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Justification and status of the report

These advice reports should be regarded as scientific background reports, that serve as advisory documents
in the preparation for the Marine Strategy, to be written by the Ministry of Infrastructure and Environment. The
reports are based on currently available knowledge, laid down in reports, scientific literature, and unpublished
material and on expert judgment.

Deltares and IMARES have been working on the three background documents between January 2010 en
April 2011. March 15", 2011 is taken as set date. Documents and proceedings of meetings available later
than March 2011 could not be taken into account for this scientific background report. Between April and
September 2011 a review process by the Ministry of Infrastructure and Environment and the Ministry of
Economic Affairs, Agriculture and Innovation took place, after which the document was finalised in
September 2011.

The implementation of the Marine Strategy Framework Directive entails an on-going process of workshops,
meetings, guidance documents, and (draft) working documents provided by the EC, OSPAR, ICES, JRC and
others in order to facilitate national implementation and regional coherence. The editors and the ministry are
aware of the fact that after March 2011 additional information became available through documents and
workshops, and this information might deviate from the contents in the advice reports.
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Executive summary

Introduction

This report is one in a series of three documents that provide the scientific background for the
implementation of the Marine Strategy Framework Directive (MSFD) in the Netherlands. The
other two reports deal with the Initial Assessment, describing environmental conditions,
human activities and current environmental status in the Dutch part of the North Sea, and with
the determination of good environmental status.

This report presents a proposal for environmental indicators and targets, as required by
Article 10 of the MSFD. These indicators and targets are tools to follow the progress towards
achieving good environmental status (GES). The proposal is based on the criteria and
indicators listed in the Commission Decision on criteria and methodological standards on
GES of marine waters, on the definition of good environmental status and on a consideration
of potential indicators in terms of suitability, quality and practicability. The indicators and
targets can be used to translate the definition of good environmental status into more specific,
gualitative or quantitative environmental requirements that must be met to achieve GES.

Development of indicators and targets

Environmental indicators are used to describe environmental conditions, in a quantitative or
gualitative sense, and can be used to follow changes in the environment under the influence
of human activities. The DPSIR framework describes the chain of causal links starting with
‘Driving forces’ (economic sectors, human activities), that through ‘Pressures’ (for example
emissions, waste) influence the physical, chemical and biological ‘State’ of the environment,
resulting in ‘Impacts’ on society, human health and ecosystem services, eventually leading to
political ‘Responses’. Within this framework, environmental indicators are generally linked to
Pressures, States or Impacts.

In the process of development of indicators and targets for this report, several expert
meetings have been organized. With the criteria and indicators from the Commission
Decision as a starting point, a number of indicators have been proposed that come close to
the intentions of the Commission Decision. Where possible, indicators were selected that
already exist and are used in the framework of other EU policies or international agreements
(Water Framework Directive, Bird and Habitat Directives, Common Fisheries Policy, OSPAR,
etc.). In those cases, the proposed targets for the MSFD application are similar to the targets
that are already defined. Where new indicators and targets are proposed, a pragmatic
approach was taken. Ideally, it should be possible to link indicators to quantitative cause-
effect chains in the DPSIR framework, making indicators sensitive, specific and accurate
indicators of the effects of human activities on the environment. Indicators should also be
based on scientific understanding, easy to measure and preferably data should already be
available. And finally, indicators should be understandable by a non-scientific public. At this
point in the development process, it was not possible to identify indicators that fulfil all of
these criteria. However, these criteria have been used in this report to evaluate the proposed
indicators. Quantitative targets for the indicators were defined, where possible. However, in
many cases only directional targets (for example, “increase” or “decrease”) could be
proposed.

The table below gives an overview of the proposed indicators and targets.

Environmental targets and associated indicators i
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Overview of the criteria and indicators in the Commission Decision (EC, 2010) and the proposed indicators and
targets. Numbers refer to the numbering in EC (2010). S indicates status: red: no indicator; orange: indicator needs
some elaboration; green: existing indicator; hatching: indicator partly covers EC (2010).

Criteria and indicators (EC, 2010) | S [ Proposed indicator

| Proposed target

1. Biological diversity

Species distribution (1.1)
Distributional range (1.1.1)

Species distribution (1.1)
Distributional pattern within the
latter, where appropriate (1.1.2)

Species distribution (1.1)
Area covered by the species (for
sessile/benthic species) (1.1.3)

Population size (1.2)
Population abundance and/or
biomass, as appropriate (1.2.1)

Benthos:
. number/biomass of long-
lived/vulnerable species
. proportion of long-
lived/vulnerable species in
benthic community

. number of species with a
long-term negative trend
e  Threat indicator

Birds:
e  Vulnerable species

Marine mammals:
. Number of grey seal,
harbour seal, harbour
porpoise

Increase in number/biomass

Increase in proportion

Zero

Reduction in the rate of increase

No decline

No decline

Population condition (1.3)
Population demographic
characteristics (e.g. body size or
age class structure, sex ratio,
fecundity rates, survival/mortality
rates) (1.3.1)

e  OSPAR EcoQO proportion
of large fish in the fish
community

. Size diversity index

Marine mammals:
. OSPAR EcoQO on
healthy seal populations

More than 30% of fish should be longer
than 40 cm in the IBTS

Increase towards a value of 1
No decline of >10% in grey seal pup

populations or harbour seal populations
over a five-year running mean

Population condition (1.3)
Population genetic structure, where
appropriate (1.3.2).

Not applicable yet

Habitat distribution (1.4)
Distributional range (1.4.1)

Habitat distribution (1.4)
Distributional pattern (1.4.2)

Habitat extent (1.5)
Habitat area (1.5.1)

Habitat extent (1.5)
Habitat volume, where relevant
(1.5.2)

Distribution and pattern of habitats at
EUNIS level 3

No decline in distributional range

Habitat condition (1.6)
Condition of the typical species and
communities (1.6.1)

Habitat condition (1.6)
Relative abundance and/or
biomass, as appropriate (1.6.2)

Benthos:
. number/biomass of long-
lived/vulnerable species
. proportion of long-lived
/vulnerable species in
benthic community

Increase in number/biomass

Increase in proportion

Habitat condition (1.6)
Physical, hydrological and chemical
conditions (1.6.3)

Distribution and pattern of habitats at
EUNIS level 3

No decline in distributional range

Ecosystem structure (1.7)
Composition and relative
proportions of ecosystem
components (habitats and species)
1.7.2)

Benthos, Fish:
. Species richness
. Species evenness, Hill's
Ny, Hill's N>

Birds:
. Bird values

Marine mammals:
. Species richness

No decline
Values do not exceed the range typical
for the monitoring site

Values do not exceed the range typical
for the monitoring site

No decline

Environmental targets and associated indicators
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Criteria and indicators (EC, 2010) | S | Proposed indicator

| Proposed target

2. Non-indigenous species

Trends in abundance, temporal
occurrence and spatial distribution
in the wild of non-indigenous
species, particularly invasive non
indigenous species, notably in risk
areas, in relation to the main
vectors and pathways of spreading
of such species (2.1.1)

Number of non-indigenous species

Abundance of

species

non-indigenous

No increase

No increase

Ratio between invasive non-
indigenous species and native
species in some well studied
taxonomic groups (e.g. fish,
macroalgae, molluscs) that may
provide a measure of change in
species composition (e.g. further to
the displacement of native species)
(2.2.1)

Ratio of  non-indigenous:native
species in a selection of groups
(phytoplankton, benthos, fish)

No increase

Impacts of non-indigenous invasive
species at the level of species,
habitats and ecosystem, where
feasible (2.2.2)

To be determined dependent on
species, habitat and ecosystem
characteristics

No impact

3. Commercially exploited fish

Fishing mortality (F) (3.1.1)

Fishing mortality of commercially
exploited fish

Below Fusy
(ICES advice for values of Fusy)

Secondary indicator: Ratio between
catch and biomass index
(hereinafter catch/biomass ratio)
(3.1.2)

Catch/biomass ratio of commercially
exploited fish

No increase

Spawning Stock Biomass (SSB)
(3.2.1)

SSB of commercially exploited fish

Below SSBpa
(ICES advice for values of SSBpp)

Secondary indicator: Biomass
indices (3.2.2)

Log-transformed  abundance  of

commercially exploited fish

No decline

Proportion of fish larger than the Proportion of fish larger than the | Nodecrease
mean size of first sexual maturation mean size of first sexual maturation

(3.3.1)

Mean maximum length across all Not applicable

species found in research vessel

surveys (3.3.2)

95% percentile of the fish length 95% percentile of the fish length | No decrease
distribution observed in research distribution observed in research

vessel surveys (3.3.3) vessel surveys

Secondary indicator: Size at first Size at first sexual maturation No decrease

sexual maturation, which may
reflect the extent of undesirable
genetic effects of exploitation
(3.3.4)

4. Food webs

Performance of key predator
species using their production per
unit biomass (productivity) (4.1.1)

OSPAR EcoQO on healthy seal
populations

Abundance of prey species of grey
seal and harbour seal

over a five-year running mean

No decrease

Large fish (by weight) (4.2.1)

OSPAR EcoQO proportion of large
fish in the fish community

than 40 cm in the IBTS survey

pelagic fish

Abundance trends of functionally
important selected groups/species
(4.3.1)

OSPAR EcoQO on by-catch levels
of harbour porpoise

Below 1% of best population estimate

5. Eutrophication

Nutrients concentration in the water
column (5.1.1)

Winter means of dissolved inorganic
nitrogen

DIN (uM) =
184,7-5,057*salinity for salinities<30
33 for salinities 230

Nutrient ratios (silica, nitrogen and
phosphorus), where appropriate
(5.1.2)

N:P ratio (based on winter means)

Between 10-37.5

Environmental targets and associated indicators
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More than 30% of fish should be longer

Increase in average size (by weight) of




1204315-000-ZKS-0007, 25 October 2011, final

Criteria and indicators (EC, 2010)

Proposed indicator

Proposed target

Chlorophyll concentration in the
water column (5.2.1)

90-percentile of growing season

concentration

Chl-a (pg/l) =

21 for salinities<30.4

144-4.045*salinity for salinities 2>30.4
and <34.5

4.5 for salinities>34.5

Water transparency related to
increase in suspended algae,
where relevant (5.2.2)

Not applicable

Abundance of opportunistic
macroalgae (5.2.3)

Not applicable

Species shift in floristic composition
such as diatom to flagellate ratio,
benthic to pelagic shifts, as well as
bloom events of nuisance/toxic
algal blooms (e.g. cyanobacteria)
caused by human activities (5.2.4)

Frequency of blooms of Phaeocystis
globosa

<2 months per year

Abundance of perennial seaweeds
and seagrasses (e.qg. fucoids,
eelgrass and Neptune grass)
adversely impacted by decrease in
water transparency (5.3.1)

Not applicable

Dissolved oxygen, i.e. changes due
to increased organic matter
decomposition and size of the area
concerned (5.3.2)

Annual minimum concentration of

oxygen

>= 5 mgl/l

6. Sea-floor integrity

Type, abundance, biomass and
areal extent of relevant biogenic
substrate (6.1.1)

Abundance and areal extent of

biogenic substrate

Increase in abundance and areal extent

Extent of the seabed significantly
affected by human activities for the
different substrate types (6.1.2)

Proportion of surface area of each
habitat (EUNIS level 3) affected by
human activities in the last year

Decrease

Presence of particularly sensitive
and/or tolerant species (6.2.1)

Number/biomass of long-
lived/vulnerable benthos species

Proportion of long-lived/vulnerable
species in benthic community

Increase in number/biomass

Increase in proportion

Multi-metric indexes assessing
benthic community condition and
functionality, such as species
diversity and richness, proportion of
opportunistic to sensitive species
(6.2.2)

BEQI

Species richness
Species evenness
Hill's Ny

Hill's N

Values do not exceed the range typical
for the monitoring site

Proportion of biomass or number of
individuals in the macrobenthos
above some specified length/size
(6.2.3)

Length-frequency  distribution  of

bivalves

No decrease

Parameters describing the
characteristics (shape, slope and
intercept) of the size spectrum of
the benthic community (6.2.4)

Not applicable

7. Hydrographical conditions

Extent of area affected by
permanent alterations (7.1.1)

Total (cumulative) surface area that
has permanently changed

The impact of human activities that
permanently change part of a marine
area is only to some extent related to the
surface area. It is therefore not feasible
to set a meaningful target for this
indicator

Spatial extent of habitats affected
by the permanent alteration (7.2.1)

Total (cumulative) surface area
where permanent changes occur

See above

Changes in habitats, in particular
the functions provided (e.g.
spawning, breeding and feeding
areas and migration routes of fish,
birds and mammals), due to altered
hydrographical conditions (7.2.2)

To be determined dependent on type
of activity

Environmental targets and associated indicators
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Criteria and indicators (EC, 2010) | S | Proposed indicator

| Proposed target

8. Contaminants

Concentration of the contaminants
mentioned above, measured in the
relevant matrix (such as biota,
sediment and water) in a way that
ensures comparability with the
assessments under Directive
2000/60/EC (8.1.1)

Concentrations of contaminants in
water, sediment, suspended matter
and/or biota

WFD-Environmental quality standards
(EQS) for contaminants in water
OSPAR-Environmental assessment
criteria (EAC) for contaminants in
sediment and biota

Levels of pollution effects on the
ecosystem components concerned,
having regard to the selected
biological processes and taxonomic
groups where a cause/effect
relationship has been established
and needs to be monitored (8.2.1)

OSPAR EcoQO on level of imposex
in dogwhelks and other gastropods

Various biological effects indicators

The average level of imposex should be
consistent with exposure to TBT
concentrations below the environmental
assessment criterion

OSPARI/ICES EAC'’s

Occurrence, origin (where
possible), extent of significant acute
pollution events (e.g. slicks from oil
and oil products) and their impact
on biota physically affected by this
pollution (8.2.2)

OSPAR EcoQO on number of oiled
guillemots

The average proportion of oiled common
guillemots in all winter months
(November to April) should be 10% or
less of the total found dead or dying,
over a period of at least 5 years

9. Contaminants in seafood

Actual levels of contaminants that
have been detected and number of
contaminants which have exceeded
maximum regulatory levels (9.1.1)

Levels of contaminants in fish and
seafood

Regulatory levels from Commission
Regulation (EC) No 1881/2006 and the
“Warenwet”

Frequency of regulatory levels Annual frequency of observations | Zero
being exceeded (9.1.2) where levels are exceeded

10. Litter

Trends in the amount of litter The average amount of litter items | Decrease

washed ashore and/or deposited
on coastlines, including analysis of
its composition, spatial distribution
and, where possible, source
(10.1.1)

washed ashore reference

beaches

on

Trends in the amount of litter in the
water column (including floating at
the surface) and deposited on the
sea-floor, including analysis of its
composition, spatial distribution
and, where possible, source
(10.1.2)

OSPAR EcoQO on the level of litter
(plastic particles) in fulmar stomachs

Less than 10% of fulmars with more
than 0.1 g of plastic in their stomach,
over a period of at least five years

Trends in the amount, distribution
and, where possible, composition of
micro-particles (in particular micro-
plastics) (10.1.3)

Not applicable yet

Trends in the amount and
composition of litter ingested by
marine animals (e.g. stomach
analysis) (10.2.1)

OSPAR EcoQO on the level of litter
(plastic particles) in fulmar stomachs

See above

11. Underwater noise

Proportion of days and their
distribution within a calendar year
over areas of a determined surface,
as well as their spatial distribution,
in which anthropogenic sound
sources exceed levels that are
likely to entail significant impact on
marine animals measured as
Sound Exposure Level (indB re
1pPa2.s) or as peak sound
pressure level (in dB re 1uPapeak)
at one metre, measured over the
frequency band 10 Hz to 10 kHz
(11.1.1)

Not developed yet

Trends in the ambient noise level
within the 1/3 octave bands 63 and
125 Hz (centre frequency) (re 1uPa

Not developed yet

Environmental targets and associated indicators
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Criteria and indicators (EC, 2010) | S | Proposed indicator Proposed target

RMS; average noise level in these
octave bands over a year)
measured by observation stations
and/or with the use of models if
appropriate (11.2.1)

Evaluation

Indicators and targets have been proposed for nearly all criteria and indicators that were
mentioned in the Commission Decision. A number of indicators are not relevant for Dutch
marine waters. For several other criteria and indicators from the Commission Decision, no
indicators and targets could be proposed as basic knowledge is lacking. This relates to issues
like genetic diversity, the occurrence of microparticles, and the levels and effects of
underwater noise.

For some GES descriptors (Commercial fish, Eutrophication, Contaminants, Contaminants in
seafood) indicators are proposed that have already been developed within other frameworks,
and fit well with the Commission Decision. These indicators will be the most useful for the
short term, and require relatively little effort for application in management and harmonisation.

For the other GES descriptors, indicators have been proposed that can be applied in the first
assessment period. These indicators need additional research to improve their quality and
applicability. A main issue for these indicators in general is the fact that the relationship
between the behaviour of the indicator and the level of human pressures is not well known.
As a consequence, it is uncertain to what extent the indicator is really indicative for changes
in the environment in response to human activities. This lack of knowledge also makes it hard
to define quantitative targets for the indicators. Another issue is whether changes in the
indicator represent more than only changes in some parameter, and can be considered to
represent changes in important ecosystem characteristics. This mainly concerns indicators for
Biological diversity, Non-indigenous species, Food web, Seafloor integrity and Litter.

For most of the proposed indicators and targets some monitoring is already in place, but
monitoring strategies have to be worked out. International harmonisation of indicators and
targets and of monitoring strategies is required to ensure a common approach.

In a number of cases, indicators were proposed that only partly address the aspects
mentioned in the Commission Decision. Substantial work is needed to develop additional
indicators. This is particularly the case for the GES descriptors Biological diversity and Food
webs. Biological diversity can be measured relatively easily, but more effort is needed to
establish the relationship with pressures and to define target levels. For Food webs,
application in terms of practical indicators and targets in the marine environment is still in its
infancy. For GES descriptors Litter and Underwater noise, basic knowledge development is
necessary before indicators and targets can be defined.

The indicators and targets currently proposed are a pragmatic selection of potential
indicators. They are therefore to a large extent based on already commonly known indicators.
An additional effort is needed to develop the proposed indicators further, and to develop new
indicators that are better able to support the implementation of the MSFD. The main
knowledge gap is the insufficient understanding of cause-effect relations in the marine
environment.

Vi Environmental targets and associated indicators
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Improvements to indicator quality and for further development of indicators for the MSFD
descriptors are suggested. In the MSFD, a review of indicators and targets is foreseen in a
six-year cycle. Dedicated research, preferably at an international level, should allow
considerable progress to be made on many, if not most, indicators.

Environmental targets and associated indicators vii
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Introduction

Background

The European Marine Strategy Framework Directive (MSFD) (EC, 2008a) entered into force
on 15 July 2008. The objective of the MSFD is to achieve or maintain Good Environmental
Status (GES) in the marine environment by 2020. As one of the first steps in the
implementation of the MSFD, by 15 July 2012 each member state must make an Initial
Assessment, determine characteristics of GES and establish environmental indicators and
targets.

Deltares and IMARES have been commissioned by the Ministry of Infrastructure and
Environment (lenM) and the Ministry of Economic Affairs, Agriculture and Innovation (EL&I) to
draft reports that provide scientific advice for the implementation of the MSFD by the
Netherlands. For this purpose, three separate reports for the Dutch part of the North Sea
have been drafted. These reports focus on:

1 the Initial Assessment,
2 the determination of Good Environmental Status,
3 the establishment of environmental Indicators and Targets.

The reports should be regarded as scientific background reports that serve as advisory
documents in the preparation for the Marine Strategy in the Netherlands. The reports are
based on knowledge currently available, laid down in reports and the scientific literature, and
on unpublished material and expert judgment. The reports do not reflect the opinion of the
Ministry of Infrastructure and Environment or the Ministry of Economic Affairs, Agriculture and
Innovation.

The Initial Assessment report (Prins et al., 2011a) gives a description of the current state of
the Dutch part of the North Sea. It provides information on the physical characteristics of the
southern North Sea, and describes human activities in the Dutch part of the North Sea, the
associated environmental pressures, and the current environmental status.

The report on the determination of GES (Prins et al., 2011b) gives recommendations on the
characteristics of Good Environmental Status. These characteristics have been defined on
the basis of the MSFD requirements, the current conditions in the Dutch part of the North Sea
(as described in the Initial Assessment) and the commitments laid down in legislation and in
national and international policy. The report recommends a definition of GES that is
applicable to the Dutch part of the North Sea. It expresses the overall ambition relative to the
environmental status compatible with GES.

This, third, report presents a proposal for environmental indicators and targets. The proposal
is based on an elaboration of the criteria and indicators in the Commission Decision on
criteria and methodological standards on GES of marine waters (EC, 2010), on the GES
definition and on a consideration of potential indicators in terms of suitability, quality and
practicability. The indicators and targets translate the GES definition into more specific,
gualitative or quantitative environmental requirements that must be met to achieve GES.

Environmental targets and associated indicators 1of91
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In conclusion, the background report for the Initial Assessment describes the current state of
the marine environment. The report on the determination of GES proposes the overall
ambition in terms of the environmental status to be achieved. This ambition is subsequently
translated into environmental targets for indicators, that describe a specific characteristic of
GES and can either be qualitatively described or quantitatively assessed.

Together, the three reports provide the scientific background for the Dutch Ministry of
Infrastructure and Environment (as lead organisation) to develop a marine strategy. A social
and economic analysis (required as part of the Initial Assessment) will be reported separately
by Rijkswaterstaat’'s Centre for Water Management.

The Marine Strategy Framework Directive

The objective of the Directive is to achieve or maintain Good Environmental Status (GES) in
the marine environment by 2020. GES means that the seas are clean, healthy and productive
and that use of the marine environment is at a level that is sustainable. For this purpose, each
member state must develop and implement a Marine Strategy in order to:

a. protect and preserve the marine environment, prevent its deterioration or, where
practicable, restore marine ecosystems in areas where they have been adversely affected

b. prevent and reduce inputs in the marine environment and phase out pollution, to ensure
that there are no significant impacts on or risks to marine biodiversity, marine
ecosystems, human health or legitimate use of the sea.

An ecosystem-based approach to the management of human activities is required. This

means that the collective pressures from human activities acting on the marine environment

are kept within levels compatible with the achievement of GES, whilst enabling the

sustainable use of marine goods and services by present and future generations.

Member states sharing a marine region or subregion should cooperate during the whole
process to ensure that their marine strategies are coherent and coordinated and should
endeavour to follow a common approach. This approach consists of the following steps:

. making an Initial Assessment of the marine waters, by 15 July 2012,

. determining a set of characteristics of Good Environmental Status, by 15 July 2012,

. establishing a set of Environmental Targets and associated indicators, by 15 July 2012,

. establishing and implementing a Monitoring Programme for assessment and updating of
the targets, by 15 July 2014,

. developing a programme of measures to achieve or maintain Good Environmental
Status, by 2015 at the latest,

. implementing the programme of measures, by 2016 at the latest,

. achieving GES by 2020,

. every six years after the initial establishment, reviewing the above elements

Environmental targets and associated indicators
Article 10 of the Marine Strategy Framework Directive (MSFD) describes the requirements for
the establishment of a comprehensive set of environmental targets and associated indicators:

. the targets and indicators should guide progress to achieving Good Environmental
Status

. the indicative lists of pressures and impacts in Table 2 of Annex Il must be taken into
account.
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. an indicative list of characteristics to be taken into account for setting environmental
targets, is provided in Annex IV

. the continuing application of relevant existing environmental targets laid down at
national, Community or international level has to be taken into account, ensuring that
targets are mutually compatible and relevant transboundary impacts and features are
also taken into consideration

. in the Commission Decision on criteria and methodological standards (EC, 2010), the
European Commission describes criteria and indicators related to the eleven GES
descriptors of Good Environmental Status in Annex | of the MSFD.

Good environmental status is described in Article 3.5 as “the environmental status of marine
waters where these provide ecologically diverse and dynamic oceans and seas which are
clean, healthy and productive within their intrinsic conditions, and the use of the marine
environment is at a level that is sustainable, thus safeguarding the potential for uses and
activities by current and future generations, i.e.:

a. the structure, functions and processes of the constituent marine ecosystems, together
with the associated physiographic, geographic, geological and climatic factors, allow
those ecosystems to function fully and to maintain their resilience to human-induced
environmental change. Marine species and habitats are protected, human-induced
decline of biodiversity is prevented and diverse biological components function in
balance;

b. hydro-morphological, physical and chemical properties of the ecosystems, including those
properties which result from human activities in the area concerned, support the
ecosystems as described above. Anthropogenic inputs of substances and energy,
including noise, into the marine environment do not cause pollution effects.”

The Commission Decision (EC, 2010) supplies a list of criteria and indicator groups for each
of the eleven GES descriptors. These criteria are the starting point for the establishment of a
comprehensive set of environmental indicators, for which target levels need to be set.

The Commission recognises that there is a substantial need to develop additional scientific
understanding for assessing Good Environmental Status, to support the ecosystem-based
approach to management. The determination of Good Environmental Status may therefore
have to be adapted over time. An update of the determination of Good Environmental Status,
the initial assessment and the environmental targets is due by 2018. The current
recommendations therefore pertain to the initial period of MSFD implementation in the
Netherlands.

The Commission Decision notes that the criteria for Good Environmental Status build on
existing obligations and European legislation, e.g. the Water Framework Directive (WFD),
Bird and Habitat Directives (BHD), Common Fisheries Policy (CFP), and regional conventions
like OSPAR in the case of the North Sea.

The assessment and methodologies to be developed must therefore, for most criteria, take
into account existing assessment methods for other European directives (in particular WFD,
BHD) and policies (e.g. CFP). Also, the ICES/JRC Task group reports (see Cardoso et al.
2010, and references therein), and approaches developed in the framework of regional seas
conventions should be considered. For the Dutch part of the North Sea this includes existing
assessment methods applied in the frameworks of WFD, BHD, CFP and the OSPAR
Ecological Quality Objectives (EcoQOs; OSPAR 2010).
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1.4 Outline of the report

Chapter 2 describes the general approach taken in the development of indicators and targets.
Criteria for the quality of indicators and approaches for target setting are discussed, and the
procedure followed to arrive at a selection of indicators is described. In Chapter 3 an overview
is given of the selected indicators and proposed targets. A more detailed description of the
scientific and technical background of the indicators is provided in Appendix B. The initial
selection of indicators is based on pragmatic choices. Quantitative target levels cannot yet be
defined for each of the indicators. In some cases, only directional targets are given. Chapter 4
discusses and evaluates the proposed indicators and targets, gives recommendations for
further development and discusses knowledge gaps and future steps.
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Development of environmental indicators and targets

Introduction

This chapter describes the background to the development and selection of indicators and the
establishment of targets, and the approach taken in order to develop appropriate indicators
and associated targets.

Criteria for indicators and targets

Environmental indicators play a crucial role in the simplification, quantification,
standardisation and rational explanation or communication of environmental information to
regulators, industry and policy-makers. As such, environmental indicators are vital tools for
disclosing information needed to assess and manage human activities that may affect the
environment.

Although Article 10 of the MSFD refers to the establishment of “environmental targets and
associated indicators”, the steps are in fact in the reverse order: the selection of the right
indicators precedes the establishment of environmental targets.

Definition of indicators
Heink & Kowarik (2010) discuss the term “indicator" and its use in ecology and the
environment. They suggest the following definition for an indicator®:

An indicator in ecology and environmental planning is a component or a measure of
environmentally relevant phenomena used to depict or evaluate environmental conditions or
changes or to set environmental goals. Environmentally relevant phenomena are pressures,
states, and responses as defined by the OECD (2003).

Heink and Kowarik (2010) strongly suggest focusing on describing dose-effect relationships,
finding relevant indicating parameters, and developing targets afterwards. They link the use of
indicators to the PSR (Pressure-State-Response) model developed by the OECD. This
OECD model was used by the European Environmental Agency (EEA) to develop the DPSIR
model (Figure 2.1), Smeets & Weterings, 1999). According to the DPSIR framework there is a
chain of causal links starting with ‘Driving forces’ (economic sectors, human activities)
through ‘Pressures’ (emissions, disturbance) to ‘States’ (physical, chemical and biological)
and ‘Impacts’ on society, human health and ecosystem services, eventually leading to
political ‘Responses’ (prioritisation, target-setting, indicators), which may be linked back to
Drivers, Pressures, States and Impacts. A schematic overview of these relationships is given
in the figure below. Though Cardoso et al. (2010) do not explicitly mention the DPSIR, they
do adopt the terminology (drivers, pressures and impacts). The EEA document indicates that
the relationships between the drivers, pressures, states and impacts should be made as clear
as possible, and that indicators can be found at each "level", pressure, state or impact.
Calibration of descriptive indicators, i.e. checking the changes in indicator values against
changes in pressures, is a very important step in indicator development, but it is also often
complex and time-consuming.

! Other terms such as ‘index’ or ‘metric’ are commonly used for some composed indicative unit, but in this
document the term ‘indicator’ is used for all relevant parameters — composed, recalculated or otherwise — that are
encompassed by the definition above.
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Responses

«

Figure 2.1 The DPSIR framework

In the development of indicators, it is helpful to identify where they fit into the DPSIR cycle.
Note that DPSIR merely represents a logical method of linking the cause and effects of
human influence on ecosystem components, and a way of measuring and managing this
influence.

This report proposes environmental indicators to describe pressures, environmental status or
impacts in accordance with the Commission Decision (EC, 2010). Indicators for drivers and
policy responses are not included.

Criteria for environmental indicators

In the 1990s, the Netherlands developed indicators to assess aquatic ecosystem quality, for
both the freshwater and the marine environment (Laane & Van den Ende, 1995). Criteria for
the quality of indicators were also identified. Many documents on indicator definitions and
criteria for indicators have been published since, all of which essentially consider the same
issues. More recently, similar criteria were drawn up by ICES (ICES, 2001) and applied in the
context of development of the Ecological Quality Objectives (EcoQOs) by OSPAR (OSPAR,
2010).

Based on the above and various other references pertaining to the development of indicators
(UNCSD, 2001; ICES, 2003, 2005; EEA, 2003; OSPAR, 2005; World Bank, 2002; FAO, 2003;
UN/ECE, 1993; Rice, 2003; AID environment, 2004; Rice and Rochet, 2005), the following list
of eight criteria has been derived for environmental indicators:

1 Understandable. The power of an indicator depends on its broad acceptance and the
common understanding of its concreteness. To achieve a general acceptance of the
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validity of the indicator by all relevant stakeholders a considerable proportion of the
indicators (or suites of indicators) must be relatively easy to understand by a non-
scientific audience and decision-makers.

2 Responsiveness/sensitivity. The indicator must detect environmental changes in a
timely way. Indicators should therefore be relatively closely linked in time to human-
induced stressors. For compensation and mitigation purposes they should be able to
detect changes in timeframes and on scales that are relevant to the measures being
taken. The indicators should be sufficiently sensitive to show trends in human-induced
changes.

3 Specificity. Several environmental factors and human activities may contribute to the
indicator’'s response. The risk of misinterpretation of this cause/effect relationship is
substantially reduced when the indicator is primarily responsive to a single human
activity, with low responsiveness to other causes of change.

4 Accuracy. It is essential that all necessary elements can be measured accurately in a
monitoring programme, with appropriate quality (e.g. a coherent monitoring programme
with appropriate frequency and spatial coverage, and quality assurance).

5 Applicability. The indicator should be measurable over a large proportion of the area to
which it applies.

6 Historical data. Indicators should be based, as much as possible, on existing time-series
of data to allow realistic objectives to be set. Reliable data on historical levels are
needed to construct area-specific background levels against which the current levels
may be assessed and evaluated. Background levels are commonly considered when
setting reference levels.

7 Measurement. The indicator must be measured easily and with a low error. This means
that the underlying techniques and parameters exhibit low measurement error, are
stable during the sampling period and are robust.

8 Ecological relevance / theoretical basis. The ecological relevance of the indicators
needs to be high. The indicator needs a clear scientific basis, linking it to significant
aspects of the status of the ecosystem.

The eight criteria have been used to evaluate the quality of the proposed indicators (see
84.2).

The establishment of targets

The status of an indicator is assessed in relation to a target. Environmental targets can be
defined either as an acceptable state of the environment that should be attained, or as a
limit/threshold value that should not be exceeded. Limits represent an environmental
condition that should not deteriorate further, in order to prevent the risk of an unacceptable
state (Rice, 2003, Cochrane et al., 2010).

Targets representing an acceptable/desirable state, are generally defined in relation to a
baseline. In the report for ICES/JRC Task Group 1 (Cochrane et al., 2010) a conceptual
framework is presented showing how to use baseline conditions for the definition of target
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values. This framework was further developed in preparation for an OSPAR workshop
(OSPAR, 2011). Various methods can be used to define targets (see Figure 2.2):

A Reference conditions / reference state are used as a baseline

A.l  Existing reference conditions: the target is set in relation to what is considered to
be a condition with none or very minor impacts from human pressures, based on
reference (unimpacted) sites (e.g. WFD approach).

A.ll Historical reference conditions: the target is set in relation to what is considered
to be a condition with none or very minor impacts based on historical information
(e.g. general approach recommended by OSPAR for EcoQOs)

A.lll Modelling of reference conditions: the target is set in relation to a modelled
unimpacted state (e.g. approach also used under the WFD)

A.IV A combination of these methods for arriving at a target based on conditions with
no or minor impacts.

B A point in the past is used as a baseline. The target is set in relation to the first data
point in a time series. This does not necessarily represent an unimpacted or not
significantly impacted state

C Current state as a baseline: target set in relation to the current state at the time of
inception of a particular environmental policy (e.g. Habitat Directive approach where the
state of the environment in 1994 was used as a baseline)

D Directional targets: target set as a desired trend in state in relation to the chosen
baseline i.e. an improvement in state where a final end point is not identified. In this
approach, it is important to define clearly what the current state is.

Deteriorating state

estroy

irrecoverable

v

Increasing pressures

> A
Target set in
relation to
> B
Target set in
relation to past
| state (range)
" >C&D

Baseline set as current
state (inception of
environmental policy)

Target set as trend in
relation to baseline
condition

Either:

| Target set as condition
atintroduction of

Figure 2.2 The conceptual relationship between reference and baseline conditions, targets and limits.
Environmental status can be considered as a gradation from unimpacted conditions to destroyed or an
irrecoverable state (top of figure). Assessment systems variously set reference, baseline, target or limit
points (or ranges) along this gradient to assist in status assessment and for monitoring progress against
time and actions. Here four different approaches are shown (A, B, C, D). From: OSPAR (2011).
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The use of reference conditions (no or minor impacts) as a baseline (line A in Figure 2.2)
often presents considerable difficulties due to the lack of suitable data and due to the fact that
natural ecosystem dynamics in the intervening period are not taken into account. One point of
consideration is the implicit assumption that ecosystems impacted by human pressures may
revert along a linear trajectory to their original condition, once the pressure is diminished
sufficiently. This assumption does not take into account the effect of multiple changes in
environmental conditions and in ecosystem dynamics, caused by regime shifts, climate
change and inherent ecosystem properties (Duarte et al., 2009). According to Duarte et al.
(2009) attempting to restore historical conditions could in many cases be depicted as a
“return to Neverland”.

Baseline conditions often include a degree of deterioration from unimpacted conditions (lines
B, C, D in Figure 2.2) Baseline conditions deviating from unimpacted/reference conditions are
often used because they are easier to define and mark the start of available monitoring data
or the introduction of a policy initiative. Referring to a state in the past where some
deterioration from an unimpacted state has already occurred tends to create a situation
known as “shifting baselines” (Pauly, 1995). This refers to a view where an already degraded
state of the environment is seen as the original baseline of this state, which can result in a
gradual accommodation to an increasingly degrading environmental status.

Cardoso et al. (2010) address a number of issues concerning the setting of environmental
targets:

e Targets are human constructs, often resulting from political processes reflecting
societal values. Reference levels (or points) correspond to features that are intrinsic
to the ecosystem and hence are not human constructs but the results of natural
processes.

e A level or target might be set at an unimpacted state, but it is highly likely that the
values would exceed those for which Good Environmental Status would be
achieved in the context of sustainable use of the seas as defined in the Directive.

o Any reference level or target should account for natural variation.

¢ In setting reference levels and targets it is necessary to take into account drivers of
large-scale change. Climate change is the most obvious example of this.

e Some hydrographical drivers of environmental status may change their state
periodically due to natural processes (for example the state of the North Atlantic
Oscillation). These changes may cause large but natural changes in many biological
features of the ecosystems, resulting in more than one natural stable state for a
healthy marine ecosystem. In these cases, a number of different reference levels for
GES for an indicator may be needed, with the appropriate one depending on the
recent status of the hydrographical drivers.

e Several important pieces of European legislation have also prompted the
development of indicators and setting of targets or reference levels.

e In many cases, research is needed to improve the understanding of suitable
estimates of reference levels or targets required for the indicators. Nonetheless,
paucity of knowledge should not unduly delay assessment using existing
knowledge. Often existing knowledge is adequate to establish reasonable values of
levels or targets, or at least the range in which an appropriate level or target should
lie relative to status quo.
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In this report, targets are set at levels commonly regarded as desirable from the viewpoint of
other policies or directives, such as OSPAR or the WFD, or at levels that experts involved in
this study have assumed to reflect the state of the ecosystem where the use of ecosystem
goods and services is at a sustainable level. In many cases, where quantitative targets could
not be defined, directional targets are proposed. Social and economic concerns in the setting
of targets have not been taken into consideration.

Overall development process

Various workshops and expert meetings were organised with scientists from Deltares and
IMARES to discuss potential indicators for the eleven descriptors. The starting point for the
discussion was the list of criteria and indicators in the Commission Decision (EC, 2010). The
indicators proposed in this report are based on expert opinion. Detailed information on the
scientific background for the proposed indicators (including references to relevant literature) is
provided in factsheets that are included in appendix B.

At an early moment in the process, the eleven descriptors and associated indicators
mentioned in the Commission Decision were organised into three different groups based on
previous development in other policy or research frameworks, level of scientific knowledge
and the degree of ecological integration:

1 The first group consists of indicators and targets that already exist. This concerns
indicators developed earlier, for instance in the framework of other EU legislation or
OSPAR.

a OSPAR: a set of indicators and targets has been developed in the context of the
six OSPAR strategies. A number of these Ecological Quality Objectives (EcoQOs)
have been applied in the North Sea (OSPAR, 2009). It should be noted that
indicators and targets set in the OSPAR EcoQOs do not necessary fully comply
with the requirements of the MSFD. The EcoQOs may be useful and applicable,
but have to be (re)viewed in an MSFD context (Good Environmental Status). A
number of EcoQOs are now operational (OSPAR, 2009).

b Natura 2000: conservation objectives for the Natura 2000 sites in the North Sea
were recently proposed (Jak et al., 2009).

c WEFD: for the implementation of the Water Framework Directive (WFD), indicators
and targets have been developed with respect to physico-chemical characteristics,
phytoplankton and benthic invertebrates, partly matching descriptors 5
(Eutrophication) 6 (Seafloor integrity), 8 (Contaminants). For the implementation of
the WFD, indicators for the coastal waters of the North Sea developed in the
Netherlands (Van der Molen & Pot, 2007) have been subject to WFD
intercalibration (Carletti and Heiskanen, 2009).

d CFP: a suite of environmental indicators has been put forward to support scientific
advice regarding the Common Fisheries Policy (EC, 2008b).

e An over