Bpa No decline below Bpa
Fish — deep sea Biomass Bpa Decline below Bpa No decline below Bpa
Fish — migratory (in/out Bpa Decline below Bpa
estuaries) Biomass No decline below Bpa
< 10% change in
Cetaceans Abundance 10% change >10% change in abundance abundance
Seals & turtles Abundance 10% change >10% change in abundance < 10% change in
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Seabirds & water birds

Intertidal rock & biogenic reef
habitats

Intertidal sediment (inc
saltmarsh) habitats

Coastal subtidal rock & biogenic
reef habitats

Coastal  subtidal  sediment
habitats

Shelf  seabed
habitats

Deep seabed habitats

(~50-200m)

Abundance

Area

Area

Area

Area

Area
Area

10% change

15% change (OSPAR)
15% change (OSPAR)

15% change (OSPAR)
15% change (OSPAR)
15% change (OSPAR)

15% change (OSPAR)

>10% change in abundance

>10% change of area
>10% change of area
>10% change of area
>10% change of area

>10% change of area
>10% change of area

abundance
< 10% change
abundance
<10% change of area
<10% change of area
<10% change of area

<10% change of area

<10% change of area
<10% change of area

in

Page 16 of 75



EC FP7 MEECE | 212085 | Deliverable D5.1 | Generic framework for the integrated assessment of marine resources

Table 2.1.5. Characterization of resilience according to Robinson et al (2008)

Resilience | Description

No No recovery is observed over any time scale following any change in the
component. For example, this applies for habitats such as boulder reefs where
removal of the boulders will permanently prevent recovery. This may also apply
to other components such as temperature regimes in regional seas.

Low Recovery time is between 10 and 100(+) years. This is observed for biological
components with K-type life history strategies where loss of biomass or
abundance is associated with very long recovery periods. For example, habitats
that include corals or sponges would follow this model of resilience, as would
the deep sea fish and seabird components.

Medium Recovery time is between two and 10 years. This is observed for biological
components with life history strategies that are relatively productive; for
example, many commercially exploited fish stocks.

High Recovery time is less than two years. This is appropriate for biological
components with r-type life history strategies where recruitment and turnover
rates are high. For example, this is observed in some benthic invertebrate
species with short generation times and high fecundity.

Table 2.1.6. Combined resistance and resilience categories for ecological components.
Resistance defines whether or not a particular pressure can drive a component beyond its
acceptable threshold level (see table 5). Resilience is the time taken to recovery by the
amount specified by the resistance threshold, given a cessation of the pressure. Colours are
slightly modified from Robinson et al (2008a) reflect the risk to the sustainability of the
ecosystem component where green=limited or no risk, orange=risk of compromise to
sustainability and red=risk of serious or irreversible harm

Resistance
Low High
None
Resilience Low
Medium
High

2.2 HELCOM Integrated Ecosystem Assessment

For the Baltic Sea, a framework for integrated ecosystem assessment has recently been
developed by HELCOM and a preliminary assessment of ecosystem health of the Baltic Sea
has been produced (HELCOM 2010a). Because of these developments, parallel activities
with a similar methodology were not undertaken in MEECE for the Baltic Sea. Instead, the
results of HELCOM assessment are used as a basis for defining the main human activities
which may compromise the good environmental status of the Baltic Sea. The approach
employed by HELCOM for the Baltic Sea is to a large extent based on expert knowledge,
similar to the approach developed in MEECE and applied for the North Sea and Bay of
Biscay. An advantage of the HELCOM assessment is that it involves a wide network of
experts, which guarantees a wide representation of cultures, policies, environmental
conditions and environmental expertise in the region. Hence, we make use of the HELCOM
assessment to address the robustness of expert knowledge-based assessment results in
general to variations in judgments by different experts.

Page 17 of 75




EC FP7 MEECE | 212085 | Deliverable D5.1 | Generic framework for the integrated assessment of marine resources

The following sections describe the methodology employed in the HELCOM assessment and
highlight some principal differences and similarities compared to the approach developed in
MEECE (applied for the North Sea and Bay of Biscay).

The tool for calculating potential impact of pressures in the Baltic Sea has been developed
using the method described by Halpern et al. (2007, 2008) as a starting point. HELCOM
compiled data on 52 anthropogenic pressures, which were classified according to the list of
18 pressures in Annex lll, Table 2 of the MSFD. For some pressures, direct measurements
were available, e.g. discharge of radioactive substances, whereas for the majority of
pressures, data was derived from measurements of respective human activities. The intensity
of pressures (P) in the Baltic Sea are thus based on actual data, which were normalized and
scaled between 0 and 1, which is different from the system of ranking scores provided by
experts in the framework developed in MEECE.

To evaluate potential impacts of pressures on different ecosystem components, HELCOM
carried out an expert questionnaire. The questionnaire asked for weight scores (u) on a scale
from O to 4 for the potential impacts of 52 different pressures on 14 biological ecosystem
components. The final weight scores were calculated as the median over scores provided by
individual experts. These weight scores represent a theoretical or potential impact of a
particular pressure on a given ecosystem component, without any consideration of the spatial
overlap or intensity of the pressure. The overlap of an ecosystem component and a pressure
is specified through absence/presence parameter (E), which can take a value 1 or 0.

The Baltic Sea Impact Index (BSII) combines information of the three variables 1) pressure
data (P), 2) weighting score to transform a pressure to a potential impact on a specific
ecosystem component (uy), and (3) information on presence or absence of ecosystem
components in a particular assessment unit (E). The index is calculated by the following
formula after the method by Halpern et al (2008):

n m

l=aaR®*E?*m,,

i=1 j=1

where P; is the log-transformed and normalized value (scaled between 0 and 1) of a human
pressure (intensity of the pressure) in an assessment unit i, Ej is the presence or absence of
an ecosystem component j (1 or 0, respectively), and p;; is the weight score for P; in E; (range
0-4). Thus, the index value per assessment unit is the sum of all pressure data, each of them
multiplied by its specific weight score, and multiplied by 0 or 1 (presence or absence of an
ecosystem component).

While producing weight scores for pressures, experts were advised to consider three criteria:
functional impact of the pressure on an ecosystem component, resistance of that ecosystem
component against the pressure, and recovery time of that ecosystem component after the
pressure (Halpern et al. 2007). These criteria are similar to the criteria used in the
assessments for North Sea and Bay of Biscay, for representing the effect of pressures on
ecosystem components.

The ecosystem components included in the HELCOM assessment for the Baltic Sea were
eight benthic biotopes/biotope complexes, two water column biotope complexes and four
species-related datasets. These data layers were considered to represent some key elements
in the Baltic Sea marine ecosystem. However, some other key components are not included
in the assessment due to limited data on their geographical distribution or limited resources
for producing weight scores for them (HELCOM 2010b). The ecosystem components included
in the HELCOM assessment for the Baltic Sea are thus not directly representing all
descriptors determining GES.

2.3 Relevance MEECE models

For an evaluation of the applicability and appropriateness of the MEECE suite of models to
deliver advice for resource management aimed at achieving GES, we used the descriptors,
attributes and indicators suggested in (EC 2010). A meta-database was composed, consisting
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of records with information per (sub)region on the descriptor, attribute, indicator and
ecosystem component for which each model is expected to deliver output. The evaluation first
shows which descriptors (and attributes and indicators and ecosystem components) are
covered in each region by the available models. By combining this information with the IEA,
the information also reveals which descriptors (and attributes and indicators and ecosystem
components) are covered by the available models.

3. Results
3.1 Integrated assessment
3.1.1 North Sea

Each of the human activities were characterized by their extent and frequency (Table 3.1.1.1).
For all Ecosystem components that occur persistently throughout the region, the spatio-
temporal overlap of the activity and the ecosystem component is identical to what is in the
table. However, for those components for which this is not the case it may be different (e.g.
Coastal protection and Fish deep-sea).

Table 3.1.1.1. Extent and frequency scores for each of the human activities relative to those
ecosystem components that are considered to occur throughout the region. For explanation
Extent and Frequency codes, see table 2.1.2)

Extent Frequency

Coastal protection LP P
Construction and placement of artificial reefs S R
Dredging for navigational purposes LP P
Dumping of wastes and other material WP P
Exploration for oil and gas and placement of structures for the

exploration of oil gas S P
Extraction of marine aggregates LP P
Land reclamation S R
Mariculture LP P
Marine commercial fisheries WP P
Maritime tourism LP A
Maritime transportation WP P
Placement and maintenance of cables and pipelines S A
Wind-farms (Renewable energy) S R

Occurrence, resilience and resistance scores as they are used in the IEA are given in Table
3.1.1.2. The main ecosystem components in terms of their contribution to the risk that GES of
a descriptor will be compromised are given in table 3.1.1.3.. This table shows that biodiversity
is the main descriptor, because it encompasses most ecosystem components including those
that contribute most (i.e. several habitats and top predators like cetaceans, seals and
seabirds) to the risk of not achieving GES. Tables 3.1.1.4. and 3.1.1.5. show the
Pressure/Impacts that are most likely to compromise GES. The difference between the tables
is that table 3.1.1.4. identifies where this should occur through one chain, whereas table
3.1.1.5. shows where cumulative effects could cause GES to be compromised. The main
Pressure/Impact for each GES descriptor is highlighted in yellow.

The final scores for the risk assessment are given in table 3.1.1.6. Results show that overall,
“Marine commercial fisheries” (Total score = 172) followed by “Dumping of waste and other
material” (Total score = 159) are the human activities most likely to compromise GES. Both
because they compromise biodiversity, but “Marine commercial fisheries” is also the activity
most likely to compromise GES for the descriptors “Commercial fish and shellfish” and
“Seafloor-integrity”.
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Table 3.1.1.2. Occurrence, resilience and resistance scores for the North Sea. An “L” for occurrence indicates ecosystem component does
not occur throughout the entire region. Hence for these components, the overlap between the activity and ecosystem component needs to
be determined.. Resistance is scored per ecosystem component and pressure/impact mechanism (High resistance implies the
pressure/impact cannot push the component beyond its table 2.1.4 threshold) and resilience is scored per ecosystem component (for
explanation scores, see table 2.1.5).
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Non-synthetic compound levels L L
Hydro-carbon levels L
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Deep seabed habitats

Benthic invertebrates infauna
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Table 3.1.1.3. The relative contribution (%) of each of the ecosystem components and the GES descriptors to the total scores in the overall
risk assessment.

GES descriptors
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Ecosystem components
Benthic invertebrates epifauna 3.3 1.7 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.7 6.5
Benthic invertebrates infauna 3.3 0.2 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.7 4.9
Cetaceans 5.3 0.0 0.0 0.0 0.0 0.0 1.3 0.0 0.0 0.0 0.0 6.6
coastal subtidal rock & blogenic reel | 53 100 |00 |00 |00 |00 |00 |00 [00 |00 |24 |77
Coastal subtidal sediment habitats 29 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.6 4.5
Current regimes 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.6
Deep seabed habitats 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11 5.1
Fish — deep sea 3.3 1.5 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.0 5.8
Fish — demersal 2.8 2.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 5.3
Fish — migratory (in/out estuaries) 2.6 1.8 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 4.9
Fish — pelagic 25 1.6 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 4.6
Intertidal rock & biogenic reef habitats 5.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 34 8.7
ieridal - sediment  (inc - saltmarsh) | 35 1oo 00 |00 |00 |00 |00 |00 |00 |00 |16 |48
Nutrient levels & balance (N/P) 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.4
Oxygen levels in water & sediment 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.4
pH 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Phytoplankton 1.8 0.0 0.0 0.0 0.0 0.2 0.4 0.0 0.0 0.0 0.0 24
Salinity regimes 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Seabirds & water birds 4.7 0.0 0.0 0.0 0.0 0.0 1.3 0.0 0.0 0.0 0.0 6.0
Seals & turtles 5.3 0.0 0.0 0.0 0.0 0.0 1.1 0.0 0.0 0.0 0.0 6.4
Shelf seabed (~50-200m) habitats 4.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15 6.0
Temperature regimes 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Water clarity 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.2
Wave regime & sea level 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.3
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Zooplankton 1.8 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 2.2
(blank / related to P descriptors) 0.0 0.2 0.8 0.8 0.6 0.6 0.0 0.0 0.6 0.4 2.0 6.0
Grand Total 61.8 9.0 0.8 0.8 0.6 1.7 8.3 0.8 0.6 0.4 15.0 100

Table 3.1.1.4. Pressure/lImpacts that are most likely to compromise GES through one specific chain (i.e. based on highest score as opposed
to the sum of scores)

GES descriptors
£
2 G @ >
4] = R _ * £
S | 22| g2 |¢ g | & 38 g g
ST | 88| § G o g 0 | § g 5 £
g | 85| £ | £ g 8 s | g2| E | 2 5
o e} = -
© |E£| § |58 B | § | 2 |82| 2 |28 ¢
=2 ES < 1=~ 5] 5 5] T2 = <8 @
[=5 © c [0
o o % S) S o c 5 o >5 g [SErY O
Pressures/Impact @ | 0o O | O | W w L | £©° o0 D
Abrasion 18 12 18
Changes in siltation 12 12
Inputs of fertilisers and other N and P-rich substances 18 18 18 18 18
Inputs of organic matter 18 18 18 18 18
Introduction of microbial pathogens 12
Introduction of non-indigenous species and translocations 18 18 18 18 18
Introduction of non-synthetic substances and compounds 18 18 18
Introduction of other substances (solid, liquid or gas) 18 18 18
Introduction of radio-nuclides 9 9 9
Introduction of synthetic compounds 18 18 18
Marine litter 27 27 27
Sealing 18 12 18
Selective extraction (biological) 27 27 27
Selective extraction (physical) 18 12 18
Smothering 18 12 18
Underwater noise 27 27
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Table 3.1.1.5. Pressure/Impacts that are most likely to compromise GES through cumulative effects (i.e. based on summed scores)

GES descriptors

2 G P
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m Py L [0}

Pressures/Impact

Abrasion 803 134 424

Changes in siltation 622 334

Inputs of fertilisers and other N and P-rich substances 366 66 108 210 72

Inputs of organic matter 378 138 108 198 36

Introduction of microbial pathogens 368

Introduction of non-indigenous species and translocations 609 240 351 54 108

Introduction of non-synthetic substances and compounds 320 18 18

Introduction of other substances (solid, liquid or gas) 440 33 33

Introduction of radio-nuclides 108 9 9

Introduction of synthetic compounds 570 45 45

Marine litter 825 75 150

Sealing 330 90 0 200

Selective extraction (biological) 520 170 312

Selective extraction (physical) 450 114 255

Smothering 853 201 0 457

Underwater noise 371 81
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Table 3.1.1.6. Total risk scores based on a multiplication of the Relative importance (see table 2.1.1), the extent and frequency (see tables
2.1.3 and 3.1.1.1.) and resilience and resistance (see tables 2.1.6. and 3.1.1.2.). Higher scores indicate greater risk. The Grand total is a
summation over all GES descriptors. This value indicates the probability of a human activity to compromise GES, if all descriptors are
equally weighted.
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GES descriptor
Contaminants 00 |00 |00 [35 [10 |00 [00 [00 [00 [00 |18 [00 |00 |07
Eutrophication 00 |00 |16 [60 |00 |00 [00 [69 [00 |00 |00 [00 |00 |18
Food webs 00 |00 [29 [158 |00 |00 [00 [171]230 [194 |00 |00 |00 |81
Marine litter 00 |00 [00 |25 |00 |00 [00 |00 |15 [27 |18 |00 |00 |06
Grand Total 92.4 | 820 | 776 | 159.2 | 85.7 | 80.9 | 41.2 | 97.1 | 171.8 | 100.6 | 80.7 | 47.2 | 318 | 982
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When considering the main pressures from the perspective of the extent to which they may
compromise GES, we distinguish between the State- and Pressure-type descriptors. The links
between human activities and the state-type descriptors are much more diverse and complex than
those of the pressure-type, where there is usually a one-to-one link with a specific pressure/impact
(i.e. marine litter, noise, non-indigenous species and commercial (shell)fish), making this by default
the main pressure/impact. State descriptors have several, often similar, pressure/impacts (e.g.
eutrophication with input of organic matter and fertilizers or contaminants with introduction of
various substances, compounds or radio-nuclides). Focus of this IEA will be on the State
descriptors, as these integrate the effects of the combined activities and as these describe the state
of the ecosystem are primarily supposed to be covered by the MEECE models.

Across all state descriptors, the main pressures are smothering and abrasion (Table 3.1.1.5.). But
each of the descriptors separately shows different pressures: For biodiversity the main pressures
caused by a single activity are selective extraction, marine litter and underwater noise. Other
equally important pressure/impacts caused by a single activity are selective (biological) extraction
for the commercial (shell)fish and foodweb descriptors and marine litter for the seafloor integrity
descriptor. When cumulative effects are considered, smothering and abrasion become important
pressures for most of the State descriptors.

The importance of the different ecosystem components in terms of their contribution to the risk that
GES is compromised, is shown in table 3.1.1.7.. Biogenic reef habitats (both coastal and intertidal)
have the highest scores because of their relevance for both the biodiversity as well as the seafloor
integrity descriptors, followed by various top-predators and charismatic species (i.e. cetaceans,
seals and turtles and seabirds) and benthic invertebrates. Various physical/chemical components
have the lowest scores, followed by the components belonging to the lowest trophic levels (i.e.
phytoplankton and zooplankton).
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Table 3.1.1.7. Summed risk that GES is compromised per descriptor and ecosystem component

> " S n —
S2(285 .5 £ |58| 52| &
22 |555|E8| 2 |58|=0| o
S2|Es2ag| B |85 82| B
@% |53L o 2 [B22|0-= 5]
Eco components © e
Benthic invertebrates epifauna 425 222 86 96 829
Benthic invertebrates infauna 425 20 86 92 623
Cetaceans 677 165 842
Coastal subtidal rock & biogenic reef habitats | 678 306 984
Coastal subtidal sediment habitats 375 204 579
Current regimes 72 72
Deep seabed habitats 507 141 648
Fish — deep sea 427 195 117 739
Fish — demersal 360 254 68 682
Fish — migratory (in/out estuaries) 331 225 68 624
Fish — pelagic 316 210 68 594
Intertidal rock & biogenic reef habitats 687 435 1122
Intertidal sediment (inc saltmarsh) habitats 406 204 610
Nutrient levels & balance (N/P) 48 48
Oxygen levels in water & sediment 48 48
pH 0 0
Phytoplankton 256 24 55 335
Salinity regimes 0 0
Seabirds & water birds 605 165 770
Seals & turtles 686 138 824
Shelf seabed (~50-200m) habitats 570 195 765
Temperature regimes 0 0
Water clarity 24 24
Wave regime & sea level 36 36
Zooplankton 229 55 284
Grand Total 7960 | 1126 | 144 | 1071 | 108 | 1673 | 12082
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3.1.2 Baltic Sea

The HELCOM assessment identified nutrient inputs and different methods of fishing to be the top
pressures in the Baltic Sea, causing eutrophication and a decline of biodiversity (HELCOM 2010a;
Figure 3.1.2.1). Inputs of hazardous substances ranked also in the first half of the included
pressures. Whereas pressures causing physical disturbance of sea bottom or noise were distributed
among pressures with the least overall magnitude of impact. This is associated with the relatively
low spatial coverage of these pressures, though these can still be highly destructive at a local scale
(HELCOM 2010a).

Table 3.1.2.1 shows the potential impacts of different pressures by ecosystem components in the
order of their importance, based on the median weight scores provided by experts; thus not
considering the overlap and intensity of the pressure, but representing only potential harmfulness of
a given pressure on a particular ecosystem component.

Robustness of results based on expert judgements:

The final weight scores used in HELCOM assessment were obtained calculating a median of the
weighting scores (in the scale from 0 to 4) provided by different experts on a given pressure and an
ecosystem component. The values suggested as weighting scores by different experts on a given
pressure/component were in some cases rather variable, reflecting different perceptions of different
experts. Considering these variations in expert judgements, in this chapter we address how robust
are the conclusions concerning which ecosystem components are potentially most impacted by
human activities and which human activities have potentially the largest impact on ecosystem
status. To do so, we calculated for each ecosystem component the average of median weighting
scores over all pressures, and compared this to the average of minimum and maximum values of
weighting scores (Figure 3.1.2.2). Similarly, we calculated for each pressure the average of median
weighting scores over all ecosystem components and compared this to the average of minimum
and maximum values of weighting scores (Table 3.1.2.2).

Based on the final weight scores applied in the assessment, i.e. median values of expert
judgements, the ecosystem components that obtained the highest weight scores when averaged
over all pressures were seabirds, seals, harbour porpoises and cod (Figure 3.1.2.2a). Using
minimum values instead of the median values, did not affect the ranking of ecosystem components
(Figure 3.1.2.2b), but the four potentially most affected ecosystem components (seabirds, seals,
harbour porpoises and cod) were even better discernable. In contrast, using maximum weight
scores provided by experts resulted in almost even distribution on average weight scores of
pressures between ecosystem components (Figure 3.1.2.2c). This suggests conservative
classification of pressures by experts, where also the minimum scores provided were considerably
higher for some ecosystem components than for the others (Figure 3.1.2.2b), i.e. none of the
experts had provided low weight scores for some components. This suggests that the results of
which ecosystem components are potentially most affected by human activities are relatively robust
to the choice of experts.

Concerning the potential top pressures, derived by averaging weight scores of pressures over all
ecosystem components, some differences also appeared depending on whether the weight scores
used were median, minimum or maximum values provided by experts. However, most of the
pressures which were in top 10 when applying median weight scores, were included in the first 10
pressures also when applying minimum or maximum weight scores provided by experts.

These analyses suggest that in terms of identifying the main pressures which may compromise
GES, the results based on expert judgments can be considered to be relatively robust to the choice
of experts; however care should be taken while interpreting the results on a finer level, as this is
where large disagreement between experts was observed.
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Figure 3.1.2.1. Ranking of the magnitude of all potential pressures on the Baltic Sea based on the
Impact Index values. The sum value of each pressure depends on the spatial coverage of the
potential impact, the intensity of the potential impact and the constants used for evaluating the
severity of the impacts of pressures on the local ecosystem components. The figure does not
represent the relative harmfulness of pressures on local scales, but gives an overall picture of the
sources of potential anthropogenic impacts on the Baltic Sea (HELCOM 2010a).
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Table 3.1.2.1. Ranking list of pressures according to their potential impact on selected ecosystem components, based on the median of
experts' weighting scores. Low numbers represent high potential impact and vice versa. These rankings represent potential impact based on
expert weighting scores of pressures, not taking into account the overlap between the pressure and ecosystem components ant the intensity
of pressure.

Cod

Non- Non- nursery
Photic Photic photic Non- photic Non- and Seabirds
Pressures/Ecosystem sand Photic soft hard sand photic soft hard Photic photic Mussel Zostera  Harbour spawning wintering
components bottoms  bottoms bottoms bottoms bottoms bottoms water water beds meadows porpoise Seals areas areas
Smothering: disposal of
dredge material 13 15 15 12 13 10 18 10 4 17 6
Smothering: wind farm
construction 15 12 14 13 19 14 5 10
Smothering:cable
construction 20 19 20 8 18 18
Sealing: Coastal defense
structures 16 12 12 5 14 14 9
Sealing: Harbours 19 16 14 19 15 7
Sealing: bridges 20 11 20
Siltation: Dredging and
sand extraction 10 20 19 5 11 6 6 15
Siltation: Riverine input of
organic matter 17 11 6 8 11 20 13 16 10
Siltation: shipping 16
Siltation: beach
replenishment 18 15
Abrasion: Dredging and
sand extraction 8 8 4 3 4 8 18 12 13

Abrasion: bottom trawling 7 7 _ 16

Selective extraction:
dredging and sand

extraction 3 14 3 9 3
Underwater noise:
shipping 18 10
Underwater noise: wind
farm construction 15 11
Underwater noise:cable
construction 16
Underwater noise:oil
platforms 17 6

17 11 12

14

15
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Table 3.1.2.1. continued

Pressures/Ecosystem
components

Photic
Photic soft hard

bottoms  bottoms

Non-
photic
sand
bottoms

Non-
Non- photic
photic soft hard Photic
bottoms  bottoms  water

Non-
photic
water

Mussel
beds

Zostera

Harbour

meadows porpoise Seals

Cod

nursery

and Seabirds
spawning wintering
areas areas

Underwater noise:
recreational boating
Warm water outflow
Salinity change: bridges
and dams

Salinity change:
MWWTPs

Introduction of synthetic
compounds: coastal
industry, oil terminals, oil
platforms

Introduction of synthetic
compounds:Harbours
Introduction of synthetic
compounds: polluting ship
accidents

Introduction of synthetic
compounds: oilspills
Introduction of non-
synthetic compounds:
waterborne input of heavy
metals

Introduction of non-
synthetic compounds:
atm. input of heavy
metals

Deposition of dioxins
Input of
nutrients:waterborne
discharge of nitrogen
Input of nutrients:
waterborne discharge of
phosphorus

11

10

L
6

14

17

15

17

20

15 19 4

14 17 3

13

16

18

13

17

16
14
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Table 3.1.2.1. continued

Non- Non-
Photic Photic photic Non- photic Non-
Pressures/Ecosystem sand Photic soft hard sand photic soft hard Photic photic Mussel Zostera  Harbour

Cod

nursery

and Seabirds
spawning wintering

components bottoms  bottoms bottoms bottoms bottoms bottoms water water beds meadows porpoise Seals areas areas

Input of nutrients: atm.
deposition of nitrogen 10 10 10 12 8 15
Input of nutrients:
aquaculture 18 9 8 13 12 20 10 19 7
Input of organic matter:
riverine 14 19 13 11 5 5 11 9 17 16
Input of organic matter:
aquaculture 12 6 9 18 18 18 14 8 17

Extraction of species:

bottom trawling 5 7 12 6 12 10
Extraction of species:
surface and midwater
trawling 16
Extraction of species:
Gillnet fishery 19 16 12 7

Extraction of
species:stationary fishery 20 15 15
Extraction of
species:hunting of seals
Extraction of
species:hunting of birds

20

20

13 19

Page 33 of 75




EC FP7 MEECE | 212085 | Deliverable D5.1 | Generic framework for the integrated assessment of marine resources

() (b) ©
MEDIAN MIN MAX
72 ) E— o === Z0
YN S— We [ WB [
Seal _—I Seal _:I Seal _—I
PW _:l PW _:| PW _:l
PSo [ PSo [T PSo [T
PSa _:| PSa _:l PSa _:I
PHa | PHa __I PHa |
NW [ NW [ NW [
NSo [ NSo [T NSo [
NSa _:| NSa _:l NSa _:I
NHa [ NHa [ NHa [
VT E— Mu [ VT E—
Hp [T T — Hp [
Cod [ Cod [ Cod
0 2I 4 0 2 4 0 2

Figure 3.1.2.2. (a) The final weight scores (Median) of pressures averaged over all pressures
included in the assessment, for each ecosystem component. (b-c). Median weight scores
were replaced by minimum (MIN) or maximum (MAX) values provided by experts,
respectively (HELCOM 2010b). Key for ecosystem components: Zo=Zostera meadows;
WB=Wintering areas of seabirds; Seal=Seals; PW=Photic water; PSo=Photic soft bottom;
PSa=Photic sand bottom; PHa=Photic hard bottom; NW=Non-photic water; NSo=Non-photic
soft bottom; NSa=Non-photic sand bottom; NHa=Non-photic hard bottom; Mu=Mussel beds;
Hp=Harbour porpoise; Cod=Cod nursery and spawning areas.
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Table 3.1.2.2. The median (MEDIAN) weight scores of pressures averaged over all
ecosystem components compared to the results when using maximum (MAX) or minimum
(MIN) values instead (HELCOM 2010b). The individual pressures are identified in the

MINMAXtable by the corresponding number (No.) in the MEDIAN table.

Pressure

Activity

Selective extraction
of species
Introduction of
synthetics
Introduction of
synthetics

Input of fertilizers

Input of fertilizers
Introduction of
synthetics
Changes in salinity
Introduction of
synthetics

Smothering

Selective extraction
of species
Abrasion

Input of organic
matter

Selective extraction
of species

Sealing
Sealing

Siltation
Siltation

Selective extraction
Input of fertilizers

Abrasion

Input of fertilizers
Input of organic
matter

Changes in thermal
regime

Smothering
Introduction of non-
synthetics

Bottom trawling
Coastal industry

Harbours

Waterborne discharge of
nitrogen

Waterborne discharge of
phosphorus

Polluting ship accidents
Bridges and dams

Oil spills
Disposal of dredged
spoils

Surface and mid-water
trawling

Bottom trawling

Riverine runoff of organic
matter

Gillnet fishery
Coastal defense
structures
Harbours
Dredging, sand
extraction
Riverine runoff of organic
matter

Dredging, sand
extraction
Aquaculture
Dredging, sand
extraction

Atm. deposition of
nitrogen

Aquaculture

Power plants
Wind farms, bridges

Waterborne Cd

No.

40

41

24
21

25

49
11

43

52

13
38

12

39

42

29

MEDIAN

3.20

2.95

2.85

2.84

2.83

2.59
2.57

2.53

2.53

2.44

2.44

2.43

241

2.40
2.38

2.37

2.37

2.37
2.36

2.35

2.34

2.33

2.33
2.25

2.20

No.

24

25

41

40
12

38

42

21
43

20
29

30

31

32
33

39

13

34

MIN__No. _ MAX
2.80 3.62
246 | 40 338
232 41 334
2.31 - 3.26
227 39 326
226 34 326
220 35 326
220 36 326
2.16 1 3.21
216 49 3.19
213 29 318
209 30 318
203 31 318
201 32 318
184 33 318
1.84 - 3.10
184 24 306
184 25 301
184 21 3.00
1.78 7 2.91
173 23 287
163 11 286
1.56 4 2.84
154 43 283
152 20 281
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Table 3.1.2.2. continued

Introduction of non-
synthetics
Introduction of non-
synthetics
Introduction of non-
synthetics
Introduction of non-
synthetics

Sealing
Underwater noise
Underwater noise

Underwater noise
Smothering
Introduction of non-
synthetics
Introduction of non-
synthetics
Introduction of non-
synthetics

Selective extraction
of species
Introduction of
synthetics
Introduction of
synthetics

Siltation
Underwater noise
Underwater noise
Underwater noise

Siltation
Changes in salinity

Introduction of
microbial pathogens

Introduction of
microbial pathogens

Selective extraction
of species

Introduction of
microbial pathogens

Selective extraction
of species

nucleids

Waterborne lead
Waterborne Hg
Riverine Ni
Riverine Zn
Bridges

Shipping

Cables construction
Wind farm, bridges
constuction

Cable construction
Atmospheric Cd

Atmospheric lead

Atmospheric Hg

Coastal stationary fishery

Atm. deposition of
dioxins

Population density
Shipping

Recreational boating
Qil platforms

Wind farms

Bathing sites, beach
replenishment

Waste water treatment
plants

Waste water treatment

plants

Passanger ships

Hunting of seals

Aquaculture

Hunting of birds

Introduction of radio- Discharge of radioactive

substances

30

31

32

33

14
18

34

35

36

51

23

28
10
15
19
16

22

45

46

48

44

47

37

2.20
2.20
2.20
2.20
2.15
2.14
2.08

2.08
2.05

2.05

2.05

2.05

1.96
1.90
1.90
1.83
1.80
1.70
1.61
1.60

1.55

1.47

1.47

1.39

1.38

1.34

0.91

35
36
28
51
52
22
23

49
18

17

11

10

N 01O

45

46

14

44

37

16

47

48

152
1.52
1.44
1.42
1.42
1.39
1.38

1.37
1.34

1.27

1.23

1.19

1.10
1.06
1.04
0.98
0.97
0.96
0.81
0.81

0.79

0.74

0.66

0.50

0.44

0.43

0.43

38
13
22

42

52

12

18

17

28

51
14
15
10
37

16

a7

19

48

44

45

46

2.79
2.76
2.75
2.75
2.73
2.73
2.68

2.66
2.65

2.64

2.56

251

2.49
2.45
2.42
2.32
2.32
231
2.24
2.06

1.74

1.72

171

1.66

155

1.53

153

3.1.3 Bay of Biscay

Each human activity was characterized by its extent and frequency (Table 3.1.3.1). For all
Ecosystem components that occur persistently throughout the region this implies that the
spatio-temporal overlap of the activity and the ecosystem component is identical to what is in
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the table, for some (e.g. Coastal protection and Fish deep-sea), however, this may be
different.

In the Bay of Biscay case study, the results are based on the calculation of the priority score
as the multiplication of the scores estimated in the previous steps (for more details see
section 2.1).

Table 3.1.3.1. Extent and frequency scores for each of the human activities relative to those
ecosystem components that are considered to occur throughout the region.

Extent Frequency

Coastal defence LE P
Construction and placement of artificial reefs S R
Dredging for navigational purposes LP P
Dumping of wastes and other material WE P
Exploration for oil and gas and placement of structures for the exploration of oil gas S (0]
Extraction of marine aggregates S R
Land reclamation WP A
Mariculture LP P
Marine commercial fisheries WE P
Maritime tourism LP A
Maritime transportation WE P
Placement and maintenance of cables and pipelines S o
Wind-farms (Renewable energy) S R
Canal building Land-based activity
Agriculture Land-based activity

Occurrence, resilience and resistance scores as they are used in the Bay of Biscay IEA are
given in Table 3.1.3.2. The main ecosystem components in terms of their contribution to the
risk that GES of a specific descriptor will be compromised are given in table 3.1.3.3. This
table shows that food webs and biological diversity are the main descriptors mostly because
they encompass most ecosystem components including those that contribute most (i.e.
several habitats and top predators like cetaceans, seals and seabirds and fish) to the risk of
not achieving GES.

Tables 3.1.3.4 and 3.1.3.5 show the Pressure/Impacts that are most likely to compromise
GES. The difference between the tables is that table 3.1.3.4 identifies where this should occur
through one single chain whereas table 3.1.3.5 shows where cumulative effects could cause
GES to be compromised. The main Pressure/Impacts that are most likely to compromise GES
through one specific chain are: introduction of non-indigenous species and translocations,
input of organic matter, biological selective extraction, marine litter, and underwater noise.
However, the pressure/impacts expected to provoke the main cumulative effects are
abrasion, changes in siltation, smothering and introduction of non-indigenous species and
translocations.

The final scores for the risk assessment are given in table 3.1.3.6. Results show that overall
“Coastal defence” (Total score = 268) followed by “Marine commercial fisheries” (Total score
= 236) and “Land reclamation” (Total score = 218) are the human activities most likely to
compromise GES. All of them compromise biodiversity and food webs. Moreover, “Coastal
defence” and “Marine commercial fisheries” are the activities most likely to compromise GES
for the descriptor “Commercial fish and shellfish”, while “Coastal defence” and “Land
reclamation” are the activities most likely to compromise GES for the descriptor “Seafloor
integrity”.

When considering the main pressures from the perspective of the extent to which they may
compromise GES we distinguish between the State- and Pressure-type descriptors as the
links between human activities and the former descriptors are much more diverse and
complex than those of the latter where there is usually a one-on-one link with a specific
pressure/impact: marine litter, noise, non-indigenous species and commercial (shell)fish
making this the main pressure/impact, others have several, often similar, pressure/impacts
(e.g. eutrophication with input of organic matter and fertilizers or contaminants with
introduction of various substances, compounds or radio-nuclides). Focus of this IEA will be on
the State descriptors as these are primarily supposed to be covered by the MEECE models.
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Across all state descriptors (see table 3.1.3.7) the main pressures are abrasion and changes
in siltation. The same pattern is shown if we go deeper into each of the descriptors
characterised previously as the ones with expected higher risks (i.e. biodiversity, commercial
fish and seafloor integrity), all of them separately show the same pressures: being firstly
abrasion, followed by changes in siltation and smothering.

The importance of the different ecosystem components in terms of their contribution to the
risk that GES is compromised is shown in table 3.1.3.8. Benthic invertebrates (epifauna) has
the highest score because of its relevance for both, the seafloor integrity as well as biological
diversity, commercially exploited fish and food web descriptors, followed by various top-
predators and sensitive species (such as cetaceans, seabirds, waterbirds, seals and turtles).
Salinity regimes has the lowest score, followed by the physical/chemical components and
components belonging to the lowest trophic levels (i.e. phytoplankton and zooplankton).

A sensitivity analysis was also conducted on the calculation of the priority score. After testing
different alternatives for the calculus of the priority score (product, sum, maximum or mean of
the scores calculated in previous steps), it was found that the outcome of the assessment is
not sensitive to how the priority score was calculated.
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Table 3.1.3.2. Occurrence, resilience and resistance scores. An “L” (i.e. limited) occurrence
indicates ecosystem component does not occur throughout the entire region hence for these
the overlap between the activity and ecosystem component needs to be determined relative
to the ecosystem component. Resistance scores per ecosystem component and
pressure/impact mechanism (High resistance implies the pressure/impact cannot push the
component beyond its table 2.1.4 threshold) and resilience scores per ecosystem component
(for explanation scores, see table 2.1.5).

Resistance
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Resistance
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Table 3.1.3.3. Shows the relative contribution (%) of each of the ecosystem components and
the GES descriptors to the total scores in the overall risk assessment.

GES descriptor
£
2 X ) >
& = @ —_ o £
g >2 | & @ g 5 S 3 g _
5 |ss |5 |5 |= |2 |. |E,|8 |2 T
I S o | £ £ 8 8 2 g2 | © 5 S
o ke) = =
B £2 | § §5 | B 5 = 2= |28 |8 o
o Es | € < ) = 3 S 2 c g @ @
9 o X o o o = =] ) >0 o a o) 5
Eco components om Oo O On w (] L I O Zon (%]
Benthic invertebrates epifauna 1.9 1.9 0.0 0.0 0.0 0.0 1.9 0.0 0.0 3.7 9.4
Benthic invertebrates infauna 1.9 1.9 0.0 0.0 0.0 0.0 1.9 0.0 0.0 1.9 7.6
Cetaceans 2.9 0.0 0.0 0.0 0.0 0.0 2.9 0.0 0.0 0.0 5.7
Coastal subtidal rock & biogenic | o | g9 |00 |00 |00 |00 |27 |00 |oo |27 5.5
reef habitats
Coastal subtidal sediment habitats | .0 0.0 0.0 0.0 0.0 0.0 1.8 0.0 0.0 1.8 3.6
Deep seabed habitats 0.0 0.0 0.0 0.0 0.0 0.0 2.6 0.0 0.0 2.6 5.2
Fish — deep sea 2.2 2.2 0.0 0.0 0.0 0.0 2.2 0.0 0.0 0.0 6.5
Fish — demersal 2.7 2.7 0.0 0.0 0.0 0.0 2.7 0.0 0.0 0.0 8.0
Fish — migratory (in/out estuaries) | 2.7 2.7 0.0 0.0 0.0 0.0 2.7 0.0 0.0 0.0 8.0
Fish — pelagic 2.7 2.7 0.0 0.0 0.0 0.0 2.7 0.0 0.0 0.0 8.0
Intertidal rock & biogenic reef
habitats 0.0 0.0 0.0 0.0 0.0 0.0 2.7 0.0 0.0 2.7 55
Intertidal sediment (inc saltmarsh)
habitats 0.0 0.0 0.0 0.0 0.0 0.0 15 0.0 0.0 15 3.0
Nutrient levels & balance (N/P) 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.2
Oxygen levels in water & sediment | .o 0.0 0.0 0.0 0.0 0.2 0.0 0.2 0.0 0.0 0.3
Phytoplankton 1.2 0.0 0.0 0.0 0.0 1.2 1.2 0.0 0.0 0.0 35
Salinity regimes 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Seabirds & water birds 2.7 0.0 0.0 0.0 0.0 0.0 2.7 0.0 0.0 0.0 5.4
Seals & turtles 2.7 0.0 0.0 0.0 0.0 0.0 2.7 0.0 0.0 0.0 5.4
Shelf seabed (~50-200m) habitats 0.0 0.0 0.0 0.0 0.0 0.0 27 0.0 0.0 27 55
Water clarity 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.2
Worst case 0.0 0.0 0.2 0.3 0.4 0.0 0.0 0.0 0.2 0.0 1.1
Zooplankton 1.2 0.0 0.0 0.0 0.0 0.0 1.2 0.0 0.0 0.0 2.4
(blank / related to P descriptors) 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
Grand Total 24.6 13.9 0.3 0.3 0.4 1.7 38.7 0.2 0.2 19.7 100

Page 41 of 75




EC FP7 MEECE | 212085 | Deliverable D5.1 | Generic framework for the integrated assessment of marine resources

Table 3.1.3.4. Pressure/Impacts that are most likely to compromise GES through one specific
chain.

GES descriptor
1)
N 8 5|8
= = = o >
2SS | 0| 8|8 ¢ S| &€
O |Xc| g @ 2 2 2 9 @ o4
> (S} © c < ) &) (%) =
SI25| £ || 2L 3|®|3]|=5
S8 §|E5|S|&|c| 8|5 |5
SClocc|l 8| 8| x| | oS Q| s
2lal| 5| £ o 5|2 3 _g’ =
3|E | S| E|&|C 5| | 8
o |E < | W <] s |0
S 5 ° [S)
Pressure/lmpact
Abrasion 18 | 18 9 27 27
Changes in salinity regime 6 6 3 6 9 6
Changes in siltation 12 | 12 6 18 18
Inputs of fertilisers and other N and P-rich substances 18 | 18 12 | 18 | 12 18
Inputs of organic matter 27 | 27 18 | 27 | 9 27
Introduction of microbial pathogens 6
Introduction of non-indigenous species and translocations | 27 | 27 18 | 27 18 | 27
Introduction of non-synthetic substances and compounds | 12 | 12 | 12 | 6 4 12 8
Introduction of other substances (solid, liquid or gas)
Introduction of radio-nuclides
Introduction of synthetic compounds 18 | 18 | 12 | 12 2 18 12
Marine litter 27 | 18 9 27 27
Sealing 18 | 18 9 |27 27
Selective extraction (biological) 27 | 27 9 27 27
Selective extraction (physical) 9 9 3 9 9
Smothering 18 | 18 9 27 27
Underwater noise 27 | 18 27 27
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Table 3.1.3.5. Pressure/Impacts that are most likely to compromise GES through cumulative

effects.
GES descriptor
%]
3 g 5| 8
2 |3 T 3 5 2 | 2
= B c =
5|2 2| 8|2 |&§| g | 5| 8| ®
= L 9 < £ © ] o » 3
© 5 £ %) 2 =] = < 8 £
% |83 | § £ s | 5 ° £ S <}
S |ce| 8 ] > o o] 5 g k<]
> 58 c K= o = o) 53 8 =
o o IS ) =1 LL & =] ©
S 1S o T c w o) £ o}
8 5 R
(@] T z
Pressure/lmpact
Abrasion 740 | 444 37 1283 765
Changes in salinity regime 54 30 3 84 9 39
Changes in siltation 580 | 348 29 1015 609
Inputs of fertilisers and other N and P-rich 184 | 104 64 312 16 152
substances
Inputs of organic matter 425 | 255 102 | 697 17 374
Introduction of microbial pathogens 13
Introduction of non-indigenous species and 575 | 345 46 943 46 506
translocations
Introduction of non-synthetic substances 160 | 88 22 10 4 200 70
and compounds
Introduction of other substances (solid, 1
liquid or gas)
Introduction of radio-nuclides 3
Introduction of synthetic compounds 399 | 231 | 49 34 5 449 152
Marine litter 342 | 90 459 144
Sealing 400 | 240 20 | 720 440
Selective extraction (biological) 351 | 208 13 559 286
Selective extraction (physical) 66 24 3 108 54
Smothering 560 | 336 28 | 1008 616
Underwater noise 405 | 216 81 405
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Table 3.1.3.6. Total risk scores based on a multiplication of the Relative importance (see table 2.1.1.), the extent and frequency (see tables 2.1.3. and
3.1.1.1.) and resilience and resistance (see tables 2.1.6. and 3.1.1.2.). Higher scores indicate greater risk. The Grand total is a summation over all GES
descriptors and indicates the human activity most likely to compromise GES if all descriptors are equally weighted.

1]
— Q Y N
5 2 5 z2e |8 o 5 )
g e £ © = S 2 c 8 o
g 3 S gL gl o 2 S 59 b5
5 e, ) 2 28> 8 5 2 = IS G < 2 _
g 8% | 5 w_ | 253 C 3 o 5 = s £ES | 8 g
£ s | £ 33 | SGy5| 2 £ 2 S g 0} g3 | 3 S
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8 8 = c =Z38g8| & g ) = = Tr=] £
= =) ‘3 S EX| 3 c < IS <
1] £ £ 2 o & = = @ hoy
c > 5 g Q g g ] e
o S a X @ =] = < £
© o wa a o =
. o
GES descriptor
Biological diversity 60 20 38 44 17 20 50 40 60 41 44 16 18 40
Commercially
exploited (shellfish 36 12 22 25 10 10 30 24 32 22 22 9 11 22
Contaminants 0 0 2 1 1 0 0 1 0 0 1 0 0 1
Contaminants in
cenfood 0 0 1 1 1 0 0 1 0 0 1 0 0 1
Energy and noise 0 0 1 0 1 0 1 0 1 1 2 1 1
Eutrophication 3 1 2 5 1 1 2 6 2 2 1 1 1 3
Food webs 105 35 61 67 26 33 86 66 94 60 55 26 28 62
Hydrographical
conditions 0 0 0 1 0 0 0 1 0 0 0 0 0 0
Nonindgenous 1o Jo [0 o Jo o Jo [t 1 1 1 Jo Jo o
Sea-floor integrity 63 21 32 32 13 17 50 35 47 26 18 14 13 32
Grand Total 268 90 157 178 69 80 218 173 236 154 146 67 72 162
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Table 3.1.3.7. Pressure/Impacts that are most likely to compromise GES state components

through cumulative effects.

GES descriptor
(9]
> | B g
2 15 |8 1g |25 |3
z | 2|8 |8 |s|g |¢
s |23/5 |3 |E|5 |=
k3] Sc| o 5] £ |5 =
g | g2 5 | & S| 3 |6
<] m > | &
@ § _§ n
Pressure/Impact -
Abrasion 740 444 37 1283 765 3269
Changes in salinity regime 54 6 3 84 9 |39 195
Changes in siltation 580 348 29 1015 609 2581
Inputs of fertilisers and other N and P-rich substances 184 | 88 48 | 288 | 16 | 128 | 752
Inputs of organic matter 425 221 68 646 17 | 323 1700
Introduction of non-indigenous species and translocations | 575 | 299 | 46 | 874 437 | 2231
Introduction of non-synthetic substances and compounds | 160 | 80 192 62 498
Introduction of synthetic compounds 399 | 221 439 142 | 1206
Marine litter 342 459 144 954
Sealing 400 240 20 720 440 1820
Selective extraction (biological) 351 | 208 | 13 | 559 286 | 1417
Selective extraction (physical) 66 3 108 54 231
Smothering 560 336 28 1008 616 2548
Underwater noise 405 | 216 405 1026
Grand Total 5241 | 2707 | 313 | 8080 | 42 | 4045 | 20428
Table 3.1.3.8. Summed risk that GES is compromised per descriptor and ecosystem
component.
GES descriptor
> 5 S _
s ® 0 £ 8
88| ESE S |8 |8E %8¢
Eco components o5 | Ol W s I3 |wE&E | O
Benthic invertebrates epifauna 404 389 404 790 1987
Fish — demersal 569 536 569 1674
Fish — pelagic 569 536 569 1674
Fish — migratory (in/out estuaries) 566 536 566 1668
Benthic invertebrates infauna 404 389 404 404 1601
Fish — deep sea 459 | 321 459 1239
Cetaceans 608 608 1216
Coastal subtidal rock & biogenic reef habitats 585 585 1170
Shelf seabed (~50-200m) habitats 585 585 1170
Seabirds & water birds 578 578 1156
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Seals & turtles 581 569 1150
Deep seabed habitats 555 555 1110
Intertidal rock & biogenic reef habitats 423 423 846
Coastal subtidal sediment habitats 383 383 766
Phytoplankton 247 247 247 741
Intertidal sediment (inc saltmarsh) habitats 320 320 640
Zooplankton 256 256 512
Oxygen levels in water & sediment 33 33 66
Nutrient levels & balance (N/P) 33 33
Salinity regimes 9 9
Grand Total 5241 | 2707 313 8080 | 42 4045 | 20428

3.1.4 Mediterranean

Each of the human activities was characterized by their extent and frequency (Table 3.1.4.1).

Table 3.1.4.1. Extent and frequency scores for each of the human activities relative to those
ecosystem components that are considered to occur throughout the region.

Extent Frequency
Coastal protection LP P
Construction and placement of artificial reefs S R
Dredging for navigational purposes S 0]
Dumping of wastes and other material WP P

Exploration for oil and gas and placement of structures for the

exploration of oil gas S 0]
Extraction of marine aggregates S 0]
Land reclamation S R
Mariculture LP P
Marine commercial fisheries WP P
Maritime tourism LP P
Maritime transportation WP P
Placement and maintenance of cables and pipelines S P
Wind-farms (Renewable energy) S R

Occurrence, resilience and resistance scores as they are used in the IEA are given in Table
3.1.4.2. The main ecosystem components in terms of their contribution to the risk that GES of
a descriptor will be compromised are given in table 3.1.4.3. Tables 3.1.4.4 and 3.1.4.5 show
the Pressure/lImpacts that are most likely to compromise GES. The difference between the
tables is that table 3.1.4.4 identifies where this should occur through one chain whereas table
3.1.4.5 shows where cumulative effects could cause GES to be compromised.

The final scores for the risk assessment are given in table 3.1.4.6. Results show that overall
“Marine commercial fisheries” (Total score = 180) followed by “Coastal protection” (Total
score = 133) are the human activities most likely to compromise GES. Both because they
compromise GES for the descriptors “biodiversity”, “Commercial fish and shellfish” and
“Seafloor integrity”.

When considering the main pressures from the perspective of the extent to which they may
compromise GES we distinguish between the State- and Pressure-type of descriptors as the
links between human activities and the former descriptors are much more diverse and
complex than those of the latter where there is usually a one-on-one link with a specific
pressure/impact: marine litter, noise, non-indigenous species and commercial (shell)fish
making this the main pressure/impact, others have several, often similar, pressure/impacts
(e.g. eutrophication with input of organic matter and fertilizers or contaminants with
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introduction of various substances, compounds or radio-nuclides). Focus of this IEA will be on
the State descriptors as these are primarily supposed to be covered by the MEECE models.

Across all state descriptors (see table 3.1.4.7) the main pressures are smothering and
abrasion. The same pattern is shown if we go deeper into each of the descriptors
characterised previously as the ones with expected higher risks (i.e. biodiversity, commercial
fish and seafloor integrity), all of them separately show the same pressures: being firstly
smothering, followed by abrasion.

The importance of the different ecosystem components in terms of their contribution to the
risk that GES is compromised is shown in table 3.1.4.8. Benthic invertebrates (both epifauna
and infauna) have the highest scores because of their relevance for both, the seafloor
integrity as well as biological diversity, commercially exploited fish and food web descriptors,
followed by various top-predators and sensitive species (such as cetaceans, seabirds,
waterbirds, seals and turtles). Physical/chemical components have the lowest scores,
followed by the components belonging to the lowest trophic levels (i.e. phytoplankton and
zooplankton).
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Table 3.1.4.2. Occurrence, resilience and resistance scores for the Mediterranean. An “L” for occurrence indicates ecosystem component does not occur
throughout the entire region hence for these the overlap between the activity and ecosystem component needs to be determined relative to the ecosystem
component. Resistance scores per ecosystem component and pressure/impact mechanism (High resistance implies the pressure/impact cannot push the
component beyond its table 2.1.4. threshold) and resilience scores per ecosystem component (for explanation scores, see table 2.1.5.).
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Air-sea exchanges
pH L
Temperature regimes L L
Salinity regimes L L
Current regimes H H|H
Wave regime & sea level L H
Water clarity H L L |L
Nutrient levels & balance (N/P) H L |L
Oxygen levels in water & sediment H H L |L
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Table 3.1.4.3 The relative contribution (%) of each of the ecosystem components and the GES
descriptors to the total scores in the overall risk assessment.

GES descriptors

> 2 |18 - o | 2@ 5 o ©
— < c cC T = -
82 [88E| £ |88|5.|.5|8 |88 £ |.88 82| @
2% 253 | £ |5%|38 |58 2 |52 & |588 38 | =
o> Eg2 s 88| g2 |d2| 8 |L6| £ |223] gL S
@S |532 5 5= 5 g |8s| 8| 2 &F g
@) o |o e = o
Ecosystem components
Benthic invertebrates epifauna 3.7 20 00|00 1|00 00|08 0.0 0.0 2.2 8.6
Benthic invertebrates infauna 3.7 20 00|00 |00 00|08 0.0 0.0 22 8.7
Cetaceans 4.7 0.0 0.0 00|00 |00]11 0.0 | 0.0 0.0 5.9
Coastal subtidal rock & biogenic
reef habitats 3.3 0.0 0.0 | 00|00 |00]00 0.0 | 0.0 3.3 6.6
Coastal subtidal sediment
habitats 3.3 0.0 0.0 | 00|00 |00]00 0.0 | 0.0 3.3 6.6
Current regimes
Deep seabed habitats 0.8 0.0 0.0 | 00|00 |00]00 0.0 | 0.0 0.8 1.6
Fish — deep sea 25 0.6 0.0 | 00|00 |00]07 0.0 | 0.0 0.0 3.9
Fish — demersal 3.1 1.3 0.0 00|00 |00]o08 0.0 |00 0.0 5.2
Fish — migratory (in/out estuaries) | 2.8 1.0 0.0 | 00|00 |00]06 0.0 | 0.0 0.0 4.4
Fish — pelagic 3.0 1.2 0.0 | 00|00 |00]08 0.0 | 0.0 0.0 4.9
Intertidal rock & biogenic reef
habitats 3.2 0.0 0.0 | 00|00 |00]00 0.0 | 0.0 3.2 6.3
Intertidal sediment (inc saltmarsh)
habitats 3.2 0.0 0.0 | 00|00 |00]00 0.0 | 0.0 3.2 6.3
Nutrient levels & balance (N/P) 0.0 0.0 0.0 | 00|00 |03]00 0.0 |00 0.0 0.3
Oxygen levels in water &
sediment 0.0 0.0 0.0 | 00|00 |03]00 0.0 | 0.0 0.0 0.3
pH
Phytoplankton 1.1 0.0 0.0 00|00 |03]|05 0.0 | 0.0 0.0 1.9
Salinity regimes
Seabirds & water birds 4.4 0.0 0.0 00|00 |00]11 0.0 | 0.0 0.0 5.6
Seals & turtles 4.6 0.0 0.0 |00]|00 |00]10 0.0 | 0.0 0.0 5.6
Shelf seabed (~50-200m)
habitats 2.0 0.0 0.0 | 00|00 |00]00 0.0 | 0.0 2.0 4.0
Temperature regimes
Water clarity 0.0 0.0 0.0 00|00 |03]00 0.0 |00 0.0 0.3
Wave regime & sea level
Zooplankton 1.6 0.0 0.0 00|00 |00]07 0.0 | 0.0 0.0 2.3
(blank / related to P descriptors) 0.0 2.6 09 |09]|08 |03]00 08 | 0.4 4.0 10.7
Grand Total 509 |10.6 |09 |09 |08 |14 ]8.9 08 |04 24.3 100
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Table 3.1.4.4. Pressure/lImpacts that are most likely to compromise GES through one specific chain

GES descriptors

c
21 & | | >
g\ 8| < T 2 |5
E %8 E E o| O E e |g g = g) 0 S
2IES| 5|58 B| 58| = (85| 8|58
s |5e| 5|55/ 2| 5|8 |85 58|58 §
Pressures/Impact i D T e e e e i e e
Abrasion 18 | 18 18
Changes in siltation 12 12
Inputs of fertilisers and other N and P-rich substances 12 | 12 6 12
Inputs of organic matter 12 | 12 12
Introduction of microbial pathogens 6 6
Introduction of non-indigenous species and translocations 18 | 12 12 18 | 18
Introduction of non-synthetic substances and compounds 12 12 | 12
Introduction of other substances (solid, liquid or gas)
Introduction of radio-nuclides 3
Introduction of synthetic compounds 12 12
Marine litter 27 27 27
Sealing 18 | 18 18
Selective extraction (biological) 27 | 27 27
Selective extraction (physical) 9 9 27
Smothering 12 | 12 12
Underwater noise 12 27
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Table 3.1.4.5. Pressure/Impacts that are most likely to compromise GES through cumulative effects

GES descriptors
<
g 12| o |5 8 s E e | £
S |83| B |E=s| = | % |8 |22| £ L4 &
5 S c co| © 8 9] S o| = oo €
= sl £ |8 g = s | SE| o |206| =
©
SIEE| £ |58 5| & | 8|88 5|55 8
SIS8| 8|5 |g|a| |3° =8 |3
& 3 O L0 n
Pressures/Impact
Abrasion 871 | 322 682
Changes in siltation 368 274
Inputs of fertilisers and other N and P-rich
substances 142 | 62 50 142
Inputs of organic matter 210 | 90 80 220
Introduction of microbial pathogens 12 12
Introduction of non-indigenous species and
translocations 348 | 104 204 36 242
Introduction of non-synthetic substances and
compounds 241 30 30
Introduction of other substances (solid, liquid
or gas)
Introduction of radio-nuclides 3 3
Introduction of synthetic compounds 370 42 36
Marine litter 432 78 78
Sealing 260 | 100 172
Selective extraction (biological) 588 | 36 264
Selective extraction (physical) 159 | 66 387
Smothering 570 | 208 429
Underwater noise 183 75
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Table 3.1.4.6. Total risk scores based on a multiplication of the Relative importance (see table
2.1.1.), the extent and frequency (see tables 2.1.3. and 3.1.1.1.) and resilience and resistance (see
tables 2.1.6. and 3.1.1.2.). Higher scores indicate greater risk. The Grand total is a summation over
all GES descriptors and indicates the human activity most likely to compromise GES if all
descriptors are equally weighted.
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GES descriptor
Biological diversity 66.9 26.0 23.6 47.3 34.0 25.3 23.6 39.1 94.3 53.3 55.8 30.6 46.0
Commercially exploited
(shell¥fish 20.0 10.0 9.1 8.3 2.0 8.1 8.6 8.8 12.9 9.7 10.0 9.6 9.6
Contaminants 0.0 0.0 0.0 1.8 2.3 0.0 0.0 1.2 0.6 0.0 2.0 0.0 0.8
Contaminants in seafood 0.0 0.0 0.0 1.8 2.3 0.0 0.0 0.7 0.6 0.0 2.0 0.0 0.8
Energy and noise 0.0 0.0 0.4 0.0 0.8 0.3 0.0 0.0 0.9 2.0 2.3 1.8 0.7
Eutrophication 0.0 0.0 0.0 4.6 0.0 0.0 0.0 3.8 0.0 2.2 0.0 0.0 1.3
Food webs 0.0 0.0 0.0 13.8 0.0 0.0 0.0 17.8 19.8 13.1 8.5 0.0 8.1
Marine litter 0.0 0.0 0.0 2.1 1.1 0.0 0.0 0.5 0.9 1.0 15 0.0 0.8
Non-indigenous species 0.0 0.0 0.0 0.0 0.0 0.0 0.0 14 0.0 0.0 15 0.0 0.3
Sea-floor integrity 46.3 19.0 16.6 7.9 9.4 19.6 19.0 14.6 49.5 23.0 24.2 20.0 22.0
Grand Total 133.1 55.0 49.8 87.8 51.8 53.3 51.1 87.8 179.5 104.3 107.7 62.0 90.4
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Table 3.1.4.7. Pressure/Impacts that are most likely to compromise GES state components through
cumulative effects.

GES descriptor

2 >

2 2

- § g

S K] b= 2 | £ s

§ 832 (2|85 |°F

> EES o = °

S £ELT S 138 | & =

o S} ';}ﬁ 5 8 O o
Pressure/lmpact ® co= i M °©
Smothering 170 | 60 80 310
Abrasion 153 | 54 72 279
Changes in siltation 113 56 169
Inputs of organic matter 33 18 12 | 33 96
Sealing 51 | 18 24 93
Introduction of non-indigenous species and translocations | 34 12 22 | 16 84
Selective extraction (physical) 33 12 32 77
Selective extraction (biological) 16 22 68
Marine litter 66 66
Introduction of synthetic compounds 66 66
Inputs of fertilisers and other N and P-rich substances 22 12 8 22 64
Underwater noise 63 63
Introduction of non-synthetic substances and compounds | 33 33
Grand Total 883 | 186 20 |99 | 280 1468
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Table 3.1.4.8. Summed risk that GES is compromised per descriptor and ecosystem component

> § 3
= 2 = _

o5 |gE&5| 2 = 2= | &% o

o5 £23 e ° ] T o c

= o S< = 8 25 gL o
Row Labels m o O w s T o wn £ O
Benthic invertebrates epifauna 340 182 74 206 802
Benthic invertebrates infauna 346 182 74 206 808
Cetaceans 442 104 546
Coastal subtidal rock & biogenic reef habitats | 306 309 615
Coastal subtidal sediment habitats 306 309 615
Current regimes
Deep seabed habitats 76 76 152
Fish — deep sea 236 60 64 360
Fish — demersal 291 120 74 485
Fish — migratory (in/out estuaries) 260 95 58 413
Fish — pelagic 276 109 74 459
Intertidal rock & biogenic reef habitats 294 297 501
Intertidal sediment (inc saltmarsh) habitats 294 297 591
Nutrient levels & balance (N/P) 26 26
Oxygen levels in water & sediment 26 26
pH
Phytoplankton 102 26 50 178
Salinity regimes
Seabirds & water birds 414 104 518
Seals & turtles 426 92 518
Shelf seabed (~50-200m) habitats 183 189 372
Temperature regimes
Water clarity 26 26
Wave regime & sea level
Zooplankton 150 62 212
Grand Total 4742 748 104 830 1889 8313

3.1.5 Summary all regions

In summary, the main human activities (figure 3.1.5.1), pressure/impacts (figure 3.1.5.2) and
ecosystem components (figure 3.1.5.3) in terms of their contribution to the risk that GES is not
achieved are shown for each of the regions. This based on their relevance for the state-type
of descriptors (biodiversity, commercial fish, foodweb and seafloor integrity) only.

Although in all regions marine commercial fisheries has been identified as (most) important
contributor to the risk that GES is not achieved, there are some differences between regions
in the ranking of human activities (figure 3.1.5.1). The North Sea and Mediterranean both
have marine commercial fisheries as main contributor. For the North Sea this is followed by
dumping of waste and other material and maritime tourism and for the Mediterranean by
coastal protection and maritime transportation. For the Bay of Biscay coastal protection is
identified as the most important contributor, followed by marine commercial fisheries and land
reclamation.
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m BoB

B Med

Figure 3.1.5.1. Activities in each of the regions and their normalized Risk Assessment Scores
(RAS).

In figure 3.1.5.2 the main pressure/impacts in terms of their contribution to the risk that GES is
not achieved are shown. In general, abrasion and smothering are identified as the most
important pressures in terms of their contribution to the risk that GES is not achieved.

Figure 3.1.5.2. Pressures/impacts in each of the regions and their normalized Risk
Assessment Scores (RAS).

Figure 3.1.5.3. shows the ecosystem components ranked according to their RAS. There are
considerable similarities between the regions in terms of the relative importance of the
ecosystem components. All regions give low RAS to physical/chemical components and
components belonging to the lowest trophic levels (i.e. phytoplankton and zooplankton) and
high RAS to the habitats, fish and benthic invertebrates. Main differences are the higher RAS
in the Bay of Biscay for several fish components and the higher RAS in the North Sea for the
rock and biogenic habitats.
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Figure 3.1.5.3. Ecosystem components and their normalized Risk Assessment Scores (RAS).

3.1.6 Synthesis and sensitivity analysis

The integrated ecosystem assessment presented in this report was based on a formal risk
analysis, involving expert judgment and applying one specific method to aggregate the scores
across the different chains. Here we evaluate the applied methodology through a sensitivity
analysis, focusing on the effect of expert judgment as well as the aggregation method.

In order to assess how the quality of expert judgment may affect the outcome of this analysis,
we considered the three regional teams as different expert groups. We then aggregated
across all minimum (between the three teams) and maximum scores separately. The IEA was
conducted by each of these teams from their regional perspective. Therefore the observed
effect of the quality of expert judgment is larger than would actually be the case if this was
only a difference between experts. Similarly, the effect of the method of aggregation was
assessed by applying different methods and comparing the outcomes of the IEA.

The IEA was intended to show which human activities, pressure/impact mechanisms and
ecosystem components were most important when it comes to guide management towards
achieving GES. Hence, our sensitivity analysis was aimed at establishing how two of what
were deemed the major factors affected the prioritization of these activities, pressure/impacts
and ecosystem components. We determined the rank of each RAS per expert team and per
aggregation method against all the other RASSs, calculated the mean and put them with their
minimum and maximum rank values in separate figures for the human activities (Fig. 3.1.6.1),
pressure/impact mechanisms (Fig. 3.1.6.2) and ecosystem components (Fig. 3.1.6.3).
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Figure 3.1.6.1. Sensitivity analysis of the impact of expert judgment and aggregation method
on the ranked importance of the human activities.

The fig. 3.1.6.1 shows that the ranking of human activities in terms of their contribution to
compromising GES is hardly affected by the uncertainties considered in the sensitivity
analysis. Fisheries is considered the most important human activity. Even though the relative
importance of e.g. transportation, dumping, coastal protection, land reclamation and dredging
may vary depending on the two factors, we analyzed they remain more important than e.g.
artificial reefs, cables and pipelines or wind-farms.
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Figure 3.1.6.2. Sensitivity analysis of the impact of expert judgment and aggregation method
on the ranked importance of the pressure/impacts.

Similarly fig. 3.1.6.2 shows abrasion is the main mechanism through which human activities
compromise GES. Other important mechanisms are siltation, the introduction of various
substances and non-indigenous species.
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Figure 3.1.6.3. Sensitivity analysis of the impact of expert judgment and aggregation method
on the ranked importance of the ecosystem components.
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Also the conclusion on the relative importance of ecosystem components was shown to be
robust against the uncertainties considered in our sensitivity analysis. The various top
predators are most important followed by fish and habitats. Physical/chemical characteristics
of the system are considered least relevant.

In addition we assessed the sensitivity of the outcome of this IEA in terms of the ranked
importance of the ecosystem components, pressure/impacts and MSFD descriptors to (parts
of) the applied methodology in this IEA. Results of the following changes to the applied
methodology were analysed:

f.  Scores of 1,4,9 instead of 1,2,3 for each step

g. Priority score based on summation instead of multiplication of scores

h. Priority score based on only step 2 & 3, disregarding step 1 (= relative importance of
pressures per activity)

i. Priority score based on only step 1 & 3, disregarding step 2 (= frequency and extent
of each activity)

j.  Priority score based on only step 1 & 2, disregarding step 3 (= resistance and
resilience of ecosystem components)

The aggregation score was calculated for each change to the applied methodology
separately. The ecosystem components, pressures/impacts and GES descriptors were
ranked for each region and change in methodology. The differences in ranking per change
was calculated as the sum of differences per element (i.e. ecosystem component,
pressure/impact, GES descriptor). The total difference was then corrected by dividing by the
total number of elements. For example, the ranking of ecosystem components for the North
Sea showing the differences for each changed item is shown (
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Table 1).

The corrected differences of several assessment outcomes, (i.e. differences in ranking of
ecosystem components, pressures/impacts and GES descriptors based on the aggregation
scores), are shown in Table 2. The results indicate that the greatest difference in ranking is
caused by disregarding step 3 (change ‘e’ to the applied methodology) which involves the
resistance and resilience of ecosystem components. The second greatest difference is
caused by summation instead of multiplication of scores. This is important to consider in the
assessment outcomes because this means that this arbitrary choice in what appears a trivial
difference has greater influence on the assessment outcome than steps 1 and 2 of the
assessment (i.e. relative importance of pressures and frequency & extent of each activity,
respectively). This also applies to the use of scores (i.e. scores of 1,4,9 instead of 1,2,3).
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Table 1 Ranking of ecosystem components showing the differences per changed item (a, b, ¢, d, €) for the North Sea

Priority

Ecosystem component No change | a b c d e
Intertidal rock & biogenic reef habitats 1 1 4 1 1 4
Coastal subtidal rock & biogenic reef habitats | 2 2 1 2 2 11
Cetaceans 3 3 2 4 4 14
Benthic invertebrates epifauna 4 5 9 7 3 9
Seals & turtles 5 6 11 3 5 1
Seabirds & water birds 6 8 14 5 7 12
Shelf seabed (~50-200m) habitats 7 7 12 8 6 13
Fish — deep sea 8 10 13 6 9 2
Fish — demersal 9 4 3 10 13 15
Deep seabed habitats 10 9 15 9 12 5
Fish — migratory (in/out estuaries) 11 11 5 13 8 16
Benthic invertebrates infauna 12 12 7 12 15 3
Intertidal sediment (inc saltmarsh) habitats 13 13 6 15 10 6
Fish — pelagic 14 14 8 11 11 17
Coastal subtidal sediment habitats 15 15 10 14 14 8
Phytoplankton 16 16 16 16 16 7
Zooplankton 17 17 17 17 17 10
Current regimes 18 18 18 18 18 23
Nutrient levels & balance (N/P) 19 19 25 20 19 25
Oxygen levels in water & sediment 20 20 23 19 20 18
Wave regime & sea level 21 21 24 21 21 24
Water clarity 22 22 21 22 22 21
Salinity regimes 23 23 19 24 23 20
pH 24 24 20 25 25 19
Temperature regimes 25 25 22 23 24 22
Differences in ranking - 12 98 26 26 136
Corrected differences in ranking - 0.48 | 3.92 | 1.04 | 1.04 | 5.44
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Table 2 Corrected differences in ranking of ecosystem components, pressures/impacts and GES Descriptors per changed item (a, b, ¢, d, €)
for each region

Eco comp Pressures/Impacts GES Descriptors
Change | NS MED | BoB | Mean NS MED BoB Mean NS MED | BoB | Mean Mean
a 0.5 1.9 15 1.30 2 14 1 1.47 0.7 1.8 0.4 0.97 1.24
b 3.9 3.3 1.6 2.94 14 14 0.7 1.16 0.5 0.2 0.6 0.45 1.52
c 1.0 0.0 0.2 0.41 2.0 14 1.0 1.46 0.5 0.4 0.2 0.38 0.75
d 1.0 2.8 0.1 1.31 1.0 15 0.1 0.89 0.4 0.2 0.2 0.25 0.82
e 5.4 2.8 21 3.45 1.0 1.2 0.1 0.79 0.4 0.0 0.8 0.39 1.54
Mean 239 | 216 | 1.10 | 1.88 1.48 | 1.39 0.60 1.15 0.50 | 0.52 | 0.44 | 0.49 1.17
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3.2 Evaluation relevance MEECE models

MEECE has many models and combinations of models available that can potentially be used
to estimate how different climate/management scenarios may affect the policy objective of
Good Environmental Status (GES) in several of the (sub)regions as defined in the MSFD.
Here we present the results of an evaluation of the extent to which the requirements of policy
advice are covered by this suite of models on a regional basis. For this we used the MSFD
policy objectives as the basis and determined which GES descriptors can be covered by the
MEECE models available in each region. In addition to that we performed an Integrated
assessment aimed to reveal the main links (human activity — pressure/impact — ecosystem
component) that are likely to compromise GES and determined to what extent (parts of) these
links are covered by the models in relation to the importance of these links.

The only human activity explicitly covered by several of the models is commercial fisheries.
None of the other activities are specifically considered. Several of the pressure/impacts
distinguished in the IEA are explicitly included in the MEECE models (i.e. Introduction of non-
indigenous species and translocations, Selective extraction (biological), Changes in thermal
regime, Inputs of organic matter). Other pressure/impacts may be covered as part of the
pollution component in the models (e.g. Introduction of other substances, Introduction of
synthetic compounds, Introduction of non-synthetic substances and compounds). Certainly
not all pressure/impacts distinguished in the IEA (and based on the MSFD) are covered by
the MEECE models. All the main omissions (Abrasion, Smothering, Sealing, Marine litter) are
related to the lack of a spatial component in the MEECE models.

The ecosystem components covered by the suite of models available in each of the regions
are shown in tables 3.2.1.-3.2.3.

Table 3.2.1. Models applied in the Baltic Sea and the ecosystem components for which those
models will deliver output within MEECE

Ecosystem component ECOSMO EwgE SMS
Air-sea exchanges X

current regimes X

Fast turnover species X

Fish - commercial X X

Nutrient levels & balance (N/P)
Oxygen levels in water & sediment
Phytoplankton

Salinity regimes

Temperature regimes

Water clarity/ Chlorophyll
Zooplankton

X X X X X X X
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Table 3.2.2. Models applied in the Bay of Biscay and the ecosystem components for which
those models will deliver output within MEECE

Ready In implementation — to be ready in 2011

Ecosystem component ESDI\Z/'ZSZ ;32 ROMS-PISCES(AfErEgSSM 83’(\:/'6%)SE EI(D)I;ACSOPSIIaCES
(coupled)

Current regimes X X X
Fast turnover species X X
Fish - assemblage X X X
Fish - commercial
Fish - non target
Nutrient levels & balance (N/P) X X
Oxygen levels in water & sediment X X
Phytoplankton X X
Salinity regimes X X
Spec@es/groups tightly linked to other X
trophic level
Temperature regimes X X X
Top predators X
Water clarity/ Chlorophyll X X X
Wave regime & sea level X X X
Zooplankton X X X X

ROMS-NPZD-type will be replaced by ROMS-PISCES in 2011.

APECOSM will be first used offline (forced)

OSMOSE is used offline (forced)

APECOSM will then be used online: ROMS-PISCES-APECOSM all coupled
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Table 3.2.3. Models applied in the North Sea and the ecosystem components for which those models can deliver output within MEECE

EwE, EWE- NORWEC POLCOMS SLAM/SPA EwE, EWE-
Ecosystem component ECOSMO ERSEM OM -ERSEM SISTFIC M SMS ERSEM
Air-sea exchanges X
Benthos X
Carbonate system (including pH) X
current regimes X X
Fast turnover species X X
Fish - assemblage X
Fish - commercial X X X X X

Fish - non target X X
Non-synthetic compound levels
Nutrient levels & balance (N/P)
Oxygen levels in water & sediment
Phytoplankton

Salinity regimes
Species/groups tightly linked to other
trophic level X X

Temperature regimes X X

Top predators X X
Water clarity/ Chlorophyll
Zooplankton X X

X X X X
X X X X X

x
x
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A comparison of the requirements for marine resource management, based on the IEA scores
and the capacity of the models put forward within MEECE, to deliver relevant output is shown
in figure 3.2.1. for each of the three regions separately. Table 3.2.4. shows similar information
but in somewhat more detail. The Baltic Sea was not considered because for this region the
IEA was adopted from HELCOM and thus based on a different approach. Considering the
minor differences between the regions, the assumption is that the Baltic Sea will show a
similar pattern. There is a big discrepancy between the management requirements and what
the models can currently deliver. Management requirements mostly involve the higher trophic
level components (i.e. top predators, fish and benthos) as well as habitats, in contrast the
models focus mostly on the lower trophic levels and physico/chemical parameters. There is,
however, one component where they coincide: fish. The main components not covered by
models in all regions are the habitats.

There are considerable similarities between the regions in terms of the relative importance of
the ecosystem components. All regions give low RAS to physical/chemical components and
components belonging to the lowest trophic levels (i.e. phytoplankton and zooplankton) and
high RAS to the habitats and the benthic invertebrates. Main differences are the higher RAS
in the Bay of Biscay for several fish components and the higher RAS in the North Sea for the
rock and biogenic habitats.

Even though some of the main ecosystem components are not covered by the models, they
still cover several of the descriptors at least partially in many of the MSFD (sub) regions
(Table 3.2.5.). The models should be able to calculate up to approximately 40 MSFD
indicators for the descriptors Biodiversity (e.g. distributional range, abundance), Commercial
fish (e.g. SSB, biomass indices) and Foodweb (e.g. productivity key predator species). Even
though in many cases these are “just” measures of species abundance, they should be able
to provide a reasonable assessment of the status of these descriptors.
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Figure 3.2.1. Comparison of the requirements for marine resource management based on

the IEA scores and the capacity of the models put forward within MEECE to deliver relevant
output for each of the three regions. For comparison we calculated normalized scores.
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Table 3.2.4.. Ecosystem components covered by MEECE models in each of the regions (1=covered by model) and their Risk Assessment Scores (RAS).

Eco components BB BS NS MED Mean
Model RAS Model RAS Model RAS | RAS
Temperature regimes 1 1 1 0 0
pH 0 0 1 0 0
Salinity regimes 1 9 1 1 0 5
Water clarity 1 1 1 24 26 25
Nutrient levels & balance (N/P) 1 33 1 1 48 26 36
Wave regime & sea level 1 0 0 36 36
Oxygen levels in water & sediment 1 66 1 1 48 26 47
Current regimes 1 1 1 72 72
Zooplankton 1 512 1 1 284 212 336
Phytoplankton 1 741 1 1 308 178 409
Intertidal sediment habitats 0 640 0 0 610 591 614
Deep seabed habitats 0 1110 0 0 648 152 637
Coastal subtidal sediment habitats 0 766 0 0 579 615 653
Shelf seabed (~50-200m) habitats 0 1170 0 0 765 372 769
Fish — deep sea 1 1239 1 1 739 360 779
Seabirds & water birds 1 1156 0 1 770 518 815
Seals & turtles 1 1150 0 1 824 518 831
Intertidal rock & biogenic reef habitats 0 846 0 0 1122 591 853
Cetaceans 1 1216 0 1 842 546 868
Fish — migratory (in/out estuaries) 1 1668 1 1 624 413 902
Fish — pelagic 1 1674 1 1 594 459 909
Coastal subtidal rock & biogenic reef 0 1170 0 0 984 615 923
Fish — demersal 1 1674 1 1 682 485 947
Benthic invertebrates infauna 0 1601 0 1 623 808 1011
Benthic invertebrates epifauna 0 1987 0 1 829 802 1206
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Table 3.2.5. Number of different indicators that can be potentially calculated by the MEECE models per region and descriptor.
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Adriatic 12 8 1
Baltic Sea 13 6 7
Barents Sea 5
Benguela 26 30 18 3
Bay of Biscay 25 22 16
Black Sea 20 2 2 1 3 3 2
North Sea 26 39 16 12 1
NW shelf 7 2 7 3 1
N. Aegean 21 40 5 9 2
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4. Discussion and conclusions

The purpose of this integrated assessment was to determine the main human activities,
pressure/impacts and ecosystem components in terms of their contribution to the risk that
GES is not achieved. This information should then be the basis for an evaluation of the
relevance of the MEECE models from a policy/management perspective.

The approach we followed in this IEA was based on the requirements of the MSFD, which is
the ecological pillar of the integrated maritime policy for the EU. The overall aim of the MSFD
is to achieve GES for which 11 descriptors were distinguished. These descriptors cover both
some of the main “State” characteristics of the system as well as some of the main
“Pressures” (Table 14). This IEA was based on the state-type of descriptors (see table) only
,as these are supposed to cover the ecosystem and all its components and attributes. The
MEECE models are also supposed to cover these state-type descriptors. The pressure
descriptors are often directly linked to a specific pressure/activity, while the descriptors of
ecosystem state essentially integrate the impacts of these different pressures.

The IEA was conducted (according to the methodology developed within MEECE) in three of
the MSFD (sub)regions (for the Baltic Sea HELCOM had already conducted an IEA). Even
though we tried to apply the methodology consistently in each of the regions, there is still the
possibility that some of the observed regional differences are actually caused by a slightly
different interpretation of the methodology by the regional teams. This is difficult to avoid
when working mostly by correspondence and can only be avoided if there had been more
time to go through each of the assessments together (e.g. through combined workshops) then
was possible within the project’s planning and resources.

A consequence of this approach is that this also allows us to consider each of the regional
teams as different expert groups that together can be considered to provide an indication of
the uncertainty between experts and variation within European ecosystems. This was used in
a sensitivity analysis to show how sensitive the outcome of this exercise is to these sources of
variation.

Table 4.1. Linkages between MEECE drivers and GES descriptors including an indication of
whether these reflect State or Pressure.

MEECE Driver Descriptor State  Pressure
Biological diversity X

Alien invasive species Non-indigenous species X

Fisheries Commercial (shell)fish X X
Food webs X

Eutrophication Eutrophication X
Sea-floor integrity X

Ocean Circulation Hydrographical conditions X

Pollution Contaminants X

Pollution Contaminants in seafood X

Pollution Marine Litter X
Energy and noise X

The MEECE drivers,as they occur in the proposal, map directly onto the GES pressure
descriptors, except for energy and noise (see table 4.1). Hence, this IEA provides a first
formal attempt not just to rank these drivers in terms of their importance but also show how
these drivers and other pressures could potentially affect the state of the ecosystem (as
expressed by the State descriptors). This essentially integrates the effects of all
pressure/impacts. The main aim of this exercise was to identify the gaps in coverage of policy
related topics that are not adequately covered by models, with an emphasis on those most
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likely to compromise policy objectives pertaining to GES. This would then deliver an
evaluation of the suitability and relevance of the MEECE models from a policy perspective.

The IEA shows that fisheries is the main human activity that could compromise achieving
GES. This is also a driver considered in MEECE and that may be responsible for some of the
main pressure/impacts: abrasion, siltation and smothering. Other important pressure/impacts
such as “introduction of other substances” links to the MEECE pollution driver while the
“introduction of non-indigenous species” is identical to the MEECE “Alien invasive species”
driver.

The IEA also shows that the higher trophic levels are most likely to be affected by the human
activities immediately followed by the (biogenic) habitats. The lower trophic levels and
hydrographic conditions are not likely to be affected. For the descriptors of state these results
imply that overall biodiversity is the descriptor most likely to be compromised, which follows
from the fact that it encompasses most ecosystem components including those that contribute
most to the risk of not achieving GES (i.e. several habitats and top predators like cetaceans,
seals and seabirds).

The MEECE drivers, as they occur in the proposal, map directly onto the GES pressure
descriptors (except for energy and noise). Therefore this IEA provides a first formal attempt
not just to rank these drivers in terms of their importance, but also show how these drivers
and other pressures could potentially affect the state of the ecosystem (as expressed by the
State descriptors). This essentially integrates the effects of all pressure/impacts. The main
aim of this exercise was to identify the gaps in coverage of policy related topics that are not
adequately covered by models, with an emphasis on those most likely to compromise policy
objectives. This would then deliver an evaluation of the suitability and relevance of the
MEECE models from a policy perspective.

The MEECE models cover several of the ecosystem components considered in the IEA.
However, there is a significant mismatch between the importance from a policy management
perspective. This emerges from the IEA and the degree to which the combined models are
able to calculate relevant indicators. Management requirements mostly involve the higher
trophic level components (i.e. top predators, fish and benthos) as well as habitats, in contrast
the models focus mostly on the lower trophic levels and physico/chemical parameters. There
is, however, one component where they coincide: fish. The main components not covered by
models in all regions are the habitats. In spite of this limited coverage of the various
ecosystem components, the MEECE models cover three of the four state descriptors
reasonably well in several of the MSFD (sub)regions. Even though this may only include a
limited part of the attributes and/or indicators, at least part of the descriptor is covered.

The ecosystem components that mostly contribute to the risk that GES is compromised, all
have distinct spatial patterns as do many of the most important human activities (e.g.
fisheries, mariculture, extraction of marine aggregates). Thus, the applicability of the models
in a management context would improve if they include a spatial component.

Member States (MS) and the European Commission (COM) will be engaging in a process to
decide which attributes, criteria and in some cases, indicators should be developed in order to
define Good Environmental Status (GES). Even though the MS are responsible for achieving
GES in their national waters, descriptors should be considered at their relevant scales which
often may be larger than the MS’ national waters. This certainly applies for integrative
descriptors such as biodiversity or foodweb, but also for a descriptor such as commercial
(shellhfish, which involves stocks covering large areas. Even for state-type of descriptors, that
appear to consist of units that fall within specific MS national waters (e.g. seafloor integrity), it
may still be more relevant to consider the descriptor at the scale of the regional ecosystem.
These regional scales were applied in this exercise.

If descriptors are considered to be not-GES, an integrated assessment such as conducted
here may provide the link to the relevant human activities that need to be managed (by the
MS’s) in order to achieve GES. The end-to-end ecosystem models such as developed under
MEECE should then be able to inform the managers on the measures required to achieve
GES.
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