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Executive summary

In January 2013, the European Commission put out a Service Request, asking for an analysis
of national approaches that Member States (MS) have taken in their reporting under Articles
8, 9 and 10 of the MSFD, with respect to geographical scaling and aggregation rules, and for
the development of broad EU guidance for coherent geographic scales in assessment and
monitoring of GES and for sets of aggregation rules.

The objectives mentioned in the Service Request are to analyse and compare the national
approaches regarding the spatial scales for the environmental assessment of their marine
waters, to analyse which aggregation rules have been applied, and to develop guidance for
coherent geographic scales and aggregation rules.

An analysis of MS approaches was reported in November 2013 and is included in an Annex
to this report. The results were discussed in a WG GES workshop in Brussels in October
2013. This report builds on the results of the workshop and the analysis and presents a next
step in the development of guidelines.

Aggregation inevitably causes the loss of information, but information needs can differ,
depending on the purpose and may require different levels of aggregation. Environmental
assessments address different information needs at different levels and spatial scales, from
relatively small spatial scales and low levels of integration to inform on suitable management
measures, up to assessments at the level of (sub)regional seas to follow policy
implementation.

Assessment scales should be defined taking into account both ecological considerations such
as hydrodynamic and physical-chemical characteristics and biogeography, as well as
management perspectives: provide a robust and adequate assessment of environmental
state, enable the identification and evaluation of management measures. Spatial assessment
scales will be different, depending on the issue, ranging from small scales in the case of local
pressures or specific habitats to (sub)regional or larger scales in the case of wide-spread
pressures or species with a large distributional range.

A method is proposed to develop a system of assessment scales that are nested in a
hierarchical way, similar to the approach that has been developed for the Baltic Sea by
HELCOM. This could be part of an adaptive management approach where scales can be
applied that are suited for the needs of a specific assessment method, allow aggregation to
larger scales, while a pragmatic optimization would help to keep the number of assessment
areas manageable.

An overview is given of aggregation methods that can be used to combine indicators and
criteria within a descriptor. General criteria to decide on the most appropriate aggregation rule
are discussed. The one-out-all-out method that is applied in the Water Framework Directive is
applicable in some cases, but is not in all cases a suitable approach.

Several methods are discussed that can be used to aggregate assessments across
descriptors.

A step-wise approach is proposed that can be used to aggregate assessments at different
levels of spatial scales and different levels of integration. The aggregation level will depend
on the information that is needed.

Coherent geographic scales and aggregation rules for environmental status assessment within 1of43
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This report describes generic approaches and criteria to deal with the spatial scales of
assessments and the aggregation of assessments. There are still many open questions and
knowledge gaps, and more specific guidance is not yet possible. There is a clear need for
further work, which could partly be carried out in pilot projects. An issues that requires further
development is the aggregation of biodiversity related indicators (under Descriptors 1, 4, 6),
that encompass many different features, and methods to combine those in a meaningful way
in assessments have not been developed yet. The combination of spatial assessment scales
with time scales for assessments is another issue that needs further development. The
nested approach towards spatial scale has been developed for the Baltic Sea for some
topics, but has not been applied for all elements of the MSFD and has not been applied in
other regional seas. The effects of uncertainty in data for assessment results and the risks of
misclassification should be considered when more specific aggregation methods are
developed. Finally, several options for aggregation across descriptors are discussed in the
report. Methods to combine descriptors in integrated assessments and appropriate
approaches to present this in a meaningful way, still requires substantial developmental work.

20f43 Coherent geographic scales and aggregation rules for environmental status assessment within
the Marine Strategy Framework Directive
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Introduction

General background

The 2012 reporting for Marine Strategy Framework Directive (MSFD, 2008/56/EC) Articles 8,
9 and 10 constitutes three important steps in the first six-year management cycle of the
MSFD. With the reporting on the initial assessment of the marine waters (Art. 8), the
determination of Good Environmental Status (GES, Art. 9) and the identification of
environmental targets and associated indicators (Art. 10) the Member States (MS) should
have identified all relevant issues concerning drivers, pressures, state and impacts in the
marine environment.

Article 3(5) of the MSFD requires that good environmental status is determined at the level of
the marine region or sub-region as referred to in Article 4, on the basis of the qualitative
Descriptors in Annex | to the Directive. This means that the MSFD operates at a different
geographic scale than existing EU legislation such as the Water Framework Directive (WFD,
2000/60/EC) for coastal and transitional waters, which considers ecological and chemical
status at the level of estuarine and coastal water bodies. It also means that national
approaches to determining GES need to ensure that together they articulate GES for a
marine region or subregion.

The geographical scale to be used for assessments is not well defined in the MSFD.
Consequently, in this first cycle of implementation the geographical scales adopted for the
assessment of GES may vary considerably between descriptors, and may differ widely
among MS.

Assessments of the marine environment need to be carried out for a specific area, which may
differ between descriptors or even between criteria and indicators within a descriptor.
Therefore, the first question that needs to be addressed is:

e What is the appropriate spatial scale for the assessment of the marine environment?

When assessment scales have been defined, the question of scaling up from the individual,
specific or sectorial assessments to an assessment for the whole (sub-)region needs to be
considered:

e How to scale up from assessment areas to larger geographic scales?

A third question deals with the aggregation of the various assessments at different levels:
¢ How to aggregate indicators within a criterion, or criteria within a descriptor, or all the
descriptors to come to a comprehensive and balanced judgement of the status of
marine waters through GES?

In January 2013, the European Commission put out a Service Request, asking for an analysis
of national approaches that Member States have taken in their reporting under Articles 8, 9
and 10 of the MSFD, with respect to geographical scaling and aggregation rules, and for the
development of broad EU guidance for coherent geographic scales in assessment and
monitoring of GES and for sets of aggregation rules.

Objectives of this report

The objective of the Service request is to develop guidance on the application of geographic
scales and aggregation rules in the assessment of the marine environment under the MSFD.
The objectives mentioned in the Service Request are to:

Coherent geographic scales and aggregation rules for environmental status assessment within 30f43
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1 assess the electronic and text reporting undertaken by Member States (MS) under
Articles 8, 9 and 10 of the MSFD with the aim to analyse and compare the national
approaches taken per descriptor regarding the scales for the assessment of the
environmental state of their marine waters, determining GES and setting environmental
targets.

2 analyse which aggregation rules have been applied, if any, by MS in their reports.
Based on the results of these analyses and further comparison with regional
approaches and methods applied in research projects, identify issues that require
further consultation by MS, Regional Sea Conventions (RSC) and the European
Commission.

3 develop broad EU guidance for coherent geographic scales in assessment and
monitoring of GES and for sets of aggregation rules and organize a debate with MS on
this.

In the framework of this service, a report was made with an analysis of MS approaches
towards geographical scaling and aggregation in the Initial assessments. The report also
gives an overview of existing methods applied by RSCs and in other assessments. This
analytical report addresses the above mentioned questions 1 and 2. The analytical report is
included in Annex I, and was presented and discussed in a WG GES workshop in Brussels
on 23" October 2013.

This report builds on the results of the analysis and the discussions in the WG GES
workshop. It provides elements to develop guidance for a coherent approach in the
application of geographic scales and the aggregation of assessments of environmental status
under the MSFD.

The report is part of the Service Contract SFRA0019 - SCALES under the agreement of the
‘Framework contract for services related to development of methodological standards in
relation to good environmental status of the seas under MSFD (ENV.D.2/FRA/2012/0019)
between the European Commission/DG Environment and Deltares, as lead partner of a
consortium with AZTI, HCMR, IVM and SYKE.

Report outline

Chapter 2 sketches the scope of this report. The question how the define an appropriate
spatial scale for assessments of the marine environment is treated in Chapter 3. This chapter
provides guidelines and criteria for the definition of assessment scales. Chapter 4 deals with
the aggregation of assessments across indicators as well as across descriptors, including
aggregation from assessment areas to larger geographic scales. Chapter 5 discusses
knowledge gaps and suggestions for further work.

4 of 43 Coherent geographic scales and aggregation rules for environmental status assessment within
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Scope of the report

The final objective of the guidance is to improve the coherence in the implementation of the
MSFD and to increase the comparability of the assessments of environmental status, with
respect to the use of geographic scales and aggregation in those assessments.

In this report, assessment scale refers to the geographic scale. The issue of time scales is not
addressed in this report. Geographic scale has two main attributes, grain and extent. Extent
refers to the size of the overall area that is considered. Grain refers to the finest spatial
resolution that is used (Turner et al. 2001). In the MSFD the extent could be the (sub)regional
sea for reporting at sub-regional scale, or the marine waters of a Member State for national
reporting. Grain describes the resolution of observations, which also determines the
information that can be derived from those observations. The spatial resolution that is needed
to provide an answer to our questions determines the smallest spatial scale that is used. In
the context of MSFD assessments, grain is the size of an assessment area that is adequate
to describe environmental status for a specific issue.

As already mentioned in the Introduction, there are basically three issues with respect to
scaling and aggregation. The first question is the definition of the scales that are appropriate
to assess the environmental status of the marine waters. This scale may be different,
depending on the environmental issue.

To assess whether good environmental status has been achieved, 29 criteria and 56
associated indicators have been developed in relation to each of the eleven descriptors from
Annex | of the MSFD (EC 2010a). It is foreseen that in some cases several assessments for
each indicator may have to be developed as different ecosystem components have to be
considered (Clausen et al. 2011). Consequently, the number of operational indicators may be
higher than 56.

For the assessment of environmental status the assessments at the level of the more than 50
indicators have to be aggregated to the higher assessment levels (Figure 2.1). At the same
time, an aggregation is needed to go from assessments at the scale of individual assessment
areas to assessments at the scale of (sub)regional seas.

Qgregat,
ion 5
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indicators §> criteria §> descriptors §>‘ GES ‘

Figure 2.1. Schematic representation of the aggregation across assessment levels and spatial scales.

Coherent geographic scales and aggregation rules for environmental status assessment within 50f43
the Marine Strategy Framework Directive



1207879-000-ZKS-0014, 7 February 2014, draft

Aggregation inevitably causes the loss of information (Van Beurden and Douven 1999,
Vermaat et al. 2005), but information needs can differ, depending on the purpose and may
require different levels of aggregation.

Assessments are carried out to evaluate the (change of) environmental status, to evaluate the
impact of human activities and to evaluate the effect of policy measures. The purpose of this
evaluation of environmental status is to identify the main risks for the marine environment,
inform managers and policy-makers about the environmental impacts of human activities, the
need for measures, and the progress towards achieving GES. The assessments address
different information needs at different levels and different spatial scales. Member States may
have a primary interest in assessing the status in the marine waters under their jurisdiction, to
identify main risks and the need for measures. This requires information at a relatively small
spatial scale and low level of integration. For example, indicators and small assessment
areas are in many cases more suitable to link pressures to environmental impacts, and to
inform on suitable management measures. Assessments of the environmental status to follow
progress towards GES at the level of (sub)regional seas or at an European level require
approaches at a larger spatial scale which may also require higher integration levels (Figure
2.2).

Aggregation level

GES
descriptors RSC‘
criteria
indicators
metrics ‘
>Spatlal
Monitoring Assessment National (sub) European scale

sites units waters region seas

Figure 2.2. Differences in information needs and associated spatial scales and aggregation levels.
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This report provides generic approaches that are applicable at different spatial scales and
levels of aggregation. This could go from the spatial scale of monitoring sites and the level of
metrics to the scale of regional seas and assessments of GES. In this report, the emphasis
lies on the steps that are needed to go from assessments at the scale of one assessment
unit, to assessments that go beyond the spatial scale of the marine waters under jurisdiction
of a MS and beyond the aggregation level of indicators (Figure 2.2).

One of the first steps when assessing marine status is to obtain a comprehensive view of the
relations between the human activities at sea, the pressures they exert on the environment,
and the change that is caused in the state of the environment, leading to impacts on
ecosystem services. To obtain such a view, an often used methods is the DPSIR (Driver,
Pressure, State, Impact, Response) approach (OECD 1993; EEA 1999). The DPSIR
conceptual framework provides an overall mechanism for analysing environmental problems,
with regards to sustainable development. In EEA’s definition (Gabrielsen and Bosch 2013),
‘Driving Forces’ are social, demographic and economic developments in societies and the
corresponding changes in lifestyles, overall levels of consumption and production patterns.
‘Pressures’ are the ways that these drivers are actually expressed, , through release of
substances (emissions), physical and biological agents, the use of resources by human
activities. These pressures degrade the ‘State’ of the environment, expressed as quantity and
quality of physical, biological and chemical phenomena. These changes then have ‘Impacts’
upon human health, ecosystems and materials, causing society to ‘Respond’ with various
policy measures, such as regulations, information and taxes; these can be directed at any
other part of the system (Figure 2.3).

The DPSIR approach is helpful to structure indicators and focus on causal relations regarding
environmental problems. However, it has been criticized as being inappropriate as analytical
tool, because it ignores the complexity of environmental and socio-economic issues and
definitions of the DPSIR are ambiguous (Maxim et al. 2009; Spangenberg et al. 2009). For
the scope of this report, the DPSIR provides a useful framework to structure the indicators,
criteria and descriptors from the Commission Decision (EC 2010b), which are a mixture of
Pressure and State descriptors according to the definition given above. But this does not
imply that they can be placed in a simple, linear and deterministic description of the marine
environment. Similarly, geographic scales for Pressure and State are potentially different and
will not always match.

The approach in this report focusses on an approach to spatial scales related to the natural
system. There may be a mismatch with the scale of the socio-economic system (Cumming et
al. 2006).

Coherent geographic scales and aggregation rules for environmental status assessment within 7 of 43
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Figure 2.3. DPSIR framework for reporting on environmental issues (Source: EEA).
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Definition of spatial assessment scales

This chapter deals with the question how to define the spatial scale for assessment areas that
leads to meaningful information to support the management of European marine waters.

The general principles and considerations for the application of rules for geographic scaling
have been discussed in a number of documents relating to the MSFD implementation and
assessments of the marine environment, like the Task group reports drafted in 2010 (Cardoso
et al. 2010, Cochrane et al. 2010, Ferreira et al. 2010, Galgani et al. 2010, Law et al. 2010,
Olenin et al. 2010, Piet et al. 2010, Rice et al. 2010, Rogers et al. 2010, Swartenbroux et al.
2010, Tasker et al. 2010) and other documents (OSPAR 2011). The analytical report (see
Appendix) provides a detailed overview of existing methods of spatial scaling. This chapter
discusses general principles, criteria for scaling and proposes steps for the definition of
assessment areas.

MSFD requirements

The MSFD requires that good environmental status is determined at the level of the marine
region or sub-region (Art. 3.5), on the basis of the qualitative descriptors in Annex | of the
MSFD. For the Baltic Sea and Black Sea GES will be determined at the level of the regional
sea. The North-East Atlantic Ocean and the Mediterranean Sea have each been divided in 4
subregional seas where GES will be determined:

a) the Baltic Sea
b) the North-east Atlantic Ocean
e Macaronesia
e Bay of Biscay and the Iberian coast
e Celtic Seas
e Greater North Sea
c) the Mediterranean Sea
e Western Mediterranean Sea
e Adriatic Sea
¢ lonian Sea and the Central Mediterranean Sea
e Aegean-Levantine Sea
d) the Black Sea

General principles for the definition of assessment areas

The definition of assessment areas needs to address spatial scales at different levels.

The highest level is the level of the marine (sub)region. In some cases (some biodiversity
issues, commercial fish stocks) the geographic assessment scale may exceed the scale of
the (sub)region. However, in many cases, the scale of the regions and sub-regions is too
large for meaningful assessments, as too large assessment areas will mask the more local
pressures and their impacts and will not provide the information that is necessary to decide
on management measures.

Thus in most cases, assessment and reporting need to be done at smaller scales. As stated
in the Commission Decision (EC 2010b), when the assessment needs to start at a relatively
small spatial scale to be ecologically meaningful (for instance because pressures are
localised), it could be necessary to scale up assessments at broader scales, such as at the

Coherent geographic scales and aggregation rules for environmental status assessment within 9 of 43
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levels of subdivisions, sub-regions and regions. The criteria to define smaller spatial scales
are based on the specificities of a particular area, that can be related to two perspectives:

. Management perspective

The assessment scales have to be chosen in such a way that assessments provide the right
information to the process of policy development and management of marine areas. For this
purpose, it is crucial that assessment areas are defined that provide a robust and adequate
assessment of environmental state, and that enable the identification of management
measures, and the evaluation of their effectiveness.

From a management perspective, subsidiarity between different policies, and the level of
enforcement in different areas (e.g. difference between territorial waters and EEZ) must be
considered as well.

Assessment areas must be designed in relation to risks for the marine environment, caused
by the main drivers (D) and human activities, as mentioned previously. The impacts (I) of
pressures (P) are generally larger near the source (either land-based or sea-based) and
decrease with distance from the source. For static pressures like land-based sources, this
means that there is a gradient of decreasing pressures and impacts from the coast to offshore
areas. For mobile pressures (e.g. shipping, trawling) pressures may be high at a small scale
while also occurring at a large extent. The density and intensity of human activities is
generally higher near the coast as well. A finer spatial resolution of assessment areas may be
required in coastal areas than in offshore areas where less human activities take place.
Assessments should make it possible to inform managers and policymakers on the
environmental impacts of human activities, and link these impacts to pressures and activities.
Through this link between pressures, state (S) and impacts, management measures and
responses (R) can be identified. Consequently, the spatial scale of assessments must reflect
those D-P-S-I-R relationships previously mentioned.

Too large areas can mask local pressures and their impacts, and are therefore not suitable
for management purposes. On the other hand, too small areas result in a high monitoring
burden, and may lead to inadequate assessments as the spatial distribution of ecosystem
components is not sufficiently covered, hampering an evaluation of the wider effects or the
cumulative impacts of local pressures.

A risk-based approach (Fig. 3.1) helps to prioritize areas and indicators for monitoring and
assessment. Assessments of GES should begin with sub-areas of both greatest vulnerability
and highest pressures. RSCs have used a risk-based approach already, with a higher density
of monitoring stations and a smaller spatial scale of assessment areas in the coastal zone.
Transboundary effects of pressures have be taken into account in a risk-based approach.

. Ecological considerations

At a spatial scale smaller than the (sub)regional seas, various subunits within the larger
ecosystem may be distinguished. These subsystems can generally be differentiated on the
basis of their physical, chemical and biological characteristics (Figure 3.1). For environmental
assessments, a definition of smaller assessment areas at the level of metrics, indicators,
criteria or descriptors may be necessary.

10 of 43 Coherent geographic scales and aggregation rules for environmental status assessment within
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Figure 3.1 Schematic picture of the definition of assessment areas within a (sub)region. (MS: Member State). The
two approaches in the scheme are not mutually exclusive

The MSFD indicates that hydrological, oceanographic and biogeographic features should be
taken into account in defining the (sub)regions (Art. 3.2). Assessment areas within those
(sub)regional seas can be further specified using hydrological and oceanographic
characteristics, in particular seawater temperature, salinity, mixing characteristics, frontal
systems, turbidity (but also depth, currents, wave action and nutrient characteristics where
appropriate) to define water masses of similar overall character within each sub-region.
Biogeographic distribution patterns, related to benthic or pelagic habitats or marine
populations are another important aspect that needs to be taken into consideration when
defining these areas. The boundaries between such areas should wherever possible be
based on marked changes in these parameters, but where changes are more gradual, more
pragmatic factors such as the physiographic shape of the coastline and administrative
boundaries may also be used, provided that the set of areas within a sub-region overall are
ecologically-based. The identification of a set of ecological assessment areas within a sub-
region provides the basis for assessment of ecosystem characteristics and habitats occurring
within the area, as it provides a specific geographical area in which to determine the extent of
impacts and whether GES and associated targets have been met (OSPAR 2012).

The features to define assessment areas are not all equally important for all descriptors,
criteria and indicators. For descriptors like D5 (Eutrophication), D8 (Contaminants) and D9
(Contaminants in seafood) with (often) clearly localized sources of pollution (e.g. rivers or
other point sources), hydrodynamic characteristics play an important role. For descriptors like
D1 (Biodiversity), D3 (Commercial fish and shellfish), D4 (Food webs) and D6 (Seafloor
integrity) habitat patterns and biogeographic characteristics are often more important. For
ecologically relevant scales of the latter descriptors, the assessment should cover the entire
range of the species or of discrete populations (e.g. for large/mobile species). For
habitats/communities it is most appropriate to assess the status within biogeographic zones,
as functionally similar habitats can have wider distributions (Cochrane et al. 2010).

Activities may result in different types of pressures, e.g. both localised pressures and
pressures operating at a larger spatial scale. For example, pressures and impacts arising
from fisheries operate both at the larger scale of stocks of commercial species and at smaller,

Coherent geographic scales and aggregation rules for environmental status assessment within 11 of 43
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patchy scales in relation to physical impacts on the marine environment, like in the case of
bottom trawling.

Concluding, ecological assessment areas must be defined in such a way that they adequately
reflect both the ecological scales exhibited in each (sub)region and the links to areas which
are effective for management measures. Size may vary from small areas for a specific
biological feature to large areas relating to highly mobile species, homogenous habitats or
large-scale food webs. This means that on the basis of ecological considerations,
assessment areas may be different between the various indicators and descriptors.

Criteria for spatial assessment scales

In the approach towards spatial scales for the MSFD, environmental assessments for other
EU legislation, like the WFD or the Bird and Habitat Directives have to be incorporated. These
Directives operate at different scales and the assessments under these Directives only apply
to certain areas (for example, only coastal waters under the WFD), and additionally the
Directives cover only some elements of GES. A way must be found to ensure that the MSFD
assessments complement the other assessments for an efficient assessment of all Directives.
When looking at spatial scales, the characteristics of indicators, criteria and descriptors
should be taken into account as well. An often used approach is the distinction between
pressure-related and state-related indicators and descriptors (e.g. EC 2011), although for
many descriptors it should be realized that they contain a mixture of pressure and state
indicators. Nevertheless, the approach to spatial scales for pressures can be distinguished
from the approach for state, and steps to define spatial scales could be different.

Defining scales for Pressures
This step can be linked to the risk based approach which should assess the link between P-
S-1 criteria/indicators. In this perspective, issues like the spatial scale of impacts, the impacts
that a pressure may have on various indicators/descriptors, the cumulative impacts of
pressures on an indicator or descriptor, trans-boundary problems, time scales, etc. should be
considered. The spatial scaling of the indicators/descriptors under this approach should
consider management perspectives and reporting needs. Some activities may result in both
localised pressures and in pressures operating at a larger spatial scale. For example,
pressures and impacts arising from fishing activity operate both at the larger scale of stocks
of commercial species and at smaller, patchy scales in relation to physical impacts on the
marine environment, like in the case of bottom trawling.
Criteria to be considered for defining scales for P or P descriptors are:
e The intensity and the extent of the pressures, for example along the coastal zone in
relation to hydrodynamic characteristics (D5, D8, D9).

- Hydrodynamic characteristics (currents, transport patterns, mixing) in conjunction
with the morphology of the coastal area may control the appearance and intensity of
eutrophication phenomena (D5) as well as the dispersal and concentration level of
contaminants in water (D8) and biota (D9). These criteria should be taken into
account in defining spatial scales for assessment of D5.

- Assessments for eutrophication or contaminants must clearly delineate the areas
potentially subject to detrimental effects. Such areal delineation should be based on
oceanographic characteristics. Examples are the Physically Sensitive Area (PSA)
(Ferreira et al. 2010), the EU TRISK indices developed by the JRC (Druon et al.
2004), and the subdivisions used by HELCOM and OSPAR (HELCOM 2009b;
OSPAR 2008). HELCOM recommends that assessment of eutrophication indicators
may be most relevant at the sub-basin scale in the open sea combined with water
body or type level in the coastal zone (compatibility with WFD scales). OSPAR uses
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an area specific approach in eutrophication assessments, which takes into account
hydrodynamic characteristics and the proximity to nutrient sources.

e The vulnerability of the ecosystem components to a pressure

Examples:

* Some specific habitats like the muddy (silt and clay) sediments favour the
accumulation of contaminants and elemental organic carbon and act as a trap
for pollutants providing a more vulnerable habitat than more mixed or
heterogeneous substrata. The spatial scale or extent of these habitats should be
taken into account in defining spatial scales for contaminants Descriptors
(D8,D9).

*  Another case of ecosystem component that may be specifically vulnerable to
pressure Descriptors like D2 or D5, D8, D9 is the presence of particularly
sensitive habitats like Posidonia meadows, biogenic reefs or coralligenous
habitats.

*  The presence of endangered or protected populations like sea turtles or marine
mammals are vulnerable ecosystem components in relation to pressure
Descriptors like D10, D11.

e Managerial issues, in particular for large scale pressures

Too fine scales may involve a high monitoring burden
Too large scale may mask the effects of a pressure on state and impacts

e Cumulative impacts

Ecosystem components may be exposed to a range of pressures that have additive
or cumulative impacts. An example of a cumulative impact is a sea grass meadow
that is already degraded by anthropogenic pressures (e.g. eutrophication (D5) or
pressures affecting seafloor integrity (D6), and becomes more vulnerable for the
introduction and establishment of NIS populations. While the various pressures
operate at different spatial scales, the appropriate scale for assessment could be the
scale at which the cumulative impact occurs. There are several examples of tools
developed to identify and assess cumulative impacts at large scale within the MSFD
(e.g. Andersen et al. 2013; Knights et al. 2013, Korpinen et al. 2013).

e Trans-boundary effects

This may be particularly relevant for descriptors D5, D8, D10. If a water mass defined
by hydrological and oceanographic characteristics covers an area that falls under the
jurisdiction of several MS but is exposed to a similar pressure, the spatial scale
should take into account the trans-boundary effects of this pressure. There are many
examples where, due to transport patterns, discharges of nutrients and contaminants
from one source (e.g. a large river) may cause impacts at some distance from the
source (the marine waters of neighbouring MS).

e Ecological and biogeographic characteristics

This criterion applies for example to non-indigenous species (D2) where criteria like
dispersal, vectors of introduction, pathways etc., are important factors that need to be
assessed at a local or regional scale depending on the species biogeography
(Zenetos et al. 2012). The assessment of the impacts of invasive alien species
generally should begin at the local scale, such as “hot-spots” and “stepping stone
areas” for species introductions, or in areas of special interest. Local scale
assessments can be further integrated into the next spatial level evaluations at a
sub-regional (e.g. Gulf of Finland in the Baltic or Adriatic Sea in the Mediterranean)
or a regional sea level.
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These features are not all equally important for all descriptors, criteria and indicators. For
descriptors like D5, D8 and D9 with (often) clearly localized sources of pollution (e.g. rivers or
other point sources), hydrodynamic characteristics play an important role. But in other cases
pressures may be widespread (e.g. noise related to ship traffic).

Define scale for State descriptors
Criteria for defining scales for S descriptors/indicators could be related to the ecological
considerations mentioned earlier, like

. hydrological and oceanographic criteria
o bio-geographical criteria (D1, D3, D4 and D6)
. managerial criteria

The assessment scale may vary from small areas for a specific biological feature to large
areas relating to highly mobile species, homogenous habitats or large-scale food webs. For
habitats, biogeographic characteristics and patterns are often more important. For
ecologically relevant scales for the biodiversity descriptors, the assessment should cover the
entire range of the species or of discrete populations (e.g. for large/mobile species). For
habitats/communities it is most appropriate to assess those within biogeographic zones, as
functionally similar habitats can have wider distributions. In some cases, biodiversity related
components may exceed the scale of a (sub)region; this may be the case for groups like
migratory birds, marine mammals and some (commercial) fish stocks (D3). Further
development of methods for the assessment of biodiversity issues at regional scale is
necessary (HELCOM 2009a).

An example of how to take into account conservation priorities, biogeography and managerial
issues in defining spatial scales for the mapping of three key Mediterranean habitats related
to Descriptors D1 and D6 (i.e. seagrass Posidonia oceanica meadows, coralligenous
formations, and marine caves) is the work of Giakoumi et al. (2013). Different scenarios were
determined through a systematic planning approach dealing with large scale heterogeneity,
among which the scale of the whole Mediterranean basin and the ecoregion scale
approaches, in which priority areas were selected within eight predefined ecoregions (Alboran
Sea, Algero-Provenzal Basin, Tyrrhenian Sea, Tunisian Plateau/Gulf of Sidra, Adriatic Sea,
lonian Sea, Aegean Sea including the Sea of Marmara,and Levantine Sea). In comparison,
the ecoregional scenario in the designation of MPAs resulted in a higher representation of
ecoregions and a more even distribution of priority areas, albeit with a higher loss of revenue
for fisheries, which is the most prevalent activity.. The authors suggested that planning at the
ecoregional level ensures better representativeness of the selected conservation features and
adequate protection of species, functional, and genetic diversity across the basin.

For biodiversity descriptors a suitable set of ecological assessment areas must be defined.
The assessment scales should adequately reflect both the ecological scales of the
biodiversity components (species, habitats, ecosystems) in each region/sub-region and the
link to areas which are effective for management measures. The outcomes of a status
assessment are highly dependent on the geographical scale at which they are undertaken.
For ecologically relevant scales, ideally the assessment should cover the entire range of the
species or be related to discrete populations (e.g. for large/mobile species). For
habitats/communities it is most appropriate to assess within biogeographic zones, as
functionally similar habitats can have global distributions. Policies are often applied at specific
geographic scales related to the scope of the policy or to national jurisdiction. The choice of
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an assessment scale should not lead to differences in status classifications for a species or
habitat between different policy frameworks.

Matching pressures to state and impact.

The FP7 project ODEMM has developed a framework to link drivers, pressures, state and
impacts in the marine environment (see http://www.odemm.com).

It provides an example of methods to establish links between P-S-l, which should be
considered when defining spatial scales.

Steps towards defining spatial scale

As discussed above, there are many criteria to take into consideration when deciding on
spatial assessment scales. In addition to the management perspective and ecological
considerations discussed in §3.2, this also includes the question of the final objective of the
assessment, i.e. what information is needed and who will use the information?

In addition to the “content-driven” approach, there is also the need to develop a system of
assessment areas that is coherent, consistent and manageable.

And finally, there may be reasons to adapt the spatial scales for assessments over time.
Autonomous ecological changes or ecological changes in response to management may
occur that require an adaptation of the spatial scale (Cumming et al. 2006); similarly, changes
in pressures (magnitude, extent) may result in a need to re-evaluate assessment scales.
Hence, the choice of assessment scales needs to be part of adaptive management.

In theory, the criteria to define assessment areas could be applied to all 56 MSFD indicators
mentioned in EC (2010b) separately. This could result in 56 (or even more) different
configurations of assessment areas, each of which suiting the exact needs of a specific
indicator, and ranging in scale from small, local assessment areas (like WFD water bodies) to
sub-regional scale.

It is clear that this would result in a high monitoring and management burden. A solution to
keep this manageable is a nested hierarchical approach as the one developed by HELCOM.
In such an approach, different levels are nested within each other. An example is shown in
Figure 3.2. Small-sized assessment areas (at the lower level) fit within larger-sized
assessment areas (at the higher level). This approach ensures that it is possible to aggregate
the results of assessments at a small scale to an assessment at a larger scale.

Coherent geographic scales and aggregation rules for environmental status assessment within 15 of 43
the Marine Strategy Framework Directive


http://www./

1207879-000-ZKS-0014, 7 February 2014, draft

Level 1

Level 2

Level 3

SeaJe JUlWissosse JO Ijeds |B!18d$ paseaJtdu| >

Level 4

Figure 3.2 Schematic picture of the nested hierarchical definition of assessment areas

In the approach developed by HELCOM (HELCOM 2013) four hierarchical spatial scales are
defined:

1) the whole Baltic Sea,

2) asubdivision of the Baltic Sea into 19 sub-basins defined by ecological criteria,

3) afurther division of sub-basins to coastal and offshore areas and

4)  afurther division of the coastal areas to WFD water bodies.

In HELCOM'’s view, the various hierarchical sub-division levels can be used depending on the
needs. For example, monitoring and assessment of mobile marine mammals such as grey
seals may require the whole Baltic Sea scale while assessment of eutrophication indicators
may be most relevant at the sub-basin scale in the open sea combined with water body or
type level in the coastal zone. HELCOM recommends that the scale to be used should be
chosen from the four possible scales (HELCOM 2013).

The approach by HELCOM is still under development and has not been applied yet to all 56
MSFD indicators. As already discussed, depending on the character of the state and pressure
descriptors/indicators a specific scale may be required, and this could easily result in a high
number of different “configurations” of scales. A nested design of assessment scales in
combination with a pragmatic optimization as part of an adaptive management approach to
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scaling would help to keep the number of assessment areas at a manageable level, using the
following steps (Figure 3.3):

1 Define scales for state indicators and descriptors, using ecosystem characteristics as a
basis, and taking into account the pressures on those state indicators (hydrological,
oceanographic, biogeographic features). This can result in different choices for scales,
for different indicators or descriptors.

2 Define scales for pressure indicators and descriptors (where necessary at smaller
scales for local pressures). Again, this can result in different choices for scales, for
different indicators or descriptors.

3 Consider assessment scales used in the framework of other policies (e.g. WFD, BD,
HD, CFP).

4 Combine assessment areas into one, nested, system consisting of a number of different
levels of spatial scales.

Define spatial scale Large number of
for each indicatorand configurations

descriptor of assessmentareas

“pragmatic
optimization”,

Nest smaller scales <:| combine assessment
within larger scales areas

Nested system with
different numbers of
assessmentareas at
different levels

Figure 3.3 Schematic picture of a stepwise approach for the definition of assessment scales
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Aggregation of assessments

This chapter discusses the different methods that can be applied to aggregate criteria and
indicators within descriptors and across descriptors, and methods to aggregate assessments
across assessment areas to eventually come to an assessment of GES for a geographic
area. The analytical report (see Appendix) provides a detailed overview of existing methods
for aggregation. This chapter discusses general principles and criteria, and proposes steps
for aggregation of assessments.

MSFD requirements

Article 3(4) of the MSFD defines environmental status as “the overall state of the environment
in marine waters, taking into account the structure, function and processes of the constituent
marine ecosystems together with natural physiographic, geographic, biological, geological
and climatic factors, as well as physical, acoustic and chemical conditions, including those
resulting from human activities inside or outside the area concerned”.

Taking this definition into account, Borja at al. (2013) proposed an operational definition of
good environmental status (GES): “GES is achieved when physico-chemical (including
contaminants, litter and noise) and hydrographical conditions are maintained at a level where
the structuring components of the ecosystem are present and functioning, enabling the
system to be resistant (ability to withstand stress) and resilient (ability to recover after a
stressor) to harmful effects of human pressures/activities/impacts, where they maintain and
provide the ecosystem services that deliver societal benefits in a sustainable way (i.e. that
pressures associated with uses cumulatively do not hinder the ecosystem components in
order to retain their natural diversity, productivity and dynamic ecological processes, and
where recovery is rapid and sustained if a use ceases)’.

This latter definition includes all MSFD descriptors. Hence, to assess whether or not GES has
been achieved, some aggregation within and across the 11 Descriptors is required to move
from the evaluation at the level of indicators (the 56 indicators described in the Commission
decision (EC 2010b) to a global assessment of status, as mentioned also in Cardoso et al.
2010. The problem is how to deal with the complicated task of integrating a high number of
indicators and descriptors. To develop a common understanding on this, it is important that
Member States are transparent on the approaches and aggregation methods they have used
and on the uncertainties in their indicators.

General principles for aggregation

Based on a literature review, we identified a number of different approaches for aggregation
rules that combine a number of variables (which could be metrics, indicators, or criteria) into
an overall assessment. Some of them have been used within the WFD, others within the
Regional Sea Conventions and some others in the MSFD.

An overview of the methods is given in Table 4.1. A more detailed explanation of the methods
can be found in the Analytical report (see Appendix).
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Table 4.1. Approaches for aggregation of different metrics, indicators or criteria to assess the status, including the

advantages and disadvantages of each approach (see 84.3 in the Appendix for references).

General approach

Details of
method

Advantages

Disadvantages

One-out all-out
(OOAO) principle

All variables have to
achieve good status

Most comprehensive
approach. Follows the
precautionary principle

Trends in quality are
hard to measure. Does
not consider weighting
of different indicators
and descriptors. Chance
of failing to achieve
good status very high.
May include double-
counting

Two-out all-out: if two
variables do not meet the
required standard, good
status is not achieved

More robust compared to
OOAO approach

See above

Conditional rules

A specific proportion of the
variables have to achieve
good status

Can help to focus on the
key aspects

Assumes that GES is
well represented by a
selection of variables

Averaging approach

Non-weighted: Variable
values are combined,

using the arithmetic
average
or median

Indicator values can be
calculated at each level of
aggregation
Recommended when
combined parameters are
sensitive to a single
pressure

Assumes all variables
are of equal importance

Weighted: Like the
previous method, with
different weights assigned
to

the various variables

Reflects the links
between descriptors
and avoids double
counting

High data requirements
Problem of agreeing on
weights

Hierarchical: With
variables defined at
different hierarchical
levels

Reflects the hierarchy
among descriptors and
avoids double counting
Different calculation rules
can be applied at different
levels

Problem of agreeing on
hierarchy

Scoring or rating

Sum of weighted
scores

Different weights can be
assigned to the various
elements

Problem of agreeing on
weights. Metrics may not
be sensitive to the same
pressures
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General approach

Details of
method

Advantages

Disadvantages

Multimetric
approaches

Multi-metric indices

Integrates multiple
indicators into one
value. May result in
more robust
indicators, compared
to indicators based on
single parameters

Correlations between
parameters can be an
issue. Results are hard to
communicate to
managers. Metrics may
not be sensitive to the
same pressures

Multi-dimensional
approaches

Multivariate analyses

No need to set rigid target
values, since values are
represented within a
domain

Results are hard to
communicate to
managers

Decision tree

Integrating elements into a
quality assessment using
specific decision

rules

Possible to combine
different types of
elements, flexible
approach

Only quantitative up to a
certain level

High-level
integraton

Assessment results for
some pre-defined groups
(for example, biological

Reduces the risks
associated with OOAO
while still giving an overall

Technical details

indicators, hazardous assessment
substances indicators,
supporting indicators,
each

applying OOAO).

4.2.1 One-out, all-out (OOAOQ)
The OOAO approach is used in the WFD to integrate within and across Biological Quality
Elements (BQEs) (EC 2005). This approach follows the general concept that a particular
status assigned to a water body depends on the quality element with the lowest status. The
objective is to ensure “that the negative impact of the most dominant pressure on the most
sensitive quality element is not averaged out and obscured by minor impacts of less severe
pressures or by less sensitive quality elements responding to the same pressure.” (EC 2012)

A prerequisite for the combination of various parameters is that they are sensitive to the same
pressure (Caroni et al. 2013). In that case, different methods can be used to combine
parameters (medians, averages, etc.). Caroni et al. (2013) recommend an OOAO approach
when aggregation involves parameters/indicators that are sensitive to different pressures; the
application of averaging rules may lead to biased results in those cases. The WFD
Classification Guidance (EC 2005) also advises to use OOAO when combining
parameters/indicators that are sensitive to different pressures.

Several criteria are suggested for cases where OOAO should be applied:

(i)  when different pressures are addressed,

(i)  when there is an impact or risk on a future impact, and

(iii) when legal standards are involved (e.g. contaminants exceeding legal quality standards as
under the WFD, species or habitats failing favourable conservation status under Birds or
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Habitat Directives, commercial fish stocks failing targets under the Common Fisheries
Policy). Note that rare species under the BHD cannot easily be monitored, and consequently
should not be excluded from a OOAO approach.

Often, not all indicators are in the same state of development, or are scientifically sound and
fully tested. In some cases P-S-I (Pressure-State-Impact) relations are uncertain.

Sometimes multiple indicators are used to describe state. While not all of those indicators
may be equally important, this is done to include indicators that are used as supportive
indicators, where P-S-I relations are uncertain. In those cases other aggregation rules than
OOAO should be applied.

Borja et al. (2009b) discussed the challenge of assessing ecological integrity in marine
waters, and suggest that simple approaches, such as the ‘OOAQ’ principle of the WFD, may
be a useful starting point, but eventually should be avoided. The ecological integrity of an
aquatic system should be evaluated using all information available, including as many
biological ecosystem elements as is reasonable, and using an ecosystem-based assessment
approach. The OOAO rule can be considered a logical approach as a precautionary rule, in
an ideal world where the status based on each BQE can be measured without error. In
practice, the inevitable uncertainty associated with monitoring and assessment for each
metric and BQE leads to problems of probable underestimation of the true overall status. The
OOAO principle has therefore been criticized as it increases the probability of committing a
false positive error, leading to an erroneous downgrading of the status of a water body (Borja
and Rodriguez 2010; Caroni et al. 2013). The OOAO rule results in very conservative
assessments with a full implementation of the precautionary principle (Ojaveer and Eero
2011). In the case of the MSFD, with 11 descriptors and more than 50 indicators, the
probability of not achieving good status becomes very high and, probably, unmanageable in
practical managerial terms (Borja et al. 2013).

Through the use of the OOAO approach in the WFD it has been recognized that the OOAO
rule results in a conservative approach, following the precautionary principle, and with a high
probability of not achieving good status, in particular when a large number of variables is
involved (Borja et al., 2013; Borja and Rodriguez, 2010; Caroni et al.,, 2013; Ojaveer and
Eero, 2011). Alternative methods for integrating multiple BQEs in the WFD are currently being
considered (Caroni et al., 2013).

Conditional rules

Conditional rules (a specific proportion of the variables have to achieve good status) are an
approach where indicators can be combined in different ways for an overall assessment,
depending on certain criteria. This provides a good opportunity to use expert judgment when
combining indicators, in a transparent way.

Averaging approach

The averaging approach is the most commonly used method to combine indicators (Shin et
al. 2012) and consists of simple combinations of indicators, by using calculation methods like
arithmetic average, hierarchical average, weighted average, median, sum, product or
combinations of those rules, to come up with an overall assessment value.

Ojaveer and Eero (2011) showed that in cases where a large number of indicators is
available, the choice for applying either medians or averages in aggregating indicators did not
substantially influence the assessment results. However, this might not necessarily be the
case when only a few indicators are available. In such a situation, application of the median of
the indicator values resulted in very different assessment results compared to assessments
based on averages.
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The way the indicators are hierarchically arranged influences the assessment results as well,
but these effects were considerably less important than the effects of applying different
aggregation rules.

Differential weighting applied to the various indicators can be used when calculating averages
or medians. An adequate basis for assigning weights is not always available. Assigning
weights often involves expert judgment, and Aubry and Elliott (2006) point out that in some
cases, expert opinions on weights can show important divergence.

Scoring or rating

In this method different scores are assigned to a status level (for example, ranging from 1 to
5), for a number of different elements. The scores are summed up to derive a total score
which is then rated according to the number of elements taken into account. Different weights
can be assigned to the various elements. This method was proposed by Borja et al. (2004) to
calculate an integrative index of quality and is the basis of many multimetric indices used
within the WFD (Birk et al. 2012) (see also next approach).

Another example is the method developed by Borja et al. (2010; 2011) for a cross-descriptor
aggregation, combining the 11 descriptors of MSFD based on the WFD, HELCOM and
OSPAR experiences. An Ecological Quality Ratio (EQR) was calculated for each indicator of
the various MSFD Descriptors, with the EQR for the whole descriptor being the average value
of the EQR of the indicators. Then, by multiplying the EQR with the percent weight assigned
to each descriptor, (and summing up to 100) an overall environmental status value was
derived.

Multimetric indices to combine indicators

Within the WFD there are many examples of multimetric indices developed for different
biological elements, driven by the need to fulfil the detailed requirements of the WFD (see
Birk et al. (2012) for a complete synthesis).

In addition, within the MSFD, the Task Group 6 report (Rice et al. 2010) recommends the use
of multimetric indices or multivariate techniques for integrating indicators of species
composition attributes of D6 such as diversity, distinctness, complementarity/(dis)similarity,
species-area relationships.

There are various other examples of multi-metric indices used to assess the status of the
macrobenthos (see Borja et al. (2011a) for an overview).

Multimetric methods to combine multiple parameters in one assessment may result in more
robust indicators, compared to indicators based on single parameters. However, scaling of a
multimetric index may be less straightforward, and ideally the various parameters should not
be intercorrelated (see e.g. the discussion on the TRIX index in Primpas and Karydis (2011)).

Multidimensional approaches

The Task Group 6 report (Rice at al., 2010) discusses multivariate methods as an alternative
for multi-metric methods to combine a number of parameters. Multivariate methods, such as
Discriminant Analysis or Factor Analysis combine parameters in a multi-dimensional space.
For assessment purposes, such multidimensional spaces need to be classified into groups of
GES and non-GES.

Multivariate methods have the advantage of being more robust and less sensitive to
correlation between indicators. However, interpretation is less intuitive than other methods, as
information on individual indicators in each ecosystem is lost (Shin et al. 2012).

Decision tree
Decision trees provide the opportunity to apply different, specific, rules to combine individual
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assessments into an overall assessment, and give room for using expert judgment in a
transparent way.

Borja et al. (2009a) describe a methodology that integrates several biological elements
(phytoplankton, benthos, algae, phanerogams, and fishes), together with physico-chemical
elements (including pollutants) into a quality assessment. The proposed methodologies
accommodate both WFD and the MSFD. They suggest that the decision tree should give
more weight to those individual assessment methods which have been:

l. used broadly by authors other than the proposers of the method,
Il. tested for several different human pressures, and/or
Il. intercalibrated with other methods.

High-level aggregation

An example of a high-level aggregation, where assessments for several ecosystem
components are merged into a final assessment, is the HELCOM-HOLAS project (HELCOM
2010). The report presents an indicator-based assessment tool termed HOLAS (‘Holistic
Assessment of Ecosystem Health status’). The indicators used in the thematic assessments
for eutrophication (HEAT), hazardous substances (CHASE) and biodiversity (BEAT) were
integrated into a Holistic Assessment of ‘ecosystem health’. The HOLAS tool presented
assessment results for three groups: biological indicators, hazardous substances indicators
and supporting indicators, and then applied the OOAO tool on the assessment results of
those three groups for the final assessment (Figure 4.1).

This approach could be considered a pragmatic compromise, reducing the risks associated
with OOAO while still giving an overall assessment.
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Figure 2.2 Panel A: Interim assessment and dassifi- 3) the coastal and open interpolations have been com-
cation of ‘ecosystem health’ in the Baltic Sea, based bined using » smoothing function. The larger cirdes
on the assessment tool HOLAS. See Section 1.6 fora indicate the open-sea assessment units and the smaller
description of the general assessment princples. The circles the coastal assessment units. Panel B: Summary
interpolated map has been produced in three steps: 1) of the grated classifications of ‘ecosy health’

coastal aszessment units have been interpolated along presented s the proportion of the assessment units
the shores, 2) open basins have been interpolated, and per sub-basin (see the locations of the sub-basins in

Figure 4.1. Aggregation in HOLAS tool (HELCOM, 2010).
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Borja et al. (2010, 2011b) proposed an integrative method based on the MSFD and applied to
the southern Bay of Biscay. After integrating the indicators within each descriptor, each
descriptor was weighted according to the human pressure supported by the area. Then the
value of each descriptor (like an EQR) was multiplied by the weighting and added to obtain a
final value between 0 and 1, being 0 the worst environmental status and 1 the best. This high-
level aggregation was done at spatial and temporal scale.

Another method, based more upon human activities and pressures, was developed by
Halpern et al. (2012), and presents a high-level aggregation, at country level, using
internationally available datasets (Ocean Health Index http://www.oceanhealthindex.org/).

Finally, there is a recent high-level aggregation example in Tett et al. (2013), for the North
Sea. It includes five steps in the calculation:
i. identify (spatial extent) of ecosystem;
ii. identify spatial granularity and extent of repetitive temporal variability, and decide how
to average or aggregate over these;
iii. select state variables;

iv. plot trajectory in state space and calculate Euclidian (scalar) distance from (arbitrary)
reference condition; and
V. calculate medium-term variability about trend in state space, and use this variability as

proxy for (inverse) resilience.

Criteriawhen to use specific rules
As shown in the previous section, the criteria to be used in aggregating values and assessing
the environmental status are not easily defined.

From the lessons learned above, some guidance when using specific rules can be offered:
- Using OOAO:

o It can be used when legal criteria are involved, (e.g. contaminants exceeding
legal quality standards, species or habitats failing good conservation status
under Birds or Habitat Directives (but excluding rare species that are hard to
monitor), commercial fish stocks failing targets under Common Fisheries
Policy, although in the latter case there are still many issues to be solved®).

o It can be used when different pressures are addressed (but in that case other
methods can be also used)

o It can be used when the precautionary principle is applied (e.g. in the case
when little information from only a few indicators is available)

o It cannot be used in cases with indicators with a high level of uncertainty,
when various indicators are sensitive to the same pressure, etc. In practice,
the uncertainty associated with monitoring and assessment for each
indicator/descriptor leads to problems of probable underestimation of the true
overall class. Hence, if the error associated to the method used to assess the
status of each indicator/descriptor is too high the OOAO approach is not
advisable.

o Consider using the ‘two out, all out’ approach in cases where several methods
are combined in one assessment; for example, when several matrices are
used in pollutants to give a broader view of the status (e.g. pollutants in water

! ICES is preparing a report on the application of Descriptor 3
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for an instant picture, pollutants in sediments or biota for a time-integrated
result)
- Using the averaging, the scoring or the decision tree approaches:

o Consider different weights for individual indicators/descriptors taking into
account the relationship with the pressures within the assessment region/sub-
region. E.g. if the area supports high fishing pressure the most affected
descriptors will be D1, D3, D4 and D6; in turn, D5, D8, D9 and D10 will be
less affected.

o The decision tree approach can be used when the methods to assess the
status of the different indicators/descriptors are in different levels of
development. In this case, consider giving more weight to those
indicator/assessment methods which have been: (i) used broadly by authors
other than the proposers of the method; (ii) tested for several different human
pressures; and/or (iii) intercalibrated with other methods.

- Using multimetric and multivariate methods:

o A multimetric method can be used when integrating several indicators of
species composition or several indicators of eutrophication (e.g. in D1, D5,
D6)

o When using multivariate methods it is advisable to verify that stakeholders
and managers can understand the interpretation of the results, and results
must be presented in a clear way

- Using any of the described methods:

o Using as many ecosystem components/indicators/criteria as reasonable and
available will make the analysis more robust

o Aggregate across state Descriptors (D1, D3, D4, D6) differently than across
pressure Descriptors (D2, D5, D7, D8, D9, D10, D11), giving higher weight to
state-based descriptors.

Application of aggregation rules in assessments

As shown above, the WFD focuses on a limited number of ecosystem components (the
BQEs), that are combined through the OOAO approach. This can be considered a
precautionary approach (Borja et al. 2010). In contrast to the WFD, the MSFD can be
considered to follow a ‘holistic functional approach’, as it takes into account structure, function
and processes of the marine ecosystem. The MSFD also uses descriptors that not only relate
to biological and physico-chemical indicators but also to pressure indicators (Borja at al.,
2010, 2013). The MSFD concentrates on the set of 11 descriptors which together summarize
the way in which the whole system functions. The MSFD requires the determination of GES
on the basis of the qualitative descriptors in Annex I, but does not specifically require one
single GES assessment, in contrast to the WFD.

There are many methodological challenges and uncertainties involved in establishing a
holistic ecosystem assessment, when it is based on the large number of descriptors,
associated criteria and indicators that are defined under the MSFD. The choice of indicator
aggregation rules is essential, as the final outcome of the assessment may be very sensitive
to those indicator aggregation rules (Ojaveer and Eero, 2011; Borja at al., 2013; Caroni at al.,
2013). As shown in the previous section, different methodologies can be applied for
aggregating indicators, which vary, amongst others, in the way the outliers influence the
aggregate value.
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When aggregating indicators, most people agree in which cases double counting should be
avoided. For example, phytoplankton indicators under D1 should be indicative of biodiversity
features while under D5 it should be indicative of the level of eutrophication. Similarly,
macroinvertebrates under D1 should represent biodiversity and under D6 the impacts of
pressures on the seafloor. In these cases, although the datasets used could be the same, the
main characteristics of the indicators to be used within each descriptor should be different,
e.g. the value of macroinvertebrates under D1 (rarity of species, endangered species,
engineer species presence, etc.) and the status under D6 (ratio of opportunistic/sensitive,
multimetric methods to assess the status, etc.). Of course, for aggregating indicators within
the same criterion it is important that all indicators have the same level of maturity and that
sufficient data are available.

There are at least four levels of aggregation or integration required to move from evaluation of
the individual metrics or indicators identified by the Task Groups to an assessment of GES
(Cardoso et al. 2010):

0] Aggregation of metrics/indices within indicators;

(i) Aggregation of indicators within the criteria of a Descriptor (for complex Descriptors);
(i) Status across all the criteria of a Descriptor; and

(iv) Status across all Descriptors.

As one moves up the scale from metric/indicator level to overall GES, the diversity of features
that have to be integrated increases rapidly (Figure 4.2). This poses several challenges
arising from the diversity of metrics, scales, performance features (sensitivity, specificity, etc.)
and inherent nature (state indicators, pressure indicators, impact indicators) of the metrics
that must be integrated, that are discussed below.

Aggregation of status assessments
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Figure 4.2. Schematic picture of a possible approach for aggregation of indicators, criteria and descriptors.
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Aggregation of indicators and criteria (within descriptor)

This paragraph relates to the methods that might be required within a Descriptor to take
account of multiple criteria and indicators, and where not all indicators and/or attributes reach
their desired levels or targets. The management group report (Cardoso et al. 2010)
summarizes the methods in the Task Group reports for a within Descriptor integration,
categorizing them into two wider categories:

0] Integrative assessments combining indicators and/or attributes appropriate to local
conditions; and
(i) Assessment by worst case (in this context, ‘worst case’ means that GES will be set at

the environmental status of the indicator and/or attribute assessed at the worst state
for the area of concern).

Table 4.2 summarizes the approaches (based on the individual Task Group reports) to
integrate attributes within each Descriptor; information on methods for integration of indicators
can be found in the Task Group reports. However, in some cases this means that when
proposing aggregation rules, the Task Groups deconstructed the ecosystem into ‘descriptor
indicators’ and then recombined them to give a pass/fail for the GES, using in four of the
cases the OOAO principle (Table 4.2). Borja et al. (2013) emphasize that such a
‘deconstructive structural approach’ makes large assumptions about the functioning of the
system and does not consider the weighting of the different indicators and descriptors. It
implies that recombining a set of structural attributes gives an accurate representation of the
ecosystem functioning.

An example of this accurate representation is shown by Tett et al. (2013), who assess the
ecosystem health of the North Sea, using different attributes and components of the
ecosystem. These components include structure or organization, vigour, resilience, hierarchy
and trajectory in state space. All the information from the different components are combined
and synthesized for a holistic approach to assess the ecosystem health.

Other approaches have been used in integrating indicators within each descriptor. As an
example of other possible approaches, Borja et al. (2011b) use the biodiversity valuation
approach, in assessing biodiversity within the MSFD, integrating several biodiversity
components (zooplankton, macroalgae, macroinvertebrates, fishes, mammals and seabirds).
Biodiversity valuation maps aim at the compilation of all available biological and ecological
information for a selected study area and allocate an integrated intrinsic biological value to
the subzones (Derous et al. 2007). Details on valuation methodology can be consulted in
Pascual et al. (2011) (Figure 4.3). This methodology provides information for each of the
components and their integrative valuation, together with the reliability of the result, taking
into account spatial and temporal data availability (Derous et al. 2007). The MSFD requires
that communities are in line with the prevailing physiographic, geographic and climatic
conditions. Some habitats typically have highly diverse communities, other habitats harbour
communities with a low diversity. Those intrinsic differences between habitats can be
incorporated in the valuation approach. The advantage of this method is that the current
information used to valuate biodiversity can be adapted to the requirements of the MSFD
indicators (probably using some consensus workshops to fix the terms of integration).
Moreover, this method can avoid duplication of indicators in two descriptors (e.g. D1 and D6),
since the metrics used could be different.

Obviously, in the choice for aggregation methods, the objective of the assessment and the
level of information needed (as discussed in Chapter 2) have to be considered. Aggregation
should not obscure understanding of the cause-and-effect relation between pressures and
environmental state, and should result in assessment results that are informative to
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management and policy purposes.

Table 4.2. Summary of Task Group approaches to Integrate Attributes within a Descriptor (Cardoso et al., 2010).

Integration Descriptor

Integrative assessments D 1 Biodiversity

(Combining attributes appropriate to local conditions) D2 Non-indigenons species
D 5 Eutrophication
D 6 Sea floor

Assessment by worst case D 3 Commerdial fish; 3 attributes
D 4 Food webs; 2 attributes

(Descriptor not OK if any attribute is not OK)
D 8 Contaminants; 3 attributes

D 9 Contaminants in fish; 1 attribute
D 10 Litter; 3 attributes
D 11 Noise ; 3 attributes

43’3?‘0""

43'2?’0"04

43'3?‘0"{

43'2?’0"“

Figure 4.3. Integrated Biological Valuation Map of the Basque continental shelf (including zooplankton, macroalgae,
macroinvertebrates, fish, mammals and seabirds); (b) reliability of the method used, within the area (figure
taken from Pascual et al., 2011). This information can be converted into environmental status values, as
shown in Borja et al. (2011b).
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Aggregation across descriptors

Borja at al. (2013) describe 8 options to determine GES in a regional sea context (Table 4.3).
These authors detail the concept behind these options, and propose the decision rule that is
more adequate for the method to be implemented. In addition, these authors consider what
type and amount of data are required, and then consider the pros and cons of the different
options. The implementation of a complex directive, such as the MSFD, requires a high
amount of data to assess the status in a robust way. Hence, the options from 1 to 8 proposed
in Table 4.3 are sequentially less demanding of new data, and the degree of detailed
ecological assessment is also lower.

As such, Option 1, which is most similar to the WFD approach, deconstructs GES into the 11
descriptors and then into the component indicators, assessing each for each area before
attempting to produce an overall assessment (Table 4.3). However, having a complete
dataset covering all descriptors and indicators for the assessment is difficult, and the use of
pressure maps as a proxy of the status and impacts to marine ecosystems could be
considered (see Table 4.3). Option 7, in contrast, only uses published data for the activities,
and then infers a relationship between activity, pressures and impacts both on the natural and
anthropogenic system. Between these extremes, there are several options to integrate and
present information, each with its own requirements, pros and cons (Table 4.3).
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Table 4.3. Options for determining if an area/regional sea is in Good Environmental Status (GES) (modified from Borja et al., 2013). Key: OOAO: ‘one out, all out’ principle.

Option Decision rule Data requirements Pros Cons Examples in place
Either: All indicators are Data needed for all Most Unreasonable data None
1. fulfilling all the indicators in met irrespective aspects on regional comprehensive requirements; all areas will fail
all the descriptors of weighting  seas scale approach on at least one indicator; may

(O0AQ) include double-counting
Or: Agreeing the Data needed for all Reflects the Unreasonable data HELCOM 2010;
2 fulfilling the indicators in all weighting aspects on regional interlinked nature requirements; problem  of Borjaetal.
descriptors but as a weighted list seas scale of the descriptors agreeing the weighting 2011b; Aubry and
according to the hierarchy of the and avoids double Elliott 2006
descriptors counting
Or: All  biodiversity Data needed for all Focuses on the Assumes that the biodiversity None
3.fulfilling the indicators just for indicators are met components of main aspect descriptor really does
the biodiversity descriptor and irrespective of biodiversity encompass all others

making sure these encompass all
other quality changes

weighting

Or:

Integration of the

Data needed for the

Fulfils the main aim

Requires a new indicator and an

Borja et al. 2011b

4.create a synthesis indicator information from indicators included in of marine agreement on the way of
which takes the view that 'GES is  different that synthesis indicator, management (see integrating the information;
the ability of an area to support descriptors and valuation of  the text) trade-offs between ecosystem
ecosystem  services, produce indicators, and ecosystem services and services and their beneficiaries
societal  benefits and  still evaluation of the benefits require either economic, ethical
maintain  and  protect the overall benefits or political evaluation and
conservation features' decision, and cannot be based
only on ecological knowledge
Or: then if an area has An expert judgement It may reflect the It may be too subjective (i.e. Bricker etal.
5.have a check-list (ticking e.g. more than approach, based on state of the science; based on soft intelligence) 2003; Ferreira et
boxes) of all the aspects needed 60% of the boxes ‘probability of if done rigorously al. 2011
ticked then itis in evidence’ then it may be the

GES easiest to
implement
Or: The shape of the Easy to understand The decision on when GES is Halpern et al.
6.have a summary diagram such diagram and show to achieved 2012
as a spiders-web  diagram managers
showing the ‘shape of GES
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according to several headline

indicators’

Or: No pressures inan  Quantitative maps of Can be derived by Relates to ‘cause’ rather than Aubry and Elliott
7.not reporting the environmental area sufficient to pressures national databases, ‘effect’,  difficult to  set 2006, Halpern et
status but only the list of cause adverse mapping, pressure boundaries between pressure al. 2008,
pressures (i.e. on the premise that effects lists status classes: is it sufficient to Korpinen et al.
if an area has no obvious base the assessment on the list 2012, Solheim et
pressures then any changes in the of pressures, while those can al. 2012

area must be due to natural have very different spatial

changes which are outside the extent and strength?

control of management)

Or: Combination of Information Either requires too much None

8.a combination of all/some of pressures and available from information (hence

these when there are insufficient descriptors data Member States unreasonable) or too little

data in some areas or for some reports (hence inaccurate)

descriptors or indicators
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Application of OOAO for aggregation across descriptors

The last level of integration relates to the methods that could be used to integrate the results
across all Descriptors. Discussion on how to combine or integrate the results of each
Descriptor into an overall assessment of GES for regions or sub-regions was not part of the
Terms of Reference for the Task Groups. However, work within Task Group 6 (Sea floor
integrity) identified a method for integration and assessment that might also be appropriate, if
applied across all Descriptors, at a regional scale (Cardoso et al. 2010). As Cardoso at al.
(2010) pointed out, cross-descriptor aggregation at the scale of (sub)regional seas runs the
risk of blending and obscuring the information that is necessary to follow progress towards
GES and to inform decision-makers about the effectiveness of policies and management. It
may lead to masking of problems within specific descriptors, or to a high probability of not
achieving GES if OOAO is used.

Although Annex 1 of the MSFD describes the GES individually for each of the 11 descriptors,
this does not necessarily imply the ability to have GES at the level of all the descriptors, nor
does it mean that each descriptor should necessarily be graded individually in a binary way
(i.e. good or not good environmental status) (Borja et al., 2013).

It could be argued that the 11 Descriptors together summarize the way in which the
ecosystem functions. As MS have to consider each of the descriptors to determine good
environmental status, this could be interpreted as a requirement to achieve GES for each of
these descriptors. In that case, applying OOAO is the only aggregation method that can be
applied to arrive at an overall assessment of GES.

This assumes that the 11 descriptors, and the indicators associated with this, can be
considered a coherent and consistent framework that adequately reflects the environmental
status. In that situation, state descriptors not achieving GES would always be accompanied
by pressure descriptors not achieving GES. If this is not the case, for example if a pressure
descriptor like D5 or D8 indicates that the level of the pressure is too high to achieve GES,
while state descriptors like D1 or D4 do not reflect this, there is clearly an inconsistency in the
assessment framework. That could be interpreted as a need for further research on the
nature of P-S-I relations and the consistency in environmental targets for the descriptors
involved. However, our current state of knowledge on quantitative causal relations between
pressures, state and impacts in the marine environment is limited. In addition, nearly all
ecosystem components are subject to the cumulative effect of many pressures related to a
range of human activities (Knights et al. 2013). This means that, for some descriptors at least,
there is a large scientific uncertainty associated with the definition of environmental targets
and GES. Consequently, developing a consistent assessment framework for all descriptors
and indicators is an extremely challenging task.

Alternative approaches for aggregation across descriptors

In the WG GES workshop on 23" October 2013 the usefulness of aggregation of descriptors
to one single value (overall GES assessment based on combination of the 11 descriptors)
was discussed. An argument against aggregating across descriptors is that it may not be
informative and may result in loss of information.

Additionally, some Member States have suggested that an aggregation across the
“biodiversity” descriptors (i.e. D1, D4, D6) while splitting those descriptors in various groups
(for example functional or species groups) might be an option. If a species or species group is
assessed under more than one descriptor different aspects should be considered (eg.
chlorophyll a under D5 and phytoplankton species composition under D1.

However, if an integration across descriptors is decided, Borja et al. (2010) suggest that the

Coherent geographic scales and aggregation rules for environmental status assessment within 33 0f 43
the Marine Strategy Framework Directive



1207879-000-ZKS-0014, 7 February 2014, draft

11 descriptors are hierarchical and do not have an equal weighting when assessing the
overall GES. Hence, Borja et al. (2013) suggest that for the descriptor Biodiversity to be
fulfilled requires all others to be met and similarly if one of the stressor or pressure-related
descriptors (e.g. energy including noise) fails then by definition the biodiversity will be
adversely affected.

This means that several criteria can be set up for different types of descriptors:

l. Pressure: risks of (future) impacts should be the focus, trans-boundary issues (impact
might go beyond an area and can be felt differently in different seasons and different parts
of the ecosystem, density of monitoring points), impact on other descriptors, in
combination effect (more aggregation), size of an area, scientifically and technically
based.

Il. State (e.g. biodiversity): OOAO (but only for a single species/habitat for a single
assessment scale; e.g. all species and all habitats protected under Birds and Habitat
Directives need to be in good status), two out of three, assessment of state in groups
(mammals, birds, benthos, etc.), reporting only which descriptor/criterion/indicator is not
reaching GES, make a tool that comes up with one figure for biodiversity elements. Apart
from the HELCOM tool (HELCOM 2009a) that comes up with one figure, there have been
limited attempts to aggregate among species.

In addition to the problem of aggregating indicators (seen in the previous section) and
descriptors the MSFD requires MS to integrate and geographically scale-up the assessments,
at the level of a region or sub-region (Borja at al., 2010). This differs strongly from the
approach under the WFD, that centres on quality assessments at the scale of a water body
(Hering et al. 2010). This means that the GES assessments of the MS need to be comparable
in order to enable integration of the assessments into a region-wide assessment and to avoid
cross-border anomalies (Borja et al., 2013). This requires comparable methods and
aggregation rules o ensure minimum standards for GES reporting across MS and as such we
advocate a set of common principles (expanded from Claussen at al., 2011, as shown in
Borja et al., 2013):

l. The integration across levels of different complexity should accommodate different
alternatives, i.e., integration below Descriptor level (across indicators within criteria, and
criteria within Descriptors, as shown in the previous section) could certainly differ from
Descriptor level integration;

Il. Integrate across state Descriptors (D1, D3, D4, D6) differently than across pressure
Descriptors (D2, D5, D7, D8, D9, D10, D11), but avoiding double counting of indicators in
different descriptors (e.g. phytoplankton under D1 and D5, macroinvertebrates under D1
and D6). However, you can use different aspects of macroinvertebrates under D1 (e.g.
rarity of species, endangered species, engineer species presence, etc.) and under D6
(e.g. ratio of opportunistic/sensitive, multimetric methods to assess the status, etc.).

M. Consider a different contribution of the two types of main Descriptors for the overall GES
evaluation — giving state Descriptors a higher weight, as receptors of the impacts
produced by pressures. The rationale for this, as recognized by Claussen at al. (2011), is
that “in principle, where GES for state-based Descriptors (D1, 3, 4, 6) are achieved it
follows that GES for pressure-based Descriptors should also be met’; this makes the
assumption that if the state is satisfactory then the pressures must be having a limited (or
mitigated) impact.
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Independent of which aggregation proposal(s) is adopted and at which level, the
precautionary principle should always be observed in the absence of more robust knowledge
(Borja et al. 2013).

A clear example of cross-descriptor integration can be seen in Borja et al. (2011b), for the
southern Bay of Biscay described also under the scoring or rating method of aggregation
(4.2.4). After integrating the indicators within each descriptor (see paragraph 4.5 for an
example), each descriptor is weighted according to the human pressure supported by the
area (see proposal in Borja et al., 2010). Then the value of each descriptor (like an EQR) is
multiplied by the weighting and added to obtain a final value between 0 and 1, being 0 the
worst environmental status and 1 the best.

Although these authors make an aggregation across descriptors, leading to a single value of
status, it could also be reported as “x out of 11 descriptors” have reached GES. In both
cases, this allows to take management measures on those human activities impacting more
in some of the descriptors or indicators not achieving good status, as shown in Borja et al.
(2011b).

This means that concerns on integration across descriptors do not necessarily have to be a
problem. There are some methods which have demonstrated that integrating the information
into single values (Borja et al., 2011b), maps (HELCOM, 2010) or radar schemes (Halpern et
al. 2012) do not necessarily entail loss of information. Information is retained as there are
different levels of aggregation, allowing the determination of the status at any level and
relating the status with the pressures producing impacts.

As a first example, the Ocean Health Index (Halpern et al., 2012), provides weighted index
scores for environmental health, both a global area-weighted average and scores by country
(Figure 4.4). The outer ring of the radar scheme is the maximum possible score for each goal,
and a goal’s score and weight (relative contribution) are represented by the petal’s length and
width, respectively. This kind of integration could be adapted for the MSFD, integrating at the
level of region or sub-region, but also showing the values within each descriptor (method in
development in the FP7 EU project DEVOTES: www.devotes-project.eu). This would still
allow managers to get information and take actions at different levels: small (or local) scale,
large (regional) scale, integrative (whole ecosystem status), for each descriptor, etc.

Global

Natural products

Figure 4.4. Ocean Health Index scores (inside circle) and individual goal scores (coloured petals) for global area-
weighted average of all countries and for several representative countries (taken from Halpern et al.,
2012).
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Another example, applied specifically for the MSFD, using all descriptors and most of the
indicators, can be consulted in Borja et al. (2011b). These authors studied a system in which
the main pressure for the whole area is fishing, whilst some other pressures such as waste
discharges act at a local level. Although the global environmental status of the area can be
considered good, after the integration of all indicators and descriptors, two of the descriptors
(fishing and food-webs) are not in good status (Table 4.4). Interestingly, biodiversity is close
to the boundary of the good status (Table 4.4), meaning that the system could be unbalanced
by fishing, affecting in different degree to several biological descriptors. This means that the
pressure must be managed to avoid problems in the future, especially because the
descriptors already in not good status show a negative trend (Table 4.4).

Hence, from the examples above two main choices are possible: integrate or not integrate
information across descriptors. As a summary, the pros and cons of each decision can be
seen in Table 4.5.

Table 4.4. Assessment of the environmental status, within the Marine Strategy Framework Directive, in the Basque
Country offshore waters (Bay of Biscay) (modified from Borja et al., 2011b). Key: EQS- Environmental
Quality Standards; EQR-Ecological Quality Ratio, both based upon the Water Framework Directive
(WFD); NA: not available. Trends: red color, negative; green color, positive (in both cases can be
increasing/decreasing, depending on the indicator).

Final Final
Explanation of the Reference Recent Reliability Weight Environment Confidence
Qualitative Descriptors indicators used conditions/EQS  trend (%) (%) EQR al Status ratio
1.- Biological diversity integrated biological value NA 69 15 051 0.08 10.35
2.- Non-indigenous species ratio non-indigenous sp. OSPAR A 80 10 098 0.10 8
3.- Exploited fish and shellfish v 100 15 048 0.07 15
fishing mortality <reference 100 0.18
Spawning stock <reference 100 0.67
% large fish 100 0.59
4.- Marine food webs v 70 10 0.40 0.04 7
5.- Human-induced eutrophication WFD 94 10 0.96 0.10 9.4
Nutrients in good status 100 0.80
Chlorophyll in high status 100 1.00
Optical properties in high
status 100 1.00
Bloom frequency in high
status 70 1.00
Oxygen in high status 100 1.00
6.- Seafloor integrity WFD 100 10 0.89 0.09 10
Area not affected 100 0.87
% presence sensitive sp. 100 098
Mean M-AMBI value 100 0.83
7 .- Alteration of hydrographical conditions 100 2 1.00 0.02 2
8.- Concentrations of contaminants High % of samples <EQS ~ WFD 100 9 0.80 0.07 9
Values are 30% of the most
9.- Contaminants in fish and other seafood affected in the NEA WEFD 30 9 0.60 0.05 2.7
Values are 50% of the most
10.- Marine litter affected in Europe OSPAR A 30 5 0.57 0.03 1.5
11.- Energy & underwater noise Moderate ship activity OSPAR NA 10 5 0.70 0.04 0.5

Final assessment 100 0.68 75.5
Good High

36 of 43 Coherent geographic scales and aggregation rules for environmental status assessment within
the Marine Strategy Framework Directive



4.7

1207879-000-ZKS-0014, 28 February 2014, draft

Table 4.5. Pros and cons of the decision of aggregating the information across descriptors

Procedure Pros Cons
No - Detection of problems at each - Does not fulfil the main aim of
aggregation descriptor level _marine_ management in  an
- Useful for local managers (close integrative way
to specific or local pressures) - Does not reflect the ecosystem-
- Reduces double-counting based approach
- Easiest to implement - Difficult to compare across MS and
regions
Aggregation - Progress towards GES relevant - Loss of information on specific
(all at regional scale (comparable issues, obscuring the progress
. across regional seas and towards GES
descriptors  or countries) - Can mask problems from specific
several) - Environmental status defined in descriptors/pressures
an integrative way, as health of - May include double-counting
the ecosystem (ecosystem- - May be too subjective
based approach)
- Most comprehensive approach
- Reflect the interlinked nature of
the descriptors

Proposed steps for aggregation
As a possible approach for the aggregation of assessments we propose the following steps
(Figure 4.5):

Assessments start at a low level, viz. the level of indicators and spatial scales that were
defined for each specific indicator. This would result in assessment results for each indicator
and each assessment area, incorporating many levels of spatial assessment that was
described as a nested approach (Step 1 - spatial scales) (see chapter 3.4 for a stepwise
definition of assessment areas scales).

Within one descriptor, this could result in a number of assessments for the different
indicators, that all use the same scales for assessment areas. This could be the case for
descriptors like D5 and D8 (see for example OSPAR and HELCOM assessments for
eutrophication and hazardous substances). In those cases, the assessments at indicator level
can be aggregated to assessments at descriptor level for each assessment area, using
suitable aggregation rules (Step 2 - agdregation within a descriptor). Rules for this
aggregation step are discussed in Chapter 3. These steps are already commonly used
procedures, for example in OSPAR and HELCOM assessments for eutrophication and
contaminants.

For some of the other descriptors, the spatial scales for indicators may not be the same for all
indicators. This could be the case for biodiversity, for example, where depending on the
species, habitat or functional group a different spatial scale may be used. In that case, a
lower integration level than the descriptor level could be chosen. Integration of different
ecosystem components and functional groups in an overall assessment for biodiversity is an
issue where methods need further development.

Aggregation up to this level (Step 2) gives a detailed assessment result that suits the
information needs for identifying environmental problems and needs for measures. The result
of those steps at European level would be a very high number of assessment results, for
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each descriptor and assessment area (comparable to presenting the WFD assessments at
water body level).
At the level of (sub)regional seas and at European level, there is a need to present
information at a higher level of aggregation, to provide an overview of the current status of the
environment and the progress towards GES. The following aggregation steps could provide
this higher level of information:
Within a descriptor, the assessment results of all assessment areas within a sub-region can
be presented in a more integrated way (Step 3 - spatial aggregation). This can be done in
different ways, e.g. (see chapter 3, analytical report for spatial aggregation rules)
e Use OOAO (if one assessment area fails GES, the whole sub-region fails)
o Not useful, as it gives a very conservative result and is not informative
o In some cases, for example if a pressure is more or less homogeneous across a
whole sub-region (fishing, shipping), it could be useful to apply OOAO
o If the pressure is highly localized this approach is not adequate, since the whole
sub-region could fail GES for a single location (which, of course will need specific
management measures).
e Percentage of surface area achieving GES
o This could be a more useful approach, if the extent and intensity of a pressure can
be quantified. For example, if the pressure is present in 45% of the surface area
of a sub-region, but the surface area not achieving GES is only 2%, it could be
concluded that the sub-region does not achieve GES in 2% of its area, where
management measures are needed.
= For some descriptors, surface area may be a good measure to express
status at a sub-regional level: for example, D5, D8, and D10.

e Other metrics
e For other descriptors, surface area may not be suitable but other metrics should be
considered, e.g.:
o D1: numbers of species/habitats failing to achieve favorable conservation
status
o D3: number of stocks failing to meet MSY

The end result of Step 3 could present the level at which GES is achieved at sub-regional
scale as a pie chart or something.
The aggregation results of Step 3 could be aggregated across descriptors in a final
presentation per sub-region, using methods like radar plots, or methods similar to the OHI
(Step 4 - aggregation across descriptors). In this step, weighted approaches as suggested in
Chapter 4.6 could be considered.

An important point in all those aggregation steps, is that the aggregation methods should be
transparent, and it should always be possible to “disaggregate”, i.e. go back from aggregated
levels at larger spatial scales and higher levels of integration. This is necessary to trace down
the causes an assessment result.
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Recommendations for further work

This report has identified generic approaches and criteria to deal with the spatial scales of
assessments and the aggregation of assessments. There are still many questions and
knowledge gaps that need to be answered before a further specification of approaches for
geographic assessment scales and aggregation rules is possible.

Consequently, this report forms only a first step towards the development of guidelines that
can be applied in practice and more specific guidance is not yet possible. Time constraints,
but more importantly the large diversity between member states in both the approach towards
assessment scales as well as the use of indicators and aggregation methods (or the lack
thereof) make it virtually impossible to come up with more specific guidance at this moment.
We recommend to carry out a number of pilot projects where practical approaches for the
definition of assessment scales and for the application of aggregation rules can be further
developed and tested. It will be useful to apply these pilot projects in different regional seas
and focussed on different types of indicators and descriptors.

Below, a number of specific issues is discussed where further work is needed.

Aggregation of biodiversity related indicators

The indicators under the Biodiversity related descriptors address many different features. For
Descriptor 1 this concerns characteristics for species (distribution, population size, population
distribution), for habitats (distribution, extent, condition) and for the ecosystem (structure). For
Descriptor 4, which is supposed to concern functional aspects of the food web, the indicators
address an even wider variety of functional and structural aspects. In addition, the descriptors
deal with many different species and functional groups. Although there are examples of
indicators to describe biodiversity for specific functional groups (e.g. phytoplankton, benthic
fauna), and there have been some attempts to integrate biodiversity elements within one
assessment (see 84.5), there is still considerable development needed to solve questions on
when and how aggregation is useful.

Time scales

In this report we have not considered the issue of time scales. In the design of monitoring
programs and in the assessment of environmental status, temporal scales are just as
important as spatial scales, and choices for both scales can strongly influence the outcomes
of the assessment. Time scales and spatial scales of assessments are closely related, and
the choice for a specific time scale may have consequences for the spatial scale. In practice,
it will be difficult to decide on appropriate spatial scales without considering the temporal
scales at the same time. This topic clearly requires more work.

Application of the nested approach of assessment areas

We propose a nested approach for the definition of spatial assessment scales as a way to
develop a framework of assessment areas that can be adapted to the specific needs of an
indicator or descriptor and the specific characteristics of a regional sea, and can help to
develop a coherent approach within a regional sea. This approach has been developed by
HELCOM and has been applied in some assessments. However, the nested approach has
not been developed yet to suit all indicators and descriptors of the MSFD in the Baltic Sea.
The approach has not been developed in the other regional seas, either. The practical
implementation of this approach will need further development of criteria and methods, to

40 of 43 Coherent geographic scales and aggregation rules for environmental status assessment within
the Marine Strategy Framework Directive



1207879-000-ZKS-0014, 28 February 2014, draft

promote a common approach that improves coherence across Europe while leaving enough
room to take into account regional differences.

Uncertainty in data and assessment results

The applicability of an aggregation method is not only determined by the characteristics of the
indicators that are involved. The reliability of the underlying data and methods, and thus the
uncertainty in assessment results, should be considered as well. There is a risk of
misclassification associated with the uncertainty in assessment results, and the
consequences of specific aggregation methods for this risk should be evaluated. Within the
scope of this project it has not been possible to deal with this topic, but it is recommended to
include this in further work.

Metrics to represent GES at an aggregated level and large spatial scale

For an aggregated representation of GES at a large geographic scale, for example at the
level of a sub-region, metrics are required that are informative about the achievement of GES.
As discussed in 84.7, if OOAO is applied a whole sub-region would be flagged as not
achieving GES if one of the assessment units within the area would fail to achieve GES.
However, other methods are probably more informative. As suggested, the percentage of the
total surface area that has achieved GES may be useful metric as it indicates the extent at
which GES is achieved. This approach is probably less useful in those cases where
environmental problems can be linked less clearly to specific areas. An example of the latter
case could be Descriptor 3. If various commercial fish stocks fail to achieve MSY, but these
fish stocks have different geographic ranges, the percentage of surface area within a sub-
region achieving GES would not be a suitable metric. As an alternative in this case, we
suggest to use the percentage of stocks meeting MSY as a more suitable metric. Similar
guestions concern other descriptors, such as D2, D4, D7 and D11. In general, further work is
needed to explore whether an approach focusing on surface area or alternatives using other
metrics gives the most adequate description of GES at a large spatial scale.

Additionally, various other options exist to combine descriptors and represent GES, as
discussed in 84.6. The potential of these methods needs further exploration.
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