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Foreword

Coastal zones play a key role in Earth System functioning and form an “edge for
society” providing a significant contribution to the life support systems. Goods
and services derived from coastal systems depend strongly on multiple
transboundary interactions with the land, atmosphere, open ocean and sea bottom.
Increasing demands on coastal resources driven by human habitation, food
security, recreation and transportation accelerate the exploitation of the coastal
landscape and water bodies. Many coastal areas and human activities are subject
to increasing risks from natural and man-induced hazards such as flooding
resulting from major changes in hydrology of river systems that has reached a
global scale. Changes in the hydrological cycle coupled with changes in land and
water management alter fluxes of materials transmitted from river catchments to
the coastal zone, which have a major effect on coastal ecosystems. The increasing
complexity of underlying processes and forcing functions that drive changes on
coastal systems are witnessed at a multiplicity of temporal and spatial scales.

Demographic pressure has resulted in an acceleration of human interventions
that impact natural processes taking place in the coastal zone. The demands for
coastal resources and human security are further exacerbated by broad scale
changes of climate patterns and oceanic circulation. This combination of
anthropogenic drivers/pressures combined with natural system oscillation and
natural change keeps changing our environment to an extent that has culminated in
what is now described as the “Anthropocene”. However, even today our
understanding of regional and global changes that impact coastal systems is still
hampered by traditional disciplinary fragmentation. In order to maintain or restore
a sustainable delivery of goods and services for humankind, science is challenged
to better inform society, decision-makers and planners about:

e Global changes that are part of natural cycles of change, such as climate, and
those due to changes in the global economy/trade and policy;

e Regional (trans-boundary and supra-national) changes as a result of multi
national and regional drivers and pressures in the coastal zone; and

e Regional changes at often transboundary catchment level, which affect the
downstream coastal zone and the near-shore marine environment.

Consequently the regional or local perspective of coastal change becomes
increasingly important simply by recognition that coastal people are more and
more seen as an integral part of the system. On European scales policy making has
identified the relevance of the river basin or catchment scale for coastal change in
one of the most recently launched regional legal “instruments”, the European
Water Framework Directive (Directive 2000/60/EC, L 327/1, Brussels, 23 Oct.
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2000. Coastal management gaps and needs have been reviewed in form of an
extended multiple site pilot project in FEurope resulting in the EU
recommendations concerning the implementation of Integrated Coastal Zone
Management in Europe (2002/413/EC, L 148/24, Brussels 30 May 2002). For
their Common Implementation Strategy, both initiatives require a profound
scientific underpinning that is capable of conceptualizing the coastal zone against
driver — change relations. Global and regional drivers and their interplay with
social and societal choices need to be considered if scenarios shall be developed
that can inform both the policy maker and manager.

The ELOISE thematic cluster is the European Union’s contribution to the Land
Ocean Interactions in the Coastal Zone, LOICZ, core project of the International
Geosphere and Biosphere Program, IGBP. After 9 years of collaborative regional
research, ELOISE has made an effort to synthesise its findings form 60 multi-
national and often trans-disciplinary projects and to highlight major directions to-
wards future sustainability in the coastal zone. ELOISE stems originally from the
Environment & Climate and the MAST (Marine Science and Technology) Re-
search Programmes under the 4th EU RTD Framework Programme. Acting in
con-cert with the Programme for International Co-operation (INCO) and the
research programmes of the Member States it continued under the 5th Framework
Programme.

In 2003, in order to enhance the “Community Added Value” of the ELOISE
cluster and to synthesise its science, the ELOISE consortium and secretariat has
carried out three thematic workshops on:

1. Upscaling and demands at the European and global levels,
2. Integration into European Policy, and
3. Developing coastal futures for Europe.

These workshops feature a mix of fundamental and applied science encapsulated
in a harmonized and effective synthesizing and communication mechanism based
on a “Dahlem Conference Approach”. The goal was, through a retrospective, cur-
rent and future perspective, to identify information needs, instruments and frame-
works that enable the science community to inform the coastal management in
Europe on all relevant scales.

The book presented here reports on the latter two workshops, that were held
back-to-back. It focuses on four major areas. In the first chapter, Laure Ledoux
and her co-authors review the general relevance and applicability of ELOISE
science for and in European coastal policymaking. Not surprisingly in recognition
of the rather curiosity-driven origin of the ELOISE research, they identify a
visible mismatch in the policy information needs and the products provided.
Rarely has the mostly fundamental science been able to acknowledge the multiple
and partly variable temporal and spatial scales of coastal change and
environmental and human interaction. Finding ways to properly upscale the
various ‘“case studies” still remains a challenge that calls upon the science to
develop and use typological approaches that allow an issue based categorisation of
land ocean interactions. The involvement of the human dimension has been
running behind and so has the recognition and reflection of the different views of
coastal stakeholders on “their” coastal zone. This fragmentation in people’s
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perception is basically symptomatic also of the traditional scientific work. The
outcome of the first workshop is summarised in the second chapter of this book by
Peter Herman and his co-authors.

A second block (Themes 2-3) reviews one of the most progressive and complex
legal instruments, the European Water Framework Directive (WFD), its relevance
for Coastal Zone Management, the data needs and methodological implications. It
also considers the question of how to support the implementation of such a
complex instrument and its multi-scale and transboundary effects by appropriate
institutions and capacity building. Being highly innovative the Water Framework
Directive still faces persistent technical problems in determining the
environmental objectives and in interpreting key concepts such as “ecological
status”. Findings underline the need to apply typological and model-based
approaches to derive the reference conditions and to classify aquatic systems. The
necessary monitoring needs to be underpinned by appropriate indicators that can
capture system functioning and state change across the relevant scales. The
consequences of the WFD are also examined within the more specific context
including marine protected areas (MPAs). A successful implementation of the
WFD will rely strongly on promoting communication and closer collaboration
between scientists, economists and other stakeholders including the public from
the onset and on their involvement in the decision making process. The relevant
scale here is the water continuum encompassing catchment managers as well as
coastal managers.

Exogenous drivers such as climate change and globalization are reviewed in
terms of their effects on European coastal zones and means to effectively manage
the coast (Theme 4). Decisions made for management and those considered in a
more proactive context need to be informed by scenarios that rely on appropriate
valuation of both the environmental and human values. Cases for scenario use are
presented. Strong sustainability options will be carefully weighed between the
three provisions of human safety, economic development and ecological integrity.
However, climate and sea level change as well as economic development pose
considerable uncertainty on any prediction a fact that not only calls for
sophisticated scientific response but again for a continuous involvement of the
public and the media.

Integrated assessment, its capacity to provide the multidisciplinary information
for scenario development and its shortcomings are reviewed and examples are
provided featuring a variety of traditional (tourism) and rather recent coastal land
and sea uses (windparks). The authors assess three different scenarios (1) a world
market perspective, (2) global sustainability and (3) a regional, environmental
stewardship for a variety of natural and anthropogenic driver/pressure settings to
provide a forward look at European coastal areas. The most relevant current state
changes in the coastal environment on a regional scale are habitat loss (including
coastal squeeze); changes in biodiversity; and the loss of fisheries productivity.
Others such as eutrophication, contamination and erosion are thought to be of lo-
cal or moderate importance. It is expected that while the key characteristic driving
forces will continue, climate change will have additional, often related impacts.
Ultimately, under a globalization scenario impacts seem to be increasing while
under the other two more appropriate response form society may help mitigate the
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impacts and lead to better sustainability. This thematic section provides a variety
of cases including the Humber and Rhine River where integrated assessment is
demonstrated and where the multiple scales relevant for scientific investigation
and management become very obvious.

The book paves the way to an integrated view on the complex issues of coastal
zone management. It showcases the shortcomings of existing scientific
information mostly due to a miss-match in scales on which it is provided. The
need for integrated approaches and participation from the onset is underlined and
reviewed under various perspectives. By doing this the ELOISE book provides an
experience and science-based rationale that provides a strong argument for a
serious re-view of science, research design, science management and funding
policy. It also underlines the need for improved networking and communication
across the scientific disciplines as well as the funding agencies, the stakeholders
and public. Mismatch of scales and lacking ownership are symptomatic for the
perception that science so far rather rarely informed the policy and public
awareness process appropriately.

The book strongly supports the fundamental change that the LOICZ project, the
global interface of ELOISE, is undergoing in transition from its first decade of
mostly curiosity-driven global change research towards an issue-driven scientific
assessment, synthesis and communication platform. This is highlighted by the
recently approved draft Science Plan and Implementation Strategy
(http://www.loicz.org). It puts LOICZ much more than in the past into the position
to deliver both up-scaled information needed to improve our earth system
understanding on global scales as well as issue driven information that can be
downscaled and used in management and awareness raising on local and regional
scales. This long-lasting transition has been nourished substantially by the
experiences made in the LOICZ core project ELOISE. The discussions and papers
presented provide a good picture of how the bridges between traditional and future
sciences need to be shaped.

Hartwig Kremer and Hartmut Barth
LOICZ IPO, Texel, and EC, DG-Research, Brussels
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1. ELOISE research and the implementation
of EU policy in the coastal zone

Laure Ledoux!, Jan E. Vermaat, Laurens M. Bouwer, Wim Salomons,
and R. Kerry Turner

Abstract

This paper presents a timely review of European coastal research as brought to-
gether in the ELOISE programme, at the end of its third phase of funding. The
programme is intended to be the response of the EC to the challenge highlighted
by the Land-Ocean Interactions in the Coastal Zone research project (LOICZ).
Following a review of policy issues in the European coastal zones, and EU initia-
tives to address them, we assess the actual and potential contributions of research
project findings to ELOISE objectives, and to the implementation of EU policy
legislation affecting the coast. We identify several discrepancies between the pro-
ject outputs of the ELOISE programme and the information needs arising from the
implementation of the relevant directives. We suggest underlying causes for these
discrepancies, and propose new research priorities to mitigate the information gap
problem.

Introduction

The ELOISE (European Land-Ocean Interaction and Shelf Exchange Studies) re-
search programme has been formulated as the contribution of the European Com-
munity to the challenges described in the Coastal Zone core project of the Interna-
tional Geosphere-Biosphere Programme (Cadée et al. 1994). It also represents a
research contribution to the EU intitiative on Integrated Coastal Zone Manage-
ment. The ELOISE programme has been guided by a Science Plan, which was
drafted by a discussion panel of experts in the Roosendaal workshop (Cadée et al.
1994).
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Research funding in the EU is currently undergoing a major reorientation in both
funding mechanisms and focus with the launching of the 6" Framework. A review
of the productivity of the ELOISE programme in previous framework programmes
appears timely, particularly where it concerns contributions to policy implementa-
tion in the coastal zone.

Two previous Implementation Reports (Nolan et al. 1998; Barthel et al. 1999)
describe Phases I and II of ELOISE and the efforts to mould a coherent package of
research projects. This paper aims to provide an assessment of the achievements
of ELOISE with respect to (i) the key objectives of the cluster as described in the
first two implementation reports, and (ii) the contribution of the ELOISE projects
to the implementation of EU policies in the coastal zone; in particular with respect
to Water Framework Directive, the Habitats Directive, and the Bathing Water Di-
rective. The evaluation is based on an overview of the ELOISE projects and data
derived from a brief questionnaire to project coordinators (see annexe 1).

The authors first summarise the vision and objectives of the ELOISE pro-
gramme, and then review the current policy issues in the European coastal zone,
before presenting the output of the ELOISE evaluation. The paper finally con-
cludes with suggested new priorities for research.

The ELOISE programme

The ELOISE vision

The general aim of ELOISE, as described in the ELOISE Science Plan (Cadée et
al. 1994), is “to develop a coherent European [coastal zone] research programme
of high scientific value and relevance to human society’. As such, it constitutes the
European contribution to the Land-Ocean Interactions in the Coastal Zone
(LOICZ) project, a core project of the IGBP Global Change Programme estab-
lished in 1993, designed to elucidate issues concerning the role of coastal areas in
the global climate system, and the potential response of coastal systems to all
sources of global change (Cadée et al. 1994). More specific objectives, agreed
during the Rosendaal workshop, which brought together European scientists and
representatives of the European Commission and LOICZ in 1994, are also de-
scribed in the Science Plan: (i) to determine the role of coastal seas in land-ocean
interactions (including shelf-sea interactions along the shelf edge) in the perspec-
tive of global change (Global Cycles); (ii) to determine the regional and global
consequences of human impact through pollution, eutrophication, and physical
disturbance on land-ocean interactions in the coastal zone (Human Impacts); (iii)
to formulate a strategic approach to the management of sustainable coastal zone
resource use and development, and to investigate information, policy and market
failures that hamper sustainable coastal resources management (Socio-economic
Development); (iv) to determine which methodology — including technologies,
data management and modelling — and instrumentation is needed to implement
ELOISE (Infrastructure and Implementation). These sub-objectives determine the
four Research Foci of the ELOISE programme.
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The programme is intended to contribute to other activities of the Commission in
the fields of integrated coastal zone management and of spatial planning. The
means to realise this contribution, however, remain unspecified, other than the
topics of the four ELOISE foci, used to bring different research projects together.

Programme

The complete ELOISE programme consists of a considerable number of research
projects in the 4" and 5" framework (29 in total 1999, about 53 by the end of FP5)
plus a number of additional activities and accompanying measures. An important
activity has been the annual ELOISE Scientific Conferences, of which 5 have
been organised so far.

The ELOISE programme was jointly implemented in the fourth framework
programme by the MAST and the ENVIRONMENT AND CLIMATE Pro-
grammes and continued under FP5 in Thematic Programme 4 (Energy, Environ-
ment and Sustainable Development) in the key actions "Sustainable marine eco-
systems" and "Sustainable Management and Quality of Water".

In addition to the grouping of projects in four foci, ELOISE research is coordi-
nated through cross-project working groups, which approximately match with the
foci: (1) biogeochemical cycles and fluxes; (2) ecosystem structures and function-
ing, human impacts; (3) modelling and data management; and (4) coastal zone
management and integration of natural and socio-economic science. The working
groups identified the remaining gaps after phases I and II (Barthel et al. 1999).
One of the most important aspects was the lack of socio-economic research. It was
identified as a priority for FP5, along with the need to “identify and assess societal
and policy responses for sustainable management of coastal zones and their re-
sources.

Policy issues in the European coastal zone

The current situation

The main environmental concerns in the European coastal areas were identified in
the European Commission Communication on Integrated Coastal Zone manage-
ment strategy, and later described in more details in the DOBRIS assessment re-
port (Stanners and Bourdeau 2001). The primary concerns can be categorised as:
habitat and biodiversity loss, including fisheries; water quality; sea level rise and
coastal erosion. Behind these environmental changes are socio-economic and
physical drivers, investigated by Turner et al. (1998b) and also reviewed in the
DOBRIS report. These include climate-related pressures, pressures resulting from
anthropogenic actions, related to urbanisation and demographic changes, tourism,
port and harbour development, agricultural intensification, industrial development,
marine aggregates extraction, and fisheries and aquaculture.
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Fig. 1. Europe's seas with subsidiary seas and bays and catchments. (From Stanners and
Bourdeau 1991)

Given geographical and cultural differences, the priorities clearly vary across
European coastal regions (Fig. 1). The Dobris report provides an overview of the
regional differences in the main environmental concerns in maritime and coastal
zones. Table 1 extracts from the literature and summarises the main issues and
their spatial relevance, as well as the drivers behind change, and policy responses
at the European level.

Some of the environmental problems, such as toxic contamination, are wide-
spread across Europe, others such as oil spill damages, and bacteriological quality
issues are more localised. Eutrophication affects most seas, particularly the North,
Irish, Baltic and Black Seas, whereas it is more localised in the Mediterranean
(Adriatic Sea; Zrteberg et al. 2001) and the North Atlantic. The report concludes
that the Mediterranean, Baltic, Black and North seas are the seas receiving consis-
tently the highest loads of land-based or riverine contaminants. The northern seas
(White, Barents and Norwegian seas) consistently receive small loads of contami-
nants. This was largely confirmed by the foresight exercise reported in Nunneri et
al. (this volume).

Most environmental problems identified by leading experts have reached the at-
tention of policy makers and have provoked a policy response, a few examples are
included in Table 2. The European Union has produced a number of initiatives af-
fecting the coastal zone, including specific directives. This policy regime is re-
viewed in more detail in the next section.
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Table 1. Major environmental issues in European coastal waters and associated drivers and
responses at the European level (adapted from Stanners and Bourdeau 1991)

Environ- Drivers Pressures Spatial Extent Response at
mental Is- European level
sues (Im-
pacts)
Eutrophica-  Agricul- Diffuse pollution ~ Most seas. Rela- Water Frame-
tion ture, Ur- (N,P), waste tively less impor- work Direc-
banisation, emissions tant in North tive, Nitrates
Industry Atlantic Ocean, Directive, Ur-
Norvegian, Barents  ban Waste
and White seas Water Direc-
tive
Overfishing, Fisheries, Fish catches, fish-  All seas. Especially Common
loss of bio-  population  ing gear North Sea, Wadden  Fisheries Pol-
diversity growth Sea, Black Sea, icy
Barent, North sea
Deteriora- Agricul- Waste emissions,  Mediterranean, Bathing Direc-
tion of bac- ture, ur- agricultural run Black Sea, North tive
teriological banisation,  off sea
quality, industry
health im-
pacts
Habitat loss  Agricul- Habitat conver- European regions Birds and
ture, Tour-  sion (e.g. drain- with high tourism Habitats Di-
ism, Cli- age), ports and and intensive agri-  rectives
mate touristic devel- culture, low lying
Change opment, coastal coasts and deltas
(atmos- erosion, sea level  (sea level rise)
pheric rise
emissions)
Toxic Industry, Emissions of con-  All seas, especially ~ Water Frame-
contamina-  urbanisa- taminants (heavy  around major work Direc-
tion (loss of  tion, trans-  metals, synthetic European estuaries  tive, danger-
biodiver- port organic com- (less Barent and ous substances
sity, health pounds), con- Norwegian sea) Directive,
risk) taminated sedi- Seveso II Di-
ments rective, IPCC
Directive
Oil spillre-  Maritime Dumping, ship- Mediterranean, Regulation on
lated eco- transport ping accidents Black, Caspian, prohibition of
logical im- Norwegian, North transport of
pacts sea heavy oils in

single-hulled
tankers; Erika
I and II legis-
lation pack-
ages.
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EU policy in the coastal zone

In effect, most EU policies and instruments have some impact on the coastal zone.
This section broadly describes these interactions before selecting the main areas of
recent policy initiatives, which have most relevance to the evaluation of ELOISE
projects.

A review of the influence of European policies on the evolution of coastal
zones (IEEP 1999) concluded that EU policies have had far ranging consequences
on European coasts. Policies encompassing significant drivers, such as the Com-
mon Agricultural Policy and Common fisheries policy indirectly influence coastal
environments. The Structural and Cohesion Policy fund has also had a significant
impact through the targeting of funds towards less developed coastal regions. This
section describes EU policy initiatives in the Coastal Zone before focusing on spe-
cific legislation, which have had a particular influence on the coast.

EU initiatives in the coastal zone

EU activities concerning the coastal zone were initiated through international con-
ventions covering its regional seas (Fig. 2). During the 1970s, the EU became for
example a signatory of the Oslo Convention for the Prevention of Marine Pollu-
tion by Dumping from Ships and Aircraft (1972); the Paris Convention for Pre-
vention of Marine Pollution from Land-Based Sources and the Helsinki Conven-
tion for the protection of the Marine Environment of the Baltic Sea (1974); and the
Barcelona Convention for the Protection of the Mediterranean Sea against Pollu-
tion (1976). The Oslo and Paris conventions later merged into the Convention for
the Protection of the Marine Environment of the northeast Atlantic (OSPAR) in
1992, while the Helsinki and Barcelona conventions were revised in 1992 and
1995 respectively. Integration of policies progressed in the 1980s, with the adop-
tion of a European Coastal Charter in 1983.

It wasn’t until 1992, however, with the new environmental remit brought by the
Maastricht treaty, that a Council resolution calling for the development of a Euro-
pean strategy on coastal zones was adopted. A three-year demonstration pro-
gramme on integrated coastal zone management lead to a European Commission
Communication entitled “Towards a European Integrated Coastal Zone Manage-
ment (IZM) Strategy. General principles and Policy Options. A reflection Paper”
(EC 1999), and a proposal for a European Parliament and Council Recommenda-
tion concerning the implementation of Integrated Coastal Zone Management in
Europe (COM/00/545 of 8 Sept. 2000). The European Parliament and Council
adopted this recommendation in 2002 (2002/413/EC). The ICZM demonstration
programme generated some agreed general principles for good management of
coastal zones (Box 1).

The Strategy defines Integrated Coastal Zone Management (ICZM) as a “dy-
namic, continuous and iterative process designed to promote sustainable manage-
ment of coastal zones” (EC 1999). Following on from the conclusions of the dem-
onstration programme, the ICZM Strategy recommends to: (i) promote ICZM
within the member States and at the “Regional Seas” level; (ii) make EU policies
compatible with ICZM; (iii) promote dialogue between European Coastal Stake-
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holders; (iv) develop best ICZM practice; (v) generate information and knowledge
about the coastal zone; (vi) disseminate information and raise public awareness.

Box 1. General principles for good management of coastal zones (EC 1999)

Take a wide-ranging perspective

Build on an understanding of specific conditions in the area of interest
Work with natural processes

Ensure that decisions taken today do not foreclose options for the future
Use participatory planning to develop consensus

Ensure the support and involvement of all relevant administrative bodies

Use a combination of instruments

The Strategy also underlines that because of the diverse physical, economic, cul-
tural and institutional characteristics of Member States, the response adopted
should be flexible and problem-oriented. The philosophy underpinning the strat-
egy is one of governance by partnership with civil society, with the EU providing
leadership and guidance to support implementation at other levels. Where rele-
vant, the Strategy builds on existing instruments and programmes, which often
have not been necessarily designed with coastal zones in mind.

The Recommendation of the European Parliament and of the Council resulting
from the European Commission’s communication recommends that Member
States take a strategic approach to the management of their coastal zones based
on: (i) the protection of the coastal environment, following an ecosystem-based
approach; (ii) the recognition of the threats of climate change and sea level rise to
coastal zones; (iii) appropriate and ecologically responsible measures; (iv) sus-
tainable economic opportunities and employment options; (v) a functional social
and cultural system in local communities; (vi) adequate accessible land for the
public; (vii) the maintenance or promotion of cohesion in the case of remote
coastal communities; (viii) improved coordination of the actions of all relevant au-
thorities, both at sea and on land. Member States should conduct or update an
overall stocktaking to analyse which major actors, laws and institutions influence
the management of their coastal zone. Based on the result of this stock-taking ex-
ercise, Member States should develop a national strategy, or where appropriate
several strategies, following the principles of ICZM as described in the European
Strategy. These strategies might be specific to the coastal zone, or be part of a
geographically broader programme for promoting integrated management of a
wider area, and should include a number of steps (Box 2).

The Commission is to review this Recommendation within 55 months follow-
ing the date of its adoption and submit an evaluation report accompanied if appro-
priate by a proposal for further Community action.
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Box 2. National Strategies for ICZM (OJEC L 14, pp 24-27)

National strategies should:

e Identify the roles of the different administrative actors whose competence includes
activities or resources related to the coastal zone, as well as mechanisms for their
coordination;

e Identify the appropriate mix of instruments for implementation of ICZM princi-
ples.

In particular Member States should consider:

Develop national strategic plans for the coast;

Include land purchase mechanisms and declarations of public domain;

Develop contractual or voluntary agreements with coastal zone users;

Harness economic and fiscal incentives;

Work through regional development mechanisms;

Develop or maintain national/regional/local legislation or policies and programmes

addressing marine and terrestrial areas together;

e Identify measures to promote bottom-up initiatives where needed, and examine
how to make best use of existing financing mechanisms both at European and na-
tional levels;

e Identify mechanisms to ensure full and coordinated implementation and applica-
tion of Community legislation and policies that have an impact on coastal areas;

e Include adequate systems for monitoring and disseminating information to the
public about their coastal zone;

e  Determine how appropriate national training and education programmes can sup-
port implementation of ICZM principles in the coastal zone.

EU legislation in the coastal zone

Although there is no specific European legislation concerning the coastal zone, a
number of directives have had an indirect impact (Fig. 2). For example, the Sew-
age Sludge and the Landfill Directives control activities that might lead to deterio-
ration of coastal waters. The Environmental Impact Assessment Directive (EIA),
and the Strategic Environmental Assessment (SEA) Directive require that signifi-
cant environmental impacts of projects (EIA) and policies, plans and programmes
(SEA) are identified and assessed and taken into account in the decision-making
process to which the public can participate. This applies to projects and policies
affecting the coastal zone and can therefore be expected to have a significant im-
pact. In the most recent phase of EU legislation, two Directives have had or are
expected to have very significant impacts on the coast, and they are described here
in more detail.

The WFD and daughter directives

The Water Framework Directive is one of the few examples of policy response
addressing water quality issues at the catchment scale. Adopted in June 2000, it
integrates previously existing water legislation, updates existing directives accord-
ing to new scientific knowledge, and strengthens existing legal obligations to en-
sure better compliance (Kaika and Page 2002). Earlier legislation on water (see
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Fig. 2) had gone through two distinct phases (Kallis and Butler 2001, Kaika and
Page 2002). The first one (1975-1987) was primarily concerned with public
health, and setting standards for water quality for different uses (drinking, fishing,
shellfish and bathing). In the second phase (1988-1996), priorities shifted towards
pollution control, in particular for urban wastewater and agricultural run-off, with
an effort to set emission limit values for different pollutants in water bodies. The
third phase, which saw the birth of the Water Framework Directive, came after a
state of the environment report showed that these policies had been effective in
terms of reducing point source pollution, but that diffuse pollution remained a ma-
jor problem (EEA 1998, Kaika et al. 2002). The new Directive is an attempt at
more integrated and sustainable water management, expanding the scope of water
protection for the first time to all waters, from surface water to ground water, and
from freshwater ecosystems to estuaries and coastal waters. It encapsulates the
new directions in European environmental policy institutionalised in the Maas-
tricht treaty in 1992 and further reinforced by the Amsterdam treaty in 1997. The
Member States agreed to sustainable development as a Community policy, to the
Community being responsible for environmental policy within the limits of sub-
sidiarity, and to the integration of environmental policy into other community
policies. More specifically the precautionary principle, the principle of prevention
of pollution at source, and the polluter-pays principle were all adopted (Barth and
Fawell 2001).

Kallis and Butler (2001) point out that the directive introduces both new goals,
and new means of achieving them (new organisational framework, and new meas-
ures). The overall goal is a “good” and non-deteriorating “status for all waters
(surface, underground and coastal). This includes a “good” ecological and chemi-
cal quality status for surface water. Ecological status involves criteria for assess-
ment divided into biological, hydromorphological and supporting physico-
elements for rivers, lakes, transitional and “heavily modified” water bodies. For
groundwater, the goal is a “good status” defined in terms of chemical and
quantitative properties. A principle of “no direct discharges” to groundwater is
also established, with some exemptions (e.g. mining). In addition, “protected
zones”, including areas currently protected by European legislation such as the
Habitats Directive, should also be established, with higher quality objectives.

Organisation-wise, measures to achieve the new goals will be co-ordinated at
the level of river basin districts, i.e. hydrological units and not political bounda-
ries. Authorities should set up River Basin Management Plans, to be reviewed
every 6 years, based on identifying river basin characteristics, assessing pressures
and impacts on water bodies, and drawing on an economic analysis of water uses
within the catchment. Monitoring is also an essential component, determining the
necessity for additional measures. Finally, an important innovation introduced by
the Directive is to widen participation in water policy-making: river basin man-
agement plans should involve extensive consultation and public access to informa-
tion.

Following the Driver Pressure State Impact Response terminology (Turner et
al. 1998a), the main “response” element of the directive is the programme of
measures. “Basic” measures should be incorporated in every river basin manage-
ment plan, at a minimum including those required to implement other EU legisla-
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tion for the protection of water (see Fig. 2). If this doesn’t suffice to achieve good
water status, additional measures should be introduced, following a “combined
approach”, which brings together two existing strategies of Environmental Quality
Standards (EQS — the legal upper limits of pollutant concentrations in water bod-
ies) and Emission Limit Values (EVL — the upper limits of pollutant emissions
into the environment). ELVs are first applied, through the introduction of best
available technology for point source pollution, or best environmental practice for
diffuse pollution. If this is not enough to reach EQSs, more stringent ELVs must
then be applied in an iterative process. Furthermore, Member States should follow
the principle of full cost recovery of water services, ensuring that water pricing
policies are in place to “provide adequate incentives “ for efficient use of water.

Although it does not target coastal zones specifically, the Directive does cover
coastal water quality in its objective for good quality status, and provides a good
example of integrated catchment management, addressing the issue of diffuse pol-
lution of coastal waters.
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Fig. 2. EU initiatives having an effect on water and coastal zones
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The Habitat and Birds Directives

As a signatory of the 1992 United Nations Convention on Biological Diversity,
the EU is obliged under Article 6 to draw up a strategy to predict, prevent and
tackle at source biodiversity loss in Western Europe. The two most important
planks of EU biodiversity policy upon which the current Strategy builds are the
1979 Birds Directive and the 1992 Habitats Directive (Ledoux et al. 2000). To-
gether, they aim to create a network of designated areas (Natura 2000) to protect
habitats and species of community-wide importance, on a biogeographical basis?.
It is, in effect, a “no-net-loss” policy, in so far as it requires all Natura 2000 areas
to be protected from deterioration and damage.

The Wild Birds Directive, adopted in 1979, requires Member States to maintain
populations of wild birds, to protect their habitats, to regulate hunting and trading,
and to prohibit certain methods of killing. The establishment of special protected
areas (SPAs) is a central component of the philosophy of the Directive. The Direc-
tive, as subsequently revised on a number of occasions since 1979, identifies a
priority list of over 170 birds. Under Article 4, Member States are required to
identify “the most suitable territories” (SPAs) under their jurisdiction in order to
protect these species, and do all they can to ensure that the SPAs are not degraded,
polluted or otherwise disturbed. Implementation of the Directive has, however,
been extremely poor (Wils 1994).

The Habitats Directive was intended to remedy some of the deficiencies of the
Birds Directive and extend the level of protection to a wider range of species and
habitat types. The Directive aims to achieve a “favourable conservation status” for
a long list of habitat types and species included in two extensive lists of habitat
types (Annex I) and species (Annex II) of Community importance. The ecological
term ‘favourable conservation status’ is defined with reference to such factors as
the amount of habitat remaining, population dynamics and trends in the natural
range of species. To these ends, Member States are required to identify and protect
Special Areas of Conservation (SACs) in which the necessary steps are taken to
ensure that the priority habitats and species therein are maintained at, or restored
to, a favourable conservation status.

The Member States are required to take all appropriate steps to avoid the dete-
rioration of those habitats and species for which protection is required. Under arti-
cles 6(3), a plan or project likely to have a significant effect on a Natura 2000 site
must undergo assessment to determine whether it would damage the nature con-
servation interest of the site. If the plan or project is thought to impose a signifi-
cant threat, it can only go ahead if (1) there is no alternative solution; (2) its im-
plementation is of overriding public interest; (3) member states must provide
compensatory measures which may include habitat restoration or recreation of the
same type of habitat on the same site or elsewhere. Where the site hosts species
and/or habitats listed as a priority by the Directive, under Article 6(4), develop-
ment is permitted only on the grounds of: (1) human health and public safety; (2)
“beneficial consequences of primary importance for the environment”; (3) (subject

2 The selection of designated areas is not done on a country-by-country basis, but takes
into account their biogeographic specificities. Six biogeographic regions were identified
within EU countries.
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to an opinion by the Commission), “other imperative reasons of overriding public
interest.”

A significant number of habitat types listed in Annex II of the Directive are lo-
cated in the coastal fringe (dunes, mud flats, coastal lagoons, coastal freshwater
wetlands, etc.). In addition, the Habitats Directive specifically establishes Marine
Special Areas of Conservation. The Habitats Directive can therefore be expected
to have a major impact on the coast. In its strict interpretation, the compensation
requirement for displaced habitats also applies to habitats lost through natural, or
semi-natural causes, such as sea level rise and coastal erosion, which is likely to
have far reaching consequences given the current climate change predictions. In
the UK, for example, relevant authorities are anticipating this need for compensa-
tion and are planning ahead by recreating coastal habitats through managed re-
alignment — realigning existing hard defences further inland thereby recreating in-
tertidal habitats (Ledoux et al. 2003).

Research support for policy implementation:
The ELOISE contribution

In this section, we present an evaluation of the ELOISE cluster contribution to EU
policy implementation. All coordinators of past and ongoing ELOISE projects
were contacted to assess the direct and indirect relevance of current and recent
coastal research for European policy and management (57 projects in total). 7 ad-
ditional projects outside the ELOISE cluster were also selected for inclusion in the
analysis to avoid identifying gaps that were covered outside this programme. The
research objectives of the projects published on the CORDIS database were com-
pared with the foci identified within ELOISE as well as with policy objectives in
the EU directives relevant to European coastal waters identified above and sum-
marised in Table 2.

The results were compiled in a spreadsheet that was sent to all coordinators.
Coordinators were asked to check whether they agreed with the way the objectives
of their project were assessed, and update them if necessary. They were also asked
to provide in their own words 3 key points where they thought their research was
contributing to future coastal zone management and policy. A reminder was sent
to coordinators before the deadline. Overall, 18 replies were received out of the
sixty-two projects identified, which represents a response rate of 29%, which is
close to the average response rate in postal surveys. The analysis of the spread-
sheet relies on the data updated by coordinators for the 18 replies received, and on
our own assessment of the research objectives for the remainder of the projects.
For the sake of transparency, we list the names of projects that provided a direct
input in the survey (Appendix 1).

The results of the survey are presented in Fig. 3. The figure shows quite clearly
that the majority of projects address the global cycles and human impacts ELOISE
foci. Although one can expect some progress since the last evaluation, there are
still a minority of projects looking at practical approaches for sustainable coastal
zone resource use and development (socio-economic development) and the meth-
odology and instrumentation need to implement ELOISE (infrastructure).
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Table 2. The four ELOISE foci and major policy components of the three relevant EU-
directives

ELOISE foci/topics: Global Cycles
Human Impacts
Socio-Economic Development
Infrastructure

Water framework directive ob- .
N Drivers, Pressures and Impacts
jectives:
Economic Analysis
GQS: transitional and coastal waters
GQS: surface waters
GQS: groundwater
Heavily modified water bodies
Geographical information systems
Participatory approaches
Integrated River Basin Management
Monitoring and assessment tools
Intercalibration
Bathing water directive: Bacteriological quality assessment
Economic analysis of policy measures
Habitat directive objectives: Biodiversity assessment
Management plans/policy measures
Impact of activities on biodiversity

ELOISE related projects are quite narrowly focused in terms of their contribution
to the implementation of European policy. The majority of projects contribute to
identifying drivers and pressures of environmental change, and to developing
monitoring and assessment tools. This is a positive point as identifying the sources
of change is key to developing policy instruments for environmental protection.
Monitoring is also a core element of the Water Framework Directive. It is not sur-
prising that a very large majority of projects contribute to identifying good quality
status in transitional and coastal waters, since the main focus of ELOISE on
coastal issues. Surface water, groundwater, and heavily modified water body is-
sues are probably covered in other clusters or research programmes. However, it is
quite clear from the results that not enough research is devoted to economic analy-
sis, participatory approaches and integrated management. Other key tools like GIS
and intercalibration methods are also lacking. Not much research seems to address
bacteriological water quality issues, and given the forthcoming revision of the
bathing water directive, this is likely to need further attention. Finally, not enough
projects were identified as contributing directly to the implementation of the Habi-
tats Directive, especially regarding management issues. It is probable that a num-
ber of biodiversity projects were funded under other programmes, but given the
likely impact of the Habitats Directive in the coastal zone; ELOISE should per-
haps play a greater role in this area.
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Glob cycles
Hum impacts
Soc-ec. dev.
Infrastr.

Fig. 3. Allocation of the number of projects per ELOISE focus and policy objectives of EU
directives. The four ELOISE foci are global cycles, human impacts, socio-economic devel-
opment and infrastructure. Further legend: Water Framework Directive objectives: DPI:
drivers, pressures and impacts; EA: economic analysis; TC: good quality status of transi-
tional and coastal waters; SW: good quality status of surface waters; GW: good quality
status of groundwater; HMWB: heavily modified water bodies; GIS: geographical informa-
tion systems; PA: participatory approaches; IRBM: integrated river basin management;
M&A tools: monitoring and assessment tools; IC: Intercalibration. Bathing Water Directive
objectives: BQ: Bacteriological quality assessment; EAPM: economic analysis of policy
measures. Habitat Directive objectives: BDA: biodiversity assessment; MP: management
plans/policy measures; BDI: impact of environmental change and human activities on bio-
diversity.

In interpreting these results, it is important to keep in mind that this evaluation in-
evitably contained some element of subjective interpretation — either from the pro-
ject coordinators, or from the authors of this report. A good understanding of the
meaning and scope of the ELOISE foci and EU policy objectives is also assumed
(e.g. the contents of the infrastructure focus might not have been clear to all).
Nevertheless, the sharp contrast and clarity of the results mean that while recog-
nising that there is some degree of subjectivity, the overall result is probably ro-
bust.

The results of this survey also need to be viewed alongside a review of the pub-
lished papers produced by ELOISE scientists, laid down in Chapter 2 (Herman et
al). This review highlights the fact that significant advances in individual scientific
topics have been made but that a common scientific infrastructure (including data-
bases) has yet to be established. Such an infrastructure would form the necessary
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foundation for future applications of applied research in the context of EU policy
and legislation.

New priorities

Research into coastal zone issues is vital to implementing EU policy. The EU
ICZM strategy includes a requirement to generate information and knowledge
about the coastal zone. While, along with the authors of the previous ELOISE
evaluations, we recognise that research funding has been largely based on expert-
based judgement of project quality and only to a limited extent on the existing sci-
ence plan, future research should to have a stronger focus on policy implementa-
tion needs.

In terms of areas of policy, we have identified that the bulk of the research con-
tributes to specific areas of implementation of the Water Framework Directive,
e.g. the understanding of drivers, pressures and impacts (see also Herman et al.
Chapter 2). The Directive is an ambitious piece of legislation, and the research
needs are indeed huge (e.g. Ledoux and Burgess 2002). There is some basis for
recommending however, that some research funds are also targeted towards im-
plementation of the Bathing Water Directive, especially in the light of the ongoing
revision, and of the Habitats Directive with a specific focus on the coastal zone,
where ecosystems are very dynamic and management issues likely to be signifi-
cant.

As far as specific research tools and methodologies are concerned, more atten-
tion needs to be placed on translating and integrating natural sciences into deci-
sion-making processes. Intercalibration, Geographical Information Systems (GIS),
economic analysis, participatory approaches and integrated assessment method-
ologies all need to be developed further to achieve this integration, and equip
managers with the right decision tools to face future coastal zone management
challenges. The papers selected for this workshop provide examples of application
and an opportunity to assess and discuss opportunities for further development.

For the shorter-term needs of European coastal research, we conclude from the
above that:

1. A better orchestration of the investment of resources is required to meet im-
plementation research needs. A change in evaluation in funding and evaluation
procedures might be necessary. The Framework Programme 6 is an opportunity
to bring these changes about;

2. For a successful implementation of the Water Framework Directive and other
European legislation, integration of natural sciences, economic analysis and
participatory approaches, for example within the framework of integrated as-
sessment requires further attention (Turner, 2000). This needs willingness and
ability to operate across monodisciplinary boundaries at individual and institu-
tional level, but also time and resources. European centres and networks where
longer-term interdisciplinary research effort into coastal science and manage-
ment is institutionalised can play a key role. Again, FP6 instruments and the
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new European Research Area can be useful in supporting and encouraging the
appropriate research structures;

3. The catchment component of ‘catchment-coast interactions’, as identified in the
LOICZ science plan and adopted by ELOISE, has lagged behind and should re-
ceive a stronger focus, within the perspective of regional seas;

4. Global change is the backdrop of the whole LOICZ programme and conse-
quently of ELOISE. Its implications for the understanding and management of
European coastal seas, however, remain largely unaddressed.

We argue that a new vision for the longer-term development of the European
coasts is needed. Reaching the goals of the WFD, namely the achievement of a
good ecological station for all European waters, will require mutual interplay of
policy makers, coastal management and the coastal science community, building
on cooperation, multidisciplinarity and a better understanding of regional seas and
societal needs.
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Appendix 1: List of projects that provided input

in the survey

Project Full title of the project Project Project

Acronym Coordinator duration

ELOISE Projects

COSA Costal Sands as Biocatalytical Fil- Dr. Markus 2002-05
ters Huettel

DANUBS Nutrient Management in the Da- Prof. D. Helmut 2001-05
nube Basin and its impact on the Kroiss
Black Sea

DOMAINE Dissolved organic matter (DOM) in  Prof. Morten 2001-03
coastal ecosystems: transport, dy- S¢ndergaard
namics and environmental impacts

EROS-21 Biogeochemical Interactions be- Dr. Jean-Marie 1996-98
tween the Danube River and the Martin
North-Western Black Sea.

EUROCAT European Catchments - Catchments  Prof. Willem 2001-04
changes and their impact on the Salomons
coast

M&MS Monitoring & Managing of Euro- Ass. Prof. Jens 2001-04
pean seagrass beds Borum

MEAD Marine Effects of Atmospheric Prof. Tim Jickells ~ 2000-03
Deposition

MERCYMS An integrated approach to assess Prof. Nicola 2003-05
the mercury cycling in the Mediter-  Pirrone
ranean basin

MOLTEN Monitoring long-term trends in eu-  Dr. Daniel Conley  2001-04
trophication and nutrients in the
coastal zone: Creation of guidelines
for the evaluation of background
conditions, anthropogenic influence
and recovery

NTAP Nutrient dynamics mediated Dr. Celia Marrase ~ 2001-04
through turbulence and plankton in-
teractions

PROTECT PRediction Of The Erosion of Dr. Jonathan 2001-04
Cliffed Terrains Busby

SIGNAL Significance of External / Anthro- Dr. Maren Voss 2000-03
pogenic Nitrogen for Central Baltic
Sea N-Cycling

STREAMES  Human effects on nutrient cycling Dr. Franesc 2001-04
in fluvial ecosystems: Development  Sabater
of an Expert System to assess
stream water quality management
at reach scale.

TIDE Tidal Inlets Dynamics and Envi- Dr. Marco Marani ~ 2002-05

ronment
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Non-ELOISE projects

BIOBS Evaluation of coastal pollution James Wilson
status and bioindicators for the
Black Sea
DINAS- Dynamic and interactive assess- Richard Klein
COAST ment of national, regional and

global vulnerability of coastal
zones to climate change and sea-
level rise
EUROSION A European initiative for sustain- Stephane Lombardo
able coastal erosion management

EVALUWET European valuation and assessment ~ Ed Maltby
tools supporting wetland ecosystem
legislation

2002-05

2001-04

2002-03

2001-04




2. Land-ocean fluxes and coastal ecosystems —
a guided tour of ELOISE results

Peter M.J. Herman!, Tom Ysebaert, and Carlo H.R. Heip

Abstract

This chapter provides an overview of ELOISE projects that have concentrated on
biogeochemical cycles. We will address the question what new insight we have
gained from the ELOISE research, and how this fits in with an evolving scientific
view on the role of coastal systems in land-ocean interaction. Much of that discus-
sion will be on biogeochemical cycles of carbon and nutrients, and will keep the
problem of eutrophication and its consequences for the coastal systems in the fo-
cus of attention. We will end our contribution with a discussion on how these find-
ings could be used for improved management of the coastal systems, and what are
the focal points for future research.

Introduction

After the definition of its science plan in 1994, the ELOISE cluster of projects was
set up as the European contribution to the IGBP program LOICZ. The aim was to
bundle efforts of the European scientific community in elucidating some of the
outstanding scientific problems in the study of the role of coastal systems in the
interaction between the terrestrial and the oceanic realms.

Coastal systems, defined as estuaries and coastal seas, occupy a minor propor-
tion of the surface of the world’s seas, but contribute disproportionally to the cy-
cles of carbon and nutrients, since on average the intensity of processes is much
higher than in the deep oceans. They are also an important ecotone between the
terrestrial and the oceanic systems, and much of their characteristics and ecosys-
tem processes can only be understood in the context of this gradient.

In 1994, the ELOISE science plan (Cadée et al. 1994) was published as a result
of a workshop of European coastal scientists. The explicit aim of this science plan

! Correspondence to Peter Herman: p.herman@nioo.knaw.nl

J.E. Vermaat et al. (Eds.): Managing European Coasts: Past, Present, and Future, pp. 21-58, 2005.
© Springer-Verlag Berlin Heidelberg 2005.
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was to set a roadmap for the European contribution to the international IGBP pro-
ject LOICZ. The science plan highlighted the following objectives:

e Significance of coastal seas in global change. Emphasis in this section was on
origin and fate of organic matter, nutrients, trace elements, sediments and bio-
gases. The approach stressed the biogeochemical functioning of coastal ecosys-
tems, and its interaction with the structure (biological structure, e.g. species
composition, but also geomorphological structure) of coastal ecosystems;

e Human impact on coastal seas. The approach emphasised the regional and
global consequences of human impact through pollution, eutrophication and
physical disturbance;

e Socio-economic development and coastal seas. Here the focus was on a strate-
gic approach to the management of sustainable coastal zone resource use and
development. Much emphasis was placed on multidisciplinary approaches of
natural and socio-economic sciences, and on the analysis of management fail-
ures as a basis for better management in the future;

e Methodology and Implementation of ELOISE. The science plan pleaded for the
development of a European scientific infrastructure for coastal zone research
tools and data management.

The implementation of the ELOISE science plan had to follow standard proce-
dures for European R&D projects in the fourth and fifth frameworks. Project pro-
posals were invited for (amongst others) the topics proposed in the ELOISE sci-
ence plan. These proposals were selected on the basis of their scientific excellence
and their contribution to European scale economic and social development. Suc-
cessful proposals were accepted as projects and evaluated on the basis of their
ability to achieve the proposed objectives. Coordination of the ELOISE project
cluster did not take place at the level of proposal selection. It was only after the
selected projects were known, that the projects fitting within the ELOISE science
plan were clustered within ELOISE. Coordination between the projects in the
cluster was achieved primarily through the ELOISE Open Science Meetings or-
ganised by the European Commission. These meetings were also a means to
stimulate discussions and generate joint activities between projects.

After ten years of implementation, around fifty projects have been clustered as
ELOISE projects. About half of them are still running, and some of the running
projects have not yet published all their results. For the completed projects, most
of the scientific results have been published. These publications have received an
ELOISE publication number. The complete list, with abstracts, is made available
at the ELOISE web site. This overview will largely be based on these published
results. It may therefore miss information from on-going projects. However, we
judged it was better to base conclusions on peer-reviewed published results than to
use preliminary reports.

The main part of this paper will focus on the first of the four scientific objec-
tives from the ELOISE science plan. We will address the question what new in-
sight we have gained from the ELOISE research, and how this fits in with an
evolving scientific view on the role of coastal systems in land-ocean interaction.
Much of that discussion will be on biogeochemical cycles of carbon and nutrients,
and will keep the problem of eutrophication and its consequences for the coastal
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systems in the focus of attention. We will end our contribution with a discussion
on how these findings could be used for improved management of the coastal sys-
tems, and what are the focal points for future research coming out of the results.

A few of the completed ELOISE projects were so unrelated to the rest that we
considered them as ‘misclassified outliers’ (to use a term from ecological cluster-
ing) and have not further discussed their results. This applied to the project
CHABADA, which studied bacterial biodiversity, and the project CLICOFI on
metabolic and physiological adaptations to changed temperature in fish. The
DUNES project, which was directly aiming at improving dune management, also
fell out of the scope of this review, but has been reviewed in Williams (2001). The
BASIS project, studying the effect of climate change on terrestrial Arctic systems,
also had little affinity with the other projects. The concerted action BBCS on the
status of the Baltic mainly resulted in a review and discussion of the state of the
environment in this region. The resulting papers of Jansson and Stalvant (2001) or
Jansson (1987) could be consulted as a regional predecessor of the present attempt
to summarise results. Finally, we omitted the projects POPCYCLE, MAMCS and
MOE on atmospheric pollution by organic pollutants and mercury compounds.
These topics will be summarised elsewhere.

Input of nutrients into the coastal zone

Atmospheric nutrient inputs

The ELOISE projects ANICE (de Leeuw et al. 2001) and MEAD have focused on
nutrient inputs into coastal areas via deposition from the atmosphere. Atmospheric
inputs are particularly important for nitrogen. Atmospheric transport and deposi-
tion of other essential macronutrients (phosphorus, silicium) is not quantitatively
important compared to other inputs into the coastal sea.

Nitrogen is deposited from the atmosphere in different chemical forms. Many
nitrogen species in the atmosphere and in aerosols are chemically very reactive,
and therefore chemical dynamics within the atmosphere have to be taken into ac-
count in the models for nitrogen deposition.

The reactions in the atmosphere, moreover, have to take into account interac-
tions with variable aerosol concentrations and composition. The further develop-
ment of mathematical models for these interactions, combined with proper trans-
port modelling, has been the core objectives of ANICE (de Leeuw et al. 2001).
The project has not focused on a single model, but rather has developed several
modelling approaches, each with their own scope at different scales. For the North
Sea basin, Hertel et al. 2002 (ANICE project) estimated N deposition (Fig. 1), dis-
tinguishing different chemical forms and ways of deposition, as summarised in
Table 1.
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Fig. 1. Total atmospheric deposition of nitrogen (ton N km®) over the North Sea in 1999.

18
The results reflect the distribution of sources on the one hand, and precipitation on the other
hand. From Hertel et al. (2002 — ANICE project)

As can be seen from Table 1, wet deposition dominates N input into the North
Sea. This is true for the adjacent watersheds too, and it complicates the calculation
of the spatio-temporal distribution of atmospheric inputs at small spatial and tem-
poral scales. Wet deposition is tightly linked to rain events, the interaction of
fronts with polluted air masses and other short-term relatively local processes
(Jickells, 1998; Spokes et al. 2000). It is estimated that yearly average figures are
more reliable than local, short-term model estimates. However, with respect to in-
teractions between atmospheric input and the biological system in the water col-
umn, timing effects can be very important. It can be expected that the influence of
a nutrient input pulse in a nutrient-starved system has a much greater importance
than in a nutrient replete situation. This non-linearity calls for a closer examina-
tion of the interaction between atmospheric inputs and the biological system. This
is the subject of current research within the MEAD project.
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Table 1. Estimation of the different chemical forms and deposition modes of atmospheric
nitrogen into the North Sea. From Hertel et al. (2002)

Wet deposition  Dry deposition  Total deposition

kt % kt % kt %
NH, 24 3 19 3 43 6

NH," 191 27 36 5 227 32
NO, gas 151 21 43 6 194 27
NO, 210 30 35 5 245 35
N total 577 81 132 19 709 100

As for the origin of the nitrogen deposited via the atmosphere, two important
sources are recognized (Hertel et al. 2002). For the North Sea it is estimated that
38% of the total deposition originates from emissions related to agricultural activ-
ity (NH, and NH,") and 72% due to emissions from combustion sources (mainly
traffic, industry and power production) (aerosol phase NO, and gas phase NOy
compounds). A remarkable finding of this study is that ship traffic is a very sig-
nificant source of marine-deposited N.

Spatially, two pathways for atmospheric inputs are important: direct deposition
onto the water surface of estuaries and coastal seas, and deposition in the water-
sheds. The latter source, as it operates over large surfaces with atmospheric con-
centrations of nitrogen, which are often elevated because they are close to emis-
sion sources, is quantitatively important, even though a relatively small fraction of
the deposited N eventually reaches the rivers. In North-American estuaries, Castro
and Driscoll (2002) calculated that between 15 and 42 % of the N input into the
estuary was derived from atmospheric deposition in the watershed and river. It can
be assumed that this fraction will be similar in European estuaries. Adding this
fraction to the direct atmospheric input into the North Sea suggests that (direct and
indirect) atmospheric input of N is responsible for a significant proportion (one-
third to one-half) of the total (non oceanic) N input into the system.

Results from ELOISE and closely related research activities in Europe, demon-
strate that state-of-the-art analytical tools and models are available, and that these
are able to supply good estimates of atmospheric N input, as well as of the respec-
tive sources, at relatively coarse temporal and spatial scales. Application to other
areas than the North Sea might be wanting, but the models should be generic
enough to extrapolate easily. More research is needed at smaller scales, with par-
ticular emphasis on the non-linear interaction with biology. Moreover, the atmos-
pheric chemistry needs further process study and development of models. As at-
mospheric input of nitrogen is dependent on human-influenced sources,
continuous monitoring seems to be essential at the European scale.

Watershed processes

The ELOISE projects INCA and RANR have focused on the modelling of nutrient
transformation processes in the watershed and the river network. The main aim of
these projects was to relate statistics of land use and human (agricultural, domes-
tic) practices of nutrient input into the system, to the load of rivers.
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model. From Wade et al. (2002b)

The INCA project (see overview in Neal et al. 2002), has developed a generic de-
terministic model for application across Europe. The model includes land and
river processes, and is driven by spatially explicit input data. Figure 2 illustrates
the land and river processes in the INCA model.

Wade et al. (2002a) have developed a version of the model for phosphorus. The
cycles of both nutrients have not yet been fully coupled, and this remains a topic
for further research.

The INCA model has been applied across Europe to different catchments, in
order to cover variability in climatic factors (rainfall patterns, snow, temperature),
edaphic factors (peatland, sandy and loamy soils) and human-induced factors
(sewage outfalls, land use, atmospheric inputs). Neal et al. (2002) conclude that
overall a satisfactory result has been obtained, and that a good dynamic tool is
available for simulation of N output to the coastal zone.
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The model has allowed the calculation of a number of scenarios. Climatic change
scenarios show a significant effect of the yearly rainfall pattern on N output from
rivers (Limbrick et al. 2000). Jarvie et al. (2002) and Whitehead et al. (2002) show
that changes in land use are important. Up to a factor four differences in instream
N concentrations were found upon a change of land-use from arable land to waste-
land. Flynn et al. (2002) describe similar effects of changes in land use, and also
demonstrate that the effect of riparian buffer zones is limited.

Reductions of N input into rivers at sewage outlets have a direct and big effect
on the N concentrations and loads of rivers, and appear to be the most effective
measures to reduce riverine N load.

Although dynamic models such as INCA suffer from parameter and process
uncertainty (Wade et al. 2002b), they offer the advantage over regression-based
models that they capture within-year dynamics, and that they may also produce
more meaningful extrapolations when calculating scenarios of land use change
and climatic changes (Neal et al. 2002).

From the INCA project, a good and validated tool is available for dynamically
calculating N loads from European catchments. What is lacking is a systematic
application to all (or to the most important) European catchments. This is closely
related to data scarcity, since the model requires extensive input and validation
datasets. Further research is also needed on the coupling of organic loads and dif-
ferent nutrients, as well as on the representation of within-river dynamics of nutri-
ents and organic matter.

The RANR project has concentrated on the role of groundwater in the coupling
between watersheds and rivers. One of the basic problems tackled was the delay in
response of major German rivers (case study was the Elbe) after the considerable
reductions of N input in arable land in former East Germany from 1990 onwards.
In contrast to the input curve of N to cropland, which shows a sudden drop in
1990 and a slow increase afterwards, the N load of the river Elbe shows a very
gradual decrease over the decade. The delay in response is explained by the long
residence times of groundwater reservoirs. In the project these residence times
were calculated for some East-German watersheds, using spatially explicit
groundwater models (Kunkel and Wedland, 1997). Grimvall et al. (2000) present a
conceptual model with two reservoirs, one fast-responding and one with a long re-
sponse time, to explain the apparent paradox that nitrogen export from rivers (1)
reacts rapidly to increased input from point and diffuse sources and (2) has a very
long lag time after a reduction of the input. For nitrogen, the time scale of re-
sponse to reductions of input can be decades. For phosphorus, there is a rapid re-
duction in river concentrations from high to moderate upon reduction of the input,
but further reduction to low concentrations may take many decades, due to contin-
ued leaching of phosphorus from sediments in the river system. A typical output
from this conceptual model is illustrated in Fig. 3.

In contrast to the INCA project, the RANR project has not embarked on the
construction of fully deterministic models for nutrient dynamics in watersheds. In-
stead it applied a combination of deterministic models, statistical models and a
meta modelling based upscaling from one-dimensional vertical process models
(Forsman and Grimvall, 2003). The latter approach was applied in scenario stud-
ies, and formalized in a decision support system (Forsman et al. 2003a, 2003b).
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Fig. 3. Impact of changed input on the output of a model comprising two parallel compart-
ments with different residence times (1 and 10 years, respectively). From Grimvall et al.
(2000)

The mixed statistical-deterministic modelling approach in RANR is a promising
avenue in data-dense situations. It offers a number of appealing applications where
large sets of monitoring data, both in rivers and in groundwater, are available. This
aspect makes it a robust tool to evaluate and validate scenarios for these water-
sheds. It may, at the same time, limit its value as an upscaling tool to the whole of
Europe.

Groundwater dynamics are not only important within watersheds discharging in
a river. The project SUBGATE studied the direct submarine groundwater dis-
charge to the sea in a Baltic area (Kaleris et al. 2002 — SUBGATE). Direct subma-
rine groundwater discharge can be a very important route of water transport to the
sea, about 5 to 10 % globally but values up to 40 % of the river flow have been re-
ported (Moore 1996). At the SUBGATE study site, discharge rates of approxi-
mately 0.05 m’.s" per km of land-sea interface were reported. Modelling showed
that the pattern of discharge is spatially very variable, and that the process is very
difficult to measure from field data alone. The importance of groundwater dis-
charge for nitrogen fluxes to the sea is currently being investigated in the project
NAME.

River processes

Within the EROS2000/EROS21 projects, a full coupling of models was estab-
lished from the watershed, over the river, to the coastal area and the deep sea. The
study case was the Danube as it influences the north-western shelf of the Black
Sea and the whole of the Black Sea proper. The RIVERSTRAHLER model (Bil-
len and Garnier, 1999, Garnier et al. 2002), which was first applied to the Seine,
was used to describe nutrient and ecological dynamics in the Danube watershed
and river. This model synthesises the hydrological network of a river basin by
stream order, which reduces the computational load to a reasonable level. For dif-
ferent sub-basins, nutrient and organic inputs are derived from gross statistics
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(population density, type and intensity of industrial activity, fertiliser application,
land use). The river model for the different stream orders of several sub-basins
represents full ecological dynamics, including transformations of nutrients in the
ecosystem.

The model has been used to calculate nutrient and organic loadings from the
Danube before and after the big economic changes in the East. It has also been
used to calculate silicate deliveries to the Black Sea. Garnier et al. (2002); to re-
fute the hypothesis that the Iron Gate dams are responsible for the decrease of sili-
cate loads (Humborg et al. 1997) and to propose the alternative explanation that
increases of productivity as a consequence of increased nitrogen and phosphorus
loading are responsible for most of the silicate retention in the basin.
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Fig. 4. Example output of the RIVERSTRAHLER model. Average seasonal cycle of nitrate
concentrations in the upper course of the Danube for the period 1988-1990. Observational
data are given for comparison. From Garnier et al. (2002)

The applications of the RIVERSTRAHLER model, with minor modifications, to
several rivers (Seine: Billen et al. 2001; Danube: Garnier et al. 2002; Schelde: Bil-
len et al. in preparation) demonstrate the portability of the model across different
systems. It remains to be tested in more extreme European environments. The dy-
namic coupling between biological and nutrient dynamics makes the model a most
promising tool, also for scenario studies. It can take into account changes in nutri-

ent ratios of anthropogenic inputs, and deliver outputs that are useful for estuarine
and coastal sea ecological models.
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Estuarine transformations of nutrients
and organic carbon

Nitrogen cycle

Estuaries and coastal areas play an important role in the nitrogen cycle, as trans-
formers of nitrogen (through oxidation of reduced inorganic nitrogen forms, min-
eralisation of organic nitrogen input from terrestrial and riverine sources) and as
nitrogen sinks. The latter role depends critically on the process of denitrification.
Since this is an anaerobic process, it is mostly concentrated in deeper layers of the
sediment. The estuarine nitrogen cycle has been the subject of many studies (see
e.g. reviews by Nedwell et al. 1999 and Herbert, 1999) for a number of reasons.
Nitrification, the oxidation of ammonium to nitrate, can be a dominant process in
oxygen consumption in heavily loaded estuaries (e.g. Soetaert et al. 1995). Estua-
rine denitrification contributes to the removal of nitrogen, often the limiting nutri-
ent, from the biological cycle. In a first order, it has been described as a function
of estuarine residence time and nitrate loading (Dettman, 2001). Nitrogen trans-
formations also contribute to the formation of the greenhouse gas N,O.

Several ELOISE projects have concentrated on the nitrogen cycle in estuarine
and coastal habitats. Results of these studies have altered the view on nitrogen cy-
cling, stressing the link between nitrogen and carbon cycles and the importance of
incorporation (and subsequent immobilisation) of nitrogen into biomass. In es-
sence, these studies have modified the view on nitrogen cycling to make them
more dependent on the physical and biological setting in different systems, and to
stress the mutual dependence of light, physical conditions, nitrogen loading and
the effectiveness of estuaries as a ‘filter’ for nitrogen inputs.

Nitrogen fixation by pelagic cyanobacteria

The BASIC project concentrated on nitrogen fixation, and on the food web and
nutrient relations between nitrogen fixing cyanobacteria and other elements of the
microbial food web. Stal and Walsby (2000) monitored a N fixing cyanobacterial
bloom in the Baltic during a period of calm and stratified conditions, interrupted
by a deep mixing event as a consequence of a short-lasting storm. From the popu-
lation shifts they evaluated the relative importance of light, mixing and tempera-
ture in regulating N-fixing cyanobacteria and non-N-fixing picocyanobacterial
populations. They show that the seasonal cycle in water column stratification, as
well as the seasonal cycle in light availability, are the structuring forces for N fix-
ing blooms. The effect of temperature is secondary. These authors also demon-
strate the importance of picocyanobacteria in primary production, and show that
upon mixing these populations are able to sequester very rapidly the available ni-
trogen. Part of that nitrogen originates from excess fixation by the N fixing cyano-
bacterial populations.

An important problem that remains to be explained is why N fixing blooms
only occur in brackish temperate waters, and are confined to tropical and subtropi-
cal areas at full marine salinity.
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Gallon et al. (2002) show that for a bloom of cyanobacteria in the Baltic, rates of
primary production and N, fixation are out of phase, especially at longer time
scales. During the development of a bloom, the relative needs of the cells for fixed
carbon and nitrogen may change.

Repka et al. (2001) showed that nutrient concentrations (in particular phos-
phate) affect the growth rate of the N-fixing cyanobacteria Nodularia, but not its
toxin concentration. Engstrom et al. (2000) studied grazing by copepods on Nodu-
laria. They showed that the ability of the copepod Acartia to selectively avoid
grazing on Nodularia, provides a considerable advantage over other species.

Nitrogen cycle in vegetated sediments

The effect of plant (microalgae or macrophytes) growth on the N cycles in benthic
systems was the subject of many studies in the NICE and ROBUST projects.
Within NICE both microalgal-dominated sediments and sediments inhabited by
macroalgae and macrophytes (seagrass) were studied. The studies on microalgae-
dominated sediments (e.g. Siindback et al. 2000; Thornton et al. 1999; Ottosen et
al. 2001) were summarised by Risgaard-Petersen (2003) in an extensive meta-
analysis, complemented by laboratory experiments to detect causal factors. Until
recently, and mostly based on theoretical considerations, it was assumed that the
oxygen release into the sediments by benthic plants (directly by benthic algae, via
aeration of the rhizosphere by macrophytes) created favourable conditions for
coupled nitrification-denitrification. Ammonia produced by ammonification in the
sediment can be oxidised to nitrate in oxic sediment layers and can diffuse into the
anoxic zone and be denitrified. In principle, the extension of oxic-anoxic inter-
faces in sediment therefore increases the probability of coupled nitrification-
denitrification. Risgaard-Petersen (2003) convincingly showed for studies of
sediments inhabited by microalgae that this anticipated effect is overruled by am-
monium (and nitrate) uptake by the algae. Competition for the nitrogen substrate
decreases the amount of inorganic nitrogen available for coupled nitrification-
denitrification. The consumption of DIN is direct by the algae, but also indirect by
heterotrophic bacteria that quickly incorporate extracellular polysaccharides pro-
duced by the algae (Middelburg et al. 2000).

At a community level, the autotrophy-heterotrophy status of sediment commu-
nities will determine whether the sediment as a whole acts as a sink or source of
nutrients. Only when the sediment is net heterotrophic, can it be anticipated that
sufficient DIN will be set free and be available for denitrification. Several studies
demonstrated that, at least during productive seasons and especially in the light,
sediments dominated by microphytobenthos are net autotrophic. Serddio and Ca-
tarino (2000) developed a mathematical model for microphytobenthic production,
and showed that most variation is on relatively short time scales (hours to fort-
nights). Miles and Sundbick (2000, NICE) measured primary production by mi-
crophytobenthos at three sites across Europe. Their study shows that tidal regime
is the most important factor explaining between-site differences. Yearly integrated
productivity was generally comparable across sites. Barranguet et al. (1997 —
ECOFLAT) used pigment analysis to derive the fate of microphytobentic produc-
tion. They show that bacterial degradation in the sediment is the dominant fate in
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spring, while grazing becomes more important in summer. Only in exposed sedi-
ments, was resuspension a dominant loss factor. Benthic-pelagic exchange of mi-
crophytobenthos was further discussed by Lucas and Holligan (1999 -
ECOFLAT), Lucas et al. (2000 — ECOFLAT) and Middelburg et al. (2000 —
ECOFLAT). In general, export of microphytobenthic biomass was very limited at
muddy sites, but even in sandy sites the major part of the production is consumed
in situ.

Studies on sediments dominated by seagrass, both within the NICE and
ROBUST projects, confirm the trend that ‘vegetated’ sites are autotrophic or only
slightly heterotrophic, and that N uptake and storage in biomass is a dominant fac-
tor in the sediment N cycle, decreasing the potential denitrification (Welsh et al.
2000, 2001 — NICE; Ottosen et al. 1999 — NICE; Hansen et al. 2000 — ROBUST;
Risgaard-Petersen et al. 1998; Risgaard-Petersen and Ottosen, 2000 — NICE).
Nielsen et al. (2001 — ROBUST) showed elevated nitrogen fixation in the
rhizosphere of Spartina and Zostera compared to the bulk sediment. The study
suggests that sulphate reducing bacteria in the rhizosphere are a shunt between the
carbon and nitrogen cycles, as they contribute to nitrogen fixation based on carbon
flows derived from the plants.

Boschker et al. (2000 — ROBUST) show that the available organic carbon for
bacteria in Zostera sediments is mainly of algal origin. At least for this study site,
Zostera detritus can therefore be assumed to be either buried or exported from the
beds, which again stresses the importance of biomass as a key factor in the N cy-
cle. Similar findings have been reported by Gacia et al. (2002 — PHASE) in Posi-
donia seagrass meadows.

The comparison between different macrophytes highlights important differ-
ences in rhizosphere oxygenation (Heijs et al. 2000 — ROBUST; Azzoni et al.
2001- ROBUST). The dynamics of nitrogen uptake and release in macroalgae, e.g.
Naldi and Wheeler (2002, NICE) and Naldi and Viarola (2002, NICE) generally
showed much faster rates of uptake, storage and release of nitrogen by Ulva and
other macroalgae than by seagrass. This fast turnover and benthic-pelagic ex-
change of nitrogen may provide a habitat for much ‘faster’, opportunistic species
and occasionally for intense phytoplankton blooms.

Nitrogen sequestration in bacterial biomass
in pelagic estuarine systems

There is a striking similarity between the results discussed earlier for vegetated
sediments and results on N cycles in estuarine waters. Middelburg and Nieuwen-
huize (2000 — BIOGEST) showed very high nitrogen uptake rates by heterotrophic
bacteria in the Thames. The process was responsible for 50-90 % of the uptake of
different inorganic and organic nitrogen forms, and decreased the estimated turn-
over time of nitrogen in the water column by an order of magnitude compared to
estimates based on phytoplankton uptake only. The study also demonstrates the
role of organic forms of nitrogen. Amino acids were preferred over ammonium,
urea and nitrate as nitrogen sources to heterotrophic bacteria, although due to con-
centration differences the uptake of nitrate was highest in absolute value. In dif-
ferent European estuaries, Middelburg and Nieuwenhuize (2001 — BIOGEST)
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used stable isotope ratios to distinguish ‘true’ from ‘apparent’ conservative behav-
iour of nitrate in estuaries. They showed that significant turnover can occur at
short time scales, even if concentrations may appear ‘conservative’. This restricts
the usefulness of property-salinity plots to derive estimates of estuarine processes
(see also Regnier et al. 1998 — BIOGEST on that problem, more from a physical
point of view). In contrast to studies on vegetated sediments, however, storage of
nitrogen in biomass of pelagic heterotrophic bacteria may have short time scales
and not constitute a removal from the biological cycling for long time periods.

The results suggest a closer link between the cycles of nitrogen and those of
dissolved and particulate organic matter. This was also confirmed in mesocosm
experiments by Havskum et al. (2003 — NTAP — see below).

Coupling between pelagic nitrogen cycle
and other biogeochemical processes

Studies of pelagic biogeochemistry during the BIOGEST project revealed some
unexpectedly strong couplings between the nitrogen cycle and other biogeochemi-
cal processes. Abril and Frankignoulle (2001 — BIOGEST) showed that nitrifica-
tion had a significant influence on alkalinity of the water in the Schelde estuary.
Therefore the process influences pH of the water, and the inorganic carbon buffer.
It therefore indirectly influences the output of CO, to the atmosphere in the estu-
ary.

A remarkable link between suspended sediment dynamics and denitrification
was described for the Gironde by Abril et al. (2000a — BIOGEST). Fluid mud lay-
ers that form at every slack tide around neap tides, entrap every time a quantity of
nitrate that is very effectively denitrified as the fluid mud rapidly becomes anoxic.
The process is probably not extremely important for the estuary-wide nitrogen
budget, but demonstrates very nicely how denitrification depends on spatially and
temporally variable oxic-anoxic interfaces. Moreover, it has a significant effect on
the N,O production rate in estuaries.

The rapid uptake of dissolved inorganic nitrogen by pelagic heterotrophic bac-
teria, as well as by benthic primary producers (see above), provides a closer link
than previously thought between particulate organic nitrogen and dissolved inor-
ganic nitrogen in estuaries. Also, due to repeated sinking and re-suspension of par-
ticle-associated bacteria, it may intensify the coupling between pelagic and ben-
thic N cycles.

New and poorly known processes in the nitrogen cycle

Several published ELOISE studies document the occurrence and rate of Dissimila-
tory Nitrate reduction, a process consuming nitrate and reducing it to ammonium.
Welsh et al. (2001 — ROBUST) document it from a seagrass meadow, and stress
the importance of the process as a possible source of N,O to the atmosphere. The
process was also measured by Christensen et al. (2000 — NICE) under trout cages
in a Danish fjord. The authors show that significant DNRA only occurs under the
heavy organic loading of the sediment, occurring right underneath the cages. Little
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is know about the factors determining the occurrence and rate of the process. This
point needs further study.

Of similar or even larger importance may be the recently discovered
ANAMMOX process (Dalgaard and Thamdrup, 2002; Thamdrup and Dalsgaard,
2002), which is a reaction involving nitrate and ammonium, and leading to the
production of N, and thus removal of reactive nitrogen from the system. The proc-
ess was described to be important at least at a few study sites. Depending on its
(unknown) importance for estuarine systems, it may require a thorough revision of
our views on coastal N cycles. This discovery illustrates the importance of contin-
ued fundamental research, even on relatively well studied problems as the envi-
ronmental nitrogen cycle. Current concepts and models may have to be adjusted to
incorporate new discoveries.

A coupled view of sediment biogeochemistry

Sediment biogeochemistry is determined by a complex of (chemical, microbi-
ological and macrobiological) processes that closely interact. Although many
processes have been studied in great detail, the outcome of the whole, and espe-
cially the changes in fluxes and rates as a consequence of changed forcing, remain
difficult to predict. The effect of ‘vegetation’ on nitrogen fluxes, as discussed
above, is just one example. Within ELOISE projects, other biogeochemical reac-
tions have been extensively studied. The ROBUST and ISLED projects devoted
special attention to sulphate reduction, and the occurrence of free sulphide as a
toxic agent to higher plants and animals. Heijs et al. (2000 — ROBUST) show the
importance of radial oxygen loss in preventing the occurrence of free sulphide in
the sediment. The potential capacity for microbiological sulphide oxidation is
high, but the realised rate is mainly limited by oxygen. When, in Ruppia mead-
ows, the radial oxygen loss becomes too small after spring, the Fe buffer for sul-
phide shows a quick overflow, and the free sulphide causes damage to the plants,
leading to a further reduction of sulphide oxidation capacity. This leads to a strong
release of (originally Fe-bound) phosphorus from the sediment, and the system
further collapses. For the saltmarsh plant Spartina anglica, Holmer et al. (2002 —
ISLED) show that it is able to oxidise sediments and reduce sulphate reduction
rate in the sediments significantly, even when the sediment is permanently water-
logged. These authors therefore predict little impact of sea level rise on this spe-
cies, except perhaps in the most seaward stands where sulphate reduction rates in
the sediment are highest — and where the presence of the plant is most important to
prevent erosion. Gribsholt and Kristensen (2002 — ISLED) demonstrate the large
influence of both the plant Spartina anglica and the worm Nereis diversicolor on
the oxygen distribution in sediments. Root oxygenation and bioturbation by the
worm both reduce the relative importance of sulphate reduction as a mineralisa-
tion pathway, although they hardly influence the total sediment metabolism. The
plants appear to be superior competitors to the worms in mesocosms where both
were incubated.

De Wit et al. (2001), in an overview of the ROBUST project, discuss the link
between Fe, Ca, sulphide and phosphorus dynamics in sediments. They propose
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the existence of different ‘buffers’ in the sediment system, which can gradually be
filled. As an example, Fe can react with free sulphide and thereby detoxify the
sulphide. Fe and Ca bound complexes of phosphorus sequester phosphorus in the
sediment, preventing its release and re-use for further primary production. Higher
plants buffer against sulphide and P release by oxygenating the sediment. Sul-
phide-oxidising bacteria (in the presence of oxygen) also remove sulphide. When
these different buffer systems overflow, mechanisms slowing down the rates of
nutrient turnover are shunted, and the entire ecosystem will change structure and
come into a mode of faster production, mineralisation and nutrient turnover. Sev-
eral pieces of evidence for this hypothesis have been brought forward, but a fur-
ther elaboration of this model of alternative stable states, as well as a direct ex-
perimental test, would be very worthwhile.

Within the EROS-2000 and EROS-21 projects, sediment biogeochemistry was
studied as an important part of the whole ecosystem response of the north-western
Black Sea shelf to variations in nutrient and organic input from the Danube and
other major rivers. Friedl et al. (1998 — EROS) present results of benthic lander
incubations. Sediment-water fluxes of oxygen, ammonium, silicate, orthophos-
phate, iron, manganese and sulphide were simultaneously measured at sites along
an onshore-offshore transect. In general, a decrease of all benthic fluxes with dis-
tance from the coast was observed. Benthic regeneration of phosphate and silicate
was very important. It contributed fluxes to the shelf system of the same order of
magnitude as the Danube river fluxes. However, the N:P ratio of benthic fluxes
was drastically different from that in the Danube outflow. Strong benthic denitrifi-
cation led to an N-deficient outflux. Friedrich et al. (2002 — EROS) present similar
results, but add seasonal dynamics. They show that oxygen depletion in summer
leads to enhanced iron and manganese outfluxes from the sediments. Wijsman et
al. (2001 — EROS) show that these iron effluxes from the shelf are sufficient to
explain the trapping and deposition of iron in the anoxic basin of the Black Sea.
Wijsman et al. (1999) discuss the relation between sediment biogeochemical proc-
esses and the structure and function of the macrobenthic animal community on the
Black Sea shelf. For the shelf sediments, Wijsman et al. (2002 — EROS) provide a
coupled diagenetic model. They predict from model runs that there are critical or-
ganic loading levels of sediments, where the sediment chemistry suddenly
switches from oxic mineralistion to iron/manganese dominated mineralisation, and
from these to sulphate reduction dominated mineralisation. The responses are
highly non-linear due to the dynamics of re-oxidation of the reduced reaction
products, which decrease redox potential and push the system further into the
more reduced state.

A very generic non-linear coupled diagenetic model was developed within the
ECOFLAT project (Meysman et al. 2003a,b). Application of this modelling tool to
some of the datasets produced within this and other ELOISE projects would be a
most meaningful exercise. Soetaert et al. (2000, 2001 — METROMED) discuss the
general problem of coupling sediment diagenetic models to ecological models for
the water column. As the full dynamic calculation of diagenesis for every cell of
the water model is too costly, they propose a number of alternative efficient
schemes that allow for a very reasonable representation of benthic processes in
coupled ecosystem models at a relatively low computational cost.
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Metal biogeochemistry — the extreme case of the Tinto/Odiel rivers

The Tinto/Odiel rivers and estuary in southern Spain, the case study of the
TOROS project, has very extreme biogeochemical characteristics. As such it pro-
vided an excellent study area to investigate metal biogeochemistry (e.g. Cossa et
al. 2001). These rivers, with a pH < 3, drain the largest sulphide mineralisation of
the world, and have been subject to mining for over 4500 years (Elbaz-Polichet et
al. 2001a). In addition, the estuary receives drainage from a phosphogypsum de-
posit, and during the study period there was an accidental mine tailings spill
(Achterberg et al. 1999 — TOROS). The follow-up of this accident showed that a
combination of meteorological conditions, human removal measures and estuarine
processes reduced the short-term impact of the disaster considerably. On the long
term, however, the estuary is a constant sources of metals to the Mediterranean
Sea (Elbaz-Polichet et al. 2001b). The transport and fate of metals flowing out of
the estuary has been successfully modelled using a coupled 3D model.

Release of biogases

Carbon dioxide

The project BIOGEST concentrated on the role of coastal and estuarine ecosys-
tems in the global cycles of carbon dioxide (CO,) and other greenhouse gases. In
an extensive review, Gattuso et al. (1998) discussed the autotrophic / heterotrophic
status of whole coastal ecosystems. Although considerable uncertainty remains
due to lack of data and difficulties in upscaling from individual measurements to
the scale of the ecosystem, they tentatively concluded that all coastal systems,
with the notable exception of estuaries, are (slightly) autotrophic. Estuaries in
general are sites of concentrated heterotrophic activity, fuelled by external organic
inputs of terrestrial and riverine origin. Besides organic loading, also nutrient
loading and light conditions (influenced by suspended sediment loading and dy-
namics) influence the outcome of the trophic balance. Cabecadas et al. (1999 —
BIOGEST) summarise the role of nutrients, light and biogeochemical transforma-
tions in the European estuaries Scheldt, Sado and Gironde. These relations were
formalised in a coupled biogeochemical model for the Scheldt (Vanderborght et
al. 2002 — BIOGEST). Frankignoulle et al. (1998 — BIOGEST) use their estimates
of the CO, balance in the major European estuaries, to extrapolate to the whole es-
tuarine surface in Europe. They conclude that the CO, emission from estuarine
waters corresponds to 12 % of the anthropogenic CO, emission in Europe, and is
therefore highly significant for the regional CO, budget. Part of the CO, emitted
from estuarine waters is advected from the river, and released in the estuary as a
consequence of pH changes in the water. However, this percentage was relatively
low (around 10 % of total emission) for the Scheldt estuary (Abril et al. 2000b —
BIOGEST). The majority of the enhanced CO, emission is locally produced from
heterotrophic transformations of advected organic matter. Stable isotope ratios of
suspended and dissolved organic matter in estuaries show clear indications of the
important transformations taking place within the estuary (Middelburg and Nieu-
wenhuize, 1998).
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Data for the Southern Bight of the North Sea (Borges and Frankignoulle, 1999,
2002 — BIOGEST) show a gradual transition from a heterotrophic plume close to
the estuarine mouth, to an autotrophic zone more offshore. This is demonstrated in
Fig. 5, which shows the transition from oversaturation to undersaturation in CO,
around the mouth of the Scheldt estuary. Offshore, it can be assumed that nutrients
brought into the coastal waters enhance productivity, whereas water transparency
increases beyond the zone of settlement of fine particles. A similar pattern was de-
scribed in relation to functioning of benthic communities off the Danube mouth in
the Black Sea by Wijsman et al. (1999 — EROS). It is a matter of intense research
at this moment if, and how, these patterns extrapolate to the whole of the North
Sea and other coastal seas.

Benthic-pelagic exchange, as well as functioning of the pelagic ecosystem, are
also strongly influenced by sedimentation and resuspension of particulate matter.
Lemaire et al. (2002 — BIOGEST), in developing a typology of phytoplankton
communities in European estuaries, revealed that suspended particulate matter
content is one of the prime factors determining community composition. When
SPM is sufficiently low to allow for primary production, estuarine residence time
of the water determines whether genuine estuarine communities can develop. At
sufficiently low SPM and sufficiently high residence times, nutrients come into
play. In the other cases, the estuaries will be highly heterotrophic and export their
nutrients to the coastal sea.
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Fig. 5. Isolines of pCO, in the plume of the Scheldt estuary (Southern Bight of the North
Sea), demonstrating the transition from over- to undersaturation as one progresses from the
estuary to the coastal sea. From Borges and Frankignoulle (2002).
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Apart from extending to more offshore waters, a major challenge in the quantifica-
tion of the autotrophy/heterotrophy balance of estuaries and coastal systems is in
downscaling to smaller spatial scales than the entire estuary. In particular, the rela-
tive importance of different subsystems, such as the sediment communities of tidal
flats, shallow subtidal vegetated areas and deep gullies, and the pelagic system in
different salinity zones or vertical strata of estuaries remains an open question,
which is being studied in the ongoing project EUROTROPH. Relatively many
data have been collected for different intertidal or shallow subtidal areas in Euro-
pean estuaries, but extensive GIS databases are needed in order to extrapolate
measurements to the whole ecosystem. Middelburg et al. (2003) summarize the
available data on benthic respiration.

Methane

Methane (CH,) emissions from estuaries to the atmosphere have also been esti-
mated as part of the BIOGEST project. The order of magnitude of the emissions
showed that estuarine emissions are relevant with respect to total marine emis-
sions, but not with respect to global emissions that are largely dominated by ter-
restrial and freshwater wetland systems.

Apart from their importance in global cycles, the relevance of measurements of
estuarine methane concentration is that they point to poorly described processes
that are potentially important for estuarine biogeochemical functioning. Middel-
burg et al. (2002 — BIOGEST) report possible influences of processes on intertidal
flats, of groundwater release into rivers and estuaries, and of tidal pressure differ-
ences influencing ebullition of methane. More direct investigations are clearly
needed to quantify fluxes associated with these phenomena.

Riparian vegetation has a considerable influence on methane oxidation in the
oxidised rhizosphere. The effect differs between seasons and also between species
(Van der Nat and Middelburg, 1998a, 1998b). The net overall effect of marsh
vegetation on methane emission is positive, i.e. fluxes are enhanced (van der Nat
and Middelburg, 2000).

Dimethyilsulfide

The physiological and biochemical processes involved in dimethylsulfide (DMS)
and DMSP production, as well as the food web interactions leading to DMS re-
lease in seawater, were the subject of the ESCAPE project. Stefels (2000 —
ESCAPE) reviews the biochemical regulation of DMSP formation, as well as the
influence of environmental factors on the process. She proposes as a basic model
that DMSP production forms part of an overflow mechanism, where phytoplank-
ton have to channel excess carbon fixed when growth is difficult due to nutrient
limitation. Archer et al. (2000, 2001, 2003 — ESCAPE), showed directly in natural
waters that the ingestion of particulate DMSP by microzooplankton could account
for the measured rates of DMS production in seawater. However, also non-grazing
mortality processes, such as viral lysis, enhance DMS concentrations in the water
(Malin et al. 1998). Simo et al. (1998a, 1998b, 2000) discuss the biological pro-
duction and consumption of DMSO.
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Jonkers et al. (2000 — ROBUST) measured DMS production in sediments with
and without Zostera. They showed that light and oxygenation reduced production
rates, whereas increased organic loading, darkness and anoxia increased the rate.
Zostera had a net decreasing influence on DMS production. Welsh (2000 —
ROBUST) reviewed the role of DMSP as one of the organic metabolites that can
be used to osmoregulate, and serve at the same time other roles (e.g. anti-
predation).

Nitrous oxide

Nitrous oxide (N,O) is released as a by-product of several transformations in the
nitrogen cycle, including nitrification, denitrification and dissimilatory nitrate re-
duction. Its release is thus closely linked to the intensity of these processes. It is,
however, also under environmental control. In the Scheldt, de Bie et al. (2002 —
BIOGEST) demonstrate that in particular nitrification under suboxic conditions
leads to enhanced N,O production. Such conditions can easily be met around the
Maximum Turbidity Zone in estuaries.

Marty et al. (2001 — METROMED) discuss N,O and CH, production in two
oceanic shelves, the Gulf of Lions and Thermaikos Gulf and Abril et al. (2000 —
BIOGEST) report N,O production in fluidised muds of the Gironde estuary.

Structure and function of ecosystems
under anthropogenic pressure

Nutrient loading and the response in coastal pelagic communities

Over the past decades, the scientific view on the pelagic food web has changed
from a linear food chain model to a food web model in which the microbial ‘loop’
plays an essential role. This paradigm change has important consequences for
modelling the effects of eutrophication on coastal ecosystems. In the COMWEB
project pelagic food web changes upon nutrient enrichment were analysed along
two dimensions. Spatially, communities from the Mediterranean Sea, the North
Sea, the NE Atlantic and the Baltic were studied. Temporally, short-term re-
sponses in mesocosm experiments, seasonal-scale responses in an experimentally
enriched lagoon, and long-term responses in eutrophicated coastal communities in
the North Sea were compared. Formal food web analysis was applied to all study
systems, using inverse modelling. Short-term responses in the microbial food web
in all communities were small. It was concluded that the microbial food web is
more or less in steady state between production and consumption in these commu-
nities (a reasonable assumption since the incubations were started with summer
communities), and that it adjusts its internal equilibrium very fast. Nearly linear
responses were detected in the larger components, both in biomass and primary
production (Fig. 6).
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Fig. 6. Responses of coastal ecosystems on nutrient additions. Biomass of autotrophs (left)
and primary production (right) expressed as a function of N dose in mesocosm experi-
ments, an experimentally enriched lagoon, and the Southern North Sea. Results of the
COMWEB project. From Olsen et al. 2001

The experimental time scale was too short for the grazers to adapt to the changed
nutrient inputs. One notable exception was in the Mediterranean Sea mesocosm
experiments, where production initially rose with nutrient additions, but then lev-
elled off quickly, while biomass did not respond at all. Increased cell lysis and
production of DOC (Agusti et al. 1998) explains this non-response to nutrients. It
was suggested that nutrient ratios may alter the response, with N enriched inputs
(relative to other nutrients) capable of provoking a biomass increase (Olsen et al.
2001). This result is unexpected in P-limited systems and not well explained. Me-
dium-term responses in the lagoon were qualitatively similar, but lower in magni-
tude, since larger grazers had been able to adapt to the new situation. It is sug-
gested that adjustment of the benthic compartment could further reduce the
response at longer scales.

Long-term responses in the North Sea showed consistent changes in biomass
and production with the medium-term responses of the lagoon. However, closer
examination of the North Sea coastal system (Gasparini et al. 2000 - COMWEB;
Rousseau et al. 2000 —- COMWEB) shows that the major response to nutrient addi-
tions in disequilibrium (much higher N additions than P and Si) is translated into a
bloom of Phaeocystis globosa, a species that is not grazed by copepods and actu-
ally inhibits copepod grazing on diatoms. Phaeocystis production is mainly proc-
essed by the microbial foodweb, and transfer of this production (via microzoo-
plankton) to mesozooplankton is particularly poor: only 1.6 %, compared to 34 %
transfer efficiency from diatom production to mesozooplankton grazing. A scheme
for the foodweb structure and flows in spring is given in Fig. 7 (from Rousseau et
al. 2000).

Mesocosm experiments by Havskum et al. (2003 — NTAP) demonstrate that in-
creased primary production by diatoms follows upon nutrient addition in the pres-
ence of silicate. This increase in primary production occurs independent of the ad-
dition of glucose to the mesocosms. In silicate-deplete mesocosms, however,
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glucose addition results in bacterioplankton that can successfully compete with
(non-diatom) phytoplankton for mineral nutrients. The importance of bacteria-
phytoplankton competition for nutrients, and the success of large, relatively un-
grazable phytoplankton in this competition, provide a partial mechanistic under-
standing of whole-community enrichment experiments.

The EULIT project investigated the response of hard substrate littoral commu-
nities to nutrient enrichment. Between the treatments, little or no change in bio-
mass and primary production were found (Bokn et al. 2001; Kersting and Lind-
blad, 2001). Barrén et al. (2003) showed that the community is highly autotrophic,
due to a high DOC and POC export. They suggest that this high export prevents
the community from showing eutrophication symptoms. Alternatively, the harsh
physical environment and space competition could limit primary production, with
nutrients being only of secondary importance. In this respect, these communities
could be comparable to light-limited communities in turbid estuaries.
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al. (2000).
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An integrated study of biogeochemical processes in the Black Sea, concentrating
on the gradient from the Danube mouth to the outer shelf (EROS project) revealed
the complex ecosystem reactions to the riverine loading. Ragueneau et al. (2002 —
EROS) documented an efficient biotic and abiotic removal of phosphorus from the
inflowing river water, strong benthic denitrification, high benthic dissolved sili-
cate regeneration, mortality of freshwater phytoplankton, intense nitrification as
the main processes resulting in strong changes of nutrient ratios along a spatially
limited gradient of salinity in the river plume.

Phosphorus deficiency has unexpected results, in that it seems to be limiting
heterotrophic bacterial activity, leading to a seasonal accumulation of dissolved
organic carbon (Becquevort et al. 2002 — EROS - see also Saliot et al. 2002 —
EROS). Results from these measurements were used in a coupled ecosystem
model by Lancelot et al. (2002 — EROS). The model was used to hindcast the
changes in the Black Sea shelf ecosystem over the past decades. It demonstrates in
a dramatic way the importance of nutrient ratios in the input waters for the func-
tioning and structure of the ecosystem. A peak in the eutrophication of the Black
Sea shelf was reached in 1991, when nutrient inputs were high and well equili-
brated. In accordance with the COMWEB experimental results (see above) this
well-equilibrated eutrophication resulted in an enhancement of the linear food
chain. Most of this production in the Black Sea at the time went to the gelatinous
zooplankton, where it resulted in the strong bloom of the introduced species Mne-
miopsis. It is probable that strong overfishing has prevented this production from
going to fish (Gucu, 2002 — EROS). Less balanced nutrient ratios in the eutrophi-
cation prevailed in the 1980's and the late 1990's. N or P deficiency in the nutrient
input favoured the microbial food web, with primary production going to the mi-
crozooplankton and only a small fraction transferred to higher trophic levels.

The model has high biological resolution (about 30 state variables) at the ex-
pense of spatial resolution. However, a clever coupling with a detailed 3-D hydro-
dynamic model (Beckers et al. 2002 — EROS) provided a sound physical basis for
its application. The high-resolution hydrodynamical model, coupled to a simple
biological model, was able to describe the importance of mesoscale phenomena
(frontal structures, coastal exchange) in the distribution of chlorophyll over the en-
tire shelf. This proved very useful input in explaining patterns in macrobenthos
(Wijsman et al. 1999).

The benthic food web

In contrast to the pelagic microbial food web that has been intensively studied for
the last decades relatively little is known about the microbial food web in sedi-
ments. Numerous studies, also in the ELOISE context, have addressed the rates
and regulations of biogeochemical processes, such as denitrification, sulphate re-
duction etc. (see above). The fate of the (bacterial) biomass produced during these
processes, as well as its relative importance as food for benthic heterotrophic eu-
karyotes, in comparison with detrital organic matter deposited onto the sediment,
remains largely unresolved. Also for macrobenthos, for which extensive autecol-
ogy studies are available, it remains unclear which fraction of the total organic
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matter in sediments can be considered as food resources. At the scale of entire es-
tuaries, a literature review has revealed a tight correlation between macrobenthic
biomass and primary production in the system (Herman et al. 1999 -
PHASE/ECOFLAT). This relation suggests a bottom-up control on macrobenthos
and has consequences for possible effect of eutrophication — in particular it also
predicts a decrease of (harvestable) benthic populations upon eutrophication
abatement. However, not more than a fourth to a third of the organic matter sedi-
menting seems to be of any use to macrobenthos. It is unsure what determines the
magnitude of this fraction, although one of the influences may be the macroben-
thos’ own bioturbation activity. Kristensen and Holmer (2001 — ISLED) described
markedly higher decomposition rates of organic matter as a consequence of sedi-
ment oxygenation due to bioturbation. However, conflicting results were obtained
by Dauwe et al. (2001 — ECOFLAT).

The ECOFLAT project has devoted considerable attention to the structure and
functioning of the (microbial) food web in the sediments of an intertidal flat. Feed-
ing relations between bacteria, microphytobenthos, heterotrophic nanoflagellates,
ciliates, nematodes and macrofauna have been elucidated, using a combination of
field observations, lab experiments and field experiments (Moens et al. 1999a,
1999b, 1999c, 2000, 2002; Hamels et al. 1998, 2001a, 2001b; Middelburg et al.
2000; Herman et al. 2000, 2001). Turnover of microphytobenthos was dependent
on sediment granulometry, being much faster at a sandy than at a muddy site
(Middelburg et al. 2000). This was related to more intense grazing by microfauna
and meiofauna at the sandy site (Hamels et al. 1998). Nematodes grazed directly
on microphytobenthos (Moens et al. 2002), but are also important predators on
ciliates that graze on the benthic algae. Both meiofauna (Moens et al. 2002) and
macrofauna (Herman et al. 2000) very selectively ingest POC derived from mi-
crophytobenthos. Their natural stable isotope ratio is very near to that of the algae,
and very different to the ratio of the bulk POC in the sediment (Fig. 8).

The crucial role of microphytobenthos for the benthic food web on intertidal
flats and shallow (euphotic) subtidal sediments complements the results on their
important role in the N budget of sediments. Microphytobenthos appears to be one
of the key elements in the material and energy flow in these systems, and an im-
portant determinant of macrobenthic life. Besides this role, it is also a strong struc-
turing factor, by its effect on stabilisation of the sediment (see below).

The benthic food web studies jointly indicate that organic matter quality is very
important, and that there is a large difference, for benthic animals, between ‘or-
ganic matter’ and ‘food’. Much work remains to be done to further characterise
organic matter quality and estimate the feeding conditions for benthic animals bet-
ter (e.g. Dauwe et al. 1998 — ECOFLAT). This fundamental work is a prerequisite
for a better understanding of organic matter cycling in sediments upon organic or
nutrient enrichment. The general problem is how to relate spatial distributions of
benthic populations that can be described well with statistical models (e.g. Yse-
baert et al. 2002; Ysebaert and Herman, 2002 — ECOFLAT; Thorin et al. 2001 —
EUROSAM) to causal mechanism relating benthos to the general ecosystem func-
tioning.
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Fig. 8. Illustration of the role of microphytobenthos as food for intertidal macrobenthos.
(A) stable isotope signatures of most macrobenthic species are in between those of phyto-
plankton (8"°C ~ -20 %) and microphytobenthos (8"°C ~ -15 %o) but much higher than those
of bulk POC in the sediment (§"°C ~ -23 %o). (B) The relation between the biomass of mi-
crophytobenthos-dependent macrobenthos and production by the benthic alga. Both figures
from Herman et al. (2000)

Josefson et al. (2002 — KEYCOP) and Josefson and Hansen (2003 — KEYCOP)
described vertical deposition of phytoplankton from a benthic point of view. They
found that diatoms (a high proportion of which were viable cells) were a major
component of the flux. They described a remarkably low use of this fresh material
by the benthos in mesocosms. Reigstad et al. (2000 — ESCAPE) studied input of
POC to the benthos in Norwegian fjords as a function of copepod grazing in the
pelagic. Their study shows that a match (and occasional mismatch) between the
timing of copepod advection into the fjord and blooming of the phytoplankton de-
termines whether the POC will sink mainly as phytoplankton cells or as faecal pel-
lets.
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The role of physical forcing

Physical processes and ecosystem functioning interact at a multitude of scales,
ranging from turbulence effects below the Kolmogorov length scale, to transport
at the scale of ocean basins.

The NTAP project studies the effect of turbulence on feeding interactions in the
microbial food web. Turbulence levels affect many vital rates of microorganisms
(review by Peters and Marrassé, 2000). It also affects interspecific interactions,
e.g. by increasing the particle size range grazed by microheterotrophs, thus reduc-
ing grazing on bacteria (Peters et al. 2002 — NTAP). In nutrient-enriched meso-
cosms, turbulence increased the relative importance of phytoplankton to bacteria,
the phytoplankton species composition, and the stoichiometry of the particulate
organic matter (Arin et al. 2002; Maar et al. 2002 — NTAP). Thus it can be ex-
pected that outcomes from nutrient enrichment will be different in coastal systems
differing in their turbulence intensity, a feature that is related to tidal regime, wind
stress and general hydrography.

Turbulence of the water column has a profound influence on vertical mixing,
and thus on the benthic-pelagic coupling. The relative role of benthic suspension
feeders as a grazing control of phytoplankton development critically depends on
vertical mixing rates (review in Herman et al. 1999 — PHASE / ECOFLAT). Graz-
ing by benthic suspension feeders can be very important, as these animals have the
capacity to filter large volumes of water per unit of surface and time. Experiments
within PHASE also demonstrated that benthic beds of filter feeding mussels can
themselves enhance turbulent mixing of the water column, and therefore increase
the fluxes of food towards the bed (Herman et al. 1999). The conditions under
which benthic filter feeders can effectively act as eutrophication controls remains
an important topic of study in predicting the response of diverse coastal systems to
nutrient inputs. The effect of vertical mixing on the benthic-pelagic exchange can-
not be uncoupled from its effects on the dynamics of phytoplankton. In deeper
systems, phytoplankton blooms depend on stratification and reduced mixing
length for the onset of the bloom, which effectively cuts them off from benthic
grazing. In shallower systems, this coupling/uncoupling will be very different be-
tween tidally well-mixed systems and (partially) stratified, occasionally wind-
mixed systems. Modelling these processes is the subject of the ongoing MABENE
project.

Estuarine suspended particulate matter is, at least in part, under biological con-
trol (Herman et al. 2001 — ECOFLAT). Measurements of sediment erodability,
among others in the ECOFLAT project, have shown that the development of ben-
thic algal mats can greatly enhance sediment stability (Widdows et al. 2000).
Grazing by macrobenthos, on the other hand, reduces sediment stability. Lucas
and Holligan (1999) and Lucas et al. (2000) showed that these effects could be
found back in the exchange of algal material between the bed and the water col-
umn. Van de Koppel et al. (2001) investigated the relation between sediment silt
content, algal development and bottom shear stress. Their model suggests that al-
ternative stable states occur in sediments, which can either be in the ‘algae-silt-
stable’ state, or in the ‘sand-no algae-dynamic’ state, with strong positive feed-
backs maintaining systems in one or the other state at similar external forcing.
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Within the METROMED project, Redondo et al. (2001), and Thill et al. (2001)
have also contributed to a better understanding of the dynamics of particles in es-
tuaries, and the interactions with the bed. Karageorgis and Anagnostou (2001 —
METROMED) investigated the effects of larger-scale horizontal advection and
vertical sinking on the dynamics of particulate matter in shelf areas and the coastal
ocean.

Basin-scale modelling

At a basin scale, coupling of 3-d hydrodynamic models with (simple) biogeo-
chemical models has successfully been applied to the Black Sea within EROS
(Stanev and Beckers, 1999; Stanev et al. 1999; Beckers et al. 2002). They demon-
strated that a high spatial resolution in the model was needed to reproduce ob-
served distributions of chlorophyll (Barale et al. 2002). A similar model type was
used to estimate the transport of metals from the Tinto/Odiel system to the Medi-
terranean sea (Elbaz-Polichet et al. 2001a). Coupled modelling is also an impor-
tant aspect in the ongoing OAERRE project.

Tusseau-Vuillemin et al. (1998 — METROMED) used a coupled 3D model for
the Gulf of Lions. The model was calibrated using a 1-D vertical version. Model
runs demonstrated that the shelf acted mostly as a sink for nitrate, except in winter
when nitrate was exported to the open sea. This conclusion is in accordance with
the hypothesis that shelf seas are usually autotrophic (see above).

Conclusions

In this section we follow the major objectives of the ELOISE programme, and dis-
cuss in how far the published ELOISE results fulfil the expectations.

A shifting view on coastal ecosystem processes

Human impact on coastal ecosystems through eutrophication and physical impacts
is complex because any impact is translated into many non-linear ecological inter-
actions. ELOISE research has contributed significantly to a better understanding
of these relations, as highlighted above. It has become increasingly clear that a
proper conceptual model for eutrophication should consider such aspects as nutri-
ent sequestration in biomass and the turnover time of this biomass, competition for
inorganic nutrients between bacteria and phytoplankton, the role of the microbial
foodweb and the factors favouring the channelling of nutrients into this very inef-
ficient food web, the high importance of nutrient ratios for ecosystem response
and the complex riverine, estuarine and coastal processes affecting these ratios,
the importance of physical processes in shaping the response of the pelagic system
and in determining benthic-pelagic coupling, the complex and highly selective
utilisation of organic input into benthic systems and the large role played by mi-
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crophytobenthos in shallow benthic systems. Moreover, strong indications have
been collected that coastal systems can switch states, e.g. from eelgrass-dominated
to macroalgae-dominated, when critical thresholds (‘buffer capacities’) are ex-
ceeded, but that return to the original state can show strong hysteresis. These shifts
in our views on ecosystem functioning and reaction to eutrophication stress or
physical modifications, demonstrate that continued fundamental ecological studies
are needed, because puzzling observations requiring paradigm shifts are still being
collected. The many high-quality contributions from ELOISE projects to this re-
search also show the success of the ELOISE approach in achieving the first of the
ELOISE scientific objectives. Through ELOISE projects, European scientists have
taken a leading role in studies of N cycling, microphytobenthos and benthic food
web studies, micro- and mesocosm studies and certain areas of modelling.

The human impact

Over the past 10-15 years, the human impact on estuarine and coastal ecosystems
has changed. We have seen a major change in nutrient and pollutant input from
former Eastern European countries after 1990. The ecological responses to this
decrease were often unexpected (e.g. very slow reduction in nitrogen input into
rivers, despite sudden reduction of agricultural input; changes in nutrient ratios,
rather than nitrogen or phosphorus levels, affecting the Black Sea most). During
the 1990’s, phosphorus reduction programmes in many European countries have
significantly changed the N/P ratio of anthropogenic nutrient input. We are only
beginning to realise the importance of these changes, and are not yet able to fully
appraise or model their effects. Unexpected consequences of these changes may
be anticipated. Yet a number of conclusions from existing studies can be drawn:

The effect of (reduction of) eutrophication will be different in physically differ-
ent coastal water bodies. In this physical typology, suspended sediment load (re-
lated to tidal currents and sediment input from rivers), vertical mixing intensity
and frequency, level of turbulence, history of eutrophication and sediment load,
and existing structure of the ecosystem will all be important. Sufficient data
should be available to achieve such a typology for all European coastal systems,
but this will require a major database building efforts.

The effect of eutrophication will be highly dependent on the ratio between
phosphorus, nitrogen, silicate and organic loading of the systems. Load reduction
measures that respect nutrient ratios in such a way that the ‘linear’ food chain and
long-living plants and animals are favoured, should receive strong emphasis.
Models need to be further developed for this type of prediction.

Along the ‘water continuum’ from headlands to the coastal sea, important bio-
geochemical modifications in the nature and magnitude of nutrient and organic
load take place. Integrated management should take all these modifications into
account. Models for the whole continuum should be conceptually consistent and
have sound interfaces. Good progress has been made in this development, but fur-
ther development is called for.
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Integration of socio-economic and natural sciences

In the finished ELOISE projects that have published their results, very little inte-
gration between socio-economic and natural sciences was to be found. This was
not included in the projects’ objectives. However, at least some ongoing projects
pursue this subject in greater depth.

There are, nevertheless, great opportunities for analysing some of the existing
projects a posteriori from a socio-economic science point of view. As nutrient re-
duction scenarios have a high societal cost and a variable expected outcome from
an ecological point of view, several scenarios could be constructed using recent
evidence from ELOISE projects. Such a study that builds on existing natural sci-
ence results would have great potential, especially if it can dynamically incorpo-
rate new knowledge.

The importance of physical-ecological interactions highlighted in ELOISE re-
search also provides excellent opportunities for coupled research. Many human
operations (e.g. dredging, trawling, dam construction, land reclamation) directly
affect the physical boundary conditions of coastal systems. Other human effects,
including eutrophication, are modulated through the physical-biological interac-
tions, and could open possibilities for effect reduction when combined with physi-
cal measures (e.g. enhancing benthic-pelagic exchange).

At a European to global scale, the evaluation of the contribution from Euro-
pean coastal systems to greenhouse gas production, as well as the thorough study
of the factors determining this contribution, could form an essential element in a
socio-economic / natural science evaluation of reduction scenarios.

European scientific infrastructure

It is very apparent from the published results of ELOISE projects that they have
significantly contributed to scientific methodology. Both in field methods, labora-
tory analyses and modelling new high-level developments have been fostered by
ELOISE research, and some of these developments have been highlighted in this
review.

These developments have not lead, however, to a common scientific infrastruc-
ture as put forward in the science plan. Models for different parts of the ‘water
continuum’, are usually ‘tailor-made’ for specific purposes, and cannot easily
communicate with one another. This is in itself not abnormal or undesirable for re-
search models, but there is now a need for translation of these research models
into operational, management-oriented models.

Also, upscaling from individual study systems to the European scale calls for
more and better mechanistic models. Although empirical models are often better at
reproducing individual data sets, the need for knowledge at a regional scale calls
for models that can be applied to a variety of systems without need for recalibra-
tion.

ELOISE, with its structure of isolated projects, has not lead to a comprehensive
database describing the essential features of (most) European coastal systems.
From ELOISE research it can be deduced what the minimal set of variables in
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such a description should be. The effort of collecting these data would seriously
enhance the possibilities of upscaling of scientific results to the European level. It
would also foster development and application of models that could then easily be
tested on a multitude of systems.

As a general conclusion therefore, ELOISE projects until now have published a
wealth of high-quality science, have contributed to significant shifts in view on
coastal ecosystem processes and have made large progress in formalising this
knowledge into formal models. After all this effort, plus the effort that will be
forthcoming from running projects, it is time to seriously invest in the exploitation
and use of this knowledge.
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3. Defining a good ecological status
of coastal waters — a case study
for the Elbe plume

Wilhelm Windhorst!, Franciscus Colijn, Saa Kabuta, Remi P.W.M. Laane,
and Hermann-Josef Lenhart

Abstract

The definition of a good ecological status of coastal waters requires a close co-
operation between sciences (natural and socio-economic) and decision makers. An
argument is presented for the use of ecosystem integrity assessment based on indi-
cators of function and state. Ecosystem integrity is understood to be reflected in
exergy capture (here expressed as net primary production), storage capacity (as
nutrient input/outut balances for coastal sediments), cycling (turn-over of winter
nutrient stocks), matter losses (into adjacent water), and heterogeneity (here the
diatom/non-diatom ratio of planktonic algae is used). Its feasibility is assessed us-
ing ERSEM, an ecosystem model of the North Sea, for the Elbe plume, after prior
satisfactory calibration. Three scenarios were applied corresponding to 80, 70 and
60% reduction of the riverine nutrient load into the German Bight, compared to a
reference situation of 1995. The modelling effort suggested that drastic nutrient
load reduction from the Elbe alone would have a limited effect on the larger Ger-
man Bight: even a 60% reduction scenario would only lead to moderate changes
in all five indicators. In conclusion, application of functional integrity indicators
appears feasible for coastal seas at larger spatial scales (i.e. the German Bight),
and, for the coast, would form a useful addition to the indicators presently pro-
posed in the Water Framework Directive (WFD).
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Introduction

The overall target of the Water Framework Directive (European Union 2000) is to
achieve a good ecological status for coastal waters as well as for freshwater sys-
tems and aims thereby to reduce disturbing human impact as far as possible. Ac-
cording to this Directive, a “good ecological and chemical status” of waters is ex-
pected to be achieved after 15 years from the date (December 2000) of launching
the Directive. The ecological status is defined by biological, physical and chemi-
cal characteristics of the ecosystem (see Moschella et al. this volume and Ledoux
et al. this volume). While the chemical status is defined by the use of quality stan-
dards in relation to priority substances found in the system, reference biological
conditions are those that prevailed under pristine conditions so that human impacts
are excluded.

Even though the challenge is to define the level of human impact on aquatic
ecological systems (the coastal zone) to achieve a good ecological status, two
questions have to be answered: first: which amount of human impact on the eco-
system can be tolerated? In other words, how much of the ecological services?
could be exploited whilst maintaining a good ecological status of the ecosystem?
Secondly, within which range of quality can ecosystems be classified to be good?
In other words within what tolerable margin can the ecosystem structure and dy-
namics be allowed to deviate from the pristine conditions while at the same time
considered as being “good “? Both questions have to be answered in order to de-
fine suitable management plans for the use of for instance coastal zones. The tar-
get of the presented paper is to present an indicator and model based approach to
combine information required to answer both questions.

The Water Framework Directive is geared towards addressing the responsibility
of the human society. It therefore attempts to justify the amount of ecosystem ser-
vices that are now in use whilst taking account of future management as well. The
presented approach is an anthropocentric one. This is in accordance with the pre-
sent philosophical discussion and also within the definitions for Ecological Qual-
ity and Ecological Quality Objectives given by the North Sea Task Force (NSTF),
which consists of experts from both OSPAR? and the International Council for the
Exploration of the Sea (ICES). Ecological Quality Objective (EQO) is “an overall
expression of the structure and function of the marine ecosystem taking into ac-
count the biological community and natural physiographic, geographic and cli-
matic factors as well as physical and chemical conditions including those resulting
from human activities.” The discussions about the health of the North Sea contin-
ued through 1990 after which the first ideas about EcoQOs were elaborated by
OSPAR in the Quality Status Report in 1993.

Ecosystem Services: the full range of benefits provided to society by ecosystems and
their constituent biodiversity, encompassing more than just capital value of its constituent
parts (5" Int. Conf. on the Protection of the North Sea, Bergen 2002).

The OSPAR Commission has been established on basis of the ,,Oslo and Paris conven-
tion* and is an international body responsible for the protection of the marine environ-
ment of the North-East Atlantic.
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But the societies and their decision makers have to be aware that ecosystem ser-
vices encompass a broad range of issues that are partly contradicting with respect
to the use of natural resources and are justified by a mix of ethical value settings
(Barkmann 2000). Thus, the acceptable level of usage of ecosystem services is set
by the power of different stakeholders to impose their will and societal regulations
such as environmental laws. This means, that definitions and regulations of a
“good ecological status” may vary with space and time, and even by cultures. For
example, in the Adriatic Sea, fishermen would argue, that a higher level of eutro-
phication is beneficial for their haulage, while managers of tourism would prefer
lower levels of eutrophication in order to minimise the effects on tourists. How-
ever, even if those stakeholders agree upon a common level of eutrophication,
their expectations of a good ecological status can only be achieved if the ecologi-
cal structure and processes of the coastal ecosystem are taken into account.

Ecosystem services and ecological impact:
A theoretical background

In this section we will discuss interactions between the use of ecosystem services
and its impact on ecological systems and present an approach to select suitable in-
dicators to mirror the ecological impact. Thus, approaching the question (“what
amount of human impact on the ecosystem can be tolerated?”’) means to study the
functions of nature utilised by man and determines to which extend the activities
of man can impact the ecological system.

Following the DPSIR* approach (Nunneri et al. this volume), and the analysis
carried out as part of the EUROCAT-Project (Colijn et al. 2002) this level of
analysis can be focused on several essential fields of the socio-economic system
(human needs and activities), which in turn depends on different societal value
settings. The EUROCAT?> —project is an EU funded project that is commissioned
between 2000 and 2004. It aims at achieving an effective and integrated manage-
ment of river catchments through the integration of natural and social sciences. Its
overall goal is to develop an integrated management approach for stakeholders
(policy makers, regulatory agencies, environmental planners) acting at local, na-
tional and European levels.

Instead of the common procedure used by the Organisation for Economic Co-
operation and Development (OECD) for Driver-analysis within the DPSIR
framework, the EUROCAT consortium adopted a slightly different nomenclature
for the DPSIR framework to suit the aim of the project (Colijn et al. 2002). Driv-
ers, Pressures and Responses have been formulated for the river catchments as
well as for the coastal areas in order to serve the needs of the EUROCAT project.
As the focus of EUROCAT is to view the coastal zone as receptor area of catch-
ment activities, State and Impact indicators have been developed only for the

4 DPSIR = Driver-Pressure-State-Impact-Response.
5 EUROCAT, European Catchments — catchment changes and their impact on the coast.
European Commission, DG-Research, Contract No.: EVK1-CT-2000-00044.



62  W. Windhorst et al.

coastal area and were subdivided into ecological State/Impact parameters and so-
cio-economic State/Impact parameters (Colijn et al. 2002).

To identify the societal forces which drive the amount of ecosystem services

which are used by man, the EUROCAT consortium selected six issues, namely
Food Demand, Urbanisation, Energy Demand, Mobility and Transport, Industry
and Housing, Nature conservation, causing pressures on ecosystems. These fields
are consistent with the issues discussed in the Progress Report of the 5" Int. Con-
ference on the Protection of the North Sea in Bergen 2002. The issues include the
protection of ecosystems, biological diversity, hazardous substances, eutrophica-
tion, radioactive substances and offshore oil and gas activities. According to the
EUROCAT approach the riverine nutrient loads (nitrogen and phosphorus) are se-
lected as forcing function for the ecological change in the coastal zone.
Dealing with the second introductory question (“which level of divergences of
ecosystem structure and function from the pristine conditions can be considered as
‘good’”) requires the analysis of ecological functions and structures as a means of
maintaining the ecosystem services.

Marginal costs Economic Benefits
of ecosystem conservation (marginal)

Risk ignorant
about economic

Risk ignorant
about risks of

risks natural hazards
Deep
Green
Risk averse Risk averse
about risks of Critical Threshold about gconomic
natural hazards Zone risks

I [
use of ecosystem services

v

>
>

loss of ecosystem integrity (e.g. ecosystem squeeze)

Fig. 1. Principal interactions between marginal costs of ecosystem conservation and eco-
logical risks; based on Nunneri et al. (2002)

Barkmann and Windhorst (2000) introduced a specific interpretation of ecological
integrity that aims at describing the relationship between the use of ecosystem ser-
vices and unspecific ecological risks endangering the capacity of ecological sys-
tems to provide ecosystem services. The indication of the state of ecosystems has
to provide strategies that give reliable information not only for local and short
time developments, but also for the long-term integrity of the ecological life sup-
port system. According to Barkmann and Windhorst (2000) the latter is strongly
connected with the self-organising capacity of ecosystems, which can be indicated
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with thermodynamic approaches (Baumann 2001). As shown in Fig. 1, a high
level of self organising capacity, e.g. ecosystem integrity, is thereby thought to be
beneficial as it maximises the possibilities of the ecosystem to provide ecosystem
services and in parallel minimises the risk that the ecological system fails to pro-
vide the minimum level of natural resources needed by human societies. It is addi-
tionally assumed, that with an increasing use of ecosystem services socio-
economic risks decrease as the resource availability increases, which is in accor-
dance with an attitude averting economic risks. In parallel, however, the ecosys-
tem integrity is decreasing as well, causing increasing ecological risks.

For example for ecological risks in coastal zones, the increasing occurrence of
anoxic zones could be taken (Rachor and Albrecht 1983, Niermann 1990). Risk
aversion requires the reduced use of ecosystem services, thus possibilities to re-
duce the nutrient losses caused for example by different land use systems in the
catchments could be studied. As these possibilities are either connected with lower
yields or with higher technical efforts it is necessary to keep both economic and
ecological risks as low as feasible. But as risk awareness of societies for economic
and ecological risks is variable multiple combinations have to be analysed. In the
Elbe case study of the EUROCAT project three scenarios, ‘Deep Green’, ‘Busi-
ness as usual, e.g. Global markets’ and ‘Policy Targets’, were covered (Nunneri et
al. 2002).

Here, ecological integrity is operationally defined as the guarantee that those
processes at the basis of ecosystems self-organising capacity are protected and
kept intact. Adaptation capacity and development potential (e.g. use of exceeding
energy for building structures) belong essentially to self-organising capacity. The
self-organising capacity of ecological systems is thereby based on multiple net-
works of processes as shown in Fig. 2.

The selection of the process “Exergy Capture” stems from the “Non equilib-

rium principle as formulated by Kay (2000) and Jgrgensen (2000). These authors
state that during their development ecosystems move further away from the ther-
modynamic equilibrium using incoming solar radiation (exergy e.g. usable en-
ergy) to build up as much dissipative structures (e.g. biomass) as possible. In the
case of coastal zones not only energy stemming from solar radiation is available to
support the photosynthesis, other energy flows for instance coupled with organic
and/or inorganic nutrient inputs from the atmosphere or from adjacent regions
have to be taken into account as well.
Another important process to enhance the self-organising capacity of ecosystems
is their tendency to (re)cycle limiting substances - especially nutrients - in order to
keep the ecosystems as efficient as possible. The contribution of this process to
ecosystem development has been described in detail by Higashy et al. (1991) and
Ulanowicz (2000). As a rule of thumb it can be assumed, that the cycling intensity
increases with the complexity of the trophic network and with decreasing nutrient
availability (oligotrophic situation). However, the availability of limiting nutrients
and energy in ecosystems depends on storage capacity as well as on input to the
system (Kutsch et al. 2001).
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Ecological Integrity

(based upon Self -organsing capacity )

Issue/Question Issue/Question

Key components

To which extent is the

Exergy Capture ~4—— |ecosystem able to utilize
10 incoming energy and

matter to build up biomass

F’ Matter losses

How much matter and/ or
energy is exported by the
ecosystem ?

Trophic structure : How
are energy & matter flows
organised in the
ecosystem ?

l—» Heterogeneity Storage Capacity
How diverse is the biotic — BAU — - —Deep Green 1

and abiotic structure of - - - Policy Targets Ref=100 To which extent stores the
the ecosystem ? ecosystem energy (e.g.

organic matter), nutrients
(limiting ?) and toxic
substances ?

Fig. 2. Key questions, in order to elucidate key components of the integrity of ecological
systems. The different diagrams indicated with BAU — Business as usual, Deep Green and
Policy Targets represent possible ecological states caused by different intensities of the use
of ecosystem services according to different socio-economic value settings. The ecological
impact is indicated by a relative comparison with a reference situation, which could be
pristine conditions

Taking the holistic perspective of this approach into account, the term storage ca-
pacity is understood to include matter that is stored in the sediments, even if these
substances are stored for long periods. This forces us for example to analyse not
only changing abiotic constraints, (e.g. currents in coastal waters have the poten-
tial to alter the accessibility of nutrients), but also the quantity of nutrients which
could be mobilised. Via this perspective recent processes are taken into account
while in parallel historical developments are valued in terms of their potential to
become operative. Thus, the capacity and the exchange rate of the pools is deci-
sive for the long-term availability of nutrients (e.g. nitrogen), energy (e.g. carbon),
as well as the possibility to dampen or to buffer temporarily external inputs.

The extent to which ecological systems can utilise this storage capacity thereby
depends on the biotic diversity of the system (Kay 2000, Holling and Gunderson
2002). In addition this heterogeneity is also a pool of possibilities represented by
the species, which might become dominant under certain environmental condi-
tions. The absence of certain species on the other hand, may therefore minimise
the resilience of the whole ecological system (see citation in Box 1).

Finally, ecological systems have the tendency to minimise matter losses, be-
cause for instance lost nutrients or organic matter cannot be utilised anymore to
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build up biomass. Thus matter losses reduce the capacity of primary and secon-
dary production, which are essential functions of ecosystems. Furthermore, matter
losses from one ecosystem will be an input to adjacent ecosystems, this process in-
forms about ecosystem internal processes and also about indirect effects on
neighbouring ecosystems which are caused via changed matter losses. Thus, in
summary, we argue that exergy capture, cycling of elements, storage capacity,
heterogeneity (diversity) and matter losses are important elements of ecosystem
functions although some are difficult to measure. Together these would serve as
indicators of functional ecosystem integrity. In the next sections we will discuss
the potential of suggested indicator systems and models to assess ecosystem func-
tioning of a coastal area in the North Sea.

Box 1. Relationship between diversity and resilience of ecosystems

‘When grappling with this broader relationship between diversity and resilience two hy-
potheses are commonly discussed: Ehrlich’s, (1991) “rivet” hypothesis and Walker’s,
(1992) “driver and passenger hypothesis. Ehrlich’s hypothesis proposes that there is lit-
tle change in ecosystem function as species are added or lost, until a threshold is
reached. At that threshold the addition or removal a single species leads to a system re-
organisation. This model assumes that species have overlapping roles, ands that as spe-
cies are lost the ecological resilience of the system is decreased, and then overcome en-
tirely. Walker proposes that species can be divided into “functional groups” or “guilds”,
groups that act in an ecologically similar way. Walker proposes that these groups can be
divided into “drivers” and “passengers”. Drivers are “keystone species”, that control the
future of an of an ecosystem, while the passengers live in but do not alter significantly
this ecosystem. However, as conditions change, endogenously or exogenously, species
shift roles. In this model, removing passengers has little effect, while removing drivers
can ...” have a large impact. Ecological resilience resides both in the diversity of drivers,
and in the number of passengers who are potential drivers’. From: Gunderson et al.
(2000).

The indication of self-organising capacity of ecosystems

In order to meet the major objective of this paper, it is necessary to analyse
whether the Water Framework Directive (WFD) presently ‘demands’ indicators
capable of describing the functioning of ecosystems. The second question is
whether we can use the quality elements for coastal waters listed in the WFD
shown in Table 1. In this table most elements (1 to 16) are items that primarily de-
scribe the state of coastal waters, while no. 17, 18 and 19 are emphasising the
functioning of the ecosystem. Because our perspective on self-organising capacity,
or integrity, of ecosystems represents a top-down approach and is more aggregated
than the WFD-elements presented in Table 1, it is assumed that the concept of
ecological integrity used here (and following Barkmann and Windhorst 2000) has
the potential to serve as an integrating approach, coupling structures and processes
of ecosystems.
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Table 1. Biological and pysico-chemical quality elements according to Annex V, chap.
1.2.5, Water Framework Directive, European Union (2000)

Quality Element Criteria in coastal waters
Phytoplankton 1. Composition

2. Abundance

3. Biomass

4. Bloom frequency/intensity
Macroalgae 5. Sensitive taxa

6. Cover
Angiosperms 7. Sensitive taxa

8. Abundance
Benthic invertebrate fauna 9. Abundance

10. Diversity
11. Presence of sensitive taxa

Fish Not yet determined
Tidal regime 12. Freshwater flow regime

13. Direction and speed of dominant currents
Morphological conditions 14. Depth variations

15. Structure and substrate of coastal bed
16. Structure and condition of coastal zone
General physico-chemical conditions 17. Nutrient concentrations
18. Temperature, oxygen balance and trans-
parency
19. Values for (17) and (18) must permit func-
tioning of ecosystems at good status
Specific synthetic and non synthetic High status:

pollutants:

e  All priority substances identified 20. Synthetic: close to zero/below detection
as being discharged into the water limits; non-synthetic: background levels
body Good status:

e Other substances identified as be- 21. EQS
ing discharged in significant quan-
tities into the water body

Another approach to the development of indicators of the ecological state of
coastal waters has been undertaken by Kabuta and Laane (2003). The major dis-
tinction is the top-down approach, from broad policy themes like biodiversity and
ecological functioning to the definition of measurable indicators, which are con-
nected to policy and management topics of the coastal and marine ecosystems in
the Netherlands. Kabuta and Laane (2003) recommend the selection of informa-
tion about 13 indicator species to indicate species (groups), ecotopes and popula-
tions (groups) beyond the topic ‘Biodiversity’ and to select 10 indicator species to
indicate the productivity of the ecosystem, it’s feeding structure (types) and the
hydro-morphodynamic situation. The indicators are placed under two categories
according to the forces that influence them. Indicators that are autonomously in-
fluenced by the natural dynamics and processes of the ecosystem are grouped un-
der the category system indicators. Those indicators that are strongly influenced
by forces due to human utilisation are placed under the category utilisation indica-
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tors. Some of the indicators are placed under both categories. This approach en-
sures the quantitative estimation of the effects of both human and natural forces on
the integrity of the ecosystem. The approach of Kabuta and Laane (2003) broadly
overlaps with the strategy to indicate the ecological integrity of coastal zones cho-
sen in this paper. By adding “Storage capacity” and “Matter losses” a full agree-
ment could be achieved. A remaining question is whether it will be feasible to get
reliable information with a suitable spatio-temporal resolution for these ecosystem
processes.

Applying models to indicate the ecological state
of ecosystems

Generally, models are useful instruments in surveys of complex systems, they can
be used to reveal the level of interaction between the various properties of the sys-
tem whilst revealing the weaknesses and the gaps in our knowledge about the sys-
tem (Jgrgensen 1988). Recently different simulation models have been developed
to reflect the ecological dynamic of coastal ecosystems (OSPAR 1998). In this pa-
per the European Regional Seas Ecosystem Model (ERSEM) will be used to study
the applicability of ecosystem models as tool to describe ecological reference con-
ditions. ERSEM has been developed within an EU-project between 1990 and
1996, focussing the knowledge of six marine institutes across Europa. An over-
view is given by Baretta et al. (1995). A spatially explicit variant has been elabo-
rated by Lenhart (2001). We used ERSEM to assess ecological integrity for the
Elbe plume within the larger German Bight.

Three nutrient loading reduction levels (1995=100) were selected, representing
the three scenarios (Fig. 2) “Business As Usual” (80%), “Policy Targets (70%)
and “Deep Green” (60%). According to Behrendt et al. (2002), a 10% level of the
1995 nutrient load of the Elbe represents pristine background conditions, corre-
sponding to a forest cover in the whole Elbe catchment.

Case study: Application of the ecosystem model ERSEM
to describe reference conditions in the Elbe plume

For our ERSEM calculations, we used forcing data for 1995, which serves as the
reference year in this section. The Elbe plume area is shown in Fig. 3. First, mod-
elled values for 1995 have been compared with measured values in the German
Bight (Table 2). Deviations ranged between 0-100%, where winter DIP had the
highest difference (60% on average). Still, these orders of magnitude are suffi-
ciently satisfactory, and the spatial patterns were consistent.
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Table 2. Comparison of model results and field measurements, assessed by Hesse (personal
communication). More general benchmarking of ERSEM has been elaborated during the
ASMO Workshop in 1996 (OSPAR 1998)

Box 68 69 78

Model  Field Model Field Model  Field
Mean Winter DIN [mmol N m?] 31.1 36.5 119.0 65.6 1359 1392

Mean Winter DIP [mmol N m™] 1.2 0.9 3.4 1.7 3.6 2.5
Mean Winter DIN/DIP ratio 26.2 40.4 349 40.9 39.8 50.8
Mean Winter DIN/Si ratio 2.5 3.0 1.8 1.8 1.6 2.3
Mean Winter DIP/Si ratio 9.5 10.3 53 4.6 4.0 4.8

To demonstrate the sensitivity of the model, riverine nutrient loads were reduced
in further model runs by 10% steps. These calculations are based on the initialisa-
tion of the model by running the simulation for 30 years with repeated forcing,
depending on the scenario with reduced load or stable nutrient load for the stan-
dard year 1995. After a repeating annual cycle is generated after 30 years, the val-
ues for all state variables on January 1" were then used as initialisation for the ac-
tual simulations. To visualise the spatial gradient, we compare modelling
outcomes for box 78, at the mouth of the river, with those for the larger plume
area in the German Bight, i.e. boxes 58-78 (cf. Fig. 3).

77

Fig. 3. ERSEM boxes in the coastal zone used for the Elbe case study. The pooled box
represents the volume-based sum of the ERSEM boxes 58, 59, 68, 69, 77 and 78 taken to-
gether

While box 78, as the input box for the Elbe river load, is the most sensitive one of
the analysed boxes, the results for the pooled, larger plume area show a rather lim-
ited response (Fig. 5), probably due to effects from adjacent boxes and/or to dilu-
tion.It should be realised here that for these scenario runs only the nutrient input of
the river Elbe has been reduced, while that from other tributaries to the North Sea
have been maintained at the 1995 level. This explains that even drastic reductions
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of the nutrient loads from the Elbe may cause comparatively small changes in the
larger Elbe plume. The modelled drastic decline in nutrient loading of the Elbe
plume thus probably would lead to susbtantial changes in winter nutirent concen-
trations in the river mouth, but not in the wider German Bight. Furthermore, re-
sponses in pelagic chlorophyll, net primary productivity and phytoplankton com-
munity composition appear to be comparatively small, even in the river mouth
(box 78).

Indication based upon ERSEM
Indicators Indicators
IMPACT
(ecological)
Indicated by:

Net primary production

Ecosystem Integrity Riverine Input:
(based upon Self-organising capacity) inorganic
organic

Exe;go Capture Input bordering boxes
inorganic
organic
h Matter losses Cycling j
0 Indicated by:

Indicated by: Turnover winter nutrients
matter losses into adjacent Bacterial uptake / Phytoplank.
boxes (organic & inorg.) Feeding on organic detritus

uptake from inorganic nutr.

li Heterogeneity Storage Capacity 1

Indicated by:

Sediment In/Output

Input in Sediment (organic)
Output from Sedim (inorg.)

Indicated by:
Diatom/Non-diatom ratio

Fig. 4. Available ERSEM elements to describe ecosystem integrity (Nunneri et al. 2002)

The next step in the analysis is a comparison of the three scenarios within the
framework of ecosystem integrity indicators (cf Fig. 4). We selected (1) primary
production, (2) the annual turnover rate of winter nutrient stocks, (3) nutrient gain
by the sediment, (4) the diatom/non-diatom ratio, and (5) nutrient losses out of
each ERSEM box, as indicators of the five elements of ecosystem integrity (cf.
Fig 3.4, see above). Calculations have been summarised for box 78 (Table 3).

The three scenarios did not lead to a substantial reduction in net primary pro-
ductivity for box 78, when compared with the two outer bands, i.e. the 100% or
1995 loading and the 10% or pristine situation (Table 3). Also the changes in the
other four indicators were limited. Overall, some non-linearity is present in the re-
sponses of three important variables, i.e. spring chlorophyll, net primary produc-
tion and the diatom/non-diatom ratio (Fig 3.5), the latter two are also included as
integrity indicators (Table 3) . Quantitative outputs from Table 3 were converted
to relative change after scaling against the maximum range of change between the
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1995 load and the 10% load of the perceived pristine condition, with the maxi-
mum set at 100%. Nitrogen and phosphorus were considered to be equally impor-
tant. Their scaled changes were therefore added and the sum divided by a factor
two to arrive at one compound indicator for nutrients.
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Fig. 5. Impact of a reduction in mutrient loading from the river Elbe on the ERSEM model-
ling results for areal boxes of the Elbe mouth (box 78) and the adjacent German Bight (all
boxes, cf Fig. 3). Decrease of nutrient loading is plotted relative to that of 1995 (=100)
from left to right. Presented are mean winter Dissolved Inorganic Nitrogen and Phosphorus
(DIN and DIP), spring and summer chlorophyll, net primary productivity and the dia-
tom/non-diatom ratio
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Table 3. Impact of reduced nutrient loading according to three scenarios (80, 70, and 60%,
see text) on five indicators of ecological integrity for the ERSEM box adjacent to the
mouth of river Elbe (box 78, cf Fig. 4): These indicators are derived from Fig. 3. Also in-
cluded are the 1995 loading as 100% and an assumed pristine condition (10%)

Load (1995=100%): 100% 80% 70% 60% 10%
1. Exergy capture: net primary production 286 271 263 254 200
(gCm’y")

2. Cycling

Turnover winter dissolved inorganic ni- 3.1 33 34 3.6 4.5
trogen (y™)

'll"urnover winter inorganic phosphorus (y’ 5.8 6.1 6.3 6.4 7.0
)

3. Storage capacity: sediment net nutrient
gain (mmol m™-y')*

Nitrogen input 571 533 513 492 374
Nitrogen output 540 504 483 463 354
Net sediment nitrogen gain 31 29 30 29 20
Phosphorus input 34 31 30 29 22
Phosphorus output 32 30 28 27 20
Net sediment phosporus gain 1.9 1.8 1.7 1.6 1.2
4. Heterogeneity: 0.62 0.64 0.65 0.67 0.88

(diatom/non-diatom ratio)
5. Matter losses from box 78
(mmol m>-y™)

Organic nitrogen losses 1109 991 929 870 578
Inorganic nitrogen losses 91 86 84 81 67
Sum nitrogen loss 1200 1076 1013 951 645
Organic phosphorus 21 19 18 17 13
Inorganic phosphorus 6 6 6 5 5
Sum phosphorus loss 27 25 24 23 17

* sediment input is sinking plus uptake by benthic filter feeders

The constructed diagram (Fig. 6) shows that in the selected case study positive ef-
fects for the ecological status can be achieved, but that even the “Deep Green”
scenario remains quite far away from the assumed pristine conditions. Based upon
the calculated relative value it is possible to see the extend to which the different
reactions of the selected indicators mirror an overall change of the ecological qual-
ity of the coastal ecosystem. These outcomes can then be set against the context
provided by with its economic and ecological risk perspective. The 100% scale for
the ordinate was chosen because it allows the maximum distance between the ref-
erence year and the assumed pristine conditions to be shown and the relative
change of the ecological status, which can be achieved by the selected reduction
scenarios. However, the reduction of the Elbe nutrient load alone could lower eco-
logical risks like for example the occurrence of anoxic zones.
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Exergy
a. 100

Cycling

Pristine
—=—=BAU= 80%

= =Policy Target= 70%
= » 'Deep Green=60%
—x— Ref. 1995=0

Heterogeneity Storage
100 ..

b. 75 -

50

25 A
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Ref 0.8 0.7 0.6  Pristine
1995

Fig. 6. (a) Relative distance of different ecological state indicators of the Elbe coastal zone
compared to assumed pristine conditions according to different reduction scenarios of nu-
trients loads. The indicators from Table 3 were used, i.e. exergy = primary production, cy-
cling = turnover of winter nutrients, storage = (sediment input — sediment output), hetero-
geneity = diatom/non-diatom ratio, losses = nutrient output out of the box. Relative distance
was scaled between 0 (=1995 load, the heart of the radar plot) and 100 (=10% of 1995 load,
the pristine condition), as indicated in the text. (b) averaged change of ecological risks in
the Elbe box 87 for the different reduction scenarios of riverine nutrient loads (1995=100%,
Pristine=10%). The average is taken over the five indicators of ecological integrity

Concluding remarks

As presented in the last section it is feasible to use an ecosystem approach to indi-
cate the ecological state of coastal waters with models. Though only results for
one case study and one model have been presented, it seems to be feasible to indi-
cate the integrity of coastal ecosystems based on model results as well as with
monitored data connected with policy targeted monitoring schemes (Kabuta and
Laane, 2003). The presented case suggests that indicators of ecosystem integrity,
though preliminary in nature, are feasible on the larger spatial scales required for
coastal zone management. Also, these indicators of ecosystem functioning would
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be useful in addition to the indicators presently proposed in the WFD. Further-
more, it must be possible to interface this description of the ecological status with
socio-economic evaluations, thus allowing one to investigate which economic ef-
forts — in this case in the Elbe catchment — are capable of achieving a certain
change of the ecological status.
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4. Bathing water quality

Stavros Georgiou!

Abstract

This chapter conducts a multidisciplinary investigation into the public and scientific
acceptability of coastal bathing water health risks and proposals to revise EC Bathing
Water legislation in the context of UK coastal waters. The research incorporates
physical/technical, economic, and public/social assessment components, which are
deployed using a mixed methodological approach. It is found that although bathing
water quality has been improving and the risks of gastrointestinal illness falling, a
significant level of disease burden from this source may still exist across the popula-
tion. A further tightening of standards and consequent clean up of bathing water may
thus be possibly warranted. A cost-benefit analysis of possible proposals to revise the
EC bathing water Directive suggests that the economic benefits of doing so would
outweigh the costs incurred. These findings are qualified by a number of important
lessons and insights regarding attitudes towards risk management and regulation,
and issues such as trust, blame and accountability of the institutions and regulatory
process involved in setting standards for bathing water quality.

Introduction

In the last few decades, both the general public and policy makers have become in-
creasingly concerned about sewage discharges to coastal bathing waters in the Euro-
pean Union and the consequent risks to public health (House of Lords 1994-5, CEC
2000, CEC 2002). The public health risks of sewage discharged into coastal marine
waters are derived from human population infections. The sewage contains various
micro-organisms that have been shown to be pathogenic and the causative agents of
several human diseases. The main risk faced by people bathing in sewage-
contaminated water is in increases to minor morbidity such as gastrointestinal and
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upper respiratory tract ailments. The European Commission (EC) Bathing Water
Directive of 1976 (CEC 1976) sets out standards for designated bathing waters
which should be complied with by all member states. This has been one of the first
and most important elements of European Water Policy. The 1976 Bathing Water
Directive reflects the state of knowledge and experience of the early 1970’s, in re-
spect to its technical-scientific basis, the managerial approach and the involvement
of the public. Recently changes in science and technology as well as in managerial
experience have obliged the Commission to consider revision of EU environ-
mental legislation where appropriate. Further legislation has thus been proposed
on more than one occasion by the EC in the form of revisions to the 1976 Direc-
tive (CEC 1994, CEC 2000, CEC 2002). However, policy makers and regulators
face a number of dilemmas in the area of coastal bathing water health risk policy.
There is a question mark over the level of protection to be afforded against minor
illness acquisition by EC standards. The costs of tightening these standards are
considerable and the health gain associated with any tightening is likely to be
measured in terms of self-limiting and minor illness, such that there is a question
as to whether any expenditures on sewage cleanup represent effective and efficient
use of resources. Regulators and governments have to balance the public desire for
better environmental quality with the economic impact of policy changes on both
water bill payers and the financial health of water companies. Furthermore, any
new policy must be compatible with EU Water Policy, which has been completely
restructured by the adoption of the Water Framework Directive and which pro-
vides a coherent managerial framework for all water related EU Legislation.

Given this public health, political, economic and water policy background the
central purpose of this chapter is to conduct an investigation into the public and
scientific acceptability of coastal bathing water health risks and the proposed revi-
sion to EC legislation in the context of UK coastal waters. The research incorpo-
rates physical/technical, economic, and public/social assessment components,
which are deployed using a mixed methodological approach. The physi-
cal/technical assessment focuses on an epidemiological and disease burden analy-
sis (Beaglehole et al. 1993) of the health risks from bathing in faecally contami-
nated UK coastal waters. The economic assessment focuses on an economic cost-
benefit analysis of the EC Bathing Water Directive standards, whilst the pub-
lic/social assessment focuses on a psychosocial analysis of the public’s percep-
tions of health risks, environmental quality and behaviour regarding coastal bath-
ing waters and related EC standards. The chapter brings together the insights and
lessons from each of these components in order to offer a number of policy rele-
vant recommendations regarding proposals to revise the EC Bathing Water Direc-
tive.

The mixed methodological approach

This investigation into the public and scientific acceptability of coastal bathing
water health risks and legislation uses a mixed methodology involving both quan-
titative and qualitative elements that are able to generate different types of policy
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relevant information. Both elements have an essential role to play due to the di-
verse nature of the theoretical backgrounds that are being brought together. In
general, qualitative approaches provide more in-depth information on fewer cases
whereas the quantitative approaches provide more breadth of information across a
larger number of cases. Quantitative research methods are premised on the as-
sumption that the relevant constructs of interest can be expressed in meaningful
numerical ways within a given context. However, they are often criticised for their
reductionist nature in the face of real world complexity and diversity. In addition,
due to their often technical nature, they may obscure ‘proper’ interpretation by the
public. Qualitative research techniques are more flexible in this respect, being
more able to explore the public’s knowledge and understanding of the issues in-
volved, and to provide insights into the process by which respondents answer
questions the way they do. In addition, they can be used to discuss quantitative re-
sults with stakeholders and relate these to the conclusions made.

The quantitative and qualitative approaches tend to place the process of analy-
sis in different scientific and social settings and so provide different kinds of in-
formation. In the context of public policy research, the type of approach used de-
pends on the type of information that policy and decision makers are looking for
in specific policy domains, as well as the type of information the public is able to
deliver and their willingness to participate in the process. When considering re-
search related to such policy decision-making as that undertaken here, it may be
important to distinguish clearly between societal and researchers preferences
about how public participation and decision making procedures are, or should be,
organised. Given the different types of information and approaches, the mixed
methodological approach is useful since it makes external validation of the results
easier, as well as allowing more flexibility given the importance that any results
may have for informing decision-making.

The quantitative element of the mixed methodology used in this paper incorpo-
rates questionnaire surveys and existing scientific data collections, whilst the
qualitative element consists of focus groups. Each of the elements was considered
in terms of what would be appropriate to satisfy the aims and objectives of the re-
search. The existing scientific data used was provided by the UK Environment
Agency. This contained microbiological compliance data for all UK bathing wa-
ters. The other questionnaire surveys and focus groups were specifically con-
ducted for the purposes of this research. In total two separate face-to-face survey
questionnaires were employed along with two sets of focus groups. One of the
surveys was conducted on a regional geographical basis at locations in East An-
glia. The regional case study nature of this survey was necessary for logistical rea-
sons related to the need to interview beach visitors on site. The survey included
questions related to both the economic and public/societal components of the in-
vestigation. The focus groups were conducted in the East Anglian city of Norwich
and based solely on local residents. The focus groups also included questions re-
lated to both the economic and public/societal components of the investigation.
The second survey questionnaire was nationally based and contained questions re-
lated solely to the physical/technical component of the investigation. The national
and regional basis of data collection methods associated with the various compo-
nents of the investigation to some extent reflects the three scales/levels of analysis
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associated with each type of component. The physical/technical perspective tends
to focus on populations, whilst the economic and public/societal perspectives tend
to look at information at the individual and social/cultural group level.

Physical/technical assessment

This section considers the epidemiological and disease burden component of the
analysis. It reviews the microbiological state of UK coastal bathing waters and
their compliance with the EC Bathing Waters Directive during the period 1999 to
2001, as well as projected compliance under the proposed provisions of the re-
vised Directive. This feeds into the derivation and estimation of excess risk of gas-
trointestinal illness associated with the actual state of UK coastal waters. Finally,
using this information as well as data from a survey of British beach use across the
English and Welsh population, an estimate is made of the current absolute disease
burden for gastrointestinal illness arising from bathing in faecally contaminated
UK coastal waters and the change that may arise from various representative im-
provements to the current status of UK coastal bathing waters.

Table 1 shows descriptive statistics for the microbiological quality of UK
coastal waters over the period 1999-2001. The data contained in the table was col-
lated by the Environment Agency for the annual compliance assessment of bath-
ing water at UK beaches (559 locations in 1999). The data contains records of fae-
cal coliform and faecal streptococci counts (colony forming units per 100 ml —
cfu/100 ml). The table shows descriptive statistics for the raw organism concentra-
tions and the log,-arithmetically transformed organism concentrations®. A con-
stant of one was added prior to logarithmic transformation (log ) of the variables,
to allow for inclusion of zero values. The latter are included as statistical distribu-
tions of such organism densities in samples taken from beaches around the UK
coast have been found to show a log,-normal pattern (Wyer et al. 1995).

Looking at the measures of central tendency and variability of the two microbi-
ological parameters over the years 1999-2001 it can be seen that UK coastal bath-
ing waters have been improving over this period. This improvement can also be
seen in relation to compliance with the EC Bathing Water Directive Standards as
shown in Table 2, for both the existing mandatory and guideline values, over the
period 1999-20015.

2 The arithmetic mean of the log-transformed variable is equal to the log of the geometric
mean of a variable.

3 1t should be noted that although the geometric mean values of water quality are improv-
ing, the inherent variability in the distribution of the water quality data is not character-
ised by the use of this statistic (WHO 2001). This can be problematic in that it is such
variability that produces high values at the top end of the distribution that are of most
concern in relation to public health. A percentage compliance system will however be
more reflective of any top end variability in the distribution of water quality data, though
it is affected by greater statistical uncertainty and is a less reliable measure of water qual-
ity (WHO 2001).
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Table 1. Microbiological quality of UK coastal bathing waters (1999-2001)

Arithmetic mean Range Geometric log,std. ~ Number of
+ standard devia- mean deviation  observa-
tion tions
Indicator: faecal coliform (cfu/100ml)
1999-2001 208+1187 0-68,000 35 0.69 33,324
1999 251+1390 0-68,000 39 0.72 10,963
2000 214+1207 0-60,000 38 0.69 11,259
2001 161915 0-30,400 29 0.64 11,102
Indicator: faecal streptococci (cfu/100ml)
1999-2001 130+£1012 0-88,000 20 0.6 33,323
1999 149+939 0-45,000 22 0.71 10,963
2000 134+1178 0-88,000 21 0.67 11,259
2001 108+891 0-50,000 17 0.64 11,101

Note: Data includes inland bathing waters. Takes no account of abnormal weather waivers.
Also includes waters for which, more than or less than the usual 20 samples were obtained.
The limit of detection is 10 FC/100ml or 10 FS/100ml

Table 2 shows that for the 2001 bathing season, 530 of the designated bathing wa-
ters (95%) in the UK complied with the EC bathing water standard at the Manda-
tory level, whereas 365 bathing waters (66%) complied with the more stringent
Guideline values. The compliance rate for the United Kingdom improved from 91
per cent in 1999 to 95 per cent in 2001. However going back even further, compli-
ance has improved from 76% in 1991.

Table 2 also shows compliance rates of UK bathing waters over the period
1999-2001 with the various scenarios being proposed as revisions to the Directive.
Whilst UK coastal waters are clearly improving according to the criteria under
each revision scenario, the % of bathing waters complying varies considerably de-
pending on the precise nature of the revision. Revision Scenario 1 shows a com-
pliance picture that is roughly comparable with the current EC bathing water Di-
rective. However, under Scenario 2, the number of compliant bathing waters falls
to two-thirds of the total. Under the alternative Scenario 2a, which bases compli-
ance on the 95" percentile approach advocated by the WHO (WHO 1998) compli-
ance is worse still at just under 50% of the total. Under the even more stringent
revision scenario 3, only one quarter of UK bathing waters pass the requirements.
The excess risks of gastrointestinal illness associated with bathers’ exposure to the
quality of UK coastal bathing waters present over the period 1999-2001 are now
assessed. It should be noted that this is not the only illness associated with faecal
contamination of bathing waters. Nevertheless it has been the main focus of most
of the epidemiological work, and the illness for which there is the most credible
scientific evidence of a clear dose-response relationship with water quality. Fur-
thermore, it is what most of the policy decisions undertaken in this area have been
concerned with, and hence the analysis is restricted to these risks only.
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Table 2. Compliance of UK Bathing Waters with EC Directive (1999-2001)

Directive Parameters per 100 ml (% % of UK bathing waters complying
standard of samples to comply) with Standard in year' (n = total
number of bathing waters sampled)
Faecal Intestinal 1999 2000 2001
coliforms  enterococci (n=546) (n=557) (n=557)
Existing mandatory 200 NA 91 94 95
95)
Existing guideline 100 NA 50 54 66
(80)
Revision scenario 1 NA 200 (80) 87 90 92
Revision scenario 2 NA 200 (95) 55 61 66
Revision scenario 2a NA 200 (95)? 41 46 50
Revision scenario 3 NA 50 (95) 18 22 26

" Includes all coastal bathing waters in England, Wales, Scotland and Northern Ireland, as
well as nine inland bathing water sites. Takes no account of abnormal weather waivers. Al-
so includes waters for which more than or less than 20 samples were obtained.

? Rather than basing compliance on a percentage of samples lying below the limit value, an
alternative is to base compliance on a percentile approach in which one assesses whether
the specified percentile (in this case 95™) value for the sample exceeds the limit value. This
is the approach advocated by WHO (1998).

The risk of illness for a distribution of exposures to water of different qualities,
such as that found around the UK coast, is not given by the relevant epidemiologi-
cal dose-response function alone. Rather the dose response function, as derived
from epidemiological studies, has to be used along with the statistical distribution
of the related microbiological parameter densities of the relevant coastal waters.
Such a distribution describes the exposure of the bathing population to the differ-
ent qualities of water around the coast. In this way the proportion of bathers likely
to suffer from gastrointestinal illness can be derived for the statistical distribution
of UK coastal bathing water quality for any relevant period.

Based on the estimation procedure described in Wyer et al. (1999) and WHO
(2001). The dose-response relationship from Kay et al. (1994) has been applied to
the faecal streptococci probability density function for identified beaches around
the UK coast for the period 1999-2001. This gives the expected excess rate of gas-
troenteritis (per 1000) for a beach with water quality described by the log,, mean
and log , standard deviation of the distribution. Of the 1000 persons assumed to be
exposed, 621 experience water quality unlikely to produce any health effect
(Fig. 1) . Of the 379 who experience water quality that might make them ill, 79
become ill with symptoms of gastroenteritis. Using this estimation procedure, the
risks of gastrointestinal illness associated with bathers’ exposure to the quality of
UK coastal bathing waters over the period 1999-2001 were derived (Table 3). As
can be seen the excess risks of illness have been falling as the quality of bathing
water has improved over the period.
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Fig. 1. Integration to calculate total excess gastroenteritis for a faecal streptococci exposure
distribution based on the average UK bathing water quality data 19992001 (total curve area
adjusted to 1000).

Whilst the estimates of excess risk of gastrointestinal illness are based on the ac-
tual log,, mean and log,, standard deviation values for UK bathing waters over the
period 1999-2001, it is interesting to examine the effect of using a fixed log,, stan-
dard deviation for faecal streptococci, as was carried out by the WHO (WHO
1998) to derive the guideline values found in the proposed Revision (guideline
value equal to 200 Intestinal Enterococci/Faecal Streptococci). This will lead to
differences in the health risks for people exposed above the threshold value de-
pending on how the true standard deviation of a beach varies from the fixed stan-
dard deviation (cf. Table 3).

Table 3. Excess risk of gastrointestinal illness associated with UK bathing waters (1999-
2001)

year log,, faecal streptococci concentration estimated excess risk -
(cfu/100 ml)' number ill/1000 exposures
mean std deviation
1999-2001 1.299 0.672 79 (94°)
1999 1.339 0.710 90 (100%)
2000 1.322 0.665 82 (98"
2001 1.235 0.636 65 (86°)

" Includes inland bathing waters. Takes no account of abnormal weather waivers. Also in-
cludes waters for which, more than or less than the usual 20 samples were obtained.
> WHO fixed Std. Deviation (0.8103) used to estimate excess risk (see discussion in text).

The use of the fixed log,, standard deviation of 0.8103 leads to an overestimate of
the excess health risks for people exposed above the threshold level. This is be-
cause the actual log,, standard deviation is less than the fixed value and hence
there is a more narrow spread of values and thus exposures. This has implications
for the use of a single parameter value: local variations in standard deviation will
mean that risks of illness will vary even though the same guideline value standard
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is in place. For example applying the 95" percentile guideline value contained in
the Bathing Water Directive revision (guideline value equal to 200 IE/FS) to the
log,, standard deviation for faecal streptococci concentrations associated with cur-
rent (2001) UK coastal waters would result in an excess risk of gastrointestinal ill-
ness of about 68 per 1000 exposures (6.8%). This same guideline value applied to
the log,, standard deviation for the waters from which it was derived (11,607 EU
bathing waters) corresponds to an excess risk of gastrointestinal illness of 50 per
1000 exposures (5%). In order to achieve equal reductions in risk across different
waters, this would require the use of differential guideline values across the differ-
ent waters. So for the case of the current (2001) log,, standard deviation of UK
coastal waters, one would have to have a 95" percentile guideline value of about
150 IE/FS in order to achieve a 50 per 1000 exposures (5%) excess risk of gastro-
intestinal illness.

The application of the gastrointestinal illness risk estimates to data on British*
beach use/bathing behaviour amongst the English and Welsh population in order
to estimate the absolute disease burden for gastrointestinal illness arising from
bathing in faecally contaminated UK coastal waters is now considered. Although
previous estimates of relative disease burden have been made (Kay et al. 1997), this
is the first time that actual beach and bathing water usage rates have been used to
calculate absolute disease burden. The beach use/bathing behaviour data was taken
from a questionnaire survey undertaken as part of a project commissioned by the
Department of the Environment, Food and Rural Affairs (DEFRA) whose objec-
tive was to find out people’s preferences for changes in various beach attributes
(EFTEC 2002). The survey provided data on coastal recreation bathing behaviour
(an in particular, respondents bathing water related exposures) for a representative
sample of 809 people from the English and Welsh population, which could be
combined with the epidemiological risks of gastrointestinal illness established ear-
lier.

Applying the exposure to coastal water figures for the sample found in the bath-
ing behaviour survey to the excess risk of gastrointestinal illness estimates derived
earlier and, multiplying by the number of people in the English and Welsh popula-
tion, it is possible to establish the gastrointestinal illness disease burden for Eng-
land and Wales arising from faecal contamination of UK coastal waters. Table 4
above shows the relevant calculations in order to estimate the gastrointestinal ill-
ness disease burden under a number of different assumptions regarding the excess
risk of suffering gastrointestinal illness, and according to swim/dip and combined
categories of bathing associated water activity. The total number of exposures for
the survey sample can be estimated using either the mean or median number of
exposures per person from the bathing behaviour survey. This total number of ex-
posures figure is then divided by the total number of people in the survey sample
(809) to give the exposure (to risk) rate for the total sample (rather than for just
those undertaking the activity). This is then multiplied by the excess risk of gastro-
intestinal illness and the population of England and Wales (52.9 million) to give
the disease burden for England and Wales arising from bathing in faecally con-
taminated UK bathing waters.

4 Tt is assumed that UK beaches and British beaches are synonymous since there are only
13 beaches in Northern Ireland.
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Table 4. Gastrointestinal illness disease burden for the English and Welsh population. The
best guess overall estimate is highlighted in bold.

Activity Total no. of ex- Total sample  Excess risk of Disease burden: number
posures in 2001 exposure rate  gastro-intestinal of excess cases of gastro-
(95% confi- [=(1)/809] illness’ intestinal illness per year
dence interval) (95% confi-  (prob. per person)  [=(2)x (3)x 52.9 million]
dence inter- (95% confidence interval)
val) (all x million persons)
Exposure calculated on the basis of mean
Swim/dip 460 0.57 0.065 1.97 (1.35-2.57)
(313-607) (0.39-0.75) 0.050 1.52 (1.04 - 1.98)
0.043 1.30 (0.89 - 1.70)
0.020 0.60 (0.41 - 0.79)
All bathing 1011 1.25 0.065 4.29 (2.20-6.39)
associated (568-1454) (0.64-1.86) 0.050 3.3(1.69 -4.92)
water 0.043 2.84 (1.46 - 4.23)
activities 0.020 1.32 (0.68 - 1.97)
Exposure calculated on the basis of median
swim/dip 260 0.32 0.065 1.10
0.050 0.85
0.043 0.73
0.020 0.34
All bathing 413 0.51 0.065 1.76
associated 0.050 1.35
water 0.043 1.16
activities 0.020 0.54

" In order to calculate the total number of exposures for use in the grossing up exercise, use
can be made of either the mean or median exposures per person from the bathing behaviour
survey. The median is used since it is less susceptible to outliers in the sample, whose effect
will be greatly multiplied when grossing up estimates to the population level.

* The figures relate to risks related to swimming/dips only, and may or may not be correct
for the other bathing associated water activities. Epidemiological evidence relating to the
other high exposure activities such as surfing, etc., is currently inadequate for a parallel fig-
ure to be established for these activities (WHO, 2001). The single risk value is thus applied
for all bathing associated water activities. Note also that the probability on each exposure is
assumed additive (see later section on immunity).

Whilst there is some uncertainty over the precise current excess risk of suffering gas-
trointestinal illness (due for example to uncertainty about the log,, normality of the
bacterial probability density function), the figure derived in Table 3 for the year 2001
(65 per 1000 exposures) is nevertheless used’. In addition, three other estimates asso-
ciated with the revised EC Directive/WHO guideline values are shown (50, 43 and 20
per 1000 exposures). These estimates cover the likely range of risks associated with
compliance of bathing waters in the UK to the proposed EC/WHO Guideline Values,
and are based on calculations from an Environment Agency analysis undertaken for
DEFRA (Environment Agency 2002).

> Whilst the possibility of non-log,, normality of the bacterial probability density function
was considered, the evidence was inconclusive.
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The predicted ‘baseline’ gastrointestinal illness disease burden resulting from bath-
ing in faecally contaminated UK coastal waters for the year 2001 ranges between
4.29 and 1.1 million cases (Table 4), depending on the category of bathing associated
water activity and whether the mean or median number of exposures per person is
used as the basis of the total number of exposures calculation (‘best guess’ estimate is
1.76 million).

The table also shows the predicted gastrointestinal illness disease burden associ-
ated with the possible risk figures that represent improvements from the current status
of UK coastal bathing waters. These range between 3.3 million cases and 0.34 mil-
lion cases, depending again on the category of bathing associated water activity and
the basis of the total number of exposures calculation, as well as the estimate of risk
used (p=0.050, 0.043 or 0.020).

Although there is some degree of uncertainty associated with the disease burden
figures, principally due to issues regarding the shape of the bacterial probability den-
sity functions associated with UK coastal waters and with the effect of prior popula-
tion immunity impacts on illness (Hunter 2000), a figure somewhere in the region of
1.75 million cases of gastrointestinal illness per year may be considered to be a cen-
tral approximation for current disease burden.

The disease burden associated with improved levels of coastal water quality in the
UK varied considerably, again depending on the assumptions used to generate the es-
timate, and specifically on the improvement level being considered. Hence, the esti-
mated disease burden reduction, ranges from about 0.4 million to 1.2 million cases
per year depending on the specific excess risk reduction considered.

Economic assessment

This section considers the economic investigation of the EC Bathing Water Direc-
tive revision. In particular it seeks to consider the question of whether the revision
is worthwhile in terms of the economic benefits of coastal bathing waters comply-
ing with it, or whether the resources required to afford compliance would be used
more efficiently to achieve other societal goals. The economic benefits are esti-
mated using a contingent valuation study (Mitchell and Carson 1989), which con-
siders a bathing water quality improvement scenario based on a revised Directive.
The focus is on the public’s willingness to pay (WTP) for particular bathing wa-
ters to comply with such legislation, and by implication on the public health bene-
fits afforded to individuals and society®. These economic benefits are compared to
the costs of implementing changes to bring bathing waters up to the required stan-
dard.

% The main focus of the EC Bathing Water Directive Standards is with public health con-
cerns, though it is recognised that there will nevertheless be additional benefits from
bathing waters complying with the standards in terms of recreational/amenity, aesthetic,
ecological and non-use considerations. The studies undertaken in this chapter likewise
have as their primary focus the public health benefits, though alternative motivations,
stemming from the additional benefits mentioned above, may also find some expression
in the WTP values being expressed.
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The contingent valuation (CV) study was designed to estimate the economic
benefits associated with improvements in water quality at all beaches in the An-
glian water region (37 beaches in total) such that they all comply with a revised
EC Bathing Water Directive. The study comprised of an identical CV survey
questionnaire undertaken at two coastal and one urban locations in East Anglia,
and was, wherever possible, designed to correspond to the NOAA ‘Blue Ribbon’
panel guidelines (Arrow et al. 1993) on conducting CV studies.

A contingent valuation survey requires that the change in the provision of the
good that respondents are being asked to value is communicated and understood
by them. A procedure to elicit respondent’s values is then required (elicitation
method), as well as a mechanism by which respondents are told that they will have
to pay for the change in provision (payment vehicle). One needs to be confident
that respondents are actually valuing the specific change in provision and not
some other more general change. These elements are usually contained within an
information statement, a valuation scenario and questions, and debriefing questions.
The elicitation method used in this study was a referendum style payment principle,
followed by an open-ended WTP question. The payment vehicle used was an in-
crease in water rates per year, which although problematical (due to the fact that
visitors to the coastal location may be from outside the charging area) was never-
theless considered to be the most likely way of financing any bathing water im-
provements.

Survey respondents were informed about, sewage contamination of bathing wa-
ter and the subsequent possible health risks from bathing, as well as the existing
EC bathing water standards. In this respect they were informed of the current
status quo regarding the standard of bathing water quality and associated risks of
illness associated with most beaches in the region. This information stated that al-
though most beaches in the region pass the existing Directive, the health risks as-
sociated with beaches which satisfy the standard is as follows: ‘out of every 1000
bathers, 51 will suffer from vomiting, diarrhoea, indigestion or nausea accompa-
nied by fever; 20 will suffer from respiratory illness such as sore throat, runny
nose, coughing; 54 will suffer ear ailments, and 24 will suffer from eye ailments.
Some bathers may suffer more than one of these illnesses at the same time.’

Respondents were then asked to consider the introduction of a new standard,
which should result in further reductions in risks to health at those beaches that
satisfy the new standard. They were told that in order for all beaches in the An-
glian region to achieve compliance with the new standard, extra expenditure in the
form of higher water rates may be required. Respondents were then asked a pay-
ment principle question, in which those agreeing to the principle were asked a fur-
ther WTP amount question. A budget constraint remainder was given prior to the
payment principle and WTP amount questions. In addition, prior to the WTP
amount question, a reminder was given that respondents already pay for sewage
treatment in order to ensure compliance with the existing directive, and therefore
the benefit of the new standard is in terms of further reductions in risks to health at
those beaches that comply with the new standard.

In describing the proposed new EC Directive standard, it was not possible to
define the specific health risk probability reductions associated with compliance
(since scientific evidence was limited). In this respect the contingent commodity
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being offered was implicitly framed in terms of a change between two perceived
‘publicly acceptable’ health risk levels. The first associated with the existing di-
rective and the second with the revision. Hence although the framing of the con-
tingent commodity is very much in terms of public health concerns, the reliance
on respondents perceiving the changes in health risks means that there is scope for
them to incorporate additional benefit motivations (other than just public health
risk reductions) into their valuations. Given the use of a change in perceived ‘pub-
licly acceptable’ health risk levels, it was decided to explicitly examine the varia-
tion in people’s perceptions regarding this change. Prior to the valuation questions
therefore, respondents were asked to state what they themselves expected in terms
of proportional health risk reductions (in terms of incidence of illness) from the
new EC standard relative to the existing EC standard.

The survey was administered using in-person interviews. The sample of re-
spondents were chosen at random amongst the population of visitors to Great
Yarmouth and Lowestoft beaches, and a partially stratified sample was chosen
amongst the population of household residents in the city of Norwich. No particu-
lar claims are made in terms of representativeness of the sample with respect to
any particular population of interest. In fact, the sampling strategy was such as to
obtain a varied sample rather than a true cross section. Data were obtained from a
total of 616 respondents.

Table 5 presents a summary of the mean WTP amounts found for each of the
three site samples, as well as the combined sample, according to respondent’s ex-
pectations regarding the reductions in number of illnesses achieved by compliance
with the revised Directive. These mean WTP values are aggregated for the English
and Welsh population using 2002 prices and converted to net present values using
a 25 year time frame and discount rates of 6% and 3.5%. The benefit aggregations
make the assumption throughout, that the WTP values are representative of the
WTP values of the English and Welsh population at large. It is acknowledged that
the various samples may not be highly representative of the population. In addi-
tion, it should be noted that the CV studies used to generate the benefit estimates
only covered improvements at a small proportion of the total number of bathing
waters in England and Wales, and hence the estimates are possibly underestimates
of possible countrywide improvements. In order to work out the aggregate WTP
for the English and Welsh population per year the relevant mean WTP value is
multiplied by the number of number of households in England and Wales, equal to
24 million, at the time of this study.

Turning now to the costs of controlling bathing water pollution to a level where
water quality complies with the standards laid out by the EC Bathing Water Direc-
tive, unlike the benefits estimates, for which there were no previous figures avail-
able, two previous estimates of pollution control costs exist and are considered.
The first set relate to the cost compliance assessment (CCA) that was commis-
sioned by the UK Department of the Environment and given in evidence to the
1995 House of Lords Select Committee on the European Communities Enquiry,
which considered the EC’s 1994 proposal to revise the 1976 EC Bathing Water
Directive (HOL 1994-5). The CCA required the evaluation of costs associated
with four possible scenarios. Scenario A, is the Commission’s 1994 proposal,
which introduces a mandatory standard for faecal streptococci, and an enterovirus
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standard. Scenario B, is the existing Directive made more stringent by making
mandatory the standards that are presently the optional Guideline standards. Sce-
nario C,,,, is the Commission’s 1994 proposal except for the omission of the more
stringent enterovirus requirement. Finally Scenario D,,,, is the existing directive
plus a new mandatory standard for faecal streptococci.

The second set of cost compliance figures relate to a second cost compliance
assessment report commissioned by the UK Department of the Environment, Food
and Rural Affairs in response to the EC’s 2000 proposal to revise the 1976 EC
Bathing Water Directive (Cascade Consulting 2002). The assessment examines
the costs of three scenarios for upgrading bathing water quality. These are all
based on increasingly stringent levels of faecal streptococci that correspond to
WHO’s microbiological assessment categories for bathing waters (WHO 2001).
Scenario C,,, is equivalent to the current mandatory EU standards, while Scenario
B,,, is roughly equivalent to the current Guideline EU standard. Finally Scenario
A, 1s the strictest standard in the WHO’s classification categories shows the in-
dicative parameters and their respective limit values associated with each of the
seven revision scenarios.

The two sets of cost compliance figures relating to the 1994 and 2000 proposals
for revising the EC Bathing water directive are shown in Table 7, using net pre-
sent values, based on 2002 prices, a 25 year time frame and discount rates of 6%
and 3.5%’. As can be seen the figures vary considerably depending on the particu-
lar scenario considered. As expected the strictest scenarios under each set of revi-
sion proposals (scenario A for the 1994 and 2000 revisions) are the most costly.
Two of the scenarios (B, and B, - shown in bold) from each set of revision
proposals, both relate to the same Guideline standard of the current Directive and
hence serve as a cross check of the credibility of the two cost compliance assess-
ments. It is interesting to note that, although the individual capital cost and operat-
ing cost figures for scenario B appear to diverge somewhat between the 1994 and
2000 figures, the net present cost figures are very similar (the figure for B, is
about the mid point of the range given for B ,.

The cost estimates for the various revision scenarios in Table 7 can now be
compared with the various benefits estimates for the different estimation scenarios
in Table 5. It would appear that the benefits of a revised Directive outweigh the
costs of even the most stringent of the revision scenarios, irrespective of respon-
dents’ expectations regarding reductions in the number of illness from compliance
Given the fact that the benefit estimates may even be conservative underestimates
(since they may only cover improvements at a small proportion of the total num-
ber of bathing waters in England and Wales with certainty), then it seems likely
that the benefits will outweigh the costs even allowing for any sources of impreci-
sion in their estimation. It is acknowledged that there may be problems over the
representativeness of the samples in the two CV studies, such that the benefits es-
timates are somewhat biased, though on balance it is felt that this is unlikely to
make any material difference to the finding of positive net economic benefits as-
sociated with bathing water pollution control.

7 At the time of writing 6% is the rate of discount used by the UK Treasury in its ‘Green
Book’, though it is thought that this is likely to change to 3.5% in the next revision.
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Table 6. Cost compliance assessment for different directive revision scenarios

Proposed direc- Indicative parameter Limit values
tive revision sce-
nario
A, Faecal streptococci 400 cfu/100 ml
enterococci 0 pfu/101
B, Total coliform 500 cfu /100 ml'
Faecal coliform 100 cfu/100 ml'
Faecal streptococci 100 cfu /100 mI’
1004 Faecal streptococci 400 cfu /100 ml
oot Total coliform 10000 cfu/100 ml’
Faecal coliform 2000 cfu /100 mI*
Faecal streptococci 1000 cfu /100 ml
A Faecal streptococci <40 cfu/100 ml*
B, Faecal streptococci 40-200 cfu/100 ml*
_Co Faecal streptococci 201-500 cfu/100 ml*

' 80% of samples should not exceed this level
® 95% of samples should not exceed this level
*90% of samples should not exceed this level
. .
95 Percentile
Note: The cost figures relate to the eight affected companies (excluding Northern
Ireland and Scotland), and it is thought that the impact in some water company areas
might be twice the national average (HOL 1994-5).

Table 7. Net present costs of EC Bathing Water Directive revision scenarios (aggregate for
English and Welsh bathing waters)

Proposed Capital cost Operating Total net present Total net present
directive £2002 million'  cost cost - £2002 mil- cost - £2002 million
revision £2002 lion (over 25 (over 25 years at
scenario million/pa’ years at 6% dis- 3.5% discount rate)
count rate)
1004 1,971-5,096 84-180 3,111-7,539 3,406-8,171
1004 1,370-3,173 60-120 2,184-4,802 2,395-5,223
Co, 529-1,322 24-48 855-1,974 939-2,142
D, 24-48 0 24-48 24-48
A 590 500 7365.18 9119.18
B, 280 230 3396.58 4203.42
- 2.9 0.5 9.68 11.43

' Costs adjusted where necessary by UK Treasury GDP deflators to give 2002 prices
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Public/social assessment

Background

The focus of this final component is on examining the public acceptability of
coastal bathing water health risks and the revision of the EC bathing water Direc-
tive standard from a social/public perception standpoint. In particular it examines
social/public perceptions of environmental quality, health risks and health risk
regulation and management, in the context of specific UK beach sites and the pro-
posal to revise the directive. The aim is to broaden the scope and understanding of
the coastal bathing water problem provided by the previous two components in a
number of ways. The analysis seeks to better understand how people achieve, jus-
tify and sustain particular evaluations and actions towards the bathing water issue,
and to better incorporate the social/public perception perspective in the develop-
ment and implementation of coastal bathing water health risk policies and stan-
dards. Psychological and economic instruments for assessing the importance of
the bathing water risk issue are compared, whilst setting the findings in social, in-
stitutional and cultural perspectives. In particular the analysis seeks to explain the
motivations behind perceived magnitude of risk, environmental quality and stated
intentions to behave, such as willingness to pay for bathing water improvements.
The analysis considers attitudes towards risk management and regulation, and is-
sues such as trust, blame and accountability of the institutions and regulatory
process involved in setting standards for bathing water quality. The context is al-
ways in terms of informing the real-life policy debate over EC coastal bathing wa-
ter standards.

Approach

The approach taken in undertaking this investigation draws on a number of diverse
and eclectic theoretical sources, which are considered useful to informing the real
life policy debate over EC coastal bathing water standards. These range from vari-
ous types of social cognition models (Fishbein and Azjen 1975, Rotter 1954, Ban-
dura 1977, Wallston et. al. 1978) to psychometric risk perceptions analysis (Slovic
1992) and cultural theory (Dake 1992). Given the disciplinary perspective of this
section, the methodological approach made use of a combination of a question-
naire survey of the general public and smaller focus group meetings.

The survey questionnaire for the public/social assessment was undertaken as
part of a combined survey along with the contingent valuation study questions dis-
cussed in the previous section. Design of the questionnaire was thus influenced by
elements from economic, psychological and sociological models. The survey
questionnaire contained questions representing key variables from six categories
defined by reference to the different theoretical approaches mentioned above. The
six categories are outlined below.

Views of Nature (world views). These questions attempted to ascertain respon-
dents’ underlying beliefs about the environment, and their worldviews in general.
Respondents’ views of nature, or ‘myths of nature’ as proposed by cultural theo-
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rists were elicited. This led to the construction of variables describing how re-
spondents viewed the natural world from the point of view of it being adaptable to
pressures (ADAPT), controllable by expert management (EXPMAN), fragile and
vulnerable to pressures (FRAGILE), and unpredictable in the way it responds to
pressures (UNPRED). Respondents were asked to assign values, on a five point
Likert Scale, indicating the extent to which they agree or disagree with these
views (1= disagree strongly, 3 = neither agree or disagree, 5 = agree strongly).

Knowledge and Experience. These questions enquired about respondents per-
ception of their awareness of risks to health from polluted bathing waters
(AWARENESS), whether they had heard of the current EC standard
(HEARDSTD), and whether they themselves or a member of their family had
been ill as a result of swimming in polluted bathing waters (ILLNESS).

Self Efficacy. Respondents were asked if they felt personally capable of making
a decision about the new EC standard (CAPABLE), whether the decision should
be left to experts (EXPERTS), and whether public consultation should be courted
on the issue (PUBCON).

Expectations. Respondents were asked about whether they believed that their
participation in the survey would have an important input into the decision making
process (IMPINPUT), if the implementation of a new EC bathing water standard
was realistic in practice (REALISTIC), whether the success or failure of a new EC
standard would be largely a matter of chance (CHANCE). Participants were asked
if they trusted the Government to implement the new EC standard (TRUSTSTD).
Respondents were then asked to estimate what decrease in health risks (as a pro-
portion of existing risks) they would expect from a new EC standard (EXPRED).

Values. These questions related to the importance to the respondent of the new
EC standard, both personally IMPPERS) as well as to the nation IMPNAT), and
whether the trustworthiness of government in implementing EC directives was an
important issue to the individual (TRUSTIMP). Participants were also asked if the
proposed EC standard was something that particularly interested the respondent
(INTEREST). Finally, respondents were asked to rate on a Likert-type scale (1=
not important, 5 = very important) how important it was in terms of their health
that the bathing water at beaches in the Anglian Water region should pass the new
EC standard (IMPHEA), as well as how important they thought action on a set of
coastal environmental problems was (ISSUES).

Personal context and characteristics. Each individual was asked a set of ques-
tions about their sex (SEX), age (AGE), income (INCOME), level of education
(EDU>16, i.e. educated beyond age sixteen), whether they had young children or
not (CH<10), or were members of various environmental groups (ENVGROUP),
and leisure interest groups such as the “Surfers against Sewage” pressure group
(INTGROUP).

The variables measured in the survey were treated as either continuous, i.e.
measured on a scale, or dichotomous, i.e. respondents answered ‘yes’ or ‘no’ to a
question. The following four response variables were analysed simultaneously:

1. Perceived magnitude of health risk from polluted bathing water, measured in
terms of how serious a risk they thought pollutants in coastal bathing waters were
generally to people in the UK, on a five point Likert-type scale (continuous);
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2. Perceived current water quality rating, measured on a seven point Likert-type
scale from -3 (very poor) to +3 (very good);

3. Willingness to pay, in principle, for an increase in water rates to achieve im-
plementation of a new EC Bathing Water Directive which reduces risk to a
level determined by participants (dichotomous);

4. For those who stated they would, in principle, be willing to pay some amount, a
further open-ended question was asked about the amount they would be willing
to pay as an annual increase in water rates per year (continuous).

Due to the mixture of binary and continuous response variables, and the fact that
not all participants gave responses to all questions, the data were analysed using a
mixed response multivariate model of the form described by Langford et al.
(1999b). In addition, a set of four focus group interviews (each 6 members) were
undertaken to provide further insights, and interpretation of survey findings. Using
a sample of respondents from the questionnaire surveys, four focus groups were
established according to respondents scores regarding their cultural theory soli-
darities (Thompson et al. 1990, Marris et al. 1998, Langford et al. 1999a). Full de-
tails of the selection procedure and logistics of each of the four group meetings are
given in Georgiou, (2003). Briefly described, the four solidarities are characterised
as being:

e Hierarchists: belief in the smooth running of society on prescribed guidelines,
framed in legislation and institutional classifications, with control being vested
in formal, hierarchical systems of authority, associated with the belief that ex-
pert management can solve environmental crises;

e FEgalitarians: in common with hierarchists, there is a strong sense of society,
but not along institutionalised guidelines. Individuals are not granted authority
because of their position, and decisions are reached through negotiation. The
environment is seen as potentially fragile, and easily damaged by human ac-
tions;

e Fatalists: tending to have low social associations, but a strong sense of social
distinctions (‘us and them’). Like hierarchists, fatalists autonomy is controlled
by institutional systems, but these are believed to be corrupt and self-interested,
excluding the fatalists from meaningful involvement. The environment is be-
lieved to be unpredictable and uncontrollable;

e [Individualists: having low social associations, and no belief in formal institu-
tions, or responsibility towards society as a whole. Individualists believe power
and resources are allocated by competition, rather than position and status. The
environment is viewed as being adaptable to changes resulting from human ac-
tions.

The group discussion protocol focused on: public perceptions of bathing water
health risk information; possible solutions to coastal bathing water pollution prob-
lems; the extent to which WTP reflects individual preferences; the appropriateness
of weak and strong sustainability criteria for the setting of standards; trust and ac-
countability in the agencies and groups concerned with bathing water issues, and
how this influences/affects WTP.
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Survey results

Turning now to the results, a summary of the multilevel modelling results for
magnitude of risk, current water quality, willingness to pay in principle, and will-
ingness to pay amounts is given in Table 8. The explanatory variables were mod-
elled simultaneously, and hence the results are for a complete model including in-
formation on world views, personal characteristics, self efficacy, expectations,

values and knowledge and experience.

Table 8. Multilevel modelling results for magnitude of risk, current water quality, willing-
ness to pay in principle, and willingness to pay amounts. Number of respondents was 616.

Category Variable

Magni-
tude of

risk

Water
quality
rating

Payment
principle

WTP
amounts

Views of nature ADAPT
EXPMAN

FRAGILE

UNPRED

Personal SEX
characteristics AGE
INCOME

CH<10

EDU<16

INTGROUP

ENVGROUP

Self efficacy CAPABLE
EXPERTS

PUBCON

Expectations EXPRED
IMPINPUT

TRUSTSTD

REALIST

CHANCE

Values INTEREST
TRUSTIMP

IMPPERS

IMPNAT

IMPHEA

ISSUES

Knowledge and ILLNESS
experience AWARENESS
HEARDSTD

+

++++

++

++

+H++
++
++

++

++++

++

++

+++
+++

++

+++

++

++

+++
++

Note : +/-=p <0.10, ++/-- = p < 0.05, +++/--- = p < 0.01, ++++/---- = p < 0.001; + = pos-

tive correlation, - = negative correlation
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Considering views of nature, magnitude of health risk from polluted coastal bathing
waters was negatively associated with a belief in the adaptability of nature, and posi-
tively with a view that nature is fragile, and prone to damage by human actions. This
can be related to cultural solidarities, with adaptability of nature being associated
with individualism, and fragility with egalitarianism (Marris et al., 1998). Younger
people were more likely to estimate a higher risk, although this was the only signifi-
cant personal characteristic variable. A higher perception of risk was also strongly
associated with a desire for public consultation, and that experts and policy makers
should not be allowed to take decisions on the public’s behalf. Interestingly, none of
the behavioural expectations variables were significant predictors of risk perception,
but several measures of importance value were, including personal interest in the is-
sue and a belief that coastal bathing water quality was an important national issue.
This cluster of predictors outlines a belief in the importance of general environ-
mental protection, associated with interest and importance of the particular issue, in
line with interest in coastal environmental issues generally (such as waste disposal,
preservation of natural heritage and coastline protection). In addition, higher per-
ceived risk was also associated with previous perceived illness of self or a family
member attributed to exposure to polluted seawater and perceived awareness of the
risks. However, there was a weak negative association between perceived risk mag-
nitude and knowledge of the EC standard.

A positive perception of current water quality rating was associated with a be-
lief in the efficacy of expert management of environmental problems, associated
with the hierarchy solidarity, which views institutional solutions and regulatory
approaches as the best way to tackle environmental pollution (see focus groups
discussion below). Older people were also more likely to perceive the water qual-
ity as better than younger people, and this was again the only significant personal
characteristic variable. A belief in public consultation as a means of developing
better water quality measures was positively associated with water quality rating,
but feeling currently capable of making a decision was negatively associated. Two
expectation variables, namely trusting the implementation of the new standard,
and belief that answering the questions in our survey would be an important input
to the decision making process (respondents were informed that a report on the
work would be sent to the House of Lords Select Committee) were positively as-
sociated with water quality rating. In contrast, personal importance of the issue,
and feeling that trustworthiness of the Government in implementing the standard
was important were negatively associated with high water quality rating. This
cluster of predictor variables suggests that people who believe in expert manage-
ment and trust the current institutional approaches tend to perceive the current wa-
ter quality as being higher. There was also a positive association between higher
water quality rating and perception of awareness of the risks and knowledge about
the current EC standard. However, there was a negative association with previous
perceived illness experience.

For the payment principle question, there was a positive association with belief
in expert management, and several of the personal characteristic variables were
significant, namely, having higher education, having children, and being a mem-
ber of an environmental or interest group. Belief in being capable of making a de-
cision was interestingly negatively correlated with a positive response, suggesting
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that those who refused to pay were certain of their beliefs. Three expectations
variables were significant, with belief that the respondent was having an important
input into the decision making process and belief that implementation of a new
standard was realistic being positively correlated with a positive response. This is
important, as it suggests that saying “yes” to the payment principle is to a degree
dependent on belief in the action being offered and the perceived importance of
the contingent valuation study in determining benefits. Those who were willing to
pay something had lower expectations of the reduction in risk, suggesting that
those who wanted a greater reduction in risk were objecting to the payment prin-
ciple question. High personal importance value was also associated with saying
“yes”, as was importance to personal health, suggesting that more immediate per-
sonal concerns were determining the response to this economic payment question.
None of the variables to do with knowledge or previous experience were signifi-
cant predictors.

Unpredictability of nature was the belief associated with lower WTP amounts
(of those who were willing to pay anything at all). This supports other results
(Langford et al. 1999c, Marris et al 1998) that those with a more fatalistic outlook,
believing that industry and government act out of largely self-interested motives,
are less willing to commit themselves to institution-based improvements. Out of
the personal characteristic variables, only higher education was associated with
higher WTP (income was not significant). However, higher WTP amounts were
positively associated with the size of the expected reduction, suggesting that WTP
amounts were more based around what people would like for their money than
with income constraints in this case. WTP amounts were also negatively corre-
lated with both public consultation and experts taking decisions. These two ex-
planatory variables were not highly correlated in the model (r = -0.20), perhaps
surprisingly, but negative associations with both may suggest a preference for the
status quo, rather than potentially expensive public consultation or further expert
analysis. Importance to personal health was a predictor of higher willingness to
pay, as was perceived importance to the nation. Again, none of the knowledge and
experience variables were significant.

Focus group results

The focus group discussions produced interesting differences between the cultural
theory defined categories. Members of the individualist, hierarchy and egalitarian
focus groups expressed surprise that the current estimates of health risk from pol-
luted coastal bathing waters were so high (100 — 150 minor illnesses per thousand
bathers, Fleischer et al. 1998). However, there were differences in the interpreta-
tions put on this information. Egalitarians, who were least surprised by the high
figures, acknowledged that the illnesses were minor, but clearly stated they were
still serious because they were unnecessary, and used the information to further
justify their belief that the current standard was very inadequate. In contrast, indi-
vidualists immediately doubted the validity of the statistics, and questioned how
people could be certain that illnesses arose from exposure to pollution. There was
a belief that illness was largely due to individual weakness (e.g. poor immune sys-
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tems) or the overuse of antibiotics and lack of exposure to germs in society in
general. Illnesses were therefore interpreted as being minor, and exposure to risk
largely a matter of individual choice, or common sense. Hierarchists also com-
mented that some people may be more susceptible, but were more concerned with
having a yardstick to judge the figures against, for example, health risks from un-
polluted beaches or beaches in other countries, such as around the Mediterranean.
Risk was therefore interpreted in a relativistic way, needing comparison in a wider
arena area to determine acceptability. Fatalists accepted the figures readily, and
described them as being shockingly high. They used the information to validate
their beliefs that the present standard was useless, and that it would be difficult to
do anything to alleviate the current bad situation.

Regarding risk management and regulation, hierarchists focused on public
awareness and education, and placed importance on identification of the sources
of pollution, so that technology and legislation could be used to reduce pollution
from problem industries. In contrast, egalitarians interpreted risk management to
mean the removal of risks to the public. There was a desire for re-nationalisation
of utility industries, such as water, and concern over profiteering from the priva-
tised water companies. Health risks were also framed in more general environ-
mental terms, with human health being one of a number of important concerns for
society. Individualists were concerned about pollution, but looked to external
causes, such as waste and oil from ships, and the importance of agricultural and
industrial effluent from the rest of Europe. Importance was attached to the effi-
ciency and accountability of the privatised water companies in providing less ex-
pensive and more effective ways of tackling the problem, but it was accepted that
“sewage is a fact of life”. Fatalists agreed that water companies should be respon-
sible for taking action to solve the problem, but wouldn’t do so unless forced to.
However, they also doubted that legislation would be introduced effectively to
achieve this. They perceived government and industry to be quite separate entities,
both divorced from the public interest. Risk management was framed in terms of
institutional failure due to self-interest and lack of motivation for change.

The focus groups also brought out important differences in interpretation of an
economic solution to the problem, and the use of willingness to pay to measure
benefits. Individualists concluded that willingness to pay was a good measure of
how serious people were about their concerns — “putting their money where their
mouths are”. They also supported the use of an economic solution as being the
most realistic and effective, whilst expressing unease about ‘expert opinion’. Hier-
archists, on the other hand, saw an economic solution as a necessary evil on the
road towards a better standard of quality, which could be achieved through effec-
tive legislation and application of new technology. Egalitarians had reservations
about the payment vehicle, namely an increase in water rates, as they believed that
the privatised water companies were more interested in profits than providing ser-
vices. They wanted to know what they were being asked to pay for, and focused
discussion on the provision of better information, including an estimate of the
costs involved — a few doubted that environmental goods could be allocated mean-
ingful economic values. They were also concerned with people’s ability to pay,
rather than willingness to pay. The fatalists favoured tougher environmental stan-
dards, but believed these would never be achieved, and that people in general
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would not be willing to pay for them. They therefore interpreted the willingness to
pay question in terms of an unfavourable view of society’s motivation to change,
and in particular, pay for change. They also believed that people realistically had
very little choice, and so doubted the usefulness and validity of estimating will-
ingness to pay, but concluded that an economic solution was more feasible than
fixed standards because it was less expensive.

The issue of trust in the government was very important to the questionnaire re-
spondents, though a minority felt that the government could be trusted to imple-
ment the new standard. Individualists and hierarchists were least concerned about
trust and governance, believing that regulatory change, technological innovation
and market mechanisms could be combined to provide workable solutions. Hier-
archists were generally satisfied with the agencies involved in regulation and
sought action by parliament to ensure proper regulation of the Water Companies.
Individualists focused on the perceived inefficiency and insensitivity of the EU,
commenting negatively on their inflexibility and financial profligacy. Egalitarians,
in contrast, were concerned about the amount of bureaucracy and lack of democ-
racy in the EU, and fatalists expressed both ignorance and mistrust of the opera-
tion of the EU or the Government.

The results of the above analyses suggest that people distinguish between their
perception of risk, risk management and environmental quality, and economic
measures of commitment, such as willingness to pay. Respondents also seemed to
assume the dual role of consumers and citizens, depending on the issue discussed.
Participants recognised that risks may be hidden, such as bacteria, but still used
sensory data to define their judgements of polluted water. The action associated
with awareness of risks was avoidance behaviour, such as refusal to go into the
sea and not eating seafood. Lack of complete knowledge of the risks was bolstered
by anecdotal evidence and media coverage of illnesses that has been attributed to
pollution in seawater. Some participants reacted against this, believing that health
risks are exaggerated. In contrast to this individual-based definition of risk and
risk avoidance, collective or public responsibility for pollution was accepted in the
light of the need to identify specific main polluters, and participants took a prag-
matic view of risk management. Nevertheless, different cultural solidarities pro-
vided different justifications for both their concern and choice of management op-
tion.

The questionnaire survey also highlighted differences between risk and will-
ingness to pay. Magnitude of risk to society was associated with importance value,
general environmental concerns and previous knowledge and experience. In con-
trast, willingness to pay in principle was associated with personal characteristics,
expectations and personal importance to health. This shows that different ideas are
being used to construct an answer to magnitude of risk compared with a stated in-
tention to provide funds to reduce the risk. In particular, how realistic the policy
proposed was, and how important the participant’s involvement in the survey was
perceived to be were important predictors of being willing to pay something. Be-
yond this, willingness to pay amounts was associated with expected reductions in
risk and importance to personal health, which are consistent with economic the-
ory. Perceptions of current water quality were more closely linked to magnitude of
risk, than willingness to pay, with knowledge and experience again being impor-
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tant explanatory factors. Perception of good quality was generally associated in a
belief that ‘everything is basically OK’ in terms of risk exposure and management.
This finding was backed up in the focus groups where hierarchists, believing in
the efficacy of expert management, defined risks in relative terms and decided
upon education of the public and improved legislation to reduce exposure to risk.
Willingness to pay was generally accepted as a pragmatic way of measuring pub-
lic commitment to reduce health risks, given a number of caveats. For individual-
ists, efficiency was the key issue, whilst for egalitarians equity and general envi-
ronmental concern featured prominently. Fatalists believed an economic solution
was making the best of a bad job, whilst hierarchists looked forward to an ‘ideal’
situation where a ‘gold standard’ could be imposed.

Recommendations and conclusions

A number of conclusions and recommendations stem from the analysis. Firstly, it
is undoubtedly the case that coastal bathing water quality in the UK has been im-
proving and consequently the risks of gastrointestinal illness falling over the last
decade as sewage cleanup has taken place. However, whilst most bathing waters
currently comply with the minimum requirements of the European Directive on
bathing water (CEC, 1976), it is unclear to what extent UK bathing waters will be
compliant with the provisions of a revised Directive that is more stringent and
relevant to public health concerns. Furthermore, the analysis has indicated that a
single parameter value to define a revised guideline value across all waters in the
EU may not be appropriate.

Using data on bathing related water exposures alongside relevant WHO disease
burden methodology, a ‘ball park’ estimate around 1.75 million cases of gastroin-
testinal illness per year was found for disease burden in the English and Welsh
population associated with current (2001) levels of coastal water quality in the
UK, whilst there would be a reduction from this figure of between 0.4 million to
1.2 million cases per year, depending on the specific water quality improvement
undertaken. Given the uncertainties associated with both current and possible fu-
ture guideline values, it is believed that there needs to be a move away from a reli-
ance on a single guideline value across all EU waters. Instead EU legislation
should aim towards a system that provides for a comprehensive and flexible ap-
proach to the control of recreational water environments that better reflects health
risks and provides enhanced scope for effective management intervention. Such an
approach is enshrined in the approach known as the “Annapolis Protocol” (WHO,
1999), and would involve an extended implementation of the WHO methodology
used to derive the proposed EC Guideline Values.

With respect to the economics of revising the bathing water Directive, the cost-
benefit analysis undertaken here, whilst based on a number of assumptions with a
significant degree of uncertainty attached to them, indicates that a further tighten-
ing of standards and consequent cleanup of bathing waters is appropriate. This
finding is qualified by a number of important lessons and insights. The great ma-
jority of respondents accepted an economic approach to the mitigation of the prob-
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lem, though individuals with different viewpoints arrived at this decision for dif-
ferent reasons. Willingness to pay was generally seen as a reasonable way of as-
sessing public commitment to reducing risks to health. However this needs quali-
fication with respect to proper apportionment of blame and responsibility to those
who pollute the sea, the distribution of impacts across different sectors of society,
and the setting of the issue of health risks in the context of wider environmental
issues. People’s perceptions, preferences and behaviour are based on very differ-
ent criteria and concerns. The reasons why people will or won’t pay, and how
much they pay are based on very different factors. This means that policy makers
need to be informed not only of the economic costs and benefits of bathing water
cleanup, but also about the motivations and expectations that people convey in re-
lation to a reduction in risks. Individuals use social and institutional frameworks to
define their responses to bathing water risk, and make clear distinctions between
their personal risk avoidance strategies and societal management of risk issues.

The analysis undertaken found that the various factors affect to a varying de-
gree the public’s faith in any proposed new standard, and their expectations of the
health benefits that the standard will deliver. Overall, it can be concluded that in-
dividuals across all four identifiable cultural categories (egalitarian, fatalist, hier-
archist and individualist) are concerned either with the current level of risk, the
current practices for implementing the standard, and with issues of efficiency and
accountability of the Water Companies. Any attempt at redrafting and successfully
implementing a new standard must take account of these concerns.
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5. Establishing coastal and marine reserves —
with the emphasis on fisheries

Han Lindeboom! and Saara Bick

Abstract

Marine reserves or protected areas with certain restrictions are formed for several
reasons: protection of species or specific life stages, protection of habitats such as
spawning, resting or feeding areas, and creation of more natural age composition
in populations. Areas are established to prevent continuous impacts of human ac-
tions such as certain disturbance of fishing techniques. For scientific research and
monitoring purposes marine reserves are indispensable. It is recommended that in
marine reserves where fisheries, other destructive human activities and local
pollution are forbidden or very limited, scientific research is carried out in order to
reveal trends in species composition, abundance and age distribution. These data
should be used for comparative studies with non-protected areas, and then be ap-
plied to obtain more sustainable use of resources, including optimal production
and optimal nature preservation. For successful marine reserves it is necessary to
define clear objectives for the closure, to include the stakeholders in the planning
process from the beginning, to design proper, manageable and legally controllable
boundaries, and to raise awareness and education. The EU Water Framework Di-
rective (WFD) includes regulations for establishing monitoring programmes also
for protected areas. Regular monitoring and evaluation programs should be exe-
cuted to see if the objectives are met and to renew the management plans and re-
design the areas if necessary.

Introduction

The coastal zone forms a productive boundary between ocean, coastal systems and
land with characteristically high amounts of energy and nutrients that stimulate
both high biological productivity and a wide diversity of habitats and species. The
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coastal zone is also facing human induced changes like pollution, eutrophication,
urbanization, land reclamation, over fishing and exploitation of other living popu-
lations and other natural resources. In modern marine management plans sustain-
able use and protection and the precautionary principle are high on the agenda. It
is a major challenge to manage and use the coastal areas and find the best sustain-
ability compromise between use and protection.

The European Union Water Framework Directive (2000/60/EC) includes ac-
tions that deal with Protected Areas and their management. All Member States
should establish a register of areas that require special protection under Commu-
nity legislation e.g. for conservation of marine habitats and species. For example,
Natura 2000 marine and coastal sites where the maintenance or improvement of
the water quality is an important factor in their protection.

Intensive fisheries are one of the biggest threats to marine ecosystems. There
are many signals that fishing activities affect the marine ecosystem on local and
sometimes regional scales. Stocks of economically important species and biodi-
versity are declining. There is evidence that in the Dutch sector of the North Sea at
least 25 species have decreased significantly in numbers or have totally disap-
peared (Bergman et al. 1991). On the other hand some opportunistic species have
increased in numbers. On the Dutch Continental Shelf, fishing is now so intensive
that every square meter is trawled on average once to twice a year. Bradshaw et al.
(2002) showed that in the Irish Sea the negative change of benthic populations
was correlated with the time period over which the site was trawled rather than in-
tensity of activity. In comparison with other possible causes like pollution, eutro-
phication, or climatic changes, the results from fisheries impact studies led to the
conclusion that changes observed in the North Sea ecosystem over the past 100
years can, to a great extent, be attributed to fisheries (Lindeboom and de Groot
1998).

Coastal and marine reserves and Marine Protected Areas (MPA) are important
tools to sustain these coastal ecosystems (Parrish 1999, Boersma and Parrish
1999). Reserves have been established as a management tool to compensate for
the over fishing on coastal populations (Garcia-Charton and Perez-Ruzata 1999)
and to support sustainable fisheries (Mangel 2000). It is postulated that establish-
ing marine reserves could improve the conservation of exploitated fish species
(Boersma and Parrish 1999) and thus increase the annual catches of fish in sur-
rounding areas (Pezzey et al. 2000). Recently, Myers and Worm (2003) investi-
gated the development of large ocean fish such as tuna, swordfish, sharks, marlins
and cod, which decreased worldwide by 90% in the last half century. To restore
the populations they suggested, apart from lower fishing intensity, the establish-
ment of reserves in the open oceans.

However, marine reserves are not isolated from long-term and long-range
chemical pollution or effects of extensive nutrient concentrations in ambient wa-
ters. Proper reserves may need substantial buffer zones (Simberloff 2000). And to
sustain the water quality, environmental management actions that are carried out
outside the reserve boundaries are often necessary (Murray et al. 1999).

In this chapter we will address the question, why and how marine reserves are es-
tablished and their role in future management of marine systems, with the empha-
sis on fisheries management.
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Marine reserves for conservation purposes

Most marine management documents that have appeared in recent years start with
the concept of a sustainable use of marine resources. The term itself is rarely de-
fined. According to Agardy (1997): “It is now touted the world over as the solu-
tion to real and prospective global, regional and local environmental problems.
Prolonged economical gain, ecological sound development, low-level use of re-
newable resources or parity among all resource users are terms often expressed.
The most common meaning of ecological sustainability has to do with the ecosys-
tem function. For an activity to be sustainable the activity must not cause envi-
ronmental degradation in the systems sense. Removing organisms from an ecosys-
tem or interfering with its critical processes can only be sustained over time if the
system’s functioning is not adversely impacted”.

Many international agreements and EU Directives like the habitat Directive
(92/43/EEC) and Water Framework Directive (2000/60/EC) include ideas of pro-
tection of habitats and species and sustainable use of marine resources. The com-
bination of these policies recalls the same idea as in Rosenberg et al. (2000) on
healthy habitats, which are also productive. They also brought the concept of
healthy and productive ecosystem functioning to traditional fishery management,
including the concept of essential fish habitats (EFH). In many fisheries agree-
ments the importance of habitat protection is manifested (Turner et al. 1999). De-
pending on the past and present day status, and on the desired local ecosystem
functioning, the sustainability needs to be defined for specific areas. This includes
clear definitions of sustainable protection of non-target species and the definition
of thresholds beyond which the risk of changes in the ecosystem are considered
unacceptable. One of the great challenges is to set these definitions for the marine
environment on local, regional and global scales. Then effects on both target and
non-target fish species must be limited to levels that do not cause a decline and
eventually collapse of the defined ecosystem properties.

Management of sustainable use of ecosystems requires information on the func-
tioning of the system, on the actual and potential uses of its components and the
effects of exploitation. This is true especially because ecosystems are not static,
unchanging entities, but rather a complex and dynamic web of interactions that are
affected by cumulative impacts (Agardy 1997, Lindeboom 2002). In order to ef-
fectively tackle the substantial marine conservation problems, clear questions need
to be asked on how to sustain ecosystem functions and biodiversity, how to con-
tinue a sustained use of living resources, and how to modify our behaviour to
reach that goal.

Part of that goal may be reached by establishing marine areas including no take
zones or closed areas where the constant pressure of human activities is mini-
mized (Wallace 1999, Mangel 2000). The so called “precautionary principle” im-
plies that actions that produce irreversible change to ecosystems (e.g. extinctions
and permanent restructuring of food webs) must be avoided, and risks and uncer-
tainties must be taken into account. As long as we are not certain about the long-
term effects of fisheries, the maintenance of relatively non-impacted areas may be
an important part of a precautionary approach. Following the approach on land,
the time has come to seriously consider the creation of real nature conservation ar-
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eas in the open sea, where the marine ecosystem may develop without continuous
human induced pressures.

The question of the size of the marine reserve is complicated. Reserves protect
animals completely if they never leave the reserve area. The size of such an area
depends upon the species to be protected. For species with low mobility as sessile
benthos, e.g. the long-living shellfish, the area can be rather small, but consider-
able areas are needed for animals with long home ranges (Kramer and Chapman
1999). In general, Edgar and Barrett (1999) showed that the effectiveness of ma-
rine reserve corresponds with reserve size.

Reasons to create protected areas

Protection of specific species or groups of species

Species for which it may be important to establish protected or closed areas in-
clude: species in imminent danger of extinction; species that play a central role in
ecological communities, often called ‘keystone species’; species that may serve as
an indicator of the ecological condition; and species that may help to raise public
awareness (Agardy 1997).

For the Dutch North Sea, rays are a good example. These organisms disap-
peared from the coastal zone entirely, most likely mainly due to fishing (Walker
1998). Using marker experiments, Walker (1998) showed that these animals do
not wander all through the North Sea but remain mostly within 20 km of their
place of release. She recommends closed areas with the size of ICES rectangles
(50x50 km) where local ray populations may re-establish themselves. Other ani-
mals that might return in such areas include oysters and lobsters.

Another example of marine reserves that are established to protect specific spe-
cies are Seal Protection Areas along the Finnish Baltic coast. In the Finnish classi-
fication code of threatened species grey seals are a vulnerable species. The EU
species directive demands the establishment of conservation areas for grey seals.
The population of grey seals nearly disappeared in the last century. Until the
1960s overexploitation and harmful substances such as DDT and PCB affected the
reproduction. There has been and still is a conflict between the fisheries and con-
servation and protection actions of grey seals. Fishermen state that grey seals eat
the salmon directly from nets leaving only remains. Some compensation is paid to
fishermen by the state. In state owned sea and coastal areas seven reserves were
established in 2001. These areas are also included in the EU Natura 2000 network.
The aim is to protect grey seals and their habitats and these areas will be used for
research and monitoring. Some parts of the reserves are closed the whole year
around and there are some restrictions, which deal with access to the area and fish-
ing. Hunting is completely forbidden in these reserves.
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Protecion of juvenile fish from early destruction

Habitat requirements change during species life cycles and thus one single marine
reserve may not cover all life stages (StMary et al. 2000). There are only a few
examples when reserves are recommended or are already established for certain
life stages e.g. spawning sites of gag (Mycteroperca microlepii) and scamp (M.
phenax) (Koenig et al. 2000) or plaice (Piet and Rijnsdorp 1998).

Along the Netherlands, German and Danish coast, an area called “plaice box”
was established in 1989 in order to diminish mortality of fish juveniles. The “box”
was intended to cover the major distribution area of the main commercial fish spe-
cies such as plaice, sole and, to a lesser extent, cod. At first, the area was closed
from 1 April till 30 September for beam and otter trawlers exceeding 300hp (221
kW). In 1997 the area was closed for trawlers exceeding 300hp for the whole year.
Comparing the “plaice box” with a reference area, Piet and Rijnsdorp (1998)
showed that the overall size structure of the commercially exploited fish species
increased due to the change in trawling effort whereas that of non-target species
did not change. The species composition was not significantly affected. Other
trends that were observed both within and outside the “box” were: a general in-
crease of species richness due to the influx of southerly species, and a decrease of
the relative abundance of plaice. The latter led to the fishermen’s opinion that the
“plaice box” does not function as protection of fish stocks. However, it is likely
that other causes such as, natural variation led to a decrease of plaice in the ten-
year period that the “box” has existed. Lindeboom (2002) indicated large changes
in the Wadden Sea and North Sea ecosystem in the late 80’s, leading to smaller
biomasses of shellfish in the Wadden Sea and possibly plaice in the North Sea.
Lessons to be learned from the “plaice box” so far are that excluding fishing pres-
sures leads to measurable changes in the marine ecosystem. But temporarily the
‘positive’ effects may be completely overshadowed by other trends in the natural
system. To overcome this problem long periods of closure and continuous moni-
toring of both the ecosystem and the behaviour of the stakeholders are needed.

Creation of a more ‘natural’ age composition within fish populations

One of the features of overfished fish populations is a shift in the age distribution
towards younger specimen (Daan 1989). In the past, fish like cod could grow to an
age of 40 years or more, more recently specimen older than six or seven years are
very rare. These age shifts have also been recorded in non-target species (van der
Veer et al. 1990). These age shifts may influence the capability of populations to
sustain sudden collapses caused by, for example, cold winters or diseases. In
closed areas fish that stay in that area can grow until their natural death, thus in-
creasing the mean age, rendering the populations less vulnerable to natural varia-
tions. In addition model results indicate that marine reserves could play a benefi-
cial role in the protection of marine systems against overfishing (Gerber et al.
2003).
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Protection of certain habitats, such as reefs, seagrass beds,
maerl grounds, stony areas

Specific habitats listed in EU Habitat Directive like reefs, sandbanks, seagrass
beds and maerl grounds can easily be damaged physically by movable fishing
gears, oil or gas extraction and coral, sand or gravel mining. This damage may
lead to a decrease in the natural functioning of these areas and in the long term
even to their disappearance. Marine reserves closed to these activities are an ade-
quate instrument to protect these vulnerable habitats. In all European coastal areas,
sea grass fields, kelp beds, and reef forming organisms like shellfish and worms
and specific stony areas need protection. The EU is establishing an extensive in-
ventory of the most threatened areas, and Natura 2000 conservation areas, where
different activities are regulated. In these areas, specific activities will only be al-
lowed as long as their sustainable conservation status is maintained.

Prevention of the continuous impact of certain fishing techniques
which change the ecosystem

Maybe in many areas we have to give up our traditional preoccupation with con-
serving structures or specific species, and instead direct ourselves towards safe-
guarding the critical ecological processes and properties that are responsible for
maintaining the desired habitat and ecosystem functioning. In this approach we
take the direct impact of the fisheries as starting point. Depending on the fisheries
intensity and the direct effects on target and non-target species, managers may de-
cide that this is not tolerable at infinitum in fast marine areas. As part of a ‘precau-
tionary approach’, the creation of areas where the impact of fisheries on structures
and non-target organisms is negligible may be a good conservation option. Special
fishing techniques, like dedicated long-lining, may then be developed and applied.

Protection of areas for scientific research and monitoring purposes

There are various reasons for establishing protected areas for marine research such
as comparative research between reserves and non-protected areas (Edgar and
Barrett 1999, Kelly et al. 2000). An example comes from the Dutch sector of the
North Sea where a biological monitoring program was started in 1988 (Duineveld,
1992). The aim is to establish possible trends in the development of benthic fauna
during a period of 5-10 years. The research on the direct effects of fisheries (Lin-
deboom and de Groot 1998) indicates that the infauna and epifauna are easily in-
fluenced by fisheries on a short-term scale. Thus fisheries may influence the data
collected in monitoring programs, rendering these data useless for establishing
possible eutrophication or pollution trends. If trends, caused by actions other than
fisheries, are to be monitored, the sampling sites should be off-limits to the fisher-
ies. There could be more distorted data sets if beam trawlers ploughed the sam-
pling area an unknown amount of times prior to the sampling. Studies of the set-
tlement and survival of benthic organisms, studies of sediment-water exchange or
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the transport of suspended matter, and even the benthic mapping executed by
ICES-members in 1986 (Kiinitzer et al. 1992) are possible examples of pro-
grammes whose results have been affected by fishing activity.

Another purpose for protected areas is to study long-term effects of fisheries.
Long-term changes in the underwater ecosystem have often been observed, and
many of these seem to be related to the fisheries (Bergman and Lindeboom, 1999).
But so far it has been impossible to indisputably identify cause-effect relation-
ships. For example, rays have disappeared from the Dutch coastal zone most
likely due to fisheries. But incontestable evidence is still needed. Comparisons be-
tween large fished and relatively unfished areas may provide such evidence, or
give results which clearly reject the hypothetical relationship between fisheries
and the occurrence of rays. Such research will even yield more conclusive results
if a large fishing-free zone is created in a previously heavily fished area. The size
of such an area depends upon the species to be studied. For sessile benthos, such
as the long-living shellfish, the area can be rather small, but considerable areas
need to be closed off for migrating animals.

Comparing the effects of fisheries with the effects of other anthropogenic influ-
ences will be a major task of applied scientific research. However, it is almost im-
possible to quantitatively estimate the individual effects of fisheries, eutrophica-
tion and pollution in a certain marine area. The establishment of a protected region
in such an area may provide the practical means to study the effects of different
anthropogenic activities. To investigate optimal future management strategies one
could then execute different experimental management options in sub-areas of this
closure, e.g. allowing different fishing intensities or gears, in connection with a
proper monitoring programme.

An example: The Dutch North Sea

At present, there is consensus about the view that the North Sea is heavily over-
fished (Daan 1996, Bergman et al.1991, Bergman and Lindeboom 1999). A reduc-
tion of fishing effort of about 20-40% will enable the commercial stocks to build
towards a more natural population structure (numeric as well as qua age distribu-
tion). Such populations are less vulnerable to natural fluctuations, which will re-
sult in less sudden changes in licensed quota and thus in higher economical prof-
its. A reduction in fishing effort will also lead to a reduction of the impact.
Furthermore, alternative gears have to be designed to catch target fish more selec-
tively and to minimize the by-catch and mortality in undersized and non-target
fish and invertebrates. As even the most selective trawling gears will have bottom
contact by means of the groundrope, direct mortality will still be induced in epi-
fauna species living on the seabed (e.g. bivalves, sponges), slowly swimming fish,
and egg capsules of rays and whelks. Habitat structures build by tube building
worms or bivalves will be destroyed as well. Therefore, a significant reduction of
fishing effort and the development of selective gears will not result in a suffi-
ciently low fishing mortality to enable the recovery of populations of sensible
animals as rays, long lived bivalves, sedentary epifauna species (sponges, anem-
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ones, hydroids), whelks, and structure building fauna species. For the conservation
of these species the designation of areas closed to harmful fisheries is needed.

In the early 1990s a study was contracted on the necessity and feasibility of the
designation of protected areas in the Dutch sector of the North Sea. This was
planned as a contribution to the conservation and, where possible, rehabilitation of
a natural diversity of ecologically valuable areas (Bergman et al. 1991). The ob-
jectives of such a designation would be:

1. To preserve, rehabilitate and develop natural values by limiting the effects of
human activities that cause detectable changes;

2. To protect animals which are an integral part of the Dutch sector of the North
Sea.

First, four criteria were developed that may be used for the designation and selec-
tion of areas which qualify for a protected status:

1. The extent to which specific activities have developed into a threat to the exis-
tence or normal functioning of groups of animals or species;

2. Whether a prohibition or restriction of certain human activities would reduce
this threat;

3. The use of ecological criteria, such as diversity, representativeness, integrity
and vulnerability to identify the areas most suitable for a protected status;

4. The question whether there are adequate legal instruments to ensure effective
protection of the selected areas.

Taking into account the effects of different human activities and the above criteria,
it was concluded that an area directly northwest of the Frisian Islands qualifies for
a protected status. In this area, containing coastal waters, sandy bottoms, the Fri-
sian Front area, muddy areas and restricted stony areas, it will be possible to pro-
tect different types of benthic communities, including invertebrates and fish.

The following protective measures have been proposed for the area: 1) close
the area for all types of fisheries throughout the year; 2) prevent or minimize oil
containing discharges from offshore mining installations; 3) take area specific
measures with respect to offshore mining, shipping, military activities, sand ex-
traction, dumping and the laying of cables and pipelines whenever the situation in
the area calls for such measures; 4) consider additional measures if the area is to
be used as a reference area for scientific research.

Following the publication of Bergman et al. (1991) the Dutch government con-
sidered initiatives to establish a protected area in the Dutch sector of the North Sea
and to study the actual protective effects of such an area. However, due to very
strong opposition from the fisheries sector, the political judgement not to create a
new trouble area when agriculture was already causing so many problems, and the
lack of support at a European level, the idea was temporarily abandoned. Recent
EU policies and Directives now provide an appropriate context to reopen the dis-
cussion.
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Box 1. The Humber and nature conservation (by Tony Edwards)

Background. The Humber Estuary with its deep water navigation and its industries plays
a vital role in the UK’s economy. The estuary, where over 300 000 people live, has the
country’s largest complex of ports and one of its biggest clusters of the chemicals and
oil refining industry, all protected by tidal flood defences. It is also of outstanding value
for wildlife conservation, particularly waterfowl. Sea level in the estuary during the
twentieth century rose at a rate of 2-3 mm per year, increasing to a predicted 6mm per
year as a result of global warming. The Humber is a dynamic estuary with a tidal range
of up to 7m, and the channels and sandbanks are continually moving. The inter-tidal
area has been greatly reduced since large-scale reclamation commenced early in the sev-
enteenth century. The habitats of particular interest are coastal lagoons, Atlantic salt
meadows, reedbeds, mudflats, sandbanks and the estuary itself, which has populations of
the endangered river and sea lampreys. There is also a thriving grey seal colony at the
estuary mouth. A review of the wildlife designations is in progress by the UK Govern-
ment’s nature conservation agency. The review includes the possible extension of the
existing RAMSAR site and the Special Protection Area (SPA) of the European Birds Di-
rective to include all of the inter-tidal habitat, and a Special Area for Conservation
(SAC) under the Habitats Directive.

Protection of the European Marine Site. The quality of the Humber has improved
greatly over the last 10 to 15 years as pollution in the inland industrial catchments has
been cleaned up, and treatment provide for sewage and industrial effluents discharged
directly to the tidal waters. The Environment Agency is developing the Humber Estuary
Shoreline Management Plan (HESMP) to provide a sustainable strategy for the long-
term investment in flood defences to counter rising sea level and other risks of flooding.
The Objectives of the project are to develop a coherent and realistic plan for the estu-
ary’s flood defences that is: compatible with natural estuary processes and adjacent hu-
man developments; sustainable, technically feasible; economically viable; environmen-
tally appropriate; and socially acceptable. The broad strategy is to maintain a line of
defence around the Humber and to assess if the alignment can be improved in some
places. In front of the main urban and industrial areas there is no alternative to raising
the defences on their existing line. Flood defences will be set back in some rural areas to
compensate for habitat losses. Setback can also result in greater stability of embank-
ments by having foreshores to dissipate the erosive energy. The first two Humber man-
aged realignment sites are being developed and another eleven potential sites are being
evaluated. In most cases the Environment Agency will buy the farmland.

The Habitats Regulations require “relevant authorities” to produce collectively a sin-
gle management scheme covering day to day activities, rather than “plans and projects”.
There are 39 Humber Relevant Authorities — Environment Agency, English Nature, lo-
cal authorities, drainage boards, sea fisheries committees, water companies, navigation
and harbour authorities, and the Ministry of Defence (for the weapons range at the estu-
ary’s mouth). Matters being examined are flood defence maintenance works, land drain-
age, diffuse pollution, maintenance dredging, fisheries management, physical barriers to
fish movement, and tourism and recreation impacts. The management scheme, including
a prioritized and costed action plan for each partner organisation, should be published in
2004. The implementation of the scheme and the condition of the site will be monitored
and other actions developed if necessary.

Further information:

A.M.C. Edwards (2001) River and estuary management in the Humber catchment. in D.
Huntley, G. Leeks and D. Walling (eds.) A land-ocean interaction study: measuring
and modelling fluxes from rivers to the coastal ocean. IWA Publishing, pp. 9-32

A.M.C Edwards, R. J. Freestone and C. P. Crockett, (1997) River management in the
Humber catchment. Sci Total Environ, 194/195:235-246

Environment Agency (2000) Planning for the rising tides: the Humber Estuary Shoreline
Management Plan
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Participation and involvement of stakeholders

It is suggested that stakeholders should be identified in the beginning of the pro-
ject and during the establishment process of marine reserves consultative and
community based procedures should be followed. Local views should be given
significance alteration in the consultancy process and state departments should be
flexible and willing to, negotiate and follow a “bottom — up” approach rather than
being dogmatic and dictatorial via “top-down” procedures (Hughey 2000, Nicker-
son-Tietze 2000).

A possible mistake that was made in Netherlands in designation of protected
areas in the Dutch sector of the North Sea in the early 1990s was not to involve all
stakeholders in the discussion from the start. The lack of proper consultation and
local politics and press coverage created a very hostile fisheries community. Al-
though one may wonder if the politicians would have reacted at all because con-
flicts of interests between governmental departments also were playing a crucial
role. However, involving the fishing community from the outset could have
avoided many antagonistic reactions. A dialogue about future measures between
politicians, managers, scientists and fishermen should start from the planning
phase of the project.

Established marine reserves

There is a lot of experience concerning the establishment of reserves especially in
tropical areas. Some of the most famous examples are the Great Barrier Reef in
Australia, the Galapagos Islands, Manado in North Sulawesi in Indonesia and the
Saba Natural Reserve in the Dutch Antilles. Often these parks are multi-user pro-
tected areas where certain functions, like fisheries, anchoring, diving etc., are al-
lowed or completely forbidden in parts of the areas. Such multi-user protected ar-
eas are or should be created all around the world. However, Craik et al. (1990)
state that "the selection of sites usually owes more to the fact that they are not in
demand for more obvious economic priorities than the intrinsic nature of the eco-
system".

Many more or less successful marine reserves have been established in the
tropics where the visibility and the attractiveness of coral reefs for tourists is a ma-
jor drive for protection. Also sanctuaries for birds, turtles or sea-mammal protec-
tion have been successfully established in coastal areas. However, there is a lack
of information on the values of submarine nature conservation and thus this is
hindering the process of establishing marine reserves further offshore. Fortunately,
more and more sophisticated technical methods are being developed for surveying
the under water world, both for geological and biological values. The pressure and
need to establish reserves also in EEZ (Exclusive Economic Zone) is increasing in
Europe (Andrulewicz and Wiegat 1999) and thus in future more offshore marine
reserves could be established. It is much more difficult to sell the natural values of
fish, benthos or permanently submersed habitats, than that of breeding birds or
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dolphins. So far, only if the protection leads to quantifiable increases in harvests
or profits, will the creation of this type of reserves be considered.

Halpern and Warner (2002) reviewed 112 independent measurements of 80 re-
serves and showed that the higher average values of population density (91%
higher), biomass (192% higher), average organism size and diversity (20-30%
higher) inside reserves (relative to controls) reach mean levels within a short (1-3
y) period of time and that the values are subsequently consistent across reserves of
all ages (up to 40 y). These values were independent of reserve size, indicating
that even small reserves can produce high values and the authors offer evidence
that marine reserves of all sizes can engender biological responses.

Numerous studies indicate that establishing marine reserves increases biodiver-
sity and stocks of commercial species. Here we present only a few examples: in-
creased biomass of reef fish (Tupper and Rudd 2002), increased condition and re-
productive potential of white seabreams in the northwestern Mediterranean (Lloret
and Planes 2003), increased density, mean size and egg production of snappers
(Willis et al. 2003), increased abundance, size, biomass and reproductive output of
spiny lobster, Jasus edwardsii (Kelly et al. 2000), increased abundance and bio-
mass of reef fish (Koenig et al. 2000), and increased reproductive output of north-
ern abalone, Haliotis kamtschatka (Wallace 1999).

Procedures to establish marine conservation areas

Closed areas or multiple use marine protected areas are two possible tools that
contribute to sustainable use of marine resources. An active involvement of a
spectrum of stakeholder groups moves marine management from ineffective gov-
ernmental sector control towards conservation that benefits both humans and na-
ture.

There are several principles for the successful establishment of marine pro-
tected areas. The following are after Agardy (1997), Hughey (2000), and Linde-
boom (2000):

1. Clearly define specific objectives and criteria for marine protected or closed
areas at the outset;

2. Identify the stakeholders in each case. Get as much input from stakeholders as
possible. The involvement of the stakeholders, in many cases users of the area
e.g. the fishermen, is crucial for different reasons. Stakeholders have tradi-
tional (historic) knowledge about resource dynamics and ecosystems that will
be important to determine levels of sustainable use. Also, stakeholders can in-
crease the public awareness and promote good marine stewardship, including
use, responsibility and protection;

3. Make the planning process truly participatory and consultative, as opposed to
allowing user groups to comment on a plan developed by a single stakeholder
(usually a government agency);

4. Design zoning to maximize protection for ecologically critical areas, while al-
lowing sustainable use in less sensitive, vulnerable, or important areas. If non-
destructive fishing techniques are available they could be allowed in (part of)
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the area. It may even be possible that more environmentally friendly fishing
techniques that at present are not economically feasible (e.g. long-lining) be-
come profitable if destructive techniques, like beam trawling are banned in lar-
ger areas;

5. Design marine protected area boundaries based on field surveys so that they
reflect ecological reality as much as possible (avoid squares and other ‘unnatu-
ral’ shapes, encompass estuaries and landward sides of coastal zones, etc.).
people should also easily be aware when they are inside or outside the area.
Boundaries along well-established lines, e.g. the edges of the ICES rectangles,
may facilitate both awareness and control;

6. Be prepared to alter the design or the management as more ecological and so-
ciological information becomes available;

7. Design the marine protected area and develop its management plan with feasi-
bility in mind- and look for ways to self-finance management operation from
the onset;

8. Obtain international recognition of the protected area, and assure a worldwide-
adopted legal status. Important instruments in this context include: EU habitat
directive NATURA 2000 network, United Nations Convention on Law of the
Sea (UNCLOS); United Nations Environment Programme (UNEP);
UNESCO'’s Biosphere Reserve Programme; Agreements from Agenda 21 of
the Rio Meeting; and the Ramsar Convention on Wetlands of International
Importance;

9. Develop monitoring and evaluation methodologies that are appropriate to the
specific objectives and include these in design criteria. Hereby, both the moni-
toring of biological, economical and social parameters and the prioritization of
research needs should be closely linked to the management objectives (FAO
1998);

10. Form an independent and multi-user group to manage the marine protected
area and monitor its effectiveness using established benchmarks;

11. Undertake valuation exercises under a broader public periodically to ensure
that the full value of the marine protected area is being realized;

12. Use the marine protected area as a way to raise awareness and stimulate edu-
cation;

13. Use individual marine protected areas as a starting point for more effective
marine policies overall-either to begin a representative network of MPAs on a
national or international scale, or to draw attention to larger scale environ-
mental problems such as land-based sources of pollution, regional overexploi-
tation, or habitat destruction.

Conclusion

There are good reasons to create protected areas or marine reserves in the marine
environment. Nature conservation calls for them, scientific research desperately
needs them, and even fisheries might benefit from them. However, since the estab-
lishment of such areas in the open seas of Europe will demand the approval of the
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European Community, and because economics may be affected by the creation of
fishing-free areas, a long and difficult political process lies ahead during which
socio-cultural aspects will also have to be taken into account (Fiske 1992). Only
an approach that integrates the needs and possibilities of all managers, exploiters,
and scientists involved will facilitate the successful creation of real marine re-
serves in our coastal zones and the open sea.
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6. Valuing Coastal Systems

Mihalis S. Skourtos', Areti D. Kontogianni, Stavros Georgiou,
and R. Kerry Turner

Abstract

Integrated coastal zone management involves an assessment of development needs
and economic inequality, pressures from population growth and mass tourism as
well as social and cultural conflicts. In this context, economic valuation of coastal
functions that provide goods and services is an important tool. Its applications and
caveats are reviewed. Published value estimates range widely (i.e. 0.05-200,000
US$ ha' y") depending on function valued, method used and local welfare (f.x.
expressed as GDP). An argument is made that, despite this variation and despite
imperfect knowledge of ecosystem complexity, societal preferences or the ’real
value’ of nature, decisions on coastal development will be made and thus be
helped best by the rational provision of scientific knowledge, from both natural
sciences and socio-economics. A mixed methodological approach is therefore
suggested to be most useful in practical, and multidisciplinary, situations. Three
cases are presented of European valuation exercises at different spatial scales on
the coast.

Introduction

Over the 1990s the European Union has gradually but fundamentally changed the
structure and objectives of its environmental programmes for coastal protection.
By 1995, however, the Dobris assessment of the European environment still noted
that ‘it is perhaps surprising that at present no comprehensive coastal zone man-
agement (CZM) scheme exists for Europe’ (Stanner and Bourdeau 1995). Since
then there has been a gradual shift in focus towards a more coherent framework
for research on coastal functions and values, which could support integrated man-
agement. The now generally accepted scoping platform DPSIR has proved its
worth (Turner et al. 1998, Turner, this volume). Such an approach needs to facili-
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J.E. Vermaat et al. (Eds.): Managing European Coasts: Past, Present, and Future, pp. 119-136, 2005.
© Springer-Verlag Berlin Heidelberg 2005.
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tate communication within multidisciplinary research teams; it needs to recognise
the functional continuity from watersheds to the coasts thereby helping to locate
the scale of intervention less on the basis of traditional jurisdictions, and more to-
wards appropriate ecosystem scales; it must encompass participatory management
schemes which promise a substantive change in the exploitation of local knowl-
edge.

It is worth noting that these policy shifts have in turn generated a growing body
of economic research. For example, future progress towards the consolidation of a
European integrated coastal zone policy will take place within the framework of
the recent Water Framework Directive’s evolving ‘legacy’. The new Directive
will provide a much more integrated and strategic (river-basin) approach to Euro-
pean water policy, explicitly recognising the interdependencies between ecologi-
cal and socio-economic realities. Economic methods and tools are particularly
relevant to this task, as water resource allocations must be guided by full cost re-
covery and cost-effectiveness criteria and therefore be in line with polluter pays
principle. A similar approach has been taken by the recent proposal for a Directive
concerning the quality of bathing water, presented by the Commission to the
European Parliament and the Council (CEC 2002).

Starting from the ‘wise use’ sustainability imperative, the management of
coastal zones: should take account of: (a) developmental needs and economic ine-
quality; (b) pressure from population growth, immigration and mass tourism; and
(c) social and cultural conflicts. Given this context what role should economic
valuation play in integrated coastal zone management (ICZM); and will cost and
benefit estimation (CBA) of changes in the coastal environment pass the test of
analytical robustness, political usability and communicative adequacy? Use of
CBA in European environmental agencies is sparse, though the idea of applying
economic techniques when balancing environmental with developmental trade-
offs has gained a certain credibility in UK, Germany and, to a lesser extent, Scan-
dinavian countries (Bonnieux and Rainelli 1999). The policy relevance of benefit
assessment for coastal management is aptly demonstrated in UNEP/MAP’s ex-
plicit attempt to introduce ‘resource consciousness’ in its Regional Strategic Envi-
ronmental Action Plan. Since, within the wider context of ICZM, ‘raw cost infor-
mation is insufficient to support investment decisions’ what is needed is an
investment plan where ‘benefits [..] derived from the reduction or avoidance of
pollution impacts on resources of social, economic and environmental value’ are
demonstrated. Moreover, in order for benefit estimates to be of relevance to pro-
spective investors, their definition should include ‘the conservation of resource for
their existence (or non-use) value’ [UNEP 1999, p. 67-69). Lastly it is worth men-
tioning that an increased academic interest in economic valuation in the last years
is documented (Humphries et al. 1995, Pimentel et al. 1997, Bower and Turner
1998, Daily et al. 2000, Balmford et al. 2002).

This chapter reviews the current state of knowledge concerning the use of eco-
nomic valuation techniques within the wider framework of integrated coastal zone
management and presents some conclusions and interpretations of the available
evidence, along with suggestions for further research. The chapter is structured as
follows: we start with a concise description of the problem setting; then follow
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economic valuation methods, and the empirical content and applicability. The
chapter ends with a number of practical examples from the published literature.

Facts and values in sustainable coastal management

There must be something special about coasts: throughout modernity, an ever-
increasing number of people are continuously inhabiting the coastal or near-
coastal part of the Earth. Their historical importance in the development of human
civilization is therefore obviously beyond doubt. As meeting points of land, water
and air, coasts have served to provide food and security, industrial and commercial
development and, lately, leisure and conservation. As the process of industrializa-
tion and economic expansion, has accelerated, coastal zones have come under
heavy pressure from human activities. The pace of human relocation from inland
towards the coast has been described as ‘one of the greatest human migrations of
modern times’ (Tibbetts 2002). The ensuing problems include physical modifica-
tions and habitat loss through coastal erosion, contamination and coastal pollution
and depletion of fisheries. As a consequence, approx. 85% of the European coast
is at high or moderate risk form development-related pressures (Bryant et al.
1995).

The problem is illustrated by the fate of coastal wetlands in the Mediterranean,
a valuable source of natural capital that has been destroyed and degraded to a great
extend. Their loss and/or degradation in this century amounts to 73% of the
marshes in Greece, 86% of the most important wetlands in France, 60% of wet-
lands in Spain and 15% of lakes and marshes in Tunisia (MedWeT 1996). The
situation is, as expected, crucial for island states and/or nations with a long shore-
line. In Greece, for instance, a handful of indicators aptly demonstrates the impor-
tance of the coast and its vulnerability to human pressures: Coastal areas represent
72% of total territory, 86% of population, 88% of employment in manufacture,
90% of tourist activities and 90% of energy consumption (OECD 2000).

. Though the loss of valuable assets, such as the coastal resources, is well
documented, this is not the case with the consequent, indirect or second order
losses in economic values that this process entails. Efforts to highlight the eco-
nomic or value side of the process of coastal change are scattered in a number of
reports and studies addressing predominantly North American and to a lesser ex-
tend European and Third World coastal resources (David et al. 1999, Spurgeon,
1999, Dunn et al. 2000, Turner et al. 2001, Ledoux and Turner 2002). In a recent
meta-review of economic valuation studies of coastal wetlands, Brander et al.
(2003) observed a wide range in estimated values, with GDP being the most im-
portant factor to explain the variance in the data set. Their findings (Table 1) con-
firm the notion of high private and social values generated by the coastal resources
put forward by Ledoux and Turner (2002).
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Table 1. Range of estimated values of coastal resources for four important functions gener-
ating goods and services (as US$2000 ha" y*)

Coastal resource function Median value (range; number of observations for
each function)

Recreation 491 (5-200,086; 52)

Water quality 288 (2-102,300; 30)

Fisheries (commercial) 201 (0.05-55,861; 72)

Biodiversity 214 (8-200,086; 12)

Source: Brander et al. 2003

Coast: A complex system

Coasts are notoriously complex systems encompassing highly variable biotic and
abiotic components. What does the recognition of ecosystem complexity entail for
the economic approach to valuation? From the beginning of economic thought,
economists have taken for granted the analytical legitimacy of simplification when
investigating capitalist production and the consequences of economic behaviour.
Today’s environmental crisis reveals the fact that such purposeful abstractions can
prove problematic when used for policy prescriptions. It is this contradiction be-
tween the notion of abstract, quantifiable economic value and the concrete, limited
and qualitative physis that went, with rare exemptions, unnoticed in the develop-
ment process of economic tools and techniques. Classical political economy, with
its main representatives Adam Smith, David Ricardo and Thomas Robert Malthus,
has always been striving to keep the memory of pre-industrial, concrete wealth of
oeconomia natura alive but could not resist the sweeping force of market reality
and neoclassical formalism (Skourtos 1998).

Meanwhile, fundamental changes have occurred in our understanding of the
functions and values of coastal ecosystems, and these have prompted many recent
international efforts to protect and sustainably use them. Thanks to joint efforts
with natural scientists, our ‘production functions’ linking natural and engineering
processes with economic goods and services are far better understood. In spite of
scientific advancement though, the gaps in our knowledge remain considerable.
Integrated approaches to environmental planning with proper stakeholder in-
volvement offer a possible way forward (Harremoes and Turner 2001).

With respect to economic valuation, two main conclusions can be drawn:
Firstly, since we are forced to act in the face of potentially irreversible ecosystem
change we have to be proactive and, consequently, conservative in our manage-
ment plans. A sustainable use of resources has to take into account the existence
of thresholds and other irregularities in the functioning of ecosystems under what
is widely known as ‘safe minimum standards’ (SMS) approach (Randal and
Farmer 1995, Crowards 1996).

The above recognition enhances the relevance of ex ante economic valuation
studies. However, these involve societal uncertainty with respect to of future pref-
erences, needs and incomes. It is plausible to assume that present societal prefer-
ences and needs are fuzzy and lack articulation. The act of eliciting present prefer-
ences is therefore criticised as blurring the process of eliciting existing preference
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structures with that of constructing them (Sagoff 1988, O’Neil 1997). The fact
remains that complexity of both ecosystems and societies does not cancel out the
need for hard choices in the face of both natural and societal uncertainties.

Trade-offs at the coast and at the margin 2

‘It is best to view the coast as a common resource, available to all. However, we
need to apply certain standards of resource allocation and use to the coast, in order
to sustain its attractiveness’ (Carter 1988, p. 2). The ideal of a natural resource
common to all, echoing in the above paragraph, is in obvious contrast with the re-
alities of current environmental planning. The knowledge of ecosystem complex-
ity and systemic interrelationships prompts the scientist to attach an absolute im-
portance at the specifities of ecosystem processes and structures confounding the
notions of functions and values per se (Toman 1997). A second thought though
reveals the fact that modern ecological science does accept the notion of relative
and therefore hierarchical importance referring to single species and ecosystem
types (Perrings 1995). Notions like ‘keystone species’, ‘critical biotopes’ or ‘criti-
cal functions’ reveal this fundamental fact, which within a management perspec-
tive allows someone to think about trade-offs when designing effective and effi-
cient conservation priorities.

Ecologists argue that the main benefit of preserving natural ecosystems is re-
lated to the maintenance of critical ecosystem services and the integrity of the life-
support systems (e.g. Costanza et al. 1997). Landscape functions change on sev-
eral spatial and temporal scales that are of concern to conservation planning, par-
ticularly at the coast. Conservation in hotspot areas, where fast-moving changes
are driven by spatially undifferentiated economic development policies, as is the
case in the coastal zones of the European South, needs compelling conservation
planning processes to enforce its claims and arguments. Traditionally, conserva-
tion planning has to cope with the rigorous selection of ‘spatial conservation ob-
jects’ (habitat remnants, natural areas) featured by biotic communities, landscapes
or species, representative of the ensemble of biodiversity. Furthermore, the ‘natu-
ral areas’ selected should form a coherent and stable nature reserve system.
However, one should keep in mind that, even within the previously described
framework, the prioritisation of conservation effort remains of the highest impor-
tance since ad hoc procedures of allocation of nature, human resources and funds
may seriously jeopardize the efficiency of conservation planning. At large- to me-
dium- spatial scales, ecological strategies to establish priorities about what to con-
serve are mainly based on the identification of biological richness, rarity or com-
plementarities of biota among conservation units (i.e. sites, remnants, biotopes,
grid cells etc.). Species lists of various taxa (e.g. groups such as birds, plants or
mammals, indicator species, threatened species, etc.) are used to identify hotspots
and/or threatspots (Troumbis and Dimitrakopoulos 1998), or mega-diversity coun-
tries (Mittermeier and Werner 1990). However, as Dinerstein and Wikramanayake

2 This section is based on joint work with our colleague A. Troumbis
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(1993) have already underlined, prioritisation approaches based only on species
valuation fail to incorporate potential threats for biodiversity, which is the very es-
sence of both conservation effort and prioritisation. Thus, at a realm scale, they
have proposed the use of ‘conservation potential/threat index’ (CPTI), which has
been used to forecast the effects of mid-term deforestation on conservation in the
Indo-Pacific. On similar lines, Turner et al. (2001) have recognized the importance
of the ecosystem value (primary value) as opposed to the value of the parts (sec-
ondary values) and the inability of the traditional economic valuation procedures
to capture it. The problem of the cost of biodiversity (i.e. species) conservation has
been addressed in recent approaches to optimise the selection and allocation of na-
ture reserves (e.g. Lombard et al. 1997, Ando et al. 1998). When land prices are
included in the selection procedure, the constraint of ‘value for money’ imposes
two alternative approaches: the first seeks to minimize costs by taking into ac-
count land prices while including a fixed number of species. The second maxi-
mizes the number of species protected for a given cost (Pimm and Lawton 1998).
Whatever the perspective is, it is well established that biodiversity conservation
planning should advance by combining ecological patterns with practical and po-
litical considerations.

Scaling down to an area that is typical of many European coasts (i.e. coastlines
of 100s of km), requires testing the validity of general conservation planning pro-
tocols and methods. For instance, the major challenges for conservation planning
at that scale are (1) the identification of ‘core natural areas’, and (2) the identifica-
tion of areas or landscape elements which facilitate the control of abiotic, biotic
and social-economic conditions for biodiversity within the ‘core areas’. Buffer
zones and ecological corridors are the best-known types of measures. Their func-
tion for a certain habitat is to supply, buffer, extract and retain water, nutrients,
energy, organisms and man. A tract of land can have more than one function for a
habitat. For example, an organism-supply area should guarantee, by its design and
location, optimal movements between core habitats of the catchment/coastal zone
continuum. Movements can serve different functions for organisms such as dis-
persal of youngsters, seasonal or daily migration from/to resting or foraging
places.

Nevertheless, a decade after the Convention on Biological Diversity (CBD, UN
1992), the core issue of definition of biodiversity conservation priorities at a
global scale remains unsettled. One of the main contentious issues is specifically
related to differing perceptions and the operational definition of the intrinsic value
of biodiversity. CBD includes the statement that ‘ultimately, all ecosystems should
be managed for the benefit of humans’. It also includes the principle of “benefit-
sharing”. According to these assumptions, the objectives of management of land,
water and living resources are a matter of societal choice. Almost inevitably, con-
flicts arose over whether any framework policy text, such as the CBD, could le-
gitimately say that all ecosystems must be managed, and if so, whether that should
always be for human benefit or, on the contrary, whether it is ever legitimate to
deny the right of humans to use living resources.

On the one hand, many stakeholders (countries, land owners, producers, etc.)
see the alleviation of poverty as the central issue for their societies and therefore
view the prime function of natural resources (including coastal zones) as a means
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to reduce human misery. On the other hand, other stakeholders accept legislation
that forbids any human activity in designated pristine lands and some others insist
on the intrinsic value of biodiversity. In the international political arena, these con-
flicts are overcome through formalistic compromises such as: ‘Ecosystems should
be managed for their intrinsic values and for the tangible or intangible benefits
for humans, in a fair and equitable way’ (CBD/COP V Decision V/6 2001).

Unfortunately, such compromises can never resolve practical problems at the
local scale, where evaluation of alternative development paths depend on what is
meant by ‘choice’ - and, for that matter, by ‘society’. Societies rarely really choose
which way they will develop. Individuals make choices that have a proximate ef-
fect on their lives. Many of these choices produce externalities that individuals do
not know about, or prefer to ignore, and that have a major long-term influence on
the ‘choices’ that society drifts into.

ICZM aims at preserving coastal resources, their ecological functioning and ul-
timately their values, by applying adequate land use planning within a social, insti-
tutional and economic context. So far, several categories of values have been de-
fined: economic, aesthetic, ethical, scientific, evolutionary and ecological. The
multidimensionality of the coast adds to the confusion about the different values
of its components. The various actors may have different or even conflicting per-
ceptions on the significance of these values because of cultural differences, diffi-
culties in calculating benefits or placing a monetary value on living entities, prod-
ucts or services. Rational arguments that would strengthen the perception of the
public and policy makers about the seriousness of threats to coastal resources need
to be established through new methodologies to valuate and evaluate the various
forms of coastal goods and services from the perspective of all societal actors.

What then can scientific method offer to the resolution of such conflicts, espe-
cially at local scales and within ecosystem entities that mediate multiple func-
tions? To help “society” make informed decisions in using space and resources we
have to start by quantifying ecosystem functions and identifying needs. We can
then ask, what kind of knowledge and information does the policy-making process
need in order to comply with a sustainable use of spaces and resources. It is evi-
dent that besides data and predictive ability regarding changes in ecological pa-
rameters, there is a fundamental need to prioritise alternative uses by means of
both ‘objective’, ecological scores and ‘subjective’ economic values. It is through
the combined use of both scoring systems that ecosystem values can practically
‘speak truth to power’ (House and Howe 1999). No wonder that economic valua-
tion is, after all, a complex approach!

Valuation: A mixed methodological approach

As generally understood, environmental evaluation of projects and policies is a
generic term relating to the identification, measurement and assessment of envi-
ronmental impacts. Evaluation is a complex and multifaceted process involving a
mixture of scientific and non-scientific approaches, a multitude of criteria and
metrics . Evaluation is both a cognitive process as well as an institutional practice.
It consists of a prior, analytical phase and a consequent synthetic phase. Analysis
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here means scientific identification and quantification of natural trends and im-
pacts whereas synthesis is reserved for socio-economic and policy assessment of
the impacts (McAllister 1980). The term valuation on the other hand is usually re-
served for comparisons between objects and where economic valuation refers to
assigning relative values to mutually exclusive objects. Economic values are rela-
tive, because they assess the importance of objects/policies always in relation to
forgone possibilities for alternative objects/policies. Economic objects/policies
valued in this context are mutually exclusive because they are scarce, i.e. you can-
not have all of them at the same time. Accordingly, economic values are practi-
cally trade-off coefficients denoting the quantity of a good a person is willing to
give-up (usually income) in order to secure the consumption of another (environ-
mental quality). The process of economic valuation encompasses both the process
of ‘market valuation’ proper as well as its complement ‘non-market valuation” and
can be cast in one of three forms (in ascending order of completeness):

e Cost-effectiveness analysis: Ranks the alternatives for achieving a certain
physical target on the basis of the monetisation of costs incurred. Offers the
least-cost options.

e Cost-benefit analysis: Ranks the alternatives on the basis of the sum of fully
monetised net present values of costs and benefits. Offers the optimal (most ef-
ficient) choice.

e Multicriteria analysis: Ranks the alternatives on the basis of an explicit set of
choice criteria and weighted preferences of stakeholders involved. Offers quali-
tative and quantitative solutions to complex choice problems.

In the realm of environmental assets, the magnitude of non-market values (ac-
counting or shadow prices) depends upon four factors (Dasgupta 2001):

1. The conception of social welfare being adopted

2. The size and composition of existing stocks of assets

3. Production and substitution possibilities of existing stocks of assets
4. The way resources are allocated in the economy

These four factors imply that the economic valuation of natural assets transcends
the narrow borders of conventional economic analysis. For example, factor 1
opens the possibility of deliberating alternative notions of social welfare measures
and brings in notions of equity and fairness in the allocation of resources. Factor 4
invokes the importance of social institutions as allocative mechanisms and links
their performance with over- and undervaluation of goods and services. Thus,
economic valuation methodology gradually ‘slides’ to addressing old questions
with a multitude of quantitative and qualitative approaches from the fields of cog-
nitive psychology, cultural theory and philosophy. By doing so it inevitably turns
to the wider context of socio-cultural setting wherein values are articulated, ex-
pressed and used. A prominent example of such methodological ‘mixing’ refers to
the use of qualitative social research tools (i.e. focus groups, deliberative tech-
niques) with which an in-depth understanding of perceptions, attitudes and mo-
tives towards natural assets is articulated. When coupled with a serious qualitative
investigation, a number of ‘anomalies’ and puzzles in economic valuation studies
emerge in a different light: protest bidders are better understood as a form of rejec-
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tion of implied property rights in the valuation exercise, cultural, aesthetic and
moral considerations are better viewed not as values per se but as motives behind
stated or revealed choices; temporal instability and spatial differentiation of mone-
tary estimates for similar goods could be anchored in differences in the framing of
the overall valuation context; preference inconsistency may imply both cognitive
constraints on the part of individuals as well as unfamiliarity with the good and its
attributes, etc. Last but not least, we learn to appreciate the dynamics of values
formation and expression since the numbers we get are ‘snapshots’ of a complex
reality (O’Riordan 2001).

The analytics of economic valuation of natural resources

What is to be valued?

The first question we address in this section refers to the object of valuation. Since
coastal zones are not yet unambiguously defined, we may as well start by counting
goods and services that usually form the object of coastal zone valuation studies
(Table 2).

Having identified the goods and services to be valued in a coastal zone and the
relevant population/stakeholders to be addressed, the next step is to determine to
nature of the uses of these goods and services. Uses refer to a spectrum of institu-
tional settings from pure private (fishing) to pure public ones (critical habitat pro-
tection), as well as the intermediate cases of common pool and toll goods. Com-
mon pool resources are resources that are divisible but not excludable (beaches)
whereas toll goods are excludable but not divisible (controlled entry to marine re-
serves). The importance of specifying exactly the nature of uses while designing
the valuation of a coastal good or service lies with the sense of fairness and justice
that the implied property rights invoke to users: where free access to beaches is
considered to be a ‘fundamental right’ of users (as it is the case, for example, in
Greece). A valuation scenario with entrance fees as payment vehicle is bound to
produce a considerable number of protest bidders. It seems that the stronger the
element of public use, the more reluctant the people are to express private values
through surveys.

We notice here that in principle, and in accordance with the relative character
of economic value, what we should value are less absolute stocks of goods and
services but changes in their availability. A proper definition of the object of
valuation in an ICZM context starts with a definition of the baseline and the alter-
native (policy-oriented) scenario (Bower and Turner 1998). Since scenarios are
not predictive but conditional (what-if) exercises, such a framing of the valuation
process addresses in a more suitable manner the inherent uncertainty about physi-
cal impacts of policies and projects on the natural environment.
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Table 2. Typical goods and services produced in the coastal zone

Renewable resources Non-renewable resources
Goods, mainly used Fish 0Oil

Shellfish Gas

Kelp and other species of Minerals

seaweed Sand and gravel

Fresh water (desalinated sea-

water)

Energy from waves, tides
and thermal or salinity gradi-

ents
Services, mainly con-  Transport Disposal of waste and other
sumed Defence non-degradable residues
Recreation (bathing, boating,  Facility sitting: on-
fishing, skin-diving, observ- shore/offshore, fixed or mo-
ing wildlife) bile industrial operations,
Disposal of degradable e.g. material processing, ma-
wastes and other residues rine terminals, ports, seabed
pipelines and cables, power
plants.

Source: CEC 1995

A number of benefits can thus be addressed including:

Mitigation benefits composed of damage reductions and restoration benefits;
Enhancement benefits resulting from increased flows of services;
Preservation benefits flowing from marine reserves;

Indirect economic benefits due to positive multiplier effects;

Options benefits from keeping future use options intact.

Pareto-relevant welfare changes

Imagine a coastal zone with a variety of structural and functional characteristics.
These characteristics indicate the potential of the coastal zone for supplying a spe-
cific function (i.e. to function as wintering biotope of wildfowl); they do not
though guarantee automatically the supply of the said function (i.e. the final attrac-
tion of wildfowl for wintering purposes). Moreover, even if it is assured that the
function is provided, it does not follow that the ecosystem is seen as providing the
relevant services to humans (i.e. bird watching, research and educational activi-
ties). Finally, the supply of the services, though a necessary condition, is not by it-
self sufficient to determine the magnitude of the relevant economic values (King
and Wainger 1999).

The above paragraph illustrates the anthropocentric approach to valuing nature.
Taken literally, an anthropocentric approach does not concern itself with impacts
on the environment per se, but only as long as these impacts impinge on human
welfare. Attention is drawn to the fact that welfare changes include a differenti-
ated palette of use as well as non-use aspects of environmental impacts. Individual
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do care about other individuals (present or future) and an increasing number of
valuation studies reveal non-selfish motives for protecting the environment. Often
such motives are consolidated arguments in individual utility functions blurring
the borders between citizens and consumers, as they have been traditionally de-
fined (Sagoff 1988).

Impacts that people care about are causes of Pareto relevant welfare changes.
Impacts that people do not care about are termed Pareto irrelevant welfare
changes. Economic valuation studies are concerned with the former. The philoso-
phical question whether Pareto irrelevant welfare changes should count in deci-
sion-making process is often debated in the literature under the heading of relative
versus absolute, instrumental versus intrinsic, or anthropocentric versus ecocentric
stances. Insisting on such dividing lines makes the philosophical debate on values
rather sterile and fails to offers a practical guide to everyday resource management
dilemmas (Turner 1999). An important consequence though of such a framing of
the debate is to acknowledge that the concept of Total Economic Value capturing
the sum of Pareto relevant welfare changes is only a partial and incomplete picture
of the real value of nature. Primary or ‘glue’ ecosystem value, beyond individual
preferences escapes our economic calculus but needs to be taken into considera-
tion in one or another way (e.g. via imposed safe minimum standards).

The mechanics of preference elicitation

When goods and services exchange on the markets it is usually easy to observe
and evaluate choices. Connecting choices to preferences and values is also observ-
able in other forms of social contacts such as voluntary participation in the provi-
sion of public goods. The task becomes a complex one when we deal with envi-
ronmental resources that are only partially present in market-similar settings: from
elicited valuation statements contingent valuation experiments can only gauge as
deep as the attitudinal level into human behaviour.

We can think of three possible ways to understand underlying preferences for
environmental goods and services (Smith 1990): First, through observed choice,
second, through verbal expressions and conversation, and third through observed
adaptations due to learning. All three options have been to a lesser or greater de-
gree utilised in the literature, spawning a variety of methodologies (Balmford et al.
2002; Bateman et al. 2002). Analysts have investigated a wide range of valuation
problems and contexts including, for example, the mismatch between expert and
public perceptions of environmental quality in coastal areas (Goodman et al.
1998); the differences between perceived and actual quality levels and their links
to actual policy making and objectives setting (Hanley et al. 2003); and the poten-
tial to combine quantitative and qualitative data using stakeholder focus groups
(Kontogianni et al. 2001).
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Some practical examples

Three European cases were selected to span a range of spatial scales and illustrate
the complexities that arise when attempts are made to value real world coastal
functions in terms of goods and services, and include direct use, indirect use and
non-use value estimates to somehow approximate total economic value.

Case 1. Combining publicly perceived and expert-judgment-based ‘scientific’ values of
conservation quality. Source: Goodman et al (1998)

Stated-preference-techniques of non-market environmental valuation, such as CVM, rely
on subjective, individual values among respondents, while scientists develop their own,
possibly more objective measures of ecological values. In an attempt to bridge the gap,
and thus enhance the policy relevance of stated preference techniques, the effort was un-
dertaken to evaluate whether public preferences for conservation quality agreed with con-
servationists’ assessment of the conservation value of coastal resources. It would then be
possible to benchmark non-use values to conservation quality levels. The problem was
conceived as a test for part-whole biases in evaluating goods with different extend of en-
vironmental protection.

The site under evaluation was the entire English coast; respondents were asked about
their willingness to pay (WTP) additional taxes to avoid a loss of conservation quality.
Those who answered positively were then asked how much of this additional tax they
wanted to be spent in a specific group of coastal areas representing 10% of the entire
coastline of England and Wales. Two specific groups were presented in a split sample; the
first group representing areas with a relatively high level of conservation quality (Group I)
and the second one representing areas with a low level of conservation quality (Group II).
Data were collected through personal interviews following the relevant ‘good practice’
code of the NOAA Panel. A total of 806 questionnaires were administered of which 766
were usable.

The survey showed that a substantial portion of stated values related to non-use values.
Overall, protest behaviour in the form of strategic bidding and free-riding does not appear
to have been a significant problem within the study. Respondents reported a mean WTP
of 48.36 pounds in additional annual household taxes for a coastal conservation pro-
gramme for the entire coast. Respondents also appropriately distinguished the extend of
environmental benefits provided by varying levels of the conservation programme’s in-
clusiveness suggesting that perfect embedding did not occur at this level of analysis. The
lack of significant difference between mean WTP for a conservation programme in the
groups I and II though indicates that, overall, respondents did not express an economic
preference for higher, rather than lower, levels of conservation quality. Additional analy-
sis showed that in general respondents preferred higher levels of conservation quality, but
that it may have been difficult for some to express their preferences in monetary terms.
The modelling of valuation (bid) functions showed also that WTP was positively corre-
lated with respondents’ a) income, b) membership in an environmental organization, and
¢) use of the coast.

The authors conclude that coastal management policies based on the CVM may not co-
incide with the ecologically most preferable management strategy for coastal habitats.

Case 2: Combining revealed and stated preferences. Source: Hanley et al. (2003)

The hypothetical character of stated preference techniques and the consequent criticism
that this methodological characteristic has provoked lies at the heart of the recent effort to
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combine actual (that is, revealed) and contingent (that is, stated) information on individual
choices. Two main approaches to using stated and revealed preferences data seem to exist.
These are Random Utility Models combining stated and revealed preference data, and the
Contingent Behaviour approach relating to either price or environmental quality changes.
In this case, the benefits of coastal water benefits improvements were estimated by com-
bining revealed preference data on actual visits to beaches, with contingent behaviour data
relating the number of trips taken when hypothetical quality improvements occur.

The case study area was Scotland’s south-west coast where bathing water quality has
been problematic for many years, due to bacteriological contamination as measured by
coliform counts. In collaboration with the Scottish Environmental Protection Agency the
main bathing beaches which sampling should focus on were identified. On-site sampling
based questionnaire was used which asked people i) about their trips to the beach where
they were sampled (ii) about their activities they generally participate in on the beach (iii)
about their trips to other beaches in the area, and (iv) about their perceptions of water
quality at the beach where they were sampled. A proposed improvement in bathing water
quality was then described and respondents were asked again whether this would cause
them to visit the beach where they were being surveyed more frequently.

A first result of the survey concerns the subjective valuation of bathing water quality
by respondents: there was an imperfect match between perceived water quality and bio-
logical monitoring results. Ranking beaches by subjective ratings of water quality would
not therefore give the same picture as ranking by monitoring results. On a second stage of
analysis, travel costs were estimating by using a figure of 10p per mile to represent the
marginal costs of motoring. Applying a negative binomial random effects model a trip
generation function was estimated where all the variables have the expected sign: Travel
costs exert a strongly negative influence on trips as does also perceived water quality. The
effect of the willingness to swim variable is positive and significant. Hypothetical im-
provements in water quality yielded only a 1.3 % increase in predicted trip frequency. The
change in consumer surplus associated with enhanced water quality was 0.48 pounds per
trip or 5.81 pounds per person. A rough guess of aggregate benefits amounts to 1.25 mil-
lion pounds per annum.

Two interesting points arose from the study: The first is that perceived water quality is,
as it is expected, a better measure in valuation models than actual ones. The second point
though relates to the difficulties of using the results of studies based on perceived water
quality from a policy point of view: Policy objectives and achievements relate to actual
water quality rather than perceptions. This leads us to a related problem familiar within
the stated preference literature: are intended trips a robust indicator of actual trips, in case
the improvements described to respondents actually occur? The present study shows that
combined revealed preferences-contingent behaviour models do not suffer from the hypo-
thetical market bias often associated with contingent valuation.

Case 3. Nutrient pollution in the Baltic drainage basin — cost and benefits. Source: Turner
et al. (1999), Markowska and Zylicz (1999)

A concerted attempt was made by a consortium of European researchers to estimate the
costs and economic benefits of environmental improvements in the Baltic drainage basin.
A 50% reduction in nutrient loading was adopted by the Helsinki Commission as a policy
target in 1992.

A cost-effectiveness analysis was first carried out, to determine how to reach reduc-
tions in the nutrient load to the Baltic sea specified by international conventions. Meas-
ures A concerted attempt was made by a consortium of European researchers to estimate
the costs and economic benefits of environmental improvements in the Baltic drainage ba-
sin. A involved the agricultural sector, sewage treatment plants, wetland restoration and
traffic and other nitrogen oxides emissions sources. Marginal costs of these measures for
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nitrogen and hosphorus reductions were calculated for all countries in the drainage basin
that had coastal zones coincident with the Baltic sea. The relationship between possible
nutrient reduction targets and associated minimum costs for their achievement was thus
derived.

Although the results relied on some simplistic assumptions and suffered from missing
information such as the retention and leaching of nitrogen and phosphorus, three impor-
tant lessons could be learnt: (a) there are rapid increases in costs at reduction targets ex-
ceeding 40-45% reductions; (b) beyond 30% reduction, nitrogen reduction costs were es-
timated to be much higher than those for phosphorus for the same percentage reductions;
(c) the cost of simultaneous reductions in both nitrogen and phosphorus loads would be
less than the cost of separate reductions.

The cost-effective allocation of measures for a 50% reduction reveals that for nitrogen
reductions, sewage treatment plants in the entire Baltic sea drainage basin account for
about 33% of the reduction, wetland restoration contribute 33%, and the agricultural sec-
tor contributes mainly by reduction in nitrogen fertilisers, the cultivation of other crops,
and changed practices for manure treatment. For phosphorus, sewage treatment accounts
for 80% of reductions, and wetland restoration for 15%. A uniform 50% reduction also
implied that the highest burdens would have to be carried out by Poland, Latvia, Lithua-
nia, Estonia and Russia, raising compensation issues.
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Fig. 1. Willingness-to-pay estimates from the Baltic as a function of GDP and net national
benefits to riparian countries from a 50% nutrient load reduction to the Baltic Sea.

On the benefit valuation side, a total of 14 empirical valuation studies were carried out
in three countries, Poland, Sweden, and Lithuania. These approximately addressed the ‘to-
tal economic value’ of reducing the effects of eutrophication, as well as sub-components
of this total value such as: beach recreation benefits; existence and option values of pre-
serving species and their habitats; and the benefits from preserving and restoring wet-
lands. The willingness to pay (WTP) data thus obtained allowed aggregate estimates for
the three countries. Also, more controversially, they were aggregated across the two
groups of economies around the Baltic Sea, i.e. transition and market economies, to give
total basin wide benefit estimates. The project showed that WTP was strongly dependent
on national GDP (Fig. 1).

In order to calculate basin wide benefit estimates, the values for the different activities
carried out had to be added up, taking care not to double-count, and using the relevant
correct populations. Since there are benefit estimates available for the same valuation sce-
nario in only two of the 14 countries that are included in the Baltic Drainage Basin, any
aggregation to the whole basin had to rely on strong assmptions.
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The costs of pollution abatement and related economic benefit estimates were then
brought together in a cost-benefit analysis framework. The results showed that there is
considerable merit in the adoption of a basin-wide approach to pollution abatement policy
in the Baltic and therefore in the implementation of an integrated coastal zone manage-
ment strategy. Despite the pioneering nature (i.e. in the ‘transition” economies) of some of
the economic benefits research, there seems to be little doubt that a cost-effective pollu-
tion abatement strategy roughly equivalent to the 50% nutrients reduction target adopted
by the Helsinki Commission would generate positive net economic benefits (benefits mi-
nus costs; Fig. 1). Results also indicated that a policy of uniform pollution reduction tar-
gets is neither environmentally nor economically optimal. Rather, what is required is a
differentiated approach with abatement measures being concentrated on nutrient loads en-
tering the Baltic proper from surrounding southern sub-drainage basins. The northern sub-
drainage basins possess quite effective nutrient traps and contribute a much smaller pro-
portionate impact on the Baltic’s environmental quality state. The market economy coun-
tries such as Sweden, within whose national jurisdiction some of the southern sub-basins
lie are also the biggest net economic gainers from the abatement strategy (Fig. 1). Finally,
an important policy implication is that nutrient reduction measures in the Polish and Rus-
sian coastal zone areas would be disproportionally effective, but the financing of such
measures would remain problematic if only ‘local’ sources of finance are to be deployed.
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Abstract

This chapter outlines the basic features and innovative aspects of the Water
Framework Directive (WFD). Particular emphasis is given to problems and issues
arising from the technical implementation of the environmental objectives set by
the Directive. The difficulties of interpretation of key concepts such as ecological
status, indicators and reference conditions are discussed in detail, and recommen-
dations are given in order to avoid erroneous evaluation of these terms, leading to
serious misclassification of the aquatic ecosystems. The consequences of the im-
plementation of the WFD are also examined within the more specific context of
water quality (bathing water quality, pollution by priority substances) and marine
protected areas (MPAs). Tools and analyses to achieve environmental objectives
and support the integrated management of water resources promoted by the Direc-
tive are discussed. It is suggested that models can be a powerful tool for prediction
of reference conditions, the ecological classification of ecosystems and operational
monitoring. The paper concludes with the importance of using an integrated ap-
proach for the implementation of the WFD, which can be achieved only by pro-
moting communications and closer collaborations between scientists, economists
and other stakeholders, particularly during the decision making process.
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Introduction

After almost 10 years of scientific and political discussions the Water Framework
Directive (EC 2000) came into force on 22™ December 2000. Before its creation,
the EU legislation in respect of water resources was directed to specific issues (see
also Ledoux et al., this volume) such as the control of dangerous substances dis-
charged into the water environment (Dangerous Substances Directive, EC 1976),
the monitoring and improvement of natural waters used for bathing (Bathing Wa-
ter Directive, EC 1976) and the control of drinking water (EC 1998). At regional
scale, each European country elaborated legislative instruments to deal with spe-
cific problems at local and national level. For example, separate national regula-
tions were created for rivers, lakes and coastal waters. Despite the fragmented but
consistent number of laws and regulations, two important aspects related to the
water environment were still missing. First, aquatic ecosystems were not taken in
sufficient consideration in the management of water resources. For example, the
effects of a pollutant discharged in a river were mainly assessed on the basis of
water quality standards, whilst the ecological implications for the ecosystem de-
pending on that water body were not generally taken into account. Secondly, the
ecological and societal needs were treated as separate issues, these being often a
matter of conflict in the management of water resources.

For the first time in the history of European legislation, the Water Framework
Directive adopted a holistic approach to the water environment. The overall aim of
the Directive is to achieve a good ecological status of the aquatic environment and
promote a sustainable use of the water. The policy adopted in the water manage-
ment will therefore take into account not only water resources, but also the ecosys-
tems depending on them, the human activities and needs. For surface waters,
which include all inland surface waters, transitional and coastal waters, the most
innovative aspects of the Water Framework Directives in respect of the previous
legislations can be summarised in five points (EC 2003):

e A river basin management approach, where the different water compartments
starting from the water sources, through the river systems to coastal waters are
integrated in one single environment, regardless of whether part of it falls in dif-
ferent countries or regions. This new approach implies that water management
need not be constrained by administrative or political boundaries, thus a com-
mon water management plan will have to be elaborated at both national and in-
ternational level;

o The concept of "good ecological and chemical status” of waters, which must be
achieved at the latest 15 years from the date of entry into force of the Directive.
The ecological status is defined by biological, physical and chemical character-
istics of the water environment. The chemical status is defined by quality stan-
dards and in relation to priority substances. In this new definition of good status
of waters the Directive highlighted the importance of the ecological state of wa-
ter resources in relation to the health of their ecosystems (see also Windhorst et
al., this volume);

e A combined approach for pollution control, which sets emission limit values
and quality standards under the same legislation. Before the Water Framework
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Directive separate laws and regulations applied for the pollution point sources
and diffusion sources. The introduction of a combined control of pollution links
the causes (emission sources) with the effects for the water quality of the entire
river basin district, bringing important changes in the pollution control man-
agement, particularly for the regulation of discharge of polluting substances
from industries. This approach will have major consequences for the protection
of coastal ecosystems, which are often indirectly affected by pollution sources
located in other compartments of the river basin;

e The concept of a more active public participation in the river basin manage-
ment. In this Directive the citizens and collective societal needs will have a
greater influence in the decisions and actions to be taken for the implementation
of the legislation (see De Bruin et al., O’Riordan, and Lise et al., this volume);

e The concept of adequate water pricing for a sustainable use or water resources.
In this Directive, the price of water must reflect its true economic value, thus
including also the costs of water used for leisure, navigational transports and the
ecological value. This is one of the most innovative features of this legislation,
as in several European countries these aspects of water usage have never been
considered as specific costs to be included in the water price.

These key features have important consequences for the technical implementation
of the Water Framework Directive and will involve great changes in the current
approach, methodology and analysis of water management individually by Euro-
pean countries. The principles and the methodology of the new approach for the
protection, management and sustainable use of the water environment are ex-
plained in detail in the Technical Annexes, particularly in Annexes II and V (EC
2000). These provide “instructions” on how the criteria and classification schemes
must be established in order to achieve the environmental objectives. Despite the
clear principles on which the whole Directive is based, the technical requirements
and tasks described in the Annexes are quite complex and often controversial.

The aim of this chapter is to analyse the major implications derived from the
implementation of the Water Framework Directive and to propose some sugges-
tions, criteria and tools that might help in achieving the environmental objectives
set in future. The main tasks of the directive, detailed in the Annexes for surface
waters, are outlined alongside with the potential difficulties and specific issues
arising from their implementation. These considerations will focus mainly on tran-
sitional and coastal waters.

Technical requirements for implementation of the WFD

The first step in the implementation of the Directive is to identify the river basin
district, which is defined as “...the area of land from which all surface run-off
flows through a sequence of streams, rivers and possibly lakes into the sea at a
single river mouth, estuary or delta”. This requirement sets the basis for the new
integrated management approach adopted by the Directive. In practice, translating
this definition into a classification is not so straightforward. For the first time
coastal waters, as defined by the Directive, will be under the same management as
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all the other components of a river basin. The Directive requires coastal waters be
assigned to a specific river basin. However, coastal waters are not discrete vol-
umes of water like lakes or rivers and defining appropriate boundaries in relation
to a river basin can result in a difficult task. Several coasts are affected to varying
degrees by the output of different rivers, which are often under the control of dif-
ferent (inter)national authorities. Such geographical and administrative constraints
will be solved only by intensifying active collaborations between river basin dis-
tricts and promoting common actions in the implementation of the Directive at na-
tional and international level (Chave 2001).

Surface waters in the river basin districts are subdivided in water bodies such as
rivers, lakes, estuaries and coastal waters. For each of those the Directive has set
three main environmental objectives in relation with each other:

e To prevent deterioration of the status of all water bodies;

e To protect and restore all water bodies to a good ecological status and to a good
ecological potential for heavily modified or artificial water bodies;

e To reduce pollution of water bodies from priority substances and eliminate the
presence of priority hazardous substances.

Assessing the status of each water body is therefore the main task if these envi-
ronmental objectives are to be achieved.

Classification of status of surface waters and implications
for water management

The Water Framework Directive (WFD) has introduced a new approach in the as-
sessment of the status of waters. The water quality standards used by the previous
legislation will not be sufficient to define the status of surface waters. The Direc-
tive requires that the status of a water body be assessed by its ecological status and
chemical status. The ecological status describes the condition of flora and fauna
that live or depend on aquatic ecosystems and provides an index of the effects of
human activities on the water environment. The chemical status describes the
quality of waters which is defined by the presence / absence of pollutants exceed-
ing the environmental quality standards listed in the Dangerous Substances Direc-
tive (EC 1976a) and priority substances set by the Water Framework Directive.

Ecological status and reference conditions

The ecological status of surface waters is defined in five different classes or levels
(Table 1, see also Windhorst et al. this volume). Each class represents a certain
level of disturbance to the aquatic ecosystem caused by human activities. The de-
gree of disturbance is measured by how much the ecosystem changed from its
original, undisturbed conditions, where no or only very minor alterations due to
human activities occurred (EC 2000). These conditions represent the principal ref-
erence point around which the ecological scheme is built. Reference conditions
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have therefore a central role in the implementation of the Directive, which aims at
restoring all water bodies to a good status, and where possible improving them to
a high status. Despite its central role, reference conditions are not clearly defined
in the WFD. If reference conditions are not correctly scientifically assessed (due
to lack of data and personal views on the good status of an ecosystem), there could
be a risk of misclassifying the water body, for example by placing it at lower eco-
logical status class. As a consequence, human and financial resources would be
unnecessarily used for restoration and monitoring programmes (Environment
Agency 2002). It is therefore fundamental to establish criteria and tools that allow
a correct definition of reference conditions, on the basis of which each water body
will be assigned to a certain status class.

The Directive requires that the ecological status of the aquatic system be de-
fined by a subset of biological indicators, called quality elements. These elements
are components of the aquatic ecosystem (e.g. phytoplankton, fish etc.) that can be
measured using parameters such as species composition or biomass (Table 2). The
ecological classification will be based therefore on reference conditions of these
quality elements. This implies that it is necessary to identify what these elements
would be if the water body was affected by none or only very minor alterations re-
sulting from human activities. Once physical and chemical reference conditions
have been defined, these need to be translated into real reference biological values
that will be used for developing monitoring systems (Environment Agency 2002).

Table 1. Ecological status classes and relative definitions for surface waters (Directive
2000/60/EC).

Status class Definition

High status The values of hydro-morphological, physico-chemical biological
quality elements are similar to those determined for reference con-
ditions, that is no or very minor anthropogenic impacts.

Good status The values of biological quality elements show low deviation from
those established for reference conditions. Values for physico-
chemical quality elements fall within the range of environmental
quality standards.

Moderate status The values for biological quality elements show moderate changes
from their reference conditions as a result of human activities.
Poor status The values of biological quality elements deviate considerably

from their reference conditions and the whole biological communi-
ties associated with the water body under undisturbed conditions is
heavily modified by human activities.

Bad status The biological quality element values show severe alterations and
several components of biological communities associated with the
water body under undisturbed conditions are absent.
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Table 2. Biological quality elements in each water body and the parameters used to
quantify them (Directive 2000/60/EC).

Biological Phytoplankton Aquatic plants ~ Benthic Fish
quality invertebrates
element
Rivers Composition Composition Composition Composition
Abundance Abundance Abundance Abundance
Age structure
Lakes Composition Composition Composition Composition
Abundance Abundance Abundance Abundance
Biomass Age structure
Transitional Composition Composition Composition Composition
waters Abundance Abundance Abundance Abundance
Biomass
Coastal waters ~ Composition Composition Composition
Abundance Abundance Abundance
Biomass

Feasibility of the ecological classification scheme
and criteria for implementation

The description of the ecological status and the principles on which the ecological
classification are based on has caused great concerns in the scientific world. The
definitions provided by the Directive are rather generic; this is to allow each
Member State to develop their own assessment criteria and adapt the classification
scheme to the particular ecological characteristics and needs of the water bodies
(Environment Agency 2002). The Directive, however, has set specific indicators,
the biological quality elements, to assess the ecological status of the water body.
The status of the water bodies is judged upon the reference conditions of phyto-
plankton, aquatic plants, invertebrates and fish. For coastal waters this set of indi-
cators is further reduced, as fish are not included. Furthermore, the variables for
which reference values will be established are generally restricted to the abun-
dance and composition of the community; for instance, only phytoplankton com-
munities are assessed also in terms of biomass. In this approach the complexity of
an ecosystem is reduced to mechanistic processes and the generation of detailed
knowledge of single, isolated parts. In this way, the exploitation of different func-
tions of an ecosystem can be continued.

Evaluating the real status of the whole aquatic ecosystem by means of three, or
four components poses a serious risk the correct classification of the water body
will not be achieved. The Directive seems to adopt for biological communities the
same approach used for monitoring water quality, which is assessed through peri-
odical measurement of parameters such as the concentration of a pollutant or nu-
trients. In contrast with the relatively constant physico-chemical characteristics of
the water body, biological communities vary greatly in space and time. It is there-
fore unlikely that the dynamic nature of an ecosystem can be represented ade-
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quately by the only by few variables as indicated in the Technical Annexes (Direc-
tive 2000/60/EC). The Directive also does not contemplate ecosystem functioning.
For example, measuring the variation in composition and abundance of macro-
fauna and microphytobenthos in estuaries has little meaning if there is no assess-
ment of the impacts that such variation might have on the function of that ecosys-
tem, such as community respiration, decomposition of organic matter, nutrient
recycling and retention (Environment Agency 2002). Biological quality elements
should include additional indicators that provide complementary information on
the health of the ecosystem as a whole in relation to space, time and impact
sources (Borja et al. 2003).

It is widely acknowledged that spatial and temporal variability affects most bio-
logical communities, especially those living in estuaries and coastal waters. This
makes it difficult to establish for each biological element a single reference condi-
tion that is relevant to the whole water body, as the sensitivity and resilience of the
ecosystems to human disturbance can vary greatly between locations. To make
reference conditions more type-specific the Directive has further subdivided the
water bodies in different typologies characterised by typical hydro-morphological
and physico-chemical conditions. The Directive also implies that biological refer-
ence conditions of a water body can be predicted on the basis of the physical and
chemical features characterising that type. This principle is not always applicable,
as biological communities can show a high level of variation in areas sharing very
similar physico-chemical characteristics. Also, the influence of these factors on
the composition and abundance of biological communities might differ depending
on the biological quality element considered. For example, nutrients and tempera-
ture are important factors for the prediction of changes in phytoplankton, whilst
benthic infauna is largely influenced by the sediment granulometry. Multiple site-
specific reference conditions should be defined in each water body, to help dis-
cerning between the natural variability of a biological element and the changes
caused by human activities, thus avoiding the risk of ecological misclassification
(Environment Agency 2002).

Once the type of parameters used to assess or predict the reference conditions
of a water class is set, the next step is to define what the values should be if no
changes, or minor changes occurred in the aquatic system as a consequence of
human activities. Interpreting reference conditions as pristine conditions would be
inappropriate under many aspects. Ecosystems are not static but evolve and adapt
continuously to the environment reaching several potential good states that can be
considered as reference conditions. Also, it would be unrealistic to imagine and
define a state of a water body without any anthropogenic impacts, as since the
medieval age catchments and coasts have been inhabited and modified by human
activities (Chave 2001). Comparing the correct status of ecosystems with an his-
torical landscape would inevitably cause the majority of water bodies to be classi-
fied at a lower ecological status, thus leading to enormous restoration costs.

It is recommended that the reference conditions must take into account both
ecosystem and social and economic needs. This is also implied in the Directive,
which promotes the concept of good ecological status alongside the sustainable
use of water. It is therefore important to set reference conditions at a level which
can accommodate a certain amount of water uses and services, so that water bod-
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ies can be restored and kept at good or high ecological status even in the presence
of human pressures.

Water quality

Achieving a good chemical status of all surface waters, including transitional and
coastal waters, is one of the environmental objectives of the Directive. The good
chemical status is achieved when all the water quality parameters do not exceed
the environmental quality standards listed in the Dangerous Substances Directive
(76/464/EC). These indicate the maximum concentration of a particular compound
that is allowed in water, sediment or biota. In the Water Framework Directive,
however, a new series of objectives is added to those of the previous legislation,
the Priority Substances.

Priority substances

Priority substances are 33 compounds represented mainly by organic compound.
Half of these chemicals are defined as Priority Hazardous Substances, identified as
particular toxic and persistent substances that can bioaccumulate in organisms.
The Directive requires that objectives are set for these substances and that a pro-
gramme of measures is established in order to gradually reduce pollution from
priority substances and eliminate any emission or discharge of hazardous sub-
stances.

The criteria used for assessing the chemical status of waters do not take in con-
sideration the ecology of the aquatic environment. Environmental quality stan-
dards are often based on annual mean values of a certain compound, while not tak-
ing into account maximum and minimal values. This can lead to errors in the
evaluation of the potential effects of a certain pollutant in the organisms, as these
are affected by the whole range of values over a certain period. Also, some com-
pounds are present in the marine environment at dissolved concentrations that
cannot be directly measured by analytical methods, but can be only be detected by
its effects on the organisms. Methods for measuring these effects such as ecotoxi-
cology tests and bio-essays should be therefore used alongside with the environ-
mental quality standards.

The Directive also introduces a new combined approach for the control of
compounds discharged in waters. This aims at limiting emission sources but also
sets quality standards for compounds in the water bodies, so that pollution from
both point and diffuse sources can be controlled. The approach will have impor-
tant implications in terms of water management at national and international level,
as the control, monitoring and evaluation of pollution sources will have to be co-
ordinated across all the different compartments of the river basin district, from
rivers to coastal waters crossing national borders (Chave 2001).
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Bathing water quality

In coastal waters, the achievement of good chemical status of waters is essential
not only for the ecology of aquatic ecosystems but represent also a guarantee for a
safe use of waters for bathing (see also Georgiou chapter 4). In 1976 the Bathing
Water Directive (Directive 76/1607EC) concerning the quality of waters used for
bathing came into force. The Directive reflects the state of knowledge and experi-
ence of the early 1970’s, in respect to its technical-scientific basis, the managerial
approach and the involvement of the public (Chave 2001). In order to assess com-
pliance with the Directive a range of physico-chemical, bacteriological and aes-
thetic criteria are specified. Recently changes in science and technology as well as
in managerial experience have obliged the Commission to consider revision of EU
environmental legislation where appropriate (see also Georgiou this volume). Fur-
ther legislation has thus been proposed on more than one occasion by the EC in
the form of revisions to the 1976 Directive, resulting in controversy among scien-
tists, policy makers and public opinion. These discussions have centred on a num-
ber of dilemmas. There is a question mark over the level of protection to be af-
forded against minor illness acquisition by EC standards. At the same time, the
costs of tightening these standards are considerably and the health gain associated
with any tightening is likely to be measured in terms of self-limiting and minor
illness, such that there is a question as to whether any expenditures on sewage
cleanup represent effective and efficient use of resources. There is an expectation
among the public that standards should be sufficient so as to prevent illness being
acquired. Even minor levels of illness acquired through recreational bathing may
be unlikely to be considered acceptable. Regulators and governments thus have to
balance the public desire for better environmental quality with the economic im-
pact of policy changes on both water bill payers and the financial health of water
companies/boards. Furthermore, any new policy must be compatible with EU Wa-
ter Policy, in particular the Water Framework Directive, which provides a coher-
ent managerial framework for all water related EU Legislation.

Tools for the management of protected areas
under the WFD

Protected areas are zones designated for special protection under the EU legisla-
tion. These include areas for abstraction of drinking waters, areas to preserve habi-
tat and species of special interest, areas to protect economically important species
and recreational zones. In coastal waters marine reserves have been created with
differing objectives, such as preserving habitat and communities of ecological
value, to protect fish and juvenile fish from overexploitation and scientific re-
search (Cattaneo et al. 1984, Diviacco 1990, Diviacco et al 1992, see also Linde-
boom and Béck this volume). The creation of MPA’s should also guarantee the
sustainable management of regional fisheries (Agardy 1994) and increase the tour-
ism value and attractiveness (Jones 1999). The environmental objectives for ma-
rine reserves and other protected areas set by the Water Framework Directive must
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be achieved not later than 15 years after the date of entry into force of the Direc-
tive (Directive 2000/60/EC). This is a challenging target, as MPAs are regulated
by special rules and laws established locally; with the Directive coming into force,
MPAs also become part of one or more water bodies thus their special regulations
have to be integrated in the new Directive legislation. In many European countries
MPAs are under the management of several different authorities and institutions
that apply regulations based on the local need and features of the area. As pro-
tected areas will become part of a river basin, their policy and decision-making
will have to conform to the common management of the river basin district. This
implies that a high level of coordination must be established between the man-
agement of protected areas and the other components of the river basin district.
This coordination, if successful, will contribute significantly to the success of ma-
rine reserves, as the restrictions applied to the protected areas cannot prevent and
control impacts from land-based pollution, particularly during summer, when sev-
eral coastal villages double their population due to tourism (see also Sarda chapter
16).

Difficulties in the implementation of the Water Framework Directive for MPAs
are forecast also at local level. The designation and subsequently the management
of MPAs is often subject of conflicts between scientists and conservation associa-
tions, who promote marine reserves, and fishermen, boating and tourist operators
who strongly oppose the restrictions applied to the protected areas (Salmona and
Verardi 2001). The Marine Protected Area of Portofino is a clear example of the
difficulty in establishing the correct balance between the contrasting interests of
the different parties involved (see box 1). Unless communication between the dif-
ferent social components improves, providing positive solutions to problems, con-
flicts will remain unresolved. Furthermore, larger public participation bringing
more equity between the different parts of the society should be promoted, as
regulations are often tailored around the needs of a few influential groups.

The technical implementation of the Directive will involve great changes in the
management of the MPAs. As in the case of to non-protected coastal areas, MPAs
lack the appropriate monitoring programmes. Monitoring and assessment of the
status and evolution of a marine protected area are generally poor and not well co-
ordinated by the responsible authorities. Current knowledge of the efficiency of
the MPAs is often the results of single, short-term, ecological studies carried out
by scientists within specific research projects. Furthermore most studies investi-
gate the effect of MPAs spatially, between a protected and unprotected zone,
whilst the temporal component is often neglected (Francour 2000). As a result, the
information is often fragmented and not sufficient to forecast long-term effects of
MPAs. Long-term monitoring is needed to allow a correct evaluation of changes
in the flora and fauna as results of both natural variability and the protection ef-
fect.

For example, after 10 years monitoring in the Scandola Marine Reserve (Cor-
sica, Mediterranean Sea) Francour (1994, 2000) observed that protected areas in-
creased the resilience (buffer effects) of fish assemblages to environmental distur-
bance, despite the short-term fluctuations in fish diversity occurring in both
protected and unprotected areas. This study highlights the importance of long-term
surveys to assess the efficacy of MPAs.
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Box 1. The Marine Protected Area in Portofino, Italy

The Portofino promontory is located in the Ligurian Sea and comprises 13 km of steep,
rocky coastline. The marine area surrounding the promontory consists of a rocky bottom
and marine caves, resulting in a high variety of habitats. This habitat diversity and the
high water quality, characterised by low turbidity, high oxygen concentrations and hy-
drodynamics, favoured the development of a rich and diverse biocenosis (Cattaneo Vi-
etti et al. 1988). In particular, the protected red coral and various types of madrepore are
almost exclusive of this area. Another habitat of high ecological value is the seagrass
(Posidonia oceanica) meadow, which hosts a diverse benthic and pelagic fauna.

At present, onshore and offshore tourism is the main activity on this coastline
(Diviacco 1990). The small fishing ports have gradually been transformed in centres of
recreation, and have become popular seaside resorts, often holiday target of VIP’s. The
increase in boating activities rapidly deteriorated the state of the marine ecosystems.
Mechanical action of chains and anchors, sediment perturbation and resuspension
caused by boat engines and jet-skies, rubbish and oil spills discharged into the sea by
vessels, all seriously affected the benthic biocoenosis. Sport fishermen also contributed
significantly to the degradation of coastal habitats, through collection of red corals, date
mussel harvesting from the rocks and fishing with various gears (Cattaneo Vietti et al.
1984).

In 1998, the Ministry of the Environment created a marine reserve in Portofino to
protect the ecosystem and regulate the recreational uses of the area. The reserve consists
of: 1) a strict reserve zone, where only scientific research and controlled navigation for
rescue and service are allowed; 2) a general reserve zone, where bathing and diving,
small size boats, professional fishing for residents only and limited sport fishing are
permitted; 3) a partial reserve zone, subject to similar restrictions as in zone 2.

Despite the fact that boundaries, zoning and temporary regulations were outlined for
the protected areas by the Ministry, a proper legislation still does not exist and the above
restrictions are often violated. The only regulation applied is the temporary bathing sea-
son ordnance that restricts boating, bathing and fishing. The creation of the MPA caused
a series of debates that continued even after the official designation. Salmona and Ver-
ardi (2001) suggest that the conflicts represent a paradox: on one side there is a public
awareness that local economy is mainly based on the ecological value of the area, which
therefore needs to be protected, on the other side tourism industry would like to avoid
any regulations.

Stakeholders opposing MPA are yachting associations, boating operators, local mu-
nicipalities, tourist operators and tradesmen. All consider the MPA a serious threat to the
local economy. Their opinion is that the protection of the ecological value of the area
should have a lower priority than local economic needs.

Stakeholders promoting the MPA are scientists, environmental associations and a
few tradesmen. They believe in the economic benefits that can derive from the imple-
mentation of the MPA. A preserved marine ecosystem, high water quality and clean
beaches would, in long-term, guarantee a more sustainable economy. The perception of
the ecological value is clearly different between the two parties. For the opposing stake-
holders, the ecosystem does not provide any goods and services, thus there are no real
economic benefits from preserving it. The supporting stakeholders appear to have a
more complete concept of the ecological value, and consider the ecosystem as an impor-
tant component of the local economy. Furthermore, the sectors against the MPA con-
sider only short-term impacts from its implementation whilst those supporting it foresee
also long-term effects. The duration and lack of conclusive solutions to this conflict has
largely limited a correct implementation of the MPA. In addition, the success of the Por-
tofino marine reserve has been seriously limited and delayed by the following problems:
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1) limited social participation, as only few, influential economic sectors are involved; 2)
minimal public environmental awareness, generally restricted to scientists and conserva-
tion associations; 3) lack of coordination between the MPA authority and other coastal
and inland management institutions; 4) weakness in the enforcement of the MPA law
with consequent violation of the regulations (Salmona and Verardi 2001).

The success of MPA can be achieved only through the public acknowledgement that
an environmentally sound management will provide intermediate and long-term eco-
nomic and ecological benefits.

Reference conditions and the implementation
of ecological classification schemes

Translating the concept of reference conditions for an ecosystem into real values
is one of the challenging requirements of the Directive. In an ideal world, refer-
ence conditions should be derived from current monitoring data of water bodies
not impacted by any human activities. In most cases, however, this is not possi-
ble and alternative methods need to be adopted, such as deriving reference con-
ditions from historical data on the abiotic and biotic features of the water body,
or reference models using information from different sites. Modelling can be a
powerful tool to hindcast reference conditions and assessing the ecological
status of an ecosystem (Clarke et al. 2003, Nielsen et al. 2003). Several concep-
tual and numerical models are already available (see Herman et al. this volume,
Windhorst et al. this volume). It is recommended that current models need to be
improved and adapted to the Directive requirements and be transformed in ef-
fective management-oriented models. To be valid at a large scale, across various
catchments or ecoregions, models require availability of appropriate monitoring
programmes providing standardised sampling protocols and coordinated data
management (Schmutz et al. 2000). Current models do not encompass the range
of scales now required. It may be possible to extend their validation using for
example historical records or paleological records, for example from sediments.
However, even if not validated they can still be used to compare the effect of
various scenarios.

One of the potential difficulties in using models for the implementation of the
Directive is the lack of integration between river, estuarine and coastal water
models. This reflects also the fragmented situation of monitoring schemes and
methodologies applied so far to describe the status of the various water bodies.
However, because of the limited time available, a unique model covering all the
river basin area cannot be defined. Alternatively, the current models available
can be linked to each other so that the output of one model represents the input
of the following model. The problem of lack of harmonisation in monitoring
procedures and models is evident also at international level. It will not be possi-
ble, for example, to transpose monitoring methods or models from one country
to another, as the information provided is likely to be reliable only in the coun-
try where the system has been calibrated. Intense international collaboration and
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coordination work is therefore needed to overcome the differences in model ap-
proaches to reach a common scheme as required by the Directive (Chave 2001).
The Directive defines the status of the aquatic environment using biological, hy-
dro-morphological and physico chemical indicators. Similarly, an integrated ap-
proach should be used to link models on hydrology, climate and ecology at a
catchment level. Dynamic models allow also prediction of past and future
changes in the ecological conditions of ecosystem at different time scales. They
therefore are essential tools for the management and preservation of ecosystems.
For monitoring and management purposes, models should be dynamic and
deterministic, but still simple and effective. For rapid screening of the state of
ecosystems, simplified, empirical models can be used to predict the worst out-
come of given scenarios. This is not however always reliable. For example, in
the deterministic assessment approach for the presence of compounds in the wa-
ter bodies, the multiple effects resulting from interactions between compounds
are not taken into account. For instance, the concentration of nutrient and metals
has increased in many catchments all over the world. The effects described are
eutrophication, caused by increased nutrient concentration. However, higher
concentrations of metals might reduce algal growth and production. Also, only
33 compounds are assessed, so uncertainties over potential (latent) effects re-
main high. It is well established that the environmental effects can only be ex-
plained by a small percentage of these 33 compounds and that the effects are
mainly caused by unknown compounds from the group of more than 100,000
anthropogenic compounds released in the aquatic environment. In vitro and in
vivo bioassays may help to overcome this problem. By applying these tech-
niques, the effect on the organisms is firstly studied and the compounds causing
the effect can be isolated subsequently. In this way the risk of effects induced by
unknown compounds is reduced dramatically.
In conclusion, each method assessing the reference conditions presents disad-
vantages and uncertainties (Schmutz et al. 2000). For a closer representation of
reference conditions, an approach that integrates all the information provided by
historical data, current field data from reference sites and models should be
adopted. This approach will be relatively easy to adopt for many rivers and
lakes, where a large amount of past and present field data is generally available.
In contrast, ecological monitoring in coastal and estuarine systems is still scarce
and focuses mainly on the assessment of the chemical status of waters. More
rigorous, consistent and intense monitoring will be therefore necessary to de-
velop a correct classification scheme.

Interactions between ecology, society, and economics

One of the innovative aspects of the Water Framework Directive is the concept of
water pricing, which must guarantee a sustainable use of water and the protection
of water resources. The Directive outlines the need for an economic analysis of
water services that takes into account the recovery of environmental and resource
costs due to negative impacts on the aquatic ecosystems (Directive 2000/60/EC).
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The WFD supports an integrated management of water resources that involves both
ecological and socio-economical realities, thus requiring active collaboration be-
tween ecologists, economists and public authorities. Despite the increasing efforts
towards closer collaborations, the gap in communication between scientists, policy
makers, coastal managers and economists is still considerable (Turner 2000). A dif-
ferent perception of the economic, ecological, cultural and aesthetic values of the
coastal system is undoubtedly one of the difficulties in communication between the
different groups. Public perceptions of these ecological values change with time,
also as a consequence of growing environmental awareness through education and
media. Given the generic goal of sustainable water resource management, there is an
increasing focus on integrated frameworks in which water is an integral component
of a catchment-wide ecosystem, a natural resource, and a social and economic good,
whose quantity and quality determines the nature of its use (Turner et al. 2003).
Such frameworks can make tractable the complexity of causes of coastal degrada-
tion, and the links to socio-economic activities across the relevant spatial and tempo-
ral scales. They can also provide the connection between coastal ecosystem change
and the effects of that change (impacts) on people’s economic and social well-being.
For example, Bonn (2000) proposed the development of an integrated method for
assessing river conservation value, based on the evaluation of a series of attributes of
the river system such as naturalness, rarity, species richness and impacts. These at-
tributes or criteria need however to be differentiated and ranked on the basis of their
importance or value. Choosing the ecological attributes and ranking their value is of-
ten a subjective rather than objective judgement. Similarly to the river basin, the as-
sessment of the ecological value in coastal systems needs attributes and criteria that
are clearly defined through rigorous and consistent methods. A scoring system can
be used to improve objectivity in the value ranking, but the derivation and interpre-
tation of score should be easily understandable. This implies that the complex analy-
sis of ecological processes and impacts be translated in a way that is understood and
used by economists and coastal managers. Relevant indicators of environmental
change can be derived so as to quantify and prioritise the ecosystem functions and
requirements taking into account social and economic needs. In order to have a sus-
tainable management of resources, ranking must be based on both “objective” eco-
logical scores and subjective societal and economic value.

Ecosystem valuation can be a controversial task. Agencies in charge of protecting
and managing natural resources must take difficult decisions in allocating resources.
These decisions are based on society’s values, which vary in time and can be differ-
ent between countries and within countries, in one catchment area. Economic valua-
tion can be a useful tool to protect and restore ecosystems functions and services.
These are physical, chemical and biological processes that contribute to the mainte-
nance of the system. Ecosystem services are benefits for nature or society resulting
from these functions. The key to valuing a function is establishing the link between
the function and some service flow valued by people. If that link can be established,
then the concept of derived demand can be applied to assign monetary economic
values. The marginal units of service flow are valued in terms of the willingness to
pay for their provision, or willingness to accept compensation for their loss.

The valuation system sometimes seems not to represent equally all the members of
the society. This is because the water management and decision making process of-
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ten restrict stakeholder involvement and public participation (Van Ast and Boot
2003, Morrison 2000). Often, the public is not equally represented, and only a few
influential, more powerful groups are considered. Under extreme distributional con-
flicts adjustments to the valuation system can be made by applying equity weights.
Also there may be a need for harmonisation between scientific and social scales, for
example by means of multi-criteria analysis.

7.12 Conclusions

Areas of potential difficulties in implementing the WFD were identified. These in-
cluded (a) the use of ecological indicators and the establishment of a reference con-
dition, (b) the use of models for integration and (c) the interaction between ecologi-
cal and socio-economical needs. Current models used for the prediction of
ecosystem behaviour of coastal waters generally are not geared towards the indica-
tors specified in the WFD, or designed to match the spatial boundaries set-up by the
river basin structure. Together, this will require a major update of these models and
close scrutiny of integration across disciplinary boundaries. The interface between
natural sciences and ecological and socio-economic perspectives on the coast is an
area of interdisciplinarity that hitherto has only been explored on a project-based
scale. Even here,, considerable progress has to be realised before widespread appli-
cation across Europe is really feasible. Limited experience (cf. Ledoux et al. this
volume) suggests that this is a feasible future goal.
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8. The EU Water Framework Directive:
Challenges for institutional implementation

Erwin F.L.M. de Bruin', Frank G.W. Jaspers, and Joyeeta Gupta

Abstract

This chapter undertakes a limited analysis of the EU Water Framework Directive
(WFD) and focuses in particular on some of the implementation challenges. It fo-
cuses on how the WFD aims to meet the goal of integrated water resource man-
agement. It then examines some of the challenges of implementing the Directive
in a EU member state with advanced water policies (The Netherlands) and a po-
tential EU member state (Turkey). It concludes that in the Netherlands the WFD
essentially has led to more coordination among water management organisations.
The establishment of an extra bureaucratic layer whose job is to ensure that inte-
gration takes place has facilitated this. In the case of Turkey, the difficulty is to
find a way to actually differentiate responsibilities between different authorities
and to have a more coherent water management system that challenges the current
hierarchical power structure. This chapter then examines the impact of the WFD
on coastal zones and concludes that the WFD has limited authority over the
coastal zones. This is problematic because river flows do not simply end at an ar-
bitrary distance from the coast and because there appears to be no real way of
communicating with other instruments that deal with coasts and with the seas and
oceans. On the other hand, the European Union’s Coastal Zone Management ini-
tiatives will try and bridge the gap between the land, river systems, the coasts and
the seas, and will try and link up with all the relevant EU regulations. The paper
concludes that it would appear that the EU is moving steadily towards a democ-
ratic system of managing the waters and coasts of the region and that only time
will tell how easy or difficult it is to harmonise policies in countries and regimes
with vastly different histories and institutions.
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Introduction

The Water Framework Directive (WFD)?, adopted in 2000 jointly by the European
Parliament and the Council is a very ambitious legally binding document that aims
to create a “good status” for all surface and ground waters throughout the Euro-
pean Union (EU) by 2015. The term ‘good’ reflects a new concept of ecological
quality, which is based on biological, chemical and physical information (Chave
2001), but there remain questions about how this term will be interpreted (Lanz
and Scheur 2001). To reach this aim, several steps will be followed, varying from
assessing the pressures and impacts on a river basin to implementing a programme
of specific measures. The Directive must be implemented internally by each EU
member state. Accession countries that will join the EU in the near or more distant
future will also have to implement the Directive. The purpose of this chapter is to
analyse the challenges in the implementation of the goals of the Water Framework
Directive within the EU, given that river basin and water management within the
European Union is the result of a long historical process of fine-tuning the out-
comes of complex negotiations between the riparians.

Institutional systems for water management can be traced back several hun-
dreds of years to the Roman system of law and vary considerably across Europe.?
There are 169 agreements that have historically been made with riparian states by
various members of the European Union (Wolfe 2002). Very different national
systems for water management have developed in the 15 EU member states and in
relation to the major international river basins in this region. The ten new acces-
sion countries have also had quite different experiences in managing water as
many of them have mostly been influenced by the Communist system of water
management where water was mostly owned by the State. Some future potential
member countries, such as Turkey, also have a completely different domestic wa-
ter system influenced historically by Islamic precepts (Caponera 1992).

Since 1975, the EC has made an attempt at harmonising policies in different ar-
eas within the member countries by legislating some areas of water management
including drinking water, the quality of various water bodies, urban waste water,
nitrates, etc. Clearly, the maze of conflicting policies and laws within member
countries was not very conducive to an integrated system of water resource man-
agement that also contributed to sustainable use of water resources. Citizens and
environmental organizations were continuously demanding cleaner rivers, lakes,
groundwater and coastal beaches.*

It is against this background, that the Water Framework Directive was adopted.
The Water Framework Directive calls for a complete restructuring of water policy
in the member states and in relation to the river basins. The key unit of focus is the
river basin; the key goal good water status (which includes ecological and chemi-

2 Directive 2000/60/EC of the European Parliament and of the Council, establishing a
framework for Community action in the field of water policy.

3 For some examples see for instance Alearts (1995), Correia (1998a) and Mostert (1999).

4 Introduction to the New EU Water Framework Directive,
http://europa.eu.int/comm/envronment/water/water-framework/ocerview.html; down-
loaded 13/8/2003.
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cal protection for surface water, and chemical and quantitative status for ground
water). The Directive combines controls on the source of pollution and on meas-
ures to promote qualitative objectives in water bodies. It calls on countries to es-
tablish river basin management plans based on active public participation and on
establishing an effective pricing system. It repeals seven existing directives.

Authorities see it as the most significant legal instrument that provides a clear
legal framework and institutional structure that can serve as the basis of catch-
ment-based governance for the successful management of water quality and quan-
tity. It is expected to have a major impact on water policy within the EU (Chave
2001, Holzwarth 2002). Certainly the timetable for implementation is impressive.
By 2003, the Directive needs to be transposed in national legislation (Article 23)
and river basin districts and authorities need to be created (Article 3). By 2006, a
monitoring network (Art. 8) and the process of public consultation (Art. 14) must
have been established. By 2009 river basin management plans must be finalised
(Arts. 13 & 11); and by 2015 the environmental objectives must be met (Art. 4).

At the same time, critics argue that the provisions are ambiguous, the level of
protection provided is very questionable and there are a number of opt-out clauses
(Lanz and Scheur 2001). Quite noteworthy, the question - what is good status — is
left open (Lanz and Scheur 2001).

The WFD is to be adopted throughout the Union, in the context of all the dif-
ferent national and river basin arrangements. Concepts such as river basin dis-
tricts, cost recovery and integrated management at river basin level have to be im-
plemented. The WFD will therefore have a profound effect on how European
countries manage their water systems. It will create a much more integrated and
precautionary approach to whole basin catchment management. It will lead to the
reallocation of water abstraction and discharges. And it will encourage and stimu-
late a range of public participatory approaches to more inclusive water manage-
ment generally.

The WFD poses not only serious challenges to the EU member states but also
to the future members of the EU. Pilot projects, often financed by EU member
states, are a common tool to get accession countries acquainted with the implica-
tions of the WFD for their own water management.

Comparing institutional systems for water management from the perspective of
different countries or different river basins in order to find an ideal blueprint is not
possible. These systems are largely based on historical and cultural factors, and
one cannot assume that a successful system in one country or basin will be just as
successful in another. This implies that also the way the WFD is implemented will
be different for every country and water basin, as long as the aims of the Directive
are reached, and the reporting requirements to the European Commission are met.

Against this background, this chapter addresses the question: What are some of
the institutional and administrative challenges to the implementation of the WFD
faced by (future) EU member states in order to achieve integrated water resource
management? In order to address this question, this paper will first recapitulate the
key principles of integrated water resources management and examine the WFD in
terms of these principles. It will then examine two case studies — the case study of
the Netherlands and that of Turkey. The Netherlands has been a EU member state
since its establishment, while Turkey has still not formally entered political nego-
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tiations. Nevertheless, both countries are harmonising the domestic water man-
agement system with the WFD.

On the basis of the case studies, we will draw some conclusions on the types of
implementation challenges that the WFD may face in the coming decades. Then
finally this chapter examines how the WFD deals with the coastal zone in the con-
text of integrated water resource management.

This paper is based on a literature analysis and on the practical experience of
actually trying to implement the WFD, and this combination is reflected in the ex-
pertise of the authors. We take a country approach for our case studies, since the
WEFD is primarily to be implemented by national governments, and institutional
systems are organised at country level.

A theoretical framework:
Integrated water resources management

The 2000 year historical evolution of water management has moved from local
sectoral management to integrated water resources management. Although river
basin management has long been an issue in the context of international treaty ne-
gotiations on rivers, the concept of integrated water resources management
reached the international agenda, not via the treaties but via the general water pol-
icy making process at the 1992 Dublin International Conference on Water and the
Environment. These principles were endorsed at the 1992 United Nations Confer-
ence on Environment and Development (UNCED, 1992) and subsequently at the
three World Water Forums and the 2002 World Summit on Sustainable Develop-
ment (WSSD 2002).

Integrated water resources management (IWRM) has been defined as follows:
‘Integrated water resources management is the management of surface and subsur-
face water in qualitative, quantitative and ecological sense from a multi-
disciplinary perspective and focused on the needs and requirements of society at
large regarding water’ (Van Hofwegen and Jaspers 1999). It has also been defined
as ‘a process that promotes the co-ordinated development and management of wa-
ter, land and related resources, in order to maximize the resultant economic and
social welfare in an equitable manner without compromising the sustainability of
vital ecosystems’ (GWP 2000).

The Global Water Partnership (2000) has recently published a book interpreting
and explaining the Dublin principles, the source of integrated water resource man-
agement. The Dublin Principles recognize that fresh water is a finite and vulner-
able resource, essential to sustain life, development and the environment. This
Principle calls for a holistic approach to water (respect for the hydrological
boundaries), a recognition that resource yields have limits, a need to constrain
human activities, to manage upstream-downstream user relations and a holistic in-
stitutional approach. The second principle calls for a participatory approach which
includes a recognition that participation is more than merely consultation, that in
order to promote participation, decisions have to be taken at the lowest appropriate
level and that participatory mechanisms need to be created and that there is a need
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to achieve consensus with the participants. The third principle focuses on the role
of women in decision-making and the need for greater gender awareness. The
fourth principle focuses on water as an economic good, where economic value in-
cludes the value to water users, the net benefits from return flows, the net benefits
from indirect uses and an adjustment for societal objectives. Full supply costs is
the operation and maintenance costs plus capital charges; the full economic costs
includes in addition the opportunity costs and economic externalities; and the full
costs include environmental externalities.

For IWRM to be implemented, it is important to keep the context in mind, to
establish an enabling environment, where the government is enabler, regulator,
controller and service provider. There is need for legislation and the political will
to implement, for cross-sectoral and upstream and downstream dialogue, for clear
mechanisms for promoting cooperation within international river basins, with
clear responsibilities assigned to the different actors at different levels, for ways of
financing policies through good pricing and for good conflict resolution mecha-
nisms (GWP 2001, cf. Jaspers 2003).

Let us now see to what extent the Water Framework Directive has incorporated
the features of IWRM. One of the most widely known characteristics of the WFD
is that it advocates water management at the whole river basin level. In the Direc-
tive, a distinction is made between river (sub)basins and river basin districts. The
river basin district is defined as the main unit for management of river basins. The
river basin district consists of one or more river basins. A river basin is defined as
‘the area of land from which all surface run-off flows through a sequence of
stream, rivers and, possibly, lakes into the sea at a single river mouth, estuary or
delta’ (WFD Article 2). In other words, the WFD includes the total area of land
and part of the sea that forms part of the basin (see analysis of the WFD on the
coastal zone that follows). Furthermore, member states are requested to make river
basin management plans. However, the WFD does not have jurisdiction over those
parts of the river basins that fall outside the EU territory and does not cover the
seas beyond lkm for biological purposes and 10 km for chemical purposes.
Nevertheless, one could argue that in terms of meeting the objective of dealing
holistically with the water resource, the WFD does remarkably well.

The preamble to the WFD mentions that ‘there is a need for a greater integra-
tion of qualitative and quantitative aspects of both surface waters and groundwa-
ters [...]". One of the purposes of the WFD is to contribute to mitigating the ef-
fects of floods and droughts. In the tools the Directive offers, there is a strong
focus on water quality and ecology. The water quantity aspect mainly comes back
in the allocation between consumptive and non -consumptive uses in order to pro-
tect aquatic biodiversity.

Water quantity issues and water quality issues cannot be seen separately, and as
such should be dealt with by the River Basin Management Plans. As of yet, there
is little guidance about how to deal with flooding or water sharing issues with re-
gard to the implementation of the WFD.

Decision-making at the lowest appropriate level is an important aspect of IWRM,
and as such also mentioned in the preamble. How this will be given effect in prac-
tice remains a key issue. The WFD is emphatic in its recognition of water primar-
ily as a national heritage and not as an economic good (see preamble). Having said
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that cost recovery and stakeholder participation are issues that are dealt with by
the WED. This paper assesses two key challenges in the implementation of the
WED. The first is the huge administrative change required by the shift from exist-
ing water management systems to an administrative structure focused on catch-
ment basins. The second is the challenge of undertaking integrated water resources
management.

Case studies

The Netherlands

Dutch water management is handled by the public administration, although semi-
private organisations can also play a role, e.g. the drinking water companies.
Characteristic for the Dutch water management organisation is its high degree of
decentralisation and a division between water management, environmental man-
agement and land use planning (Mostert 1999). The Ministry of Transport, Public
Works and Water Management, the Ministry of Housing, Spatial Planning and the
Environment and the Ministry of Agriculture, Nature Management and Food
Quality are the main national-level actors. Under the Ministry of Transport, Public
Works and Water Management one can find Rijkswaterstaar® (RWS), the director-
ate-general, which is carrying out the water management tasks for the Ministry.
The provinces are responsible for groundwater quantity and quality management,
while the Water Boards are responsible for surface water management (except na-
tional waterways). Municipalities have some direct tasks in water management, as
well as in the field of spatial planning, by developing local land use plans (see also
Table 1).

An important characteristic of the Dutch system is that the provinces, water
boards and municipalities are autonomous regarding their specific tasks in their ju-
risdiction areas. This means that the planning documents issued by these organisa-
tions for their areas are binding, within the rules set by the national plans. They
also have financial independence, as they are allowed to levy taxes to finance their
work.

The Netherlands has a complex system of water laws (e.g. Correia 1998). The
laws that structure the water management organisations are the Water Administra-
tion Act of 1900 and the Water board Act of 1992. Water management is regu-
lated by the Water Management Act of 1989, the Groundwater Act (1981), the
Pollution of Surface Waters Act of 1970, the Pollution of Seawater Act of 1975.
Legislation on the management of Water Infrastructure includes the Flood Protec-
tion Act of (1995), the Delta Act of 1958, the Delta Act Major Rivers of 1995, the
Reclamation Act of 1904, and the State Managed Infrastructure Act of 1996. In
addition there are other laws such as the Drinking Water Supply Act 1958, the
Soil Protection Act of 1987, the Spatial Planning Act of 1962, the Environment

3 Rijkswaterstaat: Directorate-General for Public Works and Water Management, under
the Ministry of Transport, Public Works and Water Management.
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Protection Act of 1979, the Nature Conservation Act of 1998 and the Mineral Ex-
traction Act 1965. Many of these laws have had several amendments over the
years. Any consolidated effort at integrating water management in the Netherlands
will also have significant implications for the implementation of these laws.

Table 1. Division of responsibilities in the Netherlands

Organisation

Main tasks and responsibilities

Ministry of Trans-
port, Public Works
and Water Manage-
ment (V&W)
Ministry of Agricul-
ture, Fisheries and
Food Quality (LNV)

Ministry of Housing,
Spatial Planning and
the Environment
(VROM)
‘Rijkswaterstaat’
(RWS)

Provincial Authori-
ties

General water policy and legislation; flood management (pri-
mary river and sea dikes); management of national surface wa-
ters; navigation

General agricultural and nature policy; legislative policy re-
garding nature conservation with regard to species and areas;
recreation

General environmental policy; setting of water quality stan-
dards; legislation concerning among others soil, air and waste;
drinking water and sewerage; land use planning

Carries out tasks delegated by the Ministry of Transport, Pub-
lic Works and Water Management

Coordination with other sector policies; construction and man-
agement of provincial waterworks; supervision of water boards

and public waterworks in maintenance by third parties;
groundwater resources management

Water Boards (Surface) water quantity and/or quality management of re-
gional waters; management of dikes, waterways, bridges and
roads;

Waste water treatment (building/operating treatment plants)

Drinking Water Drinking water abstraction, production and supply
Companies
Municipalities Construction and maintenance of sewer systems;

Some tasks on urban hydrology

Challenges of WFD implementation

The implementation of the WFD is a legally binding obligation in the Netherlands:
the first deliverables are to be presented to Brussels in 2004. Since 1998, the po-
tential for implementation has been reviewed by a National Project Group on the
Implementation of the WFD. Under its leadership, several pilot studies were car-
ried out to assess the implications of the WFD for the Dutch water management
system (e.g. Bosma and Busch 2002). Thematical sub-groups have worked out
various aspects in more detail, and a handbook has been prepared (Arcadis 2002).
This preparatory work was carried out at the national level.

The responsible authority for the implementation of the WFD is the Ministry of
Transport, Public Works and Water Management. Since the Netherlands is in the
delta of four international river basin districts, i.e. those of Ems, Rhine, Meuse and
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Scheldt, four River Basin Management Plans have to be prepared.® The creation of
the plans will be coordinated by River Basin Coordination offices, which have
been set up especially for this task in November 2002 (CRM 2003). The main
work will be carried out jointly by Rijkswaterstaat-offices, Provincial authorities
and the Water Boards. In order to achieve this aim, an elaborate project organisa-
tion has been set up, mainly within the existing institutional framework.
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Fig. 1. River Basins and sub-basins in the Netherlands for WFD implementation (CRM
2003)

To illustrate the institutional complexity, the following gives some more informa-
tion regarding the organisational structure of the management unit Rhine West
(Broersen et al 2003). In this area there are four provinces, five Rijkswaterstaat
regional directorates and 17 Water Boards. In addition to the social actors within
the area of the plan, social actors in neighbouring plan areas may also be affected
by the decisions taken in the plan area. Hence, the River Basin Coordination Of-
fice is preparing so-called ‘Blue nodes’, where these transboundary relations will
be organised.

In Rhine-West itself, two platforms are being set up, a Regional Executive Plat-
form, and a Regional Administrative Platform. The Executive Platform consists of

¢ For practical purposes, the Dutch Rhine basin is divided into four management units. In-
cluding a small piece of German territory, these form the (sub) river basin ‘Rhine delta’,
which in its turn is part of the Rhine river basin district. One RBMP will be prepared for
the Rhine delta (CRM 2003).
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high-level officials such as the dike-reeves of Water Boards’, provincial deputies
and the directors of Rijkswaterstaat’s regional directorates. This means that an of-
ficial platform exists for all water-related government authorities in the region.
This platform decides on the division of tasks and financial arrangements between
the involved parties.

The Regional Administrative Platform prepares the Executive Platform meet-
ings, takes care of coordination with the office of the River Basin Coordinator and
other Rhine sub-basins, and coordinates the work of the so-called Product Teams.
The Product Teams, which consist of employees of the involved organisations,
work on the actual implementation of the Directive.

If one adds up the total expected input from the participating organisations in
Rhine-West as mentioned in the project plan, one comes to a total of 12 person-
years (annually), for coordination purposes and presence simply during the differ-
ent meetings. This does not include the actual implementation work itself. Accord-
ing to an earlier study by the Inter-provincial platform and the Union of Water-
boards, extra time input until 2005 for provinces and waterboards will be around
70 days per organisation per year' (IPO and UvW 2002). Next to this, also the re-
gional directorates of Rijkswaterstaat and national level organisations need to re-
serve time for WFD implementation. All in all, quite a number of water managers
will be working on implementation of the WFD during the coming years, either by
performing analyses or through coordination activities.

One can see from this experience that the implementation of the WFD is a sig-
nificant managerial task. This will absorb the attention and time of senior water
managers in the public, private and voluntary sectors for some time to come. What
is not yet known is how worthwhile all this preliminary effort will be. Framework
directives of this sort usually require huge administrative and managerial prepara-
tion so it will be most interesting to appraise the outcomes of all this effort in
comparison with existing institutional arrangements for managing water and
whether these, in fact, will lead to a more integrated water resources management.

Turkey

In Turkey, water management is presently organised according to sectoral lines.
Decision-making is strongly centralised. The main governmental actors at national
level are the Ministry of Environment (MoE), the General Directorate of State
Hydraulic Works (DSI), the General Directorate for Rural Services (GDRS), the
Ministry of Agriculture (MoA), the Ministry of Health (MoH) and the State Plan-
ning Organisation (SPO). Other organisations, like the Ministry of Tourism

All so-called Water Quantity Boards, and 2 representatives of the so-called Water Qual-
ity Boards are members of the Regional Executive Platform. The other Water Quality
Boards are informed of the outcomes of the meetings, just like the Ministries of V&W,
VROM and LNV (Broersen et al. 2003).

According to estimates given by the organizations concerned. Low estimates speak of 35
to 70 days, high estimates of 70 to 140 days.
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(MoT), the Ministry of Forestry (MoF) and the Bank of Provinces (BoP) have
specific water management tasks (see Table 2).

In general, MoE is responsible for water pollution control, while DSI is respon-
sible for the development and management of water resources. GDRS has water
management tasks (among others water supply and treatment) in rural areas. MoA
has some water management tasks related to agriculture (e.g. fishery), and MoH is
responsible for drinking and bathing water quality. The SPO develops national
Development Plans under the authority of the Prime Minister (OECD 1999).

Table 2. Water management organisations in Turkey (Grontmij 2003)

Organisation Main tasks and responsibilities
Ministry of Environment water resource pollution prevention, environmental
(MoE) standards and inspection, EIA

State Hydraulic Works (DSI)  water resource investigations, river basin development,
planning, construction and financing of water and
wastewater treatment plants, water supply to munici-
palities with population above 100,000

Ministry of Health (MoH) drafting drinking water legislation, setting drinking wa-
ter standards, implementation and monitoring of these
standards

Bank of Provinces (BoP) planning, financing and constructing of water and

wastewater treatment plants, water supply for popula-
tions between 3,000 and 100,000.

State Planning Organisation overall planning for investment for water resources

(SPO) (e.g. dams, reservoirs, water supply) and pollution con-
trol (e.g. sewerage and sewage treatment)

General Directorate Rural Ser- drinking water and sewerage for villages (population

vices (GDRS) <3,000)

Ministry of Agriculture (MoA) Fisheries and Aquaculture legislation, pesticide control
and monitoring

Ministry of Forestry (MoF) Protection projects of water basins
Ministry of Tourism (MoT) building wastewater infrastructure systems in tourist
areas

The national-level organisations all have representations at a regional level, which
may cover one or more provinces (OECD 1999). These regional offices carry out
policies set out by the national level. Provincial offices also fall under the jurisdic-
tion of the provincial authorities. DSI works with 26 regional offices, which more
or less follow river basin boundaries.

According to the OECD (1999) there is ‘limited co-ordination on environ-
mental matters between sectoral ministries and different levels of government’.
This view is shared by many Turkish water management organisations (Hermans
and Muluk 2002). The fragmentation of tasks can be illustrated by the number of
organisations that monitor surface waters (Grontmij 2003): For example, DSI
monitors the quantity and quality of the water in the rivers; MoE has authority
over domestic and industrial discharges; GDRS supervises the water quality for
the purpose of drinking water production and irrigation; MoH has jurisdiction over
the water quality of bathing water, and chemical and microbiological status for
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public health monitoring; MoT monitors the sea and lakes for the European Blue
Flag campaign; BoP supervises the water quality on a project basis; and MoA
monitors the pesticide and fertiliser run-off in water courses.

WFD implementation

In 2002, the Dutch government funded a project to assist Turkey in implementing
the Water Framework Directive. The project is scheduled for completion in De-
cember 2003 (Grontmij 2002a). The project operates at two levels, national and
regional. At the national level, among others a National Platform (NP) has been
created, in order to reach agreement over river basin division, and task division in
WEFD implementation in general. In this National Platform, all major ministerial
stakeholders are represented.

At the regional level, a pilot study is being carried out in the Biiyiilk Menderes
River Basin. The aim of the pilot is to make a River Basin Management Plan
(RBMP) for the Biiyiik Menderes River Basin. Next to the RBMP itself, a practi-
cal Handbook is being prepared to facilitate replication of the process in other
river basins in Turkey. A River Basin Working Group (RBWG) has been created,
in which regional and provincial offices of the water management actors are repre-
sented. For practical reasons (the Biiylik Menderes Basin runs through five prov-
inces for instance), not all provincial stakeholders are represented in the working
group itself. The RBWG was formed during a regional platform workshop, in
which a large selection of stakeholders — both governmental agencies and user as-
sociations — chose representatives for the RBWG.

Within the project organisation, four project teams concentrate on respectively
the national level implementation, capacity building, the regional pilot project, and
communication aspects. Under the National Platform and River Basin Working
Group, specialised working groups are set up to work on specific aspects of the
Water Framework Directive. These include tasks such as the division of river ba-
sin districts, access to information (national level), ecology, and measures (re-
gional level).

Current status

The National Platform has been working on the division of Turkey into a number
of river basin districts. At the moment (summer 2003), the status of the platform
after the project’s completion is being discussed. All members have expressed the
wish to continue the platform, and to shape it into a discussion platform in which
also non-WFD related water management aspects can be discussed. In this way,
the platform can be used to improve inter-sectoral cooperation between ministries
on water related issues.

At the regional level, work on the River Basin Management Plan is under way.
From the start of the project it was clear that major traditional water pollution
problems still need to be addressed. Industrial and domestic wastewater (only
three municipalities in the whole basins have sewerage systems, one has a work-
ing waste water treatment plant), as well as boron pollution from a thermal power
station are the main problems. During a stakeholder analysis (Hermans and Muluk
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2002), it became clear that the responsible organisations also regarded the difficul-
ties of establishing co-operation amongst all the relevant agencies and ministries
as a major bottleneck. Political influence on functional decision making, as well as
lack of staff, budget and other resources, were also often mentioned. The actors
largely agree on the problems, and in general also have a clear idea of what to do
about them.

Although the major problems are easily identifiable, the implementation of the
WEFD requires more analysis. Especially at the start of the process, considerable
attention has to be put on gathering information. The characterisation of the river
basin, as well as the pressures and impacts analysis, are ‘data-focussed’ activities.
Local staff involved sometimes wondered why all these detailed analyses were
necessary, as the causes of the problems are clear. However, a co-operative and
practical spirit facilitated considerable progress.

At both the national and regional level it can be noticed that the increased con-
tacts between people from different organisations have increased cooperation. Es-
pecially at the regional level this cooperation is working out very well. At the na-
tional level ‘political’ considerations still play an important role, but even here
communication has improved considerably in recent times.

The implementation of the WFD in Turkey remains at an embryonic level.
Much has to be done to establish a pilot project or projects that can show the way
for integrated catchment management. To improve institutional co-ordination and
to establish clear political leadership are also vital elements in the early stages of
the Turkish experience. Monitoring of effective progress by the EU may help be-
cause Turkey’s accession will, in part, depend on good intent over the implemen-
tation of EU directives generally, and not just in the environmental arena.

Comparative aspects

This section compares the case studies in relation to three issues — institutional in-
tegration, integrated water resource management and the challenge of subsidiarity.

The two case studies show some of the challenges that countries face in devel-
oping water management systems that are based on the river basin approach. In
many countries, water management is essentially carried out by government agen-
cies whose jurisdictions follow administrative boundaries (state, province, region
etc). In the Netherlands, regional water tasks are essentially divided between prov-
inces and water boards. Although water boards are essentially functional admini-
strations purely for water management, they do not always follow hydrological
boundaries. The Netherlands has just completed the process of developing catch-
ments basin districts as outlined above. Credit for this change is due to the WFD,
as this new territorial division has been made in response to the requirements in
the WFD. However, as far as structure is concerned, the existing organisations did
not change much. Instead, a new organisational layer has been inserted, namely
the River Basin Coordination office. This office only has a coordinating task. The
actual work will be done within the existing system, which has caused a large co-
ordination effort, as described above. It also has provided an official platform for
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discussion between the water management organisations, which did not exist ear-
lier.

In Turkey, one of the actors involved (DSI) has regional offices, which are
more or less based on hydrological boundaries. The other actors are organised
along provincial boundaries. River basin districts are presently being formed.

The implementation of the WFD is an important step towards more integrated
water management in general. Neither in the Netherlands nor in Turkey is this in-
tegration perfect. In the Netherlands, two implementation processes are actually
going on: that of the Water Framework Directive and the implementation of ‘“Wa-
ter Management in the 21st Century’ (RWS 2000). In this national water man-
agement policy, issues like climate change, land subsidence and safety against
flooding are dealt with. Interestingly, there are many common grounds between
the WFD and Water management policy for the 21st Century, such as division in
river basins, managing protected areas, economic analysis of water use, communi-
cation etc. (Grontmij 2002). Attempts are being made in the Netherlands to inte-
grate these two implementation processes from 2004 onwards. This would be a
very important step towards IWRM, partially due to the WFD. In Turkey, differ-
ent organisations are responsible for overlapping tasks. Integration is a difficult
process, which has only just started.

Finally, we turn to the issue of subsidiarity, or decision-making at the lowest
appropriate level. This is an important aspect of IWRM, and is also mentioned in
the WFD. However, there are few indicators as to how one determines what the
most appropriate level for water management is. This eventually depends on the
scale of the problem to be addressed.

In the Netherlands, which is part of four international river basins, water man-
agement is organised partly at national, partly at regional level. International is-
sues are dealt with through various transboundary river commissions.

In Turkey, decision-making is strongly centralised at national level. One could
reason that a more appropriate level would be that of the individual river basin,
and that therefore more decision-making power should be given to regional-level
organisations. This is only possible if there is sufficient capacity at lower levels,
and at the moment this is lacking in Turkey. Capacity building and institutional
development are therefore important conditions for the decentralisation processes.
At the same time, it is unclear to what extent the central government will be will-
ing to transfer power to the regional levels. How subsidiarity is likely to be han-
dled remains a matter of conjecture.

The implementation of the WFD requires considerable coordination of and
management capacity within the water management organisations, as the cases il-
lustrate. The implementation of the Water Framework Directive has only just
started. The longer term administrative and management implications of this
directive are unsure. These depend on whether the member states will indeed con-
sider the WFD as a radically new approach to water management in Europe, or as
just another piece of EU legislation. All this in turn appears to require political
sensitising, and ultimately political will.
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Extrapolation to the coast

The coastal zone and river basin districts

Thus far we have examined the implementation challenges of the WFD within the
national context. Another dimension of the implementation challenge of the WFD
is the way the Directive deals with coastal waters. The following section attempts
to elaborate on some of these challenges.

The Water Framework Directive acts on all waters, including transitional and
coastal waters. It is therefore of high relevance to coastal zone managers. The im-
plementation of the Directive should result in a better water quality and actions to
make this happen are to be taken throughout the river basin. Coastal zone manag-
ers should therefore participate in the structures being set up for the implementa-
tion of the WFD.

Under the WFD, the coastal zone is divided into river basin districts. This could
imply that coastal zone management of a specific coastal area becomes frag-
mented, but in view of the authors this risk is small. The WFD provides an oppor-
tunity for coastal zone managers to influence the behaviour of water managers in
the upstream part of the watershed.

The land-sea continuum of the coastal zone

The fundamental assumption lying behind the analysis that follows is that the hy-
drological systems do not end at a certain distance from the coasts and that the hy-
drological and ecological systems of the open sea, the exclusive economic zones
and the coastal waters are closely related.

In the literature the coastal zone normally refers to the land area and adjacent
ocean space “in which land ecology and use directly affect ocean space ecology,
and vice versa” (Ketchum 1972). Historically different countries have defined the
inland boundary options and the ocean-ward boundary options differently. Thus
the Netherlands and Sweden defined the coastal zone to go up to the outward
boundary of the exclusive economic zone. Spain, on the other hand, went only as
far as the territorial boundaries — the 12 mile nautical zone (Sorensen and Mc
Creary 1990). These boundaries have continued to expand as knowledge about
how the intensity of cross-coastal zone interactions has increased and as technol-
ogy has modernised. For example, fisheries in the open sea can affect the ecologi-
cal status of the coastal waters (Young 2003).

The centre of gravity of the WFD is the river. Although Article 1 of the WFD
defines surface waters to include coastal waters, there is a limit to the extent of
control (Farmer 2001). This is possibly necessary in order to make the WFD prac-
tical. There are, however, some practical challenges to the fact that the WFD only
extends to one nautical mile into the sea, except in relation to the chemical status
of the waters, in which case the boundary extends to 12 nautical miles.

The question then is, are there not other institutional frameworks that deal with
these issues, and if yes, why should the WFD deal with these? In fact, there are a
large number of other institutional arrangements that deal with many of these as-
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pects. However, the lack of coherence between these arrangements and the WFD
may create new challenges. This lack of coherence has two dimensions. The first
is the physical dimension. The flow of rivers does not stop at the boundary laid
down by the WFD. The Rhine can have a considerable influence on the North Sea,
and not just within the coastal areas (Admiraal et al. 1998) Klein and Buuren
(1990). Hence, eutrophication is considered problematic in the North and Baltic
Seas. River loads are thus the source of this problem, whilst nutrient loading may
not be considered a prime issue by river management authorities. Here is thus a
mismatch between the managerial and system boundaries of cause and effect.
There is also the problem of salt water intrusion because of over-exploitation of
coastal aquifers especially in the Mediterranean. Unless there is a mechanism that
allows for communication between the other regimes and the WFD such problems
will not be addressed.

Institutional coherence

The second problem is that of institutional coherence between the various ar-
rangements designed to deal with coastal regions. To the extent that coasts mark
the boundary of a country, coastal areas and the international seas are generally
subject to a number of other legal systems. In other words, any discussion of the
management of Dutch coasts, inevitably brings us a to discussion of the manage-
ment system of the North Sea. The North Sea is not only subject to all interna-
tional laws that apply to seas in general, but also subject to all agreements specifi-
cally made in relation to the management of the North Sea. Let us elaborate. For
example, the UN Convention on the Law of the Sea 1982, the International Con-
vention on the Prevention of Pollution from Ships 1982, the Convention on the
Prevention of Marine Pollution by Dumping of Wastes and Other Matter 1972, the
Agreement for Cooperation in Dealing with Pollution of the North-Sea by Oil and
Other Harmful Substances 1983, the Convention for the Protection of the Marine
Environment of the North-East Atlantic 1992, the Paris Memorandum of Under-
standing on Port State Control, the Convention on the Conservation of European
Wildlife and Natural Habitats, all have an influence on the seas. International and
Regional policies such as those in the 1972 Stockholm Declaration on the Human
Environment, Agenda 21 of 1992 and the North Sea Conferences also influence
decision making on the North-Sea. Finally many organizations have some sort of
jurisdiction on the seas including the IMO, the WMO, the OECD and UNECE. As
such coordinating among the different regimes is in itself a very challenging task.
In particular there is need for institutional coherence within the EU. The EC has
developed an Integrated Coastal Zone Management Strategy (COM/2000/547).
This strategy recognizes a number of problems in coastal areas including coastal
erosion, habitat destruction, loss of biodiversity, contamination of soil and water
resources and problems of water quality and quantity. The Strategy aims to pro-
vide a link between the various EU policies namely Article 6 of the Habitats Di-
rective, the Strategic Environmental Assessment of the EU transport policy, the
proposed Strategic Environmental Impacts Directive, the Common Fisheries Pol-
icy, the Rural Development Policy, the marine regimes, the Council Directive on
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Pollution Caused by Certain Dangerous Substances Discharges to the Aquatic En-
vironment and of course the Water Framework Directive.

The CZM strategic document specifies that “In view of the fact that many of
the driving forces that create pressures on the coastal zones are actually located
upstream in the river basin, the proposed Water Framework Directive should par-
ticularly yield results in the coastal water and beach area. It will be important to
ensure that implementation of the proposed Water Framework Directive includes
consideration of the impact of water management activities on sediment regimes”.
According to this document there is a strong expectation that the WFD will indeed
ensure that the coastal areas will not suffer from complications arising by fresh
water flows through the river system. This strategy may indeed help to bridge the
gap between the river regimes and the coastal and open seas regime. The CZM
Recommendation prepared by the CEC (2000) calls on nations to undertake a na-
tional stocktaking, develop national strategies on the basis of the stock-taking that
develop in particular “the means of bridging the land/ sea gap in national legisla-
tion, policies and programmes”. This Recommendation (Council 2002) was
adopted by the Commission in a modified form in 2002, and calls for, inter alia,
improved coordination of the actions taken by all the authorities concerned both at
sea and on land, in managing the sea-land interaction. This recommendation does
not have the same status as a directive. However, it provides a good basis for
member states to shape their coastal zone management. In pre-accession projects
(SENTER 2002, 2003) it can be noticed that WFD implementation in coastal areas
takes this recommendation into account as well. The requirements of the WFD,
combined with the code of practice of the Recommendation, can provide a good
basis for WFD implementation in the coastal zone.

Conclusions

We believe that the adoption of the European Water Framework Directive marks a
turning point in water management in Europe. It calls for a complete restructuring
of water policy by emphasising the need to undertake water management in terms
of hydrological boundaries or catchment areas. This not only calls for a major
change in administrative set-ups, but it also calls for the administrative system to
be flexible and to adapt as and when catchment areas change in the future. The
Water Framework Directive also calls, inter alia, for the development of integrated
water resources management and this too poses serious scientific and management
challenges to countries.

The two case studies in this paper show firstly that not only are EU member
countries preoccupied with developing institutional responses to this challenge,
but also aspirant countries are seriously trying to adapt their domestic water poli-
cies.

The case studies illustrate that in a developed water management system as is
the case in the Netherlands, the WFD leads to more cooperation between the dif-
ferent water management organisations. In the Netherlands, this involved creating
a new bureaucratic level whose aim is to coordinate the implementation effort. In
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countries with even more fragmentation of tasks, such as Turkey, it is difficult to
achieve this coordination. Also here, a platform has been created which could be
seen as a first step towards integrated water management. The question here re-
mains whether endogenously induced institutional change is possible. If so, the
WFD could be a strong support to achieving integrated water resources manage-
ment, as the legal requirements for at least the current EU member states are con-
crete in this respect.

The goal of the WFD to achieve integrated water resources management
through river basin management is a laudable one. However, by drawing the hy-
drological boundaries artificially in the coastal areas, integration may suffer in or-
der to achieve practicality. However, such integration may be achievable in the
long-term through closer coordination with the regimes that deal with the seas.
And this task could perhaps be left to the current initiatives on coastal zone man-
agement being undertaken by the European Commission.
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9. Inclusive and community participation
in the coastal zone:
Opportunities and dangers

Tim O’Riordan'

Abstract

Inclusive and community participation applies to negotiating procedures that are
designed to encompass a wide and representative range of interested parties to
guide environmental management. For such a democratic procedure to prove ef-
fective, the participatory procedures need to be accepted by policymakers and
those responsible for delivery. These procedures must also be fully representative
so as to be accepted to all stakeholders. Finally the process must be pragmatic and
timely. This chapter examines both the theory and practice of inclusionary proce-
dures for coastal management for long-term and uncertain coastal futures. It con-
cludes that such procedures cannot easily be put in place unless there is a change
in the design and management of coastal governance. Some suggested proposals
are enhanced as part of long-term research evaluation of changing approaches to
governance for sustainable development.

Introduction

There is growing expectation and requirement for inclusive community involve-
ment in coastal management. This is evident in the Marine Site guidelines for es-
tablishing Natura 2000 habitats on the coast throughout Europe, and in the evolu-
tion of coastal habitat management plans and shoreline management plans or their
equivalents in continental Europe. In general, EU directives in the offing, notably
following up the Strategic Environmental Assessment and Water Framework Di-
rectives, require an increasing element of articulated involvement and social ac-
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knowledgement in coastal planning. A critical appraisal of the value of, and dan-
gers associated with, inclusive participatory involvement is therefore timely.

Such an approach is seen as legitimate, in that it obtains community consent
and benefits for specialised local knowledge. It is also regarded as effective in that
broad support is likely to lead to less contested outcomes, and a basis for strategic
acceptance for long term planning across large sectors of coastline. Thus the very
nature of integrated coastal management would seem to require and benefit from
stakeholder involvement and acquiescence for emerging policy.

Buckeley and Mol (2003) have helpfully summarised other reasons why greater
participation is becoming the norm. These are:

1. The state apparatus is becoming more “democratic” and less hierarchical;

2. Scientific prediction is framed by considerable uncertainty, much of which re-
quires some indication of policy response to shape outcomes;

3. The precautionary principle requires explicit incorporation of public values;

4. Complexity of outcome involves step-by-step understanding and acceptance of
the options that have to follow from each decision stage to the next;

5. Voluntary agreements in planning and business practice, including regulatory
compliance more generally, involve a greater extent of participation by inter-
ested publics, for legitimacy of non-formal practices;

6. Citizens generally are becoming more critical of governance, and more de-
manding of their say.

This may all seem dramatically plausible. But there are dangers to pursuing and
relying on an inclusionary approach as this paper articulates. The points listed be-
low have Europe-wide significance.

Long term strategic redesign for the coast may not be regarded as acceptable to
shorter-term policy-designed institutions and financing arrangements. So there
may be no local recognition of the “longsight” and no powers for guaranteeing
land-sea management measures and coastal redesign sustained over, say, two gen-
erations. Hence, even if participation was “good”, it may not be capable of han-
dling the complexities of science, management, time and space that integrated
coastal redesign will demand.

Planning powers for strategic intervention in coastal processes and develop-
ment are not strong enough to ensure adequate safeguard of coastal protective sys-
tems and reconstruction of existing development. This kind of intervention would
only be possible with openness and imagination and ‘give-and-take’ attitudes
amongst citizen participants and official agencies that are not commonly associ-
ated with community participation at the local level. Planning is a means: powers,
financing and political will backed by community support to get things done are
also vital ingredients.

Precautionary science, leaving room for manoeuvre and creating opportunities
to adapt to changing circumstances, requires a degree of vision and continued in-
volvement that may not be easy to engineer into long term coastal design. In es-
sence, there may be a disjunction between the “mood of the people” and the appli-
cation of precautionary science. This may require a more interactive process
between science-based management and stakeholders, possibly facilitated by
training. In addition, coastal reconfiguration involving naturally functioning “soft”
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defences is not yet scientifically guaranteed to work in every instance. So agree-
ment could be reached over an outcome that is functionally a failure. Such an out-
come could lead to disenchantment with both the scientific and participatory pro-
cedures.

Structures for decision making for the coast currently preclude long term plan-
ning and coastal reconfiguration. Also stakeholder participation techniques are
still ill-designed for the imagination and innovation of creative integrated coastal
management over many generations. Arguably we do not have a democracy for
this “style” of intergenerational management.

If these observations hold, then the scope for evolving inclusive community
participation may be limited. This restriction can be increased by inappropriate
statutory limitations on organisational structures, the restricted pattern of financing
and evaluation of opportunities, and the outlook of participants, who may be
locked more into the “do-able in the present” than the “possible in the future”. The
very act of inclusion may carry with it the constraining, rather than the enabling
and compatible framework that delimits innovative opportunity. Only when deci-
sion structures are designed to be more accommodative and holistic for incorpo-
rating ecosystem functioning and adaptive management, combined with fresh ap-
proaches to public-private-civil partnerships as experimented with around the
coast, and introduced in other countries (O’Riordan et al. 2000), will it be possible
to move on with legitimate and effective community involvement in integrated
coastal management.

It is also necessary to observe that coastal futures will involve a creative mix of
“hard” and “soft” defences. Where there is substantial commercial and residential
property, there will always be “hard” defences, unless the soft defences are ex-
traordinarily robust. The scope for soft defences is as much a matter of sediment
and ecological dynamics, as it is of economics and social acceptance.

The pros and cons of deliberative inclusion

It has long been a human dream that people (demos) rule (kratos) their destiny.
The notion of inclusion carries with it expectations of being heard, of obtaining a
favourable outcome, of involving everyone who has a stake and of sharing power
with those who must rule.

In essence, there are two purposes of inclusionary participation (Owens 2000).
One is to inform, and the other is to enable citizens to be partners in a manage-
ment programme. The enablement model forms the basis of this paper. Its purpose
is to examine how to improve the participatory process for coastal redesign be-
yond its present pattern of innovation. Informing is not a neutral activity. Effective
participation depends on the structure of power, the legal basis of the management
strategy, and the particular framing of the advocates in management teams. Even
the apparent necessary and innocuous practice of informing, shapes biases and dis-
turbs interpretation. For example, it is usually said that it is not possible to safe-
guard land for 50 years hence in coastal UK without purchase by a management
body. But it is possible to create covenants and lease arrangements that could do
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this job. It is just that such an arrangement might be messy and unpopular. So the
simple aim of informing can be influenced by pragmatic awkwardness of an op-
tion, not its lack of appropriateness. Similarly, the function of informing new sci-
entific interpretations of ecological thresholds, or resilience tolerances, is also in-
fluenced by trust, authority and the management message. For this to happen, the
scientific “voice” must be deemed to be credible. The indicators of tolerance must
be seen to be intelligible and recognisable in everyday life. If the possible man-
agement prescription should allow scope for economic manoeuvre, then it will be
accepted via participatory buy in. For example, a model of fish stock depletion
could create an indicator of the size of young fish in a given catch. This is easily
measurable by local fisherman (and may well be already done). If the limits to
fishing become recognised by such a measure, and if the science community
works with the civic community to find alternative livelihoods of the fisherman,
then the act of “informing” becomes a sustainable experience for all concerned
(see Roberts 2000).

The trick is to see integrated assessment not as a simple informing process, but
as caring, interacting and negotiating pattern of science society relationships. This
is the key to the discussion that follows.

Enablement is set in a civic model of deliberation. Here is where players help to
shape an outcome based on regulation of their values with others. In essence, en-
ablement is a creative act of reaching an initially unknown outcome, one that is
shaped by the procedures themselves.

Bohman (2000, pp 237-248) provides a strong philosophical basis for a delib-
erative democracy:

1. It allows for the diversity of values of a modern multi-cultural society to be dis-
covered, expressed and encountered;

2. It generates a public use of reason, which allows the civic state to argue its way
into a common understanding, if not shared agreement;

3. It allows for different capabilities of political entry so that those with smaller
resources and lower capabilities for debate and negotiation can be ensured a
hearing and follow-through delivery;

4. Tt creates a deliberative majority for technical and bureaucratic expression of
analysis and justification. Without the former, the latter will always remain il-
legitimate;

5. It establishes a mechanism for constitutional refurbishment through which en-
gaged publics challenge the institutions on the grounds of their political author-
ity and capacity for integrated and responsive management. In essence, delib-
eration is a necessary precursor to institutional reform;

6. It enables a deeper discussion of the very purpose and structure of democracy.
The deliberation platform provides an invaluable basis for repositioning democ-
racy in a changing constitution and age.

Bohman argues a fine theoretical justification for a fresh approach to deliberative
democracies. But the world is not so neatly packaged. Susan Owens (2000, pp
1144-1147) suggests five reasons why the enablement model for deliberation may
fail:
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1. Not all interests declare themselves at the outset, and some may shift position
as the process evolves. The other case, inclusivity cannot be guaranteed and ob-
jection or conflict may emerge, as outcomes are determined;

2. An excessive zeal for reaching consensus may mean that real conflict or con-
tradiction is ruled out or diffused even when it may seriously impede final ac-
ceptance;

3. The deep unwillingness of those in power genuinely to share their power when
the results of participation are announced, either because their powers are con-
strained, or because of a shortfall in budget;

4. The very mechanisms for deliberation and inclusion set the guiding framework,
the language of discourse and the style of involvement. This means that differ-
ently conducted exercises could result in different outcomes, without the same
players;

5. The particular policy frameworks within which inclusive processes are con-
ducted will influence how information is transmitted and processed, what sig-
nals are regarded as most significant for guiding discussions, and how and
when funding can be put in place.

In essence, there is no example of a deliberative and inclusionary process that is
not subject to considerable bias and distortion of both procedure and effectiveness.
In the case of the coastal zone there are a number of issues that severely stretch the
effectiveness of inclusionary participation. These are examined in the section that
follows. It is important at this stage to tease out further why deliberative and in-
clusionary procedures may not result in sound management outcomes:

1. All the relevant information may not be available, so actors may be working
with imperfect understanding or misleading outcomes;

2. Patterns of power, limited budgets, and predetermined agency responsibility
may make it difficult or impossible to deliver what is requested by stake-
holders. Even when these limitations are spelt and broadened, it is still possible
that they will be ignored;

3. Stakeholders may arrive at outcomes that are ecologically impossible to deliver.
Saltmarshes may not survive when recreated and shifting muds and dunes may
be undermined by poor substrate conditions.

These may appear self evident difficulties, yet they arise on many occasions. For
example, on the North Norfolk coast near the village of Cley, the natural shingle
sea defence is no longer capable of holding back a rising and stormy sea (see
O’Riordan and Ward 1997 for details). A negotiated solution involving 37 stake-
holders in a deliberative process reached a consensus in favour of a clay wall run-
ning across the existing nature reserve. This would safeguard part of a Natura
2000 habitat, and protect the coast for 40 years or more. But the cost of the wall
grew with both the preparatory documentation (nowadays a major expenditure of
coastal planning) and with the environmental requirements of its construction.
Consequently, it became too expensive for the justification of the protection of the
Natura 2000 site. This was the case even in the face of the UK interpretation of the
Habitats Directive. This interpretation requires equivalent compensation of a simi-
lar nature reserve for any Natura 2000 site lost. The final solution was not negoti-
ated. It is most likely to be a salt marsh reconstitution with a low wall right next to
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the coastal road. This was not the preferred solution in 1997, but circumstances
have created an outcome that by-passed deliberation, and which has benefited
from the loosening of the legal straight jacket of the UK interpretation of the EU
Habitats Regulations. Nowadays it is possible to establish new nature reserves as
part of a biodiversity action plan. There is no requirement to set a replacement re-
serve nearby.

Integrated coastal management and the challenge
to inclusive participation

If coasts are to be redesigned over a century to withstand sea level rise, coastal re-
configuration and changing political and governance frameworks, then the task for
managing inclusive participation is immense.

There is no political mechanism for examining the coast as an integrated system

of erosion, transport, deposition and coastal defence that extends across many
hundreds of kilometres. Stakeholders are too spaced out, they do not naturally take
to making decisions 100 years hence when the options are highly uncertain, and
where new policy that might enable longsight to be incorporated into the coast is
not yet imaginable.
The notion of sustainable coastal management would provide for robust biodiver-
sity and coastal geomorphology, as well as effective use of the coastal zone in the
face of uncertain climate change, sea level rise, carbon and transport policy and
reconstitution of key Euro-habitats. Thus there is no mechanism to create an inclu-
sive negotiating process for sustainable management of future coasts, because
there are so many interacting uncertainties as to what will happen to coastal integ-
rity over the next 50 years.

The introduction of the EU Habitats Directive places fresh administrative and
policy biases over the removal and relocation of key habitats. Under the terms of
the Directive the integrity of biodiversity should be retained, even if a key habitat
will be lost to sea level rise. This arrangement is based on a range of procedures
and administrative requirements that absorb huge amounts of time and formal
analysis, much of which precludes effective stakeholder intervention at the local
level (O’Riordan 2002).

Current patterns of planning and financing coastal defence measures, certainly
in the UK, make it very difficult to design coasts for 25 or more years hence. The
coastal planning authorities have to take sea level rise into account in their strate-
gic planning function, but their advice in zoning limitation can still be overridden
by politicians anxious to generate income for coastal development. Financing
coastal management remains a three year pattern with emphasis on formal cost
benefit analysis that impedes creative ecological evaluation, and inhibits long term
funding of coastal areas that should be designed for sea level rise and coastal
change.

Compensation for land loss to flooding and flood hazard is not automatically
available in the UK, nor indeed elsewhere. This severely inhibits stakeholder dia-
logue as the lack of any guarantee of compensation influences the willingness to
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participate let alone negotiate. Admittedly the UK is designing measures to pro-
vide funding for areas that may materially contribute to coastal management. But
this approach is hit and miss, it relies on coastal science, which is imperfect, and it
may still leave landlords or tenant farmers in the cold. Add to this the possibility
of lack of insurance cover for future flood damage and one can see how strategic
land may be blighted by unsuitable planning measures. Coastal networks of coop-
erating landowners are not always ready to respond to calls for effective participa-
tion when they feel they are being unfairly treated.

Decision structures are inevitably influenced by vociferous protest rather than
inclusive democracy. Vigorous protest, when carefully targeted, causes decision
bodies to pause and re-examine. The options under consideration are often pro-
moted by the protest rather than by the precautionary shoreline management prin-
ciples. The very procedures for discussion often require tortuous regulation across
a wide range of governmental agencies and non governmental organisations. The
outcome is often the result of a protracted and costly process of lobbying and reac-
tion. The net result is either impasse, or a very expensive proposal, which cannot
be funded from the monies available or by cost-benefit rules. Getting a “new”
coastline is costly, paperwork demanding, exasperating for negotiators, and often
unsatisfactory (see O’Riordan 2002, 41).

Current consultative procedures for integrated shoreline management generally
fail to deliver long term sustainable strategies that are environmentally robust, cost
effective and socially understood and acknowledged, even if not fully endorsed.
Even elaborate forms of inclusionary democracy fail completely to overcome all
of the pitfalls noted above.

The workshops produced a chart of possible relationships between forms of
participation, especially the primary drivers as indicated at the outset of this paper,
and the implications for both management and institutional design.

The science community needs to clarify ecological tolerances and thresholds to
resilience in a manner that is not only intelligible to lay people. This process must
also be communicated in such a manner that civil society in its various forms are
actually empathetic to the issues raised and indicators used. This means a science-
society dialogue as to how tolerances can be placed in the lifeworlds of local peo-
ple. Control of nutrients for farmers to recognise and respond to (with appropriate
incentives where necessary) may require a more inclusionary process of farm by
farm management, relating to both visions and tolerances.

Visionary futures should be set in discussions and narratives that enable stake-
holders to understand an implication for management choices of “longsight” that
unite the aspirations of individuals to the wider concerns of all other stakeholder
interests. This is a process of dialogue that also involves a science-civil under-
standing.

There seems, as yet, to be no entirely suitable approach to sustainable and inte-
grated coastal management as the current pattern of powers, responsibilities and
funding arrangements operate. It may be necessary to try an alternative design of
the institutional patterns of coastal management to see if this could provide a basis
for more in depth, legitimate and informed deliberation and regulation.
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Redesigning the management of coastal futures

This section puts forward one possibility for the redesign of coastal management
in the UK (Fig. 1). It is possible that some aspects of this approach may be fol-
lowed in mainland Europe. One value of this volume is to compare notes and ex-
periences.

The central management structure would be a coastal management partnership
(CMP). This would run along a stretch of coast to match the coastal cells of the
current shoreline management plan. The CMPs would be an amalgam of county
and district authorities and statutory agencies, plus representatives for landowner-
ship, nature conservation, public recreation, fishing, parish councils and local
traders and farmers. A mechanism to establish this joint body is available under
the UK Local Government Act of 1972. It would be a non statutory association of
organisations joined by a common benefit and a statutory shoreline management
plan. This would provide the management structure with powers to deliver as well
as powers to listen and to respond. It would also have its own budget and full po-
litical representation.

The actual mechanism for delivery of integrated coastal management might be
in some form of a public private partnership (PPP). Such an arrangement is being
tried out in the UK in the Norfolk and Suffolk Broads and in the Pevensey Levels
in Sussex (see Ayling and Rowntree 2002). The point about the PPP, which is an
offshoot of the private finance interactive generally, is that would provide a reli-
able basis for funding over a prolonged period. So long as the overall cost benefit
analysis was favourable for the total PPP, then at any stage a particular piece of
coastal management would be allowed to go ahead on the basis of sustainability
principles alone. It would provide for much greater flexibility at the detailed man-
agement level, and a mechanism for more creative stakeholder input as to final de-
sign detail. Where the suite of projects can be kept within budget, and this would
be for the CMP to determine through its annual reporting, then the PPP provides a
basis for unusual proactive and interactive shoreline management.

Right now the PPP, as currently designed, would not be ideally suitable for the
kinds of management tasks outlined in the figure, and summarised in the text
above. This is because it is legally bound in formal contractual timetables and de-
liverables. But it can offer the inflexibility of tactic and management style that en-
ables it to cope with the fluidity and freedom offered by a creative and inclusion-
ary process. Nevertheless, the PPP is essentially a vehicle for ensuring private
profit, so it is not especially a public service device, despite is name. This means
that costs are challenged, routeways to delivery are short-circuited to save costly
time, and there is little scope for imaginative cooperative agreements to connect
flood alleviation to other public interest needs. The latter includes navigation, rec-
reation, public amenity and heritage protection, and the maintenance of a local
economy through creative enterprise based on flood protection and exuberant
amenity. In principle all of these linked values should be connected to a viable
public private partnership. But the cold practice of profit maintenance and expedi-
ent provision of the deliverables, such niceties are not fully appreciated.
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Fig. 1. Coastal management authorities and public private partnerships. Source: O’Riordan

2002

Nevertheless, the PPP does form a potentially viable vehicle for this new approach
to coastal management. This test is to reform it, not to abandon it. The CMP
would embrace a range of economic, recreational and fisheries issues, so would at-
tract a wide variety of established stakeholders. The aim is to be inclusive yet
workable. One model is that of a small “political” representation on the partner-
ship but a larger incorporation of stakeholder interests via a single, or set of, par-
ticipatory forums. It would be helpful if such forums were designed to be both de-
liberative and inclusive, so that their judgements and community actually carried

weight into the partnership.
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The statutory shoreline management plan would be a format outcome of the work
for the partnership. It would provide the framework for economic development
and environmental protection set in the context of sustainable development. This
would mean a partnership in planning, economic wellbeing and social improve-
ment aimed at evolving a social advantage out of robust, environmentally valu-
able, coastal management. The role of sustainability partnerships is outlined at the
end of this paper.

For the kind of integrated shoreline plan outlined in this workshop, the PPP will
require some modification. This would include greater flexibility to the legal-
contracted framework subject to an agreed audit of performance. There would also
have to be more flexible legal capacity to establish a wide range of enabling part-
nerships for imaginative coastal management. And there would have to be scope
for creative networks for coordinating community forums into the process of
evolving management as part of the civic dialogue introduced earlier.

The main advantages of public private partnerships for integrated and sustainable
shoreline management are:

1. There is an overall budget that provides a guaranteed programme of work for
25 or more years. So the long term time being is built in with supportive fund-
ing that would not require annually to be accounted for;

2. The overall budget is designed to be cost effective, but its parameters would in-
clude ecological accounting so as to place value on ecosystem-based manage-
ment of the shoreline, as well as the aesthetic and psychological benefits of re-
taining and creating natural shorelines through managed realignment;

3. Each project of reconstruction would be designed by the same firm of engi-
neers, biologists and social scientists and citizens groups so that would be con-
tinuing in the design process and in the sequence of implementation of flood
management;

4. Stakeholder forums could be formed at various geographical parts of the CMP
area. These would be cooperative partnerships of a range of stakeholders net-
worked to a consultative panel and linked by Internet. Every year they would
meet in person across the CMP to endorse the next sequence of management.
And each management scheme would be inclusively processed taking into ac-
count the issues raised in the previous section;

5. Replacement habitat, compensation for creative shoreline management, long
term purchase or leasing of management agreements would be more possible in
the new structure of financing and management. Links to agri-environment
schemes and effective cooperating partnerships with other agencies and volun-
tary organisations would allow for fresh opportunities for creative additional
design of sustainable options for local enterprise, educational arrangements and
food production, to add to the enhancement of heritage and wildlife. All these
would be promoted by sustainability partnerships;

6. The planning function would be subsumed within the statutory shoreline man-
agement plan. This would allow for much better coordination of the planning
formulation with prolonged shoreline management, thereby overcoming a pe-
riod of friction in current arrangements.



9. Inclusive and community participation in the coastal zone 183

It is worthy of note that various partnerships, many with overlapping membership,
are already in place. In the Humber sub-region in the UK, for example, there is a
Humber Action Plan, a ports and estuaries strategy, a Humber Economic Devel-
opment Action Plan, and a Humber Industry Nature Conservation Association. All
of these involve consultative forums, and such a convoluted pattern of discussion
is common in major estuaries. So the CMP would need to involve a rationalisation
and restructuring of such partnerships into a common endeavour. This will proba-
bly be the case elsewhere in Europe. It also raises an important question as to how
all this rationalisation is effectively to take place. Irrespective of the CMP idea,
this process of streamlining participatory networks is long overdue on the coastal
scene.

The scheme outlined in Fig. 1 has yet to be tested. The critical test is whether it
can be truly produced a sustainability outcome compared with present arrange-
ments. And the equally important issue is whether inclusive negotiation would
work better in a more enterprising responsive framework.

The notion of sustainability partnerships requires more attention. Sustainability
begins with a robust and functioning ecosystem service. Reliable and robust
coastal protection by tide, sediment, substrate, vegetation and integrated manage-
ment is a first base condition. Water stewardship, biodiversity enhancement and
tourist-economic related activity on the redesigned coast would be a second base
condition. Local communities designed to be inclusive and capable of developing
enterprise on the basis of a robust coastline, would be a third base condition. The
sustainability partnership would locate ecologically sound, socially responsive and
economically reliable patterns of coastal activity.

What still needs to be done is to examine how far it is possible to devise a PPP
that is sufficiently encompassing and yet financially and contractually flexible to
accommodate the uncertainties and precautionary management aspects of long
term shoreline management. This will be a difficult contractual task and will in-
volve more flexibility in legal analysis that is commonly the case.

In essence, the very design of the PPP will have to involve deliberative and in-
clusionary stakeholder involvement. This is not normally the procedure for UK
Treasury rules but it may prove vital if there is to be stakeholder forum “owner-
ship” of the PPP, and a better understanding of the civic discourse that will guide
all future negotiations.

Stakeholders themselves will need to exert an element of a sustainability de-
mocracy that spans generations and much shoreline space. This will require an
element of training, visualisation procedures so that future coastal images can be
creatively and effectively portrayed and mechanisms to enable land protection and
leasing to be put in place well before land is needed, but without causing planning
blight (see Gill et al. 2002).

The sustainability partnerships will require a degree of ecological system func-
tioning and evaluation to justify the ecological-social benefits of natural shoreline
protection. This is not yet a basis for cost benefit analysis and will have to be ne-
gotiated in at the start of the proceedings. Funding for such partnerships may come
from health, crime prevention and social care budgets if the schemes promoted by
such partnerships generate better health, more security and local enterprise for
vulnerable people close to crime.
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Reporting styles between civic sphere and the implementary agencies will need a
fair amount of common language and understanding. Again there is a need for
some sort of training preparatory phase to all of this to ensure that there really is a
common approach.

All of this is creative, innovative and evolutionary. The challenge of interactive
and sustainable shoreline management is enormously demanding on current pat-
terns of administration, financing and consultation. Research of the kind proposed
here can do wonders to map out the possibilities and the blockages. Right now
there is a huge amount of ferment within official worlds over new management
and consultative structures on the coastline. So this is an opportune time to pro-
mote this particular kind of institutional review.
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Abstract

Different aspects of institutional and capacity requirements need to be considered
to effectively put the Water Framework Directive (WFD) in place. This chapter
tries to find the most effective way of managing the river coast continuum, to en-
sure an appropriate role for public participation, EU (‘Brussels’) policymakers and
catchment managers. We find that coordinated action is needed to oversee the
river-coast continuum. Cultural differences, varying from one EU member state to
another, can influence the style and role of implementation of the WFD. There is a
clear role for formal public participation in implementing the WFD, as the process
of a higher level of organised public participation is unstoppable. A dialogue is
needed that brings together community intelligence and scientific systems under-
standing for the sustainable management of flood-prone rivers and coasts.

Introduction

Achieving a ‘Good Ecological Status’ for all watercourses and catchments, as re-
quired by the WFD, has large implications for the future of integrated water re-
sources management, especially in the coastal zone. The ecological situation in the
coastal zone is influenced on the one side from land with out-flowing rivers and
shoreline activities including maintaining shoreline morphology, and on the other
side, by activities in the wider sea including fisheries, transportation and mineral
extraction. The transboundary aspects of this, where activities in one country have
influence on the coastal zone of another country, are obvious. Implementation of
the WFD, even more strongly than previously, influences institutional arrange-
ments and the capacities needed to put the stewardship principles of the WFD into
practice.

This chapter reports on the possible institutional and capacity requirements for
implementation of the WFD. It builds on earlier chapters by De Bruin et al (this
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J.E. Vermaat et al. (Eds.): Managing European Coasts: Past, Present, and Future, pp. 185-198, 2005.
© Springer-Verlag Berlin Heidelberg 2005.
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volume) and O’Riordan (this volume). The chapter deals with a delineation of the
water body and management structures, both in spatial and in legal terms, the
means to achieve the goals of the WFD, with emphasis on the subject of public
participation, and the institutional changes that are anticipated to reach such goals.
This chapter follows the structure of the discussion and is divided into the follow-
ing four themes:

1. Boundaries of the water body and management structures;

2. Relation of WFD to other legislation;

3. The role of public participation in implementing WFD;

4. Institutional change for implementing the WFD and cost consequences.

The first theme compares the natural boundaries of water bodies with their actual
management structures. The following questions are discussed: How to define the
watershed boundaries of the coast in relation to the catchment, as seawater also in-
teracts with inland water via groundwater, tidal rivers and estuaries? Do we need a
managing body for the open sea and the catchment and what should such a manag-
ing body look like?

The relation between the WFD and other legislation is discussed in the second
theme, namely trying to find answers to the following questions: What is the role
of legal issues in implementing the WFD? How does the WED relate to other leg-
islation like the EU Habitat Directive and broader legislation on the control of
toxic substances? How will “incorporation in the WFD” be actually specified and
implemented?

Theme three discusses the role of public participation in implementing the
WED. The following questions drive the discussion: What is the scope for public
participation in the WFD? What are the current trends with respect to public par-
ticipation? What are the criteria for successful public participation in the WFD?
What are the drivers for public participation?

The fourth theme deals with the required institutional changes to bring about
the implementation of the WFD including the cost consequences. The following
questions drive the discussion: To what extent do countries have flexibility in im-
plementing the WFD? Do we need to change institutional arrangements for im-
plementation of the WFD in different countries and, if so, how do we redesign the
institutional structure? What are the economic consequences and how should costs
and benefits, be traded off; and cost recovery and how to achieve cost efficiency
achieved?

In sum, the four themes in this chapter each address different aspects of the in-
stitutional and capacity requirements of the WFD. All four have to be considered
to effectively put the WFD in place. These themes are linked by a single overarch-
ing question: What is the most effective way of managing the river coast contin-
uum and what should be the appropriate new roles for public participation, EU
(Brussels) and catchment managers?
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Boundaries of the water body
and management structures

Coastal water in the WFD is defined as follows: *“ ‘Coastal water’ means surface water
on the landward side of a line, every point of which is at a distance of one nautical mile
on the seaward side from the nearest point of the baseline from which the breadth of
territorial waters is measured, extending where appropriate up to the outer limit of
transitional waters” (European Commission 2000, art. 2.7).

The question is whether the first nautical mile into the sea is an appropriate bound-
ary for the identification and implementation of the WFD. It can be answered posi-
tively, if the hypothesis —a good ecological status in the first mile implies a good eco-
logical status in the rest of the sea— holds. However, since river plumes continue far
beyond the one-mile zone, persistent substances and nutrients and, consequent algal
blooms can be found in the wider sea, even if they do not occur in the coastal zone
(OSPAR 2002). Furthermore, the wider sea can have an impact on the one-mile
coastal zone through, for example, shipping accidents and malpractices during fishing.
Besides these anthropogenic causes, environmental problems in the coastal zone can
be induced by natural causes (e.g. the natural flow of water, possibly induced by
storms). Finally, although the coastal zone is identified as a conceptual and operational
entity, it is generally characterised as a transition zone or interface and not as a dis-
tinctly defined system bound of a one-mile distance (Von Bodungen and Turner
2001). Consequently, the one-mile boundary of the WFD is too limited to support in-
tegrated coastal zone management and to achieve a good ecological status. The Euro-
pean Commission acknowledges this and a strategy to protect and conserve the marine
environment is currently under development (European Commission 2002).

One third of the regional seas worldwide have regional conventions. Ledoux et al
(this volume) provide an overview of the conventions covering European regional
seas. It is difficult to gauge sense the contribution of these conventions in the achieved
reduction in nutrient emissions and other polluting substances (European Commission
2002). Nevertheless, such agreements can be very useful as they bring the problems of
larger scales to the public attention, and put pressure on governments to get polluters to
reduce emissions. Emission reduction may be possible in a voluntary manner when
less pollution goes hand-in-hand with bigger profits. However, more stringent reduc-
tion measures tend to meet opposition. Besides, the socio-economic conditions in the
region play a role too. For example, some agreements have worked better in the Baltic
Sea, than in the Mediterranean Sea. These differences may be related to the compara-
tive wealth of riparian countries, as well as the nature of the pollution in relation to
economic (including recreational) activity.

While the border of the water body as pointed out in the WFD makes sense in the
context of water management, there is a need to cope with varying interests of riparian
countries. Joint bodies? exist for transboundary catchments like the Rhine, Elbe and
Danube, but such commissions are not yet formed for all relevant European catch-

2 Joint body in the definition of the convention on the protection and use of transboundary
watercourses and international lakes means “any bilateral or multilateral commission or
other appropriate institutional arrangements for cooperation between the Riparian Par-
ties” (UNECE 1992).
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ments. Hard law (i.e. statute law which is enforced by criminal proceedings or eco-
nomic sanctions) does not always provide full support to these commissions, but most
have strong political support. A complicating factor is that not all countries sharing a
catchment are EU member states (i.e. Switzerland in the Rhine catchment). Neverthe-
less, the WFD has provisions for these kinds of situations. However, these river com-
missions are not always in direct connection with the regional seas commissions.

Therefore, a distinct need was identified for a joint body that incorporates the
full catchments, which can settle trans-boundary issues and manage the catch-
ment-coast continuum. The objective of such a joint catchment and open sea man-
agement body is to translate the joint responsibility of riparian countries in the
catchment into coordinated action. A stronger political and legal foundation of re-
gional seas commissions, without attempting to redefine the WFD, could be pur-
sued. The point here is that strong, co-ordinated and scientifically supported
analysis of coastal-river management for water stewardship and sustainable devel-
opment generally should be the articulated purpose.

Relation of WFD to other legislation

As discussed in Ledoux et al (this volume), a range of EU-directives and other le-
gal arrangements exists that steer water management. In this section, we will deal
with how the WFD relates to other legislation. In this context, it is important to
distinguish between hard law and soft law (implemented by voluntary agreements
and codes of practice)®. Conventions such as discussed briefly in the previous sec-
tion can be labelled as ‘soft law’.

Legal issues play an important role in managing rivers at the catchment scale.
The further away from the source the impact is, the harder it is to prove causality,
and thus hold someone legally liable beyond reasonable doubt. Hence, one first
has to prove that there is an impact and, second, there has to be a proven causal
chain. Compliance with current international and national standards would be a
defence against prosecution or civil action. From a legal point of view, it is also
important to make a distinction between natural and human causes, as already
touched upon in the previous section. For instance, an event where dunes are
washed away because of a storm can be caused solely by natural conditions, but
also by poor maintenance. In such instances it may be difficult to get a clear-cut
proof. From this, we can draw the conclusion that hard law may lead to slow legal
procedures.

Yet, soft law can be more effective than hard law, because soft law can work as
a catalyst to achieve targets faster. Moreover, it is desirable to seek means to
strengthen soft law, for instance through publicity. This is even more important, as
soft law often complements hard law and much hard law is implemented in a soft
way.

Let us now turn to the question of how the WFD relates to other legislation. We
observe that a range of previous water related EU directives are incorporated into

3 For a discussion on the dividing line between hard law and soft law see Tanza (2002).
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the water framework directive. Besides, a number of directives become redundant,
as they are taken care of within the WFD. For instance, the Shellfish Directive be-
comes obsolete under the WFD as it aims for the same objective, namely to obtain
a good ecological status. However, other agreements, like the Ramsar agreement
are not included in the WFD. Furthermore, biodiversity is not dealt with in the
WEFD. The Bathing Water Directive, which is currently under revision, is men-
tioned in the WFD, but will not be replaced by it.

Hence, it is not straightforward to specify and implement the actual ‘incorpora-
tion into the WFD’. On the one hand, in the case of the Habitats Directive, the
creation or strict protection of habitats may conflict with the interests of local
communities, for example when land may have to be surrendered to the sea. Also,
various stakeholders may fear a reduction in their freedom to engage in possibly
polluting economic development (e.g. port authorities, land owners, fisheries and
aquaculture entrepreneurs). From an international perspective, river basins and the
Habitats Directive, are based on natural geographical boundaries rather than ad-
ministrative ones. Watersheds will thus cut across local, regional and international
borders. On the other hand, the Habitat Directive calls for sanctuaries in the sea.
This may facilitate the achievement of a good ecological status, the principal ob-
jective of the WFD.

Also, there has been much discussion in the EU legislation on the control of
toxic substances, leading to a list of priority substances in 2001 being added to the
WEFD (European Commission 2002), but this list is not comprehensive. Within the
REACH programme the European Commission tries to further regulate and con-
trol the production and release of toxic substances.

Over the last two decades we have seen a reduction of inflow of dangerous sub-
stances into the coastal zone. The implementation of the Priority Substances Di-
rective will lead to a further lowering of the toxic load from the catchment, con-
tributing to the achievement of a better ecological status. In addition, it is
important to harmonise the monitoring and reporting regimes both between direc-
tives and throughout Europe. Initiatives to resolve this issue are on their way
elsewhere, but mainly for land and less for the sea (e.g. Harmoni-CA
(http://www.harmoni-ca.info/); and Monitoring Tailor-Made (Timmerman et al.
2001), and calibration exercises across transboundary catchments, which is part of
the Common Implementation Strategy of the WFD). In conclusion, we see good
opportunities that different directives will mutually enforce one another. However,
real-world implementation of the “incorporation into the WFD” remains a chal-
lenge to be awaited. All we do here is offer clear guidelines to assist this strategy.

Flexibility in implementing the WFD
and public participation

In relation to public participation, the WFD states that “Member States shall en-
courage the active involvement of all interested parties in the implementation of
this Directive, in particular in the production, review and updating of the river ba-
sin management plans” (European Commission 2000, art. 14.1) (italics added).
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This phrase is discretionary, allowing for a variety of interpretations. The key
point here is that some sort of participatory and deliberation processes will be re-
quired, if implementation of the WFD is to meet its political and statutory aims.
The term “interested parties” implies active involvement of at least the most im-
portant stakeholders; this involvement can range from inclusionary processes,
where they are consulted, through participation of selected stakeholders, to delib-
erative participatory processes, where they are part of the decision making process
as equal partners (see e.g. Turner 2004).

We can see from the citation that the WFD also gives ample opportunity for a
broader and direct participation of the general public. An increasing involvement
of the public in decision-making, next to traditional democratic representation,
furthers the need to fully engage in deliberative participation. Current trends indi-
cate that three processes are ongoing, which have caused the growing importance
of public participation:

1. Negativism. There is a general feeling of democratic deficit. On the one had,
some governments seem no longer to deliver the results as desired by the public
and public trust in political decisions has fallen dramatically and is not recover-
ing, causing a crisis of legitimacy. On the other hand, governments are con-
strained by global economic interests and by multi-lateral obligations, and lack
the capacity to meet the many and frequently conflicting local population needs.

2. Pragmatism/efficacy. There is a growing awareness among governments that
decisions are often no longer acceptable without participation of the public in
the decision-making process. Without this public consensus, decisions may fail.

3. Citizenship/sustainability. Nowadays people want to be able to shape their own
futures. We have a self-evolving society, which is a recent trend. ICT has a role
in this, in that it opens up information to an ever-wider audience and enables
people to coordinate and direct actions. It is now possible to visualise images of
future flooding, or landscapes or coastal patterns to allow stakeholders to see
for themselves how future patterns of landscape and policy may evolve. Such
images are critical in the participatory process.

Norris (1999) studied 28 countries and one of his conclusions is that Scandinavian
countries still have powerful coalition governments, who cooperate creatively to
establish wide acceptance for their decisions.* For example, in setting the UK car-
bon tax, the government worked with industry via a consensus approach (DETR
2000). However, this did not stop complaints about increased costs once the car-
bon tax was implemented, particularly as competitors in some other countries
were not subject to such progressive environmental taxes. In the specific context
of Norway, the implementation of a carbon tax did not ask for rigorous changes of
the mainstream economy; the story may be quite different elsewhere. When the
coalitions are less powerful or countries have single party governments, the quali-
fying negativism plays a much larger role.

This brings us to the question as to what makes public participation successful?
Indicators of community trust are necessary to provide the answer. Public partici-
pation is an interactive process, being much more than either top-down or bottom-

4 See also CEEP (2002) on governance.
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up. In this interactive process there is a need for both larger structures of guidance
that also set the boundaries of the process, and smaller structures of self-
evolvement in which the decisions grow. Participatory methods are certainly not
the panacea of future coastal management, as there are dangers in putting institu-
tions based on deliberative processes in place (see O’Riordan this volume):

e We do not always know the stakeholders, as information and understanding of
processes is limited;

e Openness is not necessarily the best strategy, as an open dialogue between
stakeholders with different powers is difficult to achieve. As a result, a solu-
tion, which is optimal for everyone, may not exist, because not all partners
strive for optimal solutions;

e There is a danger of bias, when only a small number of voices are heard. In
such a situation, power differences may increase, as the public participation
process may strengthen involvement of certain groups over others;

e The existing mandatory frame (existing legislation, but also financial con-
straints) for the deliberative process may lead to disharmonious rules. It may
lead, for instance, to infeasible budget requirements;

e Perverse outcomes may emerge, because of excessive demands by particular
individuals or groups. This is also known as the “squeaky wheel” syndrome.
Such outcomes may be rigid, inappropriate, inconsistent (compared with na-
tional or international requirements), short-term, poor compromises, or con-
trary to people’s well being and good water management.

These difficulties may be overcome by reshaping decisions. The greatest danger
may be when society and its decision-makers do not engage in participation at all.
Moreover, the process of a higher level of public participation is evolving, irre-
spective of whether it is good or bad. Consequently it is necessary to anticipate on
participatory processes. For this, the following can be suggested as rules-of-thumb
guidelines for improved public participation:

1. Establish an open dialogue between scientists and practitioners where com-
munity intelligence is valued at the same level as scientific intelligence;

2. Provide for a genuine ability to share outcomes. If certain outcomes are man-
datory beforehand, an open dialogue will never be possible;

3. Devise visioning procedures (Turner this volume). Have a catchment forum,
and sub-catchment ones for large areas, which enable various stakeholder in-
terest and catchment managers to meet face to face (Janssen et al. 2003). ICT
offers many possibilities for visualising possible design outcomes for rivers
and coasts. Such a visualisation helps to rule out certain measures and choose
among alternative viable measures. But visualisation on its own is no pana-
cea. It is a tool for more effective civic engagement.

Based on this, we distinguish among five important factors that drive inclusive
participation in Table 1. First, the publicly perceived democratic deficit implies
that the general public no longer easily accepts “top-down” political decisions:
there is a need for informed public participation throughout the decision process.
Second, the legal/regulatory mandate needs to be adjusted to account for changes
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in society towards public participation. Third, society is changing into a self-
organising citizenship. Fourth, besides scientific intelligence, there is a need for
inclusion of local knowledge and vernacular guidance in decision-making. Finally,
as coastal management deals with long time horizons, there is a need for visioning
futures through scenarios and storylines. These ‘drive’ the demand in the society
and require to be attended when participation is to be incorporated.

Note that participatory procedures always take place in the context of political
power, procedural legitimacy, and the statutory framework of agency commit-
ments. So the framework of policies and power relations, which may be hidden
from the public, shapes participation. Just because there is participation, does not
mean to say that it is legitimate or well executed. It is vital that the wider institu-
tional biases are properly understood before any participation programme is
evaluated.

Based on these societal drivers, an attempt was made to derive a number of
traits, required for a successful management style for the coast and the institutions
associated (Table 1). Integrated coastal zone management is complex and interdis-
ciplinary and dwells therefore on integrated assessment (Turner, this volume). We
identify how integrated assessment is to be deployed to meet the requirements of
our five drivers, and what indicators would be useful to assess their successful de-
ployment. We included a third column here, labelled thresholds, since we felt that
to assign such thresholds would be important indicators of societal transition to-
wards an institutional incorporation of deliberate participation.

Table 1 summarises the drivers and the implications for managing integrated
coastal futures. It is aimed to be in parallel with the scenarios table issued else-
where in this book. The purpose is to summarise the key drivers as outlined in the
text, and to run these against management and institutional arrangements that may
have to be modified for effective public participation to be put in place.

The table emphasises that public participation is driven by a loss of trust in
conventional politics and political decision-making. It is also promoted by legal
rules set in directives and regulations, as is the case for the WFD. It is further pro-
moted by citizens who now feel they have a responsibility to shape their own lives
and catchments. And there is a technology and a decision format available via
visioning and participatory geographical information systems. The vertical col-
umns apply to six measurements of comprehensive integration. Much of the right
hand side of the table reveals the need for capacity building and skills training in
the more adventurous aspects of participation.

Furthermore, this table points out (in the last row) that interdisciplinary prob-
lems need integrated assessment, which can be performed by undertaking Driver-
Impact-Response and scenario analyses. As an outcome, existing institutions need
to be examined and in some cases redesigned, which can be achieved through a
comparative analysis of institutional drivers. This will be discussed in more detail
in the next section.
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Institutional change and cost consequences

The WFD is often considered rather prescriptive in its implementation (Ledoux et
al. this volume). The directive nevertheless leaves much room for its implementa-
tion to the countries themselves, as long as they achieve the targets of a good eco-
logical status. Thus, the WFD largely sets the playing field with issues like river
basin approach and transboundary cooperation, on which countries can make their
own match. For example, managed realignment’® can also be used as a flexible in-
strument in implementing the WFD and is a very important tool for the Habitats
Directive. Managed realignment of coastal defences can also be an alternative to
solid dykes (Rupp and Nichols 2002). As institutional arrangements differ from
country to country, it is interesting to compare WFD implementation in various
countries.

Public tasks, such as the management, monitoring, enforcement, as well as im-
plementation of amelioration measures, are carried out by institutionalised organi-
sations, often with delegated powers from the government. Sufficient legal and fi-
nancial support is a prime condition for their appropriate functioning, but public
recognition, as well as a mechanism for public engagement (O’Riordan this vol-
ume) is equally significant. These organisations vary from country to country and
a variety of mechanisms are used for public engagement. Often these are for single
issues, but they can develop into multi-issue groups.

One important element of ICZM is that often measures, such as the ones re-
quired in the WFD, have long-term effects. Handling complex issues with a long-
term perspective of say 70 years requires an adaptive design approach and institu-
tional management. Important elements here are:

1. A participatory deliberative culture that embraces the precautionary principle
(e.g. EEA 2002);

2. The notion of long-sightedness is difficult to introduce: how to get people to
think two generations or more ahead? Long-sighted democracy needs self-
adaptive community networks that are based on sustainability;

3. Insight into planning and decision-making is needed as, for instance, planning a
marina will freeze land for 70 years, while a better environmental solution for
this land could have been to turn it into salt-marshes;

4. A precautionary society that enables decisions, before certainty in cause-effect
mechanisms is confirmed and thus allows for mistakes;

5. Coastal partnerships designed as open and adaptive structures. Such mecha-
nisms are needed to bring people together.

Managed realignment ‘involves setting back the line of actively maintained defences to a
new line inland of the original — or preferably to rising ground — and promoting the crea-
tion of inter-tidal habitat between the old and new defences’ (Rupp and Nichols 2002).
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In deliberative processes, it is important to have clear and shared objectives. Re-
design for longer-term coastal decision-making of organisations will only take
place when it is viable and if real improvement can be achieved. The setting of ob-
jectives should therefore also be done in a deliberative process. Although this can
be a laborious task, the result is often worth the effort (e.g. Gregory 2000).

Distinct cultural/political differences across Europe should be taken into con-
sideration in long-term planning for sustainability. In pre-accession countries, for
instance, political problems (distrust in institutions, uncertainty about the present
and the future, anxiety about day-to-day living) discourage people from long-term
planning. In pre-accession countries such as Turkey, in Greece, and also else-
where, substantial fractions of the human population connect significance in their
daily lives to a kind of predetermination or kismet overruling the future. This may
be an important cultural driver, which may discourage long-term planning. En-
gagement of all societal strata in a deliberate, long-term participatory decision-
making process may meet unexpected opposition here.

Elsewhere, public participation is only invoked after planning conflicts have
magnified and stakeholder positions are falsified. Cultures, with a traditional
working class-elite, conflict with massive strikes and property looting and will not
easily develop consensus platforms and negotiations.

Turkey, as pointed out in De Bruin et al. (this volume), has a water manage-
ment structure, but this does not comply with all the principles of integrated river
basin management (De Bruin et al. this volume). Turkey is implementing the
WED in the context of her pre-accession status and is very interested in utilising
the WFD methodology. Clear objectives and implementation strategies could im-
prove catchment management in Turkey.

Greece does not perceive the sea level rise as a problem, whereas water scarcity
is considered the main problem. Such a perception can lead to overreacting. In ex-
tracting water in certain parts of Greece for example, farmers over-extract in June
in their fear of facing scarcity in July and August when water is needed for the rice
crop. While the total amount of water should be sufficient, through this behaviour,
the farmers themselves create problems. Through a participatory process, in which
the problem situation was discussed, the situation could be improved.

Institutional change also has financial consequences. Is it possible, for instance,
to charge a German farmer for not reducing nutrient loads that lead to negative
impacts in the Dutch coast? This example shows that the principle of full and fair
cost recovery is difficult to achieve. In the case that costs are recovered, it may
still be necessary to decide whether revenues should go to nature conservation,
flood protection or the general revenue. Is it possible to compensate people when
they are financially disadvantaged in the provision of an ecological benefit? This
is possible by financing ecosystem functioning via a trust fund or stewardship
fund. Alternatively, environmental bonds may be issued. For example, in the case
of coastal water pollution, bonds may be auctioned on reaching a desired reduc-
tion in the load to the sea. The bonds, which should be tax-free and financially at-
tractive, will only be paid out once the target is reached. In this way, cost-
effectiveness can be reached without government planning (see also Horesh
(2003), for a more general discussion, or Lise and Van der Veeren (2002) who
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calculated a possible cost optimal solution of the eutrophication problem in the
North Sea from the Rhine basin).

In the previous section (Table 1) institutional change was called for, coupled to
changing needs. A number of priority questions arise, which call for a careful
analysis by also taking local priorities into account. Important questions would be:
What should institutions dealing with coastal issues look like? What is one look-
ing for in institutional design and capacity building? What expert system or deci-
sion-making tools do we need?

One answer is that we need community forums for validation that are built on
new institutional design. .We need an institutional design that facilitates the dia-
logue between community intelligence and scientific intelligence. This is also a
modelling challenge: how to include local intelligence into models? Community
intelligence may be important for setting minimum conditions for viable ecosys-
tem functioning, but the participatory process should also be used to explain and
gain acceptance of national and international requirements and constraints on ac-
tion. Knowledge should be gathered from different sources: local — national — in-
ternational. A process is needed that integrates from the small scale to the large
scale. In this process, it is also important to show the environmental benefits in or-
der to get public support, as without it, it is becoming more and more difficult to
take decisions.

Uncertainty has to be kept in mind when presenting scientific results, especially
when it concerns results that look into the future, because scientific outcomes have
errors and policy objectives change. How should we deal with this? A self-
evolving process, which is flexible and adaptable, may be a valid alternative when
top-down solutions are not possible. There is also a role for the media, namely by
informing citizens so that uncertainty about public behaviour will reduce and pub-
lic confidence in the carefulness of the decision process will increase.

Box 1. Code of practice for sustainable coastal management:

legitimacy

speaking free‘ﬁ} fairness and joint responsibility respect
shared understanding

visioning

independence of jurisdiction

acceptance of a fair and trustful process
openness and transparency

accountability and responsiveness

media friendly

network of stakeholder partnerships and forums
interactions based on trust and believe
independent interaction

A code of practice would assist institutional review to include such elements for
sustainable long-term coastal management (Box 1). O’Riordan (this volume)
elaborates on these issues. It is vital that the procedures be independently evalu-
ated and validated, and presented to all parties for their understanding, before any
deliberative process is concluded.
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Conclusions and recommendations

In this chapter we treated four themes, namely the boundaries of the water body and man-
agement structures, the relation of the WFD to other legislation, the role of public participa-
tion in implementing the WFD, and the required institutional changes for implementing the
WED and cost consequences. Based on these themes we now try to address the main ques-
tion: What is the most effective way of managing the river coast continuum and what
should be the role of public participation, EU (‘Brussels’) and catchment managers?

From the boundaries of the water body and management structures, it was concluded
that coordinated action is needed to oversee the river-coast continuum. The use of soft-law
should be encouraged here, as hard law will follow suit much later at such a large scale.

The relation of the WFD to other legislation indicates that there should be clear objec-
tives as to the process of achieving public involvement in the WFD programmes and pro-
jects. In addition there should be codes of practice as to how to ensure effective active in-
volvement. These codes should define how to ensure legitimacy and representativeness, as
well as trust and responsibility in the deliberative experience. Sensitivity to the cultural,
geographical, and project-based circumstances of countries and localities is useful and
would require ‘open’ decision-making.

Hence, there is a clear role for public participation in implementing the WFD. While
there are some dangers of putting public participation in place, the greatest danger may be
not to participate at all. Moreover, the process of a higher level of public participation is un-
stoppable, irrespective of whether it is good or bad. Consequently it is necessary to antici-
pate and design participatory processes.

Related to the required institutional changes for implementing the WFD and cost conse-
quences, we need clear objectives about which areas require public involvement. This may
be possible by showing the benefits and knowing the problem. We also need to account for
cultural differences, which can influence the implementation of the WFD. For that, a dia-
logue is needed which brings together community intelligence and scientific systems un-
derstanding.

Waiting in the wings is the possibility of new institutional forms for co-operative, inte-
grated and long-range river and coastal management. O’Riordan (this volume) offers one
model. This is primarily based on UK experience and opportunities. There is scope for an
EU wide discussion of new institutional forms for coastal and river management under
conditions of climate change and sustainability planning.
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11. Climate change and coastal management
on Europe’s coast

Robert J. Nicholls! and Richard J.T. Klein

Abstract

Climate change and sea-level rise due to human emissions of greenhouse gases is
expected to accelerate through the 21" Century. Even given substantial reductions
in these emissions, sea-level rise will probably be significant through the 21" Cen-
tury and beyond. This poses a major challenge to long-term coastal management.
While Europe has a high adaptive capacity, climate change will produce problems
that have not been faced previously, and solutions need to be reconciled with the
wider goals of coastal management. A recent European survey of the current re-
sponse to sea-level rise and climate change shows a few countries engaged in pro-
active planning, while most are ignoring the issue, or only beginning to recognise
its significance. While a proactive response should minimise the actual impacts
and need for reactive responses, ignoring sea-level rise and climate change will
almost certainly increase vulnerability.

A common theme that emerges is the need for more impact and vulnerability
assessment that is relevant to coastal management needs. This should include the
consequences of sea-level rise and climate change on coastal areas from the local
to the European scale. This will require continued development of broad-scale as-
sessment methods for coastal management. It is also important to assess coastal
adaptation and management as a process rather than just focus on the implementa-
tion of technical measures. Lastly, the uncertainties of climate change suggest that
management should have explicit goals, so that the success or failure of their
achievement should be regularly monitored and the management approach ad-
justed as appropriate.

! Correspondence to Robert Nicholls: rjn@soton.ac.uk

J.E. Vermaat et al. (Eds.): Managing European Coasts: Past, Present, and Future, pp. 199-225, 2005.
© Springer-Verlag Berlin Heidelberg 2005.
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Introduction

Climate change is one of the main challenges for environmental management
through the 21" Century. Even in areas such as Europe, which has a high adaptive
capacity due to relative wealth, access to a strong science base and well-developed
management institutions, climate change may produce conditions not previously
experienced, and management will need to evolve to cope with this in a variety of
ways.

This chapter explores the implications of climate change for coastal manage-
ment around Europe through the 21" Century and beyond. It builds on a number of
earlier reviews and assessments of climate change and Europe’s coasts such as
Tooley and Jelgersma (1992), Jefti¢ et al. (1992, 1996), Nicholls and Hoozemans
(1996), Nicholls (2000), de la Vega-Leinert et al. (2000), de Groot and Orford
(2000), Kundzewicz et al. (2001), Brochier and Ramieri (2001) and Nicholls and
de la Vega-Leinert (2004). When assessing long-term coastal management needs,
it is fundamental to consider the changing balance of pressures at the coast (e.g.
Turner et al. 1998a, 1998b; Turner, this volume). Here the emphasis is on pres-
sures due to climate change and sea-level rise, but this is placed in the broader
context of the changing European coast.

The chapter is structured as follows. First, it reviews the uses and trends within
the coastal zone of Europe. Then it considers climate change and sea-level rise
scenarios for the 21" Century. The potential impacts of these changes in Europe
are considered, including both the natural system and socio-economic system
changes. Possible responses to these impacts are then considered and placed into
the broader context of coastal management. Lastly, some key issues for further in-
vestigation are identified and linked to the opportunities and threats for coastal
management in Europe. Rochelle-Newall et al. (this volume) explores these key
issues in more detail.

The coastal zone in Europe

The coastal zone in Europe is varied with a range of distinct environments in
terms of geomorphology and wave/tidal conditions. Five distinct areas are recog-
nised: the Black Sea, the Mediterranean, the Baltic, the North Sea and the Atlantic
seaboard (Figure 1). These areas can be subdivided based on natural characteris-
tics into the physical units that will respond to climate change and sea-level rise:
coastal cells and sub-cells, estuaries, deltas, etc. These ‘natural’ divisions are fur-
ther fragmented by intensive and varying human use, as the coastal zone is a focus
for important population and economic centres. Human activities within the
coastal zone include industry, urban and residential, tourism and recreation, trans-
port, fisheries/aquaculture and agriculture (Rigg et al. 1997). One third of the
European Union (EU) population is estimated to live within 50 km of the coast,
with the proportion being 100% in Denmark and 75% in the United Kingdom and
the Netherlands. Coastal urban agglomerations are important with a collective
population of 120 million people in the EU alone (Papathanassiou et al. 1998).
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Even though Europe is already highly urbanised, coastal urbanisation continues
due to coastward migration and tourism development, particularly around the
Mediterranean. In addition to direct human uses, the coast is an important habitat
of international significance with freshwater, brackish and saline marshes and in-
tertidal and shallow subtidal habitats and it supports important fishery resources.
Lastly, Europe’s coast is culturally and archaeologically significant as exemplified
by Istanbul, Athens, Venice, London, Amsterdam and St. Petersburg, to name a
few historic coastal cities.

As populations have grown and economic activity has intensified so a range of
pressures have emerged in the coastal zone, including a legacy of significant land
claims around estuaries and lagoons (e.g. French 1997, 2001, Papathanassiou et al.
1998). Significant assets and populations are located in floodprone coastal plains
subject to erosion, and large lengths of coast are defended (Quelennec et al. 1998).
Hard defences generally reduce sediment availability to the coastal system, inten-
sifying erosional pressures and hence increase defence needs. Hard defences also
lock the coastal position and hence contribute to a coastal squeeze of intertidal
habitats on retreating shorelines (French 1997, Nicholls 2000). Human changes
outside the immediate coast have also had adverse consequences on coastal areas,
such as deltaic areas that have become threatened because they have been sedi-
ment-starved due to changing catchment management, particularly dam construc-
tion (e.g. Sanchez-Arcilla et al. 1998).

Given that Europe has a reasonably stable and ageing population, it might be
thought that future problems will be minimised. However, present trends suggest
coastal pressures will continue and intensify. The different possible pathways of
development within Europe will lead to different sets of coastal problems and
hence management needs. Turner (this volume) and the group report of Theme 5
(Nunneri et al. this volume) discuss three possible scenarios for Europe’s coasts.

The widespread coastal impacts of human interventions were not foreseen, and
only now are their full implications being appreciated. This is driving important
changes to more flexible and strategic approaches to coastal management, includ-
ing more soft engineering, sediment recycling and managed realignment (e.g.
Hamm and Stive 2002, Rupp and Nicholls 2003) and long-term analysis of future
changes (e.g. DEFRA 2001; the Eurosion Project, http://www.eurosion.org). Envi-
ronmental designations also protect many coastal areas, and compensation for
habitat destruction is now often required, although the long-term success of these
policies remains to be assessed.

Climate change and the European coast

Climate change is already a pressure with rising sea levels evident around most of
Europe’s coasts, excluding parts of Scandinavia (Figure 2). In the 21" Century this
rise is expected to continue and accelerate due to global warming. There are also
observed inter-annual and inter-decadal fluctuations in the characteristics of
storms during the 20" Century, but with no evidence of long-term trends (e.g.
WASA Group 1998). This means that long-term climatic observations are re-
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quired to accurately estimate storm statistics. A decline in the formation of seasonal
sea ice in parts of the Baltic due to rising sea temperatures has been observed, which
is now allowing winter storms to cause significant erosion when before the coast
was frozen and protected (e.g. Kont et al. 2004). Note that the Caspian Sea has also
been impacted by significant sea-level rise (ca 1 m) over the late 20" Century. How-
ever, as this is an enclosed sea not linked to the global ocean, these changes are not
considered further.

Human-induced climate change is caused by the emission of so-called “green-
house” gases, which trap long-wave radiation in the upper atmosphere and thus raise
atmospheric temperatures. Carbon dioxide is the most important of these gases and
its atmospheric concentration has exponentially increased since the beginning of the
industrial revolution due to fossil fuel combustion and land-use change. In 1800, the
atmospheric concentration of carbon dioxide was about 280 parts per million (ppm);
today it is about 350 ppm and rising. Similar increases have been observed for other
greenhouse gases such as methane and nitrous oxide (Houghton et al. 2001).

By 2100, carbon cycle models project atmospheric carbon dioxide concentrations
of 540 to 970 ppm, with a range of uncertainty of 490 to 1260 ppm (Houghton et al.
2001). Based on these projections and those of other greenhouse gases, the Intergov-
ernmental Panel on Climate Change Third Assessment Report projects an increase
in globally averaged surface temperature by 1.4 to 5.8°C over the period 1990 to
2100. It is very likely that nearly all land areas will warm more rapidly than the
global average, particularly those at high latitudes in the cold season, including
much of Europe (Houghton et al. 2001).

These simulations of global warming have led to a predicted global-mean sea
level rise of 9 to 88 cm between 1990 and 2100, due largely to thermal expansion
and melting of land-based ice, especially small glaciers. The central estimate of a
48-cm rise represents an average rate of global-mean sea-level rise of 2.2 to 4.4
times the estimated rate of rise over the 20th century. Importantly, even with drastic
reductions in greenhouse gas emissions, sea level will continue to rise for centuries
beyond 2100 because of the long response time of the deep ocean to reach equilib-
rium to a surface warming (Wigley and Raper 1993, Church et al. 2001). Thus an ul-
timate sea-level rise of 2 to 4 metres is possible for atmospheric carbon dioxide con-
centrations that are twice and four times pre-industrial levels, respectively (Church
et al. 2001). Melting of the Greenland ice sheet and instability to the West Antarctic
Ice Sheet could contribute significant additional sea-level rise over the coming cen-
turies (Vaughan and Spouge 2002, Woodworth et al. 2004).

For coastal areas, it is not the global-mean sea level that matters but the locally
observed, relative sea level, which takes into account regional sea-level variations
and vertical movements of the land (Figure 2). A major uncertainty is how sea-level
rise will manifest itself at regional scales, such as in the North Atlantic. All the mod-
els analysed by Church et al. (2001) and Gregory et al. (2001) show a strongly non-
uniform spatial distribution of sea-level rise across the globe. However, the patterns
produced by the different models are not similar in detail. This lack of similarity
means that confidence in projections of regional sea-level changes is low, and it is
possible that sea-level rise on Europe’s coast could be +50% of the global-mean
changes already described (Hulme et al. 2002). This uncertainty needs to be taken
into account in impact analysis.
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Land uplift and subsidence can also be significant. Parts of Scandinavia experi-
ence land uplift due to global-isostatic adjustment at a sufficient rate that projected
global-mean sea-level rise may be completely offset and relative sea level may
continue to fall, albeit at a lower rate (Johansson et al. 2004). Other areas, such 