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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: 

• 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; 

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

• 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 Europe 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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ELOISE research and the implementation 
of EU policy in the coastal zone 

Laure Ledoux1, 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 6th 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 4th and 5th 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; Ærteberg 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-
mental Is-
sues (Im-
pacts) 

Drivers Pressures Spatial Extent Response at 
European level 

Eutrophica-
tion

Agricul-
ture, Ur-
banisation, 
Industry 

Diffuse pollution 
(N,P), waste 
emissions 

Most seas. Rela-
tively less impor-
tant in North 
Atlantic Ocean, 
Norvegian, Barents 
and White seas 

Water Frame-
work Direc-
tive, Nitrates 
Directive, Ur-
ban Waste 
Water Direc-
tive 

Overfishing, 
loss of bio-
diversity 

Fisheries, 
population 
growth 

Fish catches, fish-
ing gear 

All seas. Especially 
North Sea, Wadden 
Sea, Black Sea, 
Barent, North sea 

Common 
Fisheries Pol-
icy 

Deteriora-
tion of bac-
teriological 
quality, 
health im-
pacts 

Agricul-
ture, ur-
banisation, 
industry 

Waste emissions, 
agricultural run 
off 

Mediterranean, 
Black Sea, North 
sea

Bathing Direc-
tive 

Habitat loss Agricul-
ture, Tour-
ism, Cli-
mate 
Change 
(atmos-
pheric 
emissions) 

Habitat conver-
sion (e.g. drain-
age), ports and 
touristic devel-
opment, coastal 
erosion, sea level 
rise

European regions 
with high tourism 
and intensive agri-
culture, low lying 
coasts and deltas 
(sea level rise) 

Birds and 
Habitats Di-
rectives 

Toxic 
 contamina-
tion (loss of 
biodiver-
sity, health 
risk) 

Industry, 
urbanisa-
tion, trans-
port 

Emissions of con-
taminants (heavy 
metals, synthetic 
organic com-
pounds), con-
taminated sedi-
ments 

All seas, especially 
around major 
European estuaries 
(less Barent and 
Norwegian sea) 

Water Frame-
work Direc-
tive, danger-
ous substances 
Directive, 
Seveso II Di-
rective, IPCC 
Directive 

Oil spill re-
lated eco-
logical im-
pacts 

Maritime 
transport 

Dumping, ship-
ping accidents 

Mediterranean, 
Black, Caspian, 
Norwegian, North 
sea

Regulation on 
prohibition of 
transport of 
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: 
• 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; 

• 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; 
• 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; 

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

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

• 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 basis2.
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-
jectives: 

Drivers, Pressures and Impacts 

 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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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  
Acronym 

Full title of the project Project  
Coordinator 

Project 
duration  

ELOISE Projects 

COSA Costal Sands as Biocatalytical Fil-
ters 

Dr. Markus  
Huettel 

2002-05 

DANUBS Nutrient Management in the Da-
nube Basin and its impact on the  
Black Sea 

Prof. D. Helmut 
Kroiss 

2001-05 

DOMAINE Dissolved organic matter (DOM) in 
coastal ecosystems: transport, dy-
namics and environmental impacts 

Prof. Morten 
Søndergaard 

2001-03 

EROS-21 Biogeochemical Interactions be-
tween the Danube River and the 
North-Western Black Sea. 

Dr. Jean-Marie 
Martin 

1996-98  

EUROCAT European Catchments - Catchments 
changes and their impact on the 
coast 

Prof. Willem 
Salomons 

2001-04 

M&MS Monitoring & Managing of Euro-
pean seagrass beds 

Ass. Prof. Jens 
Borum 

2001-04 

MEAD Marine Effects of Atmospheric 
Deposition 

Prof. Tim Jickells 2000-03 

MERCYMS An integrated approach to assess 
the mercury cycling in the Mediter-
ranean basin 

Prof. Nicola  
Pirrone 

2003-05  

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

Dr. Daniel Conley 2001-04 

NTAP Nutrient dynamics mediated 
through turbulence and plankton in-
teractions 

Dr. Celia Marrase 2001-04 

PROTECT PRediction Of The Erosion of 
Cliffed Terrains 

Dr. Jonathan   
Busby 

2001-04 

SIGNAL Significance of External / Anthro-
pogenic Nitrogen for Central Baltic 
Sea N-Cycling 

Dr. Maren Voss 2000-03 

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

Dr. Franesc  
Sabater 

2001-04 

TIDE Tidal Inlets Dynamics and Envi-
ronment 

Dr. Marco Marani 2002-05 
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Non-ELOISE projects 
BIOBS Evaluation of coastal pollution 

status and bioindicators for the 
Black Sea 

James Wilson 2002-05 

DINAS-
COAST 

Dynamic and interactive assess-
ment of national, regional and 
global vulnerability of coastal 
zones to climate change and sea-
level rise 

Richard Klein 2001-04 

EUROSION A European initiative for sustain-
able coastal erosion management 

Stephane Lombardo 2002-03 

EVALUWET European valuation and assessment 
tools supporting wetland ecosystem 
legislation 

Ed Maltby 2001-04 



Land-ocean fluxes and coastal ecosystems – 
a guided tour of ELOISE results 
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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 

1 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: 

• 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; 

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

• 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; 

• 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 Stålvant (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-2) over the North Sea in 1999. 
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 % 

NH3 24 3 19 3 43 6 
NH4

+ 191 27 36 5 227 32 
NOy gas 151 21 43 6 194 27 
NO3

- 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 (NH3 and NH4

+) and 72% due to emissions from combustion sources (mainly 
traffic, industry and power production) (aerosol phase NO3

- 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. 



26      P.M.J. Herman, T. Ysebaert, and C.H.R. Heip 

Fig. 2. Overview of land (upper panel) and instream (lower panel) processes in the INCA 
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 m3.s-1 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. 

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 N2O.

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 N2 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. Engström 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. Sündback 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. Serôdio 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 Sundbäck (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 CO2 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 N2O 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 N2O 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 N2 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 (CO2) 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. Cabeçadas 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 CO2 balance in the major European estuaries, to extrapolate to the whole es-
tuarine surface in Europe. They conclude that the CO2 emission from estuarine 
waters corresponds to 12 % of the anthropogenic CO2 emission in Europe, and is 
therefore highly significant for the regional CO2 budget. Part of the CO2 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 CO2 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 CO2

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. 

Fig. 5. Isolines of pCO2 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 (CH4) 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). 

Dimethylsulfide 

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 (N2O) 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 N2O production. Such conditions can easily be met around the 
Maximum Turbidity Zone in estuaries. 

Marty et al. (2001 – METROMED) discuss N2O and CH4 production in two 
oceanic shelves, the Gulf of Lions and Thermaikos Gulf and Abril et al. (2000 – 
BIOGEST) report N2O 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). Barrón 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. 

Fig. 7. Carbon budget for a station in the Southern Bight of the North Sea, for the period 26 
February – 6 June 1998. Flows expressed as mgC.m-3.period-1. Underlined figures are not 
directly measured but estimated. O.M. represents pool of organic matter. From Rousseau et 
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 (δ13C ~ -20 ‰) and microphytobenthos (δ13C ~ -15 ‰) but much higher than those 
of bulk POC in the sediment (δ13C ~ -23 ‰). (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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Defining a good ecological status  
of coastal waters – a case study
for the Elbe plume 

Wilhelm Windhorst1, 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 services2

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 OSPAR3 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.  

2  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 (5th Int. Conf. on the Protection of the North Sea, Bergen 2002). 

3  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 DPSIR4 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 EUROCAT5 –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. 
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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 5th 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.  

about risks of
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of ecosystem conservation

use of ecosystem services

loss of ecosystem integrity (e.g. ecosystem squeeze)
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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 Jørgensen (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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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 
pollutants: 
• All priority substances identified 

as being discharged into the water 
body

• Other substances identified as be-
ing discharged in significant quan-
tities into the water body 

High status: 

20. Synthetic: close to zero/below detection 
limits; non-synthetic: background levels 

Good status: 
21. EQS 

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 (Jørgensen 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-³] 31.1 36.5 119.0 65.6 135.9 139.2 

Mean Winter DIP [mmol N m-³] 1.2 0.9 3.4 1.7 3.6 2.5 

Mean Winter DIN/DIP ratio 26.2 40.4 34.9 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 5.3 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 1st 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). 

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). 

Ecosystem Integrity
(based upon Self-organising capacity)

IMPACT
(ecological)

Indicated by:

Sediment In/Output

Input in Sediment (organic)

Output from Sedim (inorg.)

Indicated by:

Turnover winter nutrients

Bacterial uptake / Phytoplank.

Feeding on organic detritus

uptake from inorganic nutr.

Indicated by:

Net primary production

Riverine Input:

inorganic 

organic

Input bordering boxes

inorganic 

organic

Indicated by:

Diatom/Non-diatom ratio

Indicated by:

matter losses into adjacent

boxes (organic & inorg.)

Indicators Indicators
Indication based upon ERSEM

0

50

100
Exergy Capture

Cycling

Storage CapacityHeterogeneity

Matter losses

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. 

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 
(g C m-2 y-1)

286 271 263 254 200 

2. Cycling 
Turnover winter dissolved inorganic ni-
trogen (y-1)

3.1 3.3 3.4 3.6 4.5 

Turnover winter inorganic phosphorus (y-

1)
5.8 6.1 6.3 6.4 7.0 

3. Storage capacity: sediment net nutrient 
gain (mmol m-3-y-1)* 
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:
(diatom/non-diatom ratio) 

0.62 0.64 0.65 0.67 0.88 

5. Matter losses from box 78
(mmol m-3-y-1)
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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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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Bathing water quality 

Stavros Georgiou1

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 

1 Correspondence to Stavros Georgiou: s.georgiou@uea.ac.uk  

J.E. Vermaat et al. (Eds.): Managing European Coasts: Past, Present, and Future, pp. 75–101, 2005. 
© Springer-Verlag Berlin Heidelberg 2005.
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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 log10-arithmetically transformed organism concentrations2. A con-
stant of one was added prior to logarithmic transformation (log10) 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 log10-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 1999-20013.

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

3  It 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 
± standard devia-
tion

  Range Geometric 
mean 

log10 std. 
deviation 

Number of 
observa-
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 161±915 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 95th 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) 

Parameters per 100 ml (% 
of samples to comply) 

% of UK bathing waters complying 
with Standard in year1 (n = total 

number of bathing waters sampled) 

Directive 

standard 

Faecal 
coliforms 

Intestinal 
enterococci 

1999
(n=546) 

2000
(n=557) 

2001
(n=557) 

Existing mandatory 200 

(95) 

NA 91 94 95 

Existing guideline 100 

(80) 

NA 50 54 66 

Revision scenario 1 NA 200 (80) 87 90 92 
Revision scenario 2 NA 200 (95) 55 61 66 
Revision scenario 2a  NA 200 (95)2 41 46 50 
Revision scenario 3 NA 50 (95) 18 22 26 

1 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. 
2 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 95th) 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 log10 mean 
and log10 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 1999¯2001 (total curve area 
adjusted to 1000). 

Whilst the estimates of excess risk of gastrointestinal illness are based on the ac-
tual log10 mean and log10 standard deviation values for UK bathing waters over the 
period 1999-2001, it is interesting to examine the effect of using a fixed log10 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) 

log10 faecal streptococci concentration 
(cfu/100 ml)1

year 

mean std deviation 

estimated excess risk -  
number ill/1000 exposures 

1999-2001 1.299 0.672 79 (942)
1999 1.339 0.710 90 (1002)
2000 1.322 0.665 82 (982)
2001 1.235 0.636 65 (862)

1 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. 
2 WHO fixed Std. Deviation (0.8103) used to estimate excess risk (see discussion in text). 

The use of the fixed log10 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 log10 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 

Log10 Mean = 1.299 
Log10 S.D. = 0.672 

Exposure < 32/100 ml 

Exposure >32/100 ml 
(i.e. water quality with an associated 
probability of illness) 

Proportion of bathers with 
gastroenteritis

621 379

79
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is in place. For example applying the 95th percentile guideline value contained in 
the Bathing Water Directive revision (guideline value equal to 200 IE/FS) to the 
log10 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 log10 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) log10 standard deviation of UK 
coastal waters, one would have to have a 95th 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 British4

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 It 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-
posures in 2001 
(95% confi-
dence interval) 

Total sample
exposure rate
[=(1)/809] 
(95% confi-
dence inter-
val)

Excess risk of 
gastro-intestinal
illness2

(prob. per person) 

Disease burden: number 
of excess cases of gastro-
intestinal illness per year 
[=(2)x (3)x 52.9 million] 
(95% confidence interval) 
(all x million persons) 

Exposure calculated on the basis of mean

0.065 1.97 (1.35 - 2.57) 
0.050 1.52 (1.04 – 1.98) 
0.043 1.30 (0.89 - 1.70) 

Swim/dip 460 
(313-607)

0.57
(0.39-0.75)

0.020 0.60 (0.41 - 0.79) 
0.065 4.29 (2.20 - 6.39) 

0.050 3.3 (1.69 – 4.92) 
0.043 2.84 (1.46 - 4.23) 

All bathing
associated
water  
activities

1011
(568-1454)

1.25
(0.64-1.86)

0.020 1.32 (0.68 - 1.97) 

Exposure calculated on the basis of median

0.065 1.10 
0.050 0.85 
0.043 0.73 

swim/dip 260 0.32

0.020 0.34 
0.065 1.76 
0.050 1.35 
0.043 1.16 

All bathing 

associated 

water  

activities

413 0.51

0.020 0.54 
1 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. 
2 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 log10 normality of the 
bacterial probability density function), the figure derived in Table 3 for the year 2001 
(65 per 1000 exposures) is nevertheless used5. 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). 

5 Whilst the possibility of non-log10 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 society6. These economic benefits are compared to 
the costs of implementing changes to bring bathing waters up to the required stan-
dard.

6 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 A1994 is the Commission’s 1994 proposal, 
which introduces a mandatory standard for faecal streptococci, and an enterovirus 
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standard. Scenario B1994 is the existing Directive made more stringent by making 
mandatory the standards that are presently the optional Guideline standards. Sce-
nario C1994 is the Commission’s 1994 proposal except for the omission of the more 
stringent enterovirus requirement. Finally Scenario D1994 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 C2000 is equivalent to the current mandatory EU standards, while Scenario 
B2000 is roughly equivalent to the current Guideline EU standard. Finally Scenario 
A2000 is 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%7. 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 (B1994 and B2000 - 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 B2000 is 
about the mid point of the range given for B1994.

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-
tive revision sce-
nario 

Indicative parameter Limit values 

A1994 Faecal streptococci 
enterococci 

400 cfu/100 ml 
0 pfu/10 l 

B1994 Total coliform  
Faecal coliform  
Faecal streptococci 

500 cfu /100 ml1

100 cfu/100 ml1

100 cfu /100 ml3

C1994 Faecal streptococci 400 cfu /100 ml 
D1994 Total coliform 

Faecal coliform 
Faecal streptococci 

10000 cfu/100 ml2

2000 cfu /100 ml2

1000 cfu /100 ml 
A2000 Faecal streptococci <40 cfu/100 ml4

B2000 Faecal streptococci 40-200 cfu/100 ml4

C2000 Faecal streptococci 201-500 cfu/100 ml4

1 80% of samples should not exceed this level 
2 95% of samples should not exceed this level 
3 90% of samples should not exceed this level 
4 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 
directive 
revision 
scenario 

Capital cost 
£2002 million1

Operating 
cost 
£2002
million/pa1

Total net present 
cost - £2002 mil-
lion (over 25 
years at 6% dis-
count rate) 

Total net present 
cost - £2002 million 
(over 25 years at 
3.5% discount rate) 

A1994 1,971-5,096 84-180 3,111-7,539 3,406-8,171 
B1994 1,370-3,173 60-120 2,184-4,802 2,395-5,223 
C1994 529-1,322 24-48 855-1,974 939-2,142 
D1994 24-48 0 24-48 24-48 
A2000 590 500 7365.18 9119.18 
B2000 280 230 3396.58 4203.42 
C2000 2.9 0.5 9.68 11.43 

1 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); 



92      S. Georgiou 

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: 

• 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; 

• Egalitarians: 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; 

• 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; 

• 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

ADAPT ---    
EXPMAN  ++ ++  
FRAGILE +    

Views of nature 

UNPRED    -- 
SEX     
AGE --- ++++   

INCOME     
CH<10   ++  

EDU<16   +++ ++ 
INTGROUP   +  

Personal
characteristics 

ENVGROUP   +  
CAPABLE  - --  
EXPERTS -   -- 

Self efficacy 

PUBCON ++++ ++  -- 
EXPRED   --- ++++ 

IMPINPUT  ++ +++  
TRUSTSTD  +   

REALIST   ++++  

Expectations 

CHANCE
INTEREST ++    
TRUSTIMP  -   

IMPPERS  - +++  
IMPNAT ++   +++ 
IMPHEA   ++ ++ 

Values 

ISSUES ++++    
ILLNESS ++ --   

AWARENESS ++ +++   
Knowledge and 

experience 
HEARDSTD - +++   

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 



4. Bathing water quality      95 

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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Establishing coastal and marine reserves – 
with the emphasis on fisheries 

Han Lindeboom1 and Saara Bäck 

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 

1 Correspondence to Han Lindeboom: hanl@nioz.nl or han.lindeboom@wur.nl  

J.E. Vermaat et al. (Eds.): Managing European Coasts: Past, Present, and Future, pp. 103–117, 2005. 
© Springer-Verlag Berlin Heidelberg 2005. 

5.



104      H. Lindeboom and S. Bäck 

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 (Künitzer 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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Valuing Coastal Systems 

Mihalis S. Skourtos1, 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-1 y-1) 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-

1  Correspondence to Mihalis Skourtos: mskour@aegean.gr  

J.E. Vermaat et al. (Eds.): Managing European Coasts: Past, Present, and Future, pp. 119–136, 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-1 y-1)

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): 

• 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. 

• 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. 

• 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 

Shellfish 
Kelp and other species of 
seaweed 
Fresh water (desalinated sea-
water)
Energy from waves, tides 
and thermal or salinity gradi-
ents 

Oil
Gas
Minerals 
Sand and gravel 

   
Services, mainly con-
sumed  

Transport 
Defence 
Recreation (bathing, boating, 
fishing, skin-diving, observ-
ing wildlife) 
Disposal of degradable 
wastes and other residues 

Disposal of waste and other 
non-degradable residues 
Facility sitting: on-
shore/offshore, fixed or mo-
bile industrial operations, 
e.g. material processing, ma-
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 
c) 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. 

y = 0.4x - 847
r2 = 0.998, p <0.01
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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 22nd 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): 

• 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; 

• 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); 

• 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; 

• 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); 

• 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: 

• To prevent deterioration of the status of all water bodies; 
• 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; 
• 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 
quality 
element 

Phytoplankton Aquatic plants Benthic 
invertebrates 

Fish 

Rivers Composition  
Abundance  

Composition  
Abundance 

Composition  
Abundance 

Composition  
Abundance 
Age structure 

Lakes Composition  
Abundance 
Biomass 

Composition  
Abundance 

Composition  
Abundance 

Composition  
Abundance 
Age structure 

Transitional 
waters

Composition  
Abundance 
Biomass 

Composition  
Abundance 

Composition  
Abundance 

Composition  
Abundance 

Coastal waters Composition  
Abundance 
Biomass 

Composition  
Abundance 

Composition  
Abundance 

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 Bäck 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). 



150      P.S. Moschella et al. 

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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The EU Water Framework Directive: 
Challenges for institutional implementation 

Erwin F.L.M. de Bruin1, 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)2, 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.3

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.4

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 
WFD 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 1km 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 WFD. This paper assesses two key challenges in the implementation of the 
WFD. 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 Rijkswaterstaat5 (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 

5  Rijkswaterstaat: Directorate-General for Public Works and Water Management, under 
the Ministry of Transport, Public Works and Water Management.  



8. Institutional implementation of the WFD     159 

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) 

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

Ministry of Agricul-
ture, Fisheries and 
Food Quality (LNV) 

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

Ministry of Housing, 
Spatial Planning and 
the Environment 
(VROM)

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

‘Rijkswaterstaat’ 
(RWS)

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

Provincial Authori-
ties 

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 
Companies 

Drinking water abstraction, production and supply 

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.6 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. 

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 

6  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 Boards7, 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 year8 (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 

7  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).  

8 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 
(MoE) 

water resource pollution prevention, environmental 
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 
(SPO) 

overall planning for investment for water resources 
(e.g. dams, reservoirs, water supply) and pollution con-
trol (e.g. sewerage and sewage treatment) 

General Directorate Rural Ser-
vices (GDRS) 

drinking water and sewerage for villages (population 
<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 
WFD 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 Büyük Menderes 
River Basin. The aim of the pilot is to make a River Basin Management Plan 
(RBMP) for the Büyük 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 Büyük 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 
WFD 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. 



166      E.F.L.M. de Bruin, F.G.W. Jaspers, and J. Gupta 

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 



168      E.F.L.M. de Bruin, F.G.W. Jaspers, and J. Gupta 

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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Inclusive and community participation  
in the coastal zone: 
Opportunities and dangers 

Tim O’Riordan1

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. It 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. 
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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 

1  Correspondence to Wietze Lise: wietze.lise@ivm.falw.vu.nl  

J.E. Vermaat et al. (Eds.): Managing European Coasts: Past, Present, and Future, pp. 185–198, 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 WFD 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 
WFD. 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 bodies2 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)3. 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 
WFD. 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 
WFD (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). 



190      W. Lise et al.  

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.4 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): 

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

• 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; 

• 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; 

• 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; 

• 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 realignment5 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. 

5  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 
WFD 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  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 
WFD 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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Climate change and coastal management
on Europe’s coast 

Robert J. Nicholls1 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 21st Century. Even given substantial reductions 
in these emissions, sea-level rise will probably be significant through the 21st 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. 

1 Correspondence to Robert Nicholls: rjn@soton.ac.uk  
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Introduction

Climate change is one of the main challenges for environmental management 
through the 21st 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 21st 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 21st 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 21st 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 20th 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 20th 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 as 
deltas and coastal lowlands, are characterised by a strong downward movement of 
the land, which will add to global-mean sea-level rise (Emery and Aubrey 1991, 
Bird 1993, Suanez and Provansel 1996). This subsidence is often greatly enhanced 
by land claim and/or sub-surface fluid withdrawals as happened widely in 
Europe’s coastal lowlands, such as around the North Sea. As another example, 
widespread 20th Century human-induced subsidence in the North Italian coastal 
plain produced over 2,300 km

2
 of land below sea level, which is now protected 

from inundation by dikes (Bondesan et al. 1995). Thus, many of the areas threat-
ened by sea-level rise are also prone to human-induced subsidence: coastal man-
agement needs to recognise this link to avoid this problem being exacerbated dur-
ing the 21st Century. 

Table 1. Possible implications of climate change on coastal zones in Europe, excluding 
sea-level rise (see Table 2) 

Climate 
factor 

Direction of 
change 

Biogeophysical effects Socio-economic im-
pacts 

Northerly migration of 
coastal species 

Changes to fisheries,  
nature conservation im-
plications 

Decreased incidence of sea 
ice at higher latitudes 

Improved navigation, 
but increased coastal 
erosion during winter 
months 

Air and sea 
temperature 

Increasing 

 Increased coastal tour-
ism (Mediterranean, 
Southern North Sea and 
Baltic) 

Changed fluvial sediment 
supply 

Increased erosion (or 
accretion) 

Water Re-
sources/ 
Run-off 

Drying in 
south, wetter 
further north Changed peak flows Changed flood risk in 

coastal lowlands 

Coastal 
storms  

Increase in 
westerlies in 
northwest 
Europe (?) 

Changed occurrence of 
storm damage and flood-
ing

Increased risk of flood 
and storm damage 

Atmos-
pheric CO2

Increasing Increased productivity in 
coastal ecosystems 

Uncertain 

As already noted, sea-level rise is not the only climate-related effect relevant to 
coastal zones (Table 1). However, confidence in model projections of other mani-
festations of climate change is generally still low. The North Atlantic Oscillation 
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(NAO) Index2 is expected to increase under global warming leading to warmer, 
wetter and windier winters in northwest Europe (Hulme et al. 2002). This in turn 
will change the frequency, intensity and spatial patterns of coastal storms, but it is 
hard to quantify the significance of these changes. A rise in mean sea level will 
lead to a decrease in the return period of storm surges without any other change, 
but it remains unclear if changing storms will additionally change the variability 
of storm surges themselves (e.g. Flather and Williams 2000, Lowe et al. 2001). 

Moreover, there could be a weakening of the Gulf Stream due to global warm-
ing (Hulme et al. 2002). This would lead to significant cooling of the Northern 
European landmass. However, given that global warming is also occurring, the net 
effect is less certain. A cooling event would have such widespread impacts across 
northern and western Europe, so it is not meaningful to focus on the coast alone 
for this issue, and it is not shown in Table 1. 

Climate change impacts around Europe’s coasts 

Framework for analysis  

Following the uncertainties about other climate change factors, the main focus of 
most assessments has been the impacts and responses to sea-level rise. A common 
framework as illustrated in Figure 3 provides a useful basis for interpretation and 
comparison between studies. In particular, it highlights the varying assumptions 
and simplifications that are made within all the available studies and hence helps 
to establish common issues and make limitations more explicit. 

Relative sea-level rise, due to whatever cause, has a number of biogeophysical 
impacts such as erosion and increased flood potential. In turn, these can have di-
rect and indirect socio-economic impacts depending on the human exposure to 
these changes. There are also important feedbacks as the impacted systems adapt 
to these changes, including the human exploitation of beneficial changes and ad-
aptation to adverse changes. Hence, the coastal system is best defined in terms of 
interacting natural and socio-economic systems. Figure 3 has been modified from 
the original in Klein and Nicholls (1999) to reflect the terms used by Smit et al. 
(2001), but the basic meanings remain the same. Both systems may be character-
ised by their exposure, sensitivity and adaptive capacity to change, both from sea-
level rise and related climate change, and these factors may all be modified by 
other non-climate stresses. Sensitivity simply reflects each system's potential to be 
affected by changes such as sea-level rise, exposure defines the nature and amount 
to which a system is exposed to climate change, while adaptive capacity describes 
each system's stability in the face of change. Collectively, sensitivity, exposure 
and adaptive capacity determine each system's vulnerability to sea-level rise and 
other drivers of change. 

2  The NAO Index measures the difference in barometric pressure between the Azores and 
Iceland. It indicates the direction and strength of atmospheric flow across northwest 
Europe, especially in winter. 
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Fig. 3. A conceptual framework for coastal impact and vulnerability assessment of sea-
level rise (adapted from Klein and Nicholls 1999) 

Both systems are dynamic and adapt to change (e.g. Smit et al. 2001). Autonomous 
adaptation represents the spontaneous adaptive response to sea-level rise (e.g. in-
creased vertical accretion of coastal wetlands within the natural system, or market 
price adjustments within the socio-economic system).  Autonomous processes are 
often ignored by coastal management, and yet have a significant influence on the 
magnitude of many impacts. Further, natural autonomous processes may be reduced 
by human-induced, non-climatic stresses (Bijlsma et al. 1996). Planned adaptation,
which must emerge from the socio-economic system, can serve to reduce vulnerabil-
ity by a range of measures, which are discussed in more detail later in this chapter.  

Dynamic interaction occurs between the natural and socio-economic systems in 
the coastal zone, including the natural system impacts on the socio-economic system 
and planned adaptation by the socio-economic system influencing the natural sys-
tem. This results in  the natural and socio-economic systems interacting in a com-
plex and poorly understood manner, which can only be fully understood via inte-
grated assessment. Importantly, adaptation normally acts to reduce the magnitude of 
the potential impacts that would occur in its absence3. Hence, actual impacts are 
normally much less than the potential impacts that are estimated in the absence of 
adaptation. Hence, impact assessments that do not take adaptation into account will 
generally overestimate impacts (determining potential rather than actual impacts). 

3  Adaptation that increases potential impacts and vulnerability is termed maladaptation 
(Smit et al. 2001). 
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Impacts of sea-level rise 

The most significant biogeophysical effects of sea-level rise are summarised in 
Table 2, including relevant interacting climate and non-climate stresses. 

Table 2. The main effects of relative sea-level rise, including relevant interacting factors 
(adapted from Nicholls (2002). Some factors (e.g. sediment supply) appear twice as they 
may be influenced both by climate and non-climate factors 

Other relevant factors Biogeophysical effect 
Climate Non-climate 

Surge 
(open coast) 

Wave and storm cli-
mate, morphological 
change, sediment sup-
ply

Sediment supply, flood man-
agement, morphological 
change, land claim 

Inunda-
tion, flood 
and storm 
damage 

Backwater ef-
fect (river) 

Run-off Catchment management and 
land use 

Wetland loss (and change)  CO2 fertilisation 
Sediment supply 

Sediment supply, migration 
space, direct destruction 

Direct effect 
(open coast) 

Erosion  

Indirect effect 
(near inlets) 

Sediment supply, wave 
and storm climate 

Sediment supply 

Surface Wa-
ters 

Run-off Catchment management and 
land use 

Saltwater 
Intrusion 

Ground-water Rainfall Land use, aquifer use 
Rising water tables/ im-
peded drainage 

Rainfall Land use, aquifer use 

Most of these impacts are broadly linear functions of sea-level rise, although some 
effects such as wetland loss show a threshold response and are more sensitive to 
the rate of sea-level rise, rather than the absolute change. Some responses are in-
stantaneous, such as an increase in risk of flooding, while others such as erosion 
lag behind sea-level rise. Most existing studies have focused on one or more of the 
first three factors in Table 2: (1) inundation, flood and storm damage, (2) erosion 
and (3) wetland loss (Nicholls, 1995). Hence, most assessments of the biophysical 
impacts of sea-level rise are incomplete. These studies often make simple assump-
tions, such as wetlands being submerged as sea levels rise with no consideration of 
their possible responses (see Viles and Spencer 1995). Hence the studies are as-
sessing exposure and aspects of sensitivity, and largely ignoring adaptive capacity. 
In addition, the non-climate stresses identified in Figure 3 and Table 2 are often 
ignored. 

The natural-system effects of sea-level rise in Table 2 have a range of potential 
socio-economic impacts, including the following identified by McLean et al. 
(2001): 

• Increased loss of property and coastal habitats; 
• Increased flood risk and potential loss of life; 
• Damage to coastal protection works and other infrastructure; 
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• Loss of renewable and subsistence resources; 
• Loss of tourism, recreation, and transportation functions; 
• Loss of non-monetary cultural resources and values; 
• Impacts on agriculture and aquaculture through decline in soil and water qual-

ity. 

The indirect impacts of sea-level rise are more difficult to analyse, but they have 
the potential to be important in many sectors, such as human health, fisheries, and 
nature conservation. Europe supports internationally significant numbers of shore-
birds, especially in the winter. Shorebird numbers depend on intertidal areas, so 
sea-level rise could reduce the carrying capacity for these shorebirds. Human mi-
gration is another possible consequence of sea-level rise if coastal areas are aban-
doned or degraded. Forced migration is unlikely in Europe, but sea-level rise 
could generate migrants to Europe from other parts of the world. Hence, sea-level 
rise could produce a cascade of impacts through the coastal system, although 
analysis to date has focussed mainly on the direct impacts. 

The impacts of sea-level rise have been investigated in a range of policy-
driven sub-national, national and regional/global case studies (e.g. Nicholls and 
Mimura 1998, de la Vega-Leinert et al. 2000), as well as in more science-
orientated studies which examine the biophysical processes of sea-level rise and 
their linkages (e.g. Cahoon et al. 1999, Capobianco et al. 1999). A range of socio-
economic analyses have also been undertaken (e.g. Fankhauser 1995a, Tol 2002a 
2002b). While these studies are policy relevant as they discuss issues such as the 
costs of sea-level rise in monetary terms, they are also experimental in terms of 
exploring the coupled natural and socio-economic dynamics of the coastal zone 
(see Figure 3). Most of the policy-driven studies have been relevant to national to 
international  issues, especially reducing greenhouse gas emissions. They are less 
useful when adaptation and coastal management are considered, due to their broad 
scale. 

Possible impacts of climate change on Europe’s coastal areas 

In global terms, Europe appears much less threatened by sea-level rise than many de-
veloping country regions (e.g. Nicholls 2003). However, coastal ecosystems do appear 
to be threatened, especially those on the Baltic, Mediterranean and Black Seas. In the 
worst case, these habitats could be severely reduced or eliminated during the 21st Cen-
tury. This is due to the low tidal range in these areas, and the limited scope for onshore 
migration due to the intense human use of the coastal zone.  

Most national-scale assessments in Europe comprise semi-quantitative analyses 
and/or inventories of the potential impacts of sea-level rise, with limited consideration 
of adaptation (Nicholls and Mimura 1998, Nicholls and de la Vega-Leinert 2004). As 
one might expect, low-lying coastal areas are most sensitive to sea-level rise, such as 
the large coastal lowlands bordering the North Sea. Figure 1 indicates the coastal 
plains and lowlands, estuaries and deltas that are threatened around Europe, as well as 
selected low-lying cities and areas of historical/cultural significance. The most com-
mon scenario has been a 1 m rise imposed on the present socio-economic situation 
(e.g. Table 3), so results over-emphasise the impacts of sea-level rise over other 
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change factors. However, the results do confirm what has already been stated about the 
importance of the coastal zone in Europe. Table 3 suggests that >13 million people 
could be affected by flooding given a rise in sea level, just considering five countries. 
However, the national results vary between countries, with the Netherlands having the 
highest potential human impacts, and Poland and Estonia the lowest (Table 3). 

Coastal wetlands and intertidal habitats also appear highly threatened in national 
and sub-national studies (Table 3), although their capacity to respond to sea-level rise 
requires more assessment as already discussed. Given that increased protection of hu-
man activities in coastal areas is a likely response to climate change and variability, 
these potential impacts combined with coastal squeeze are an important long-term 
challenge to coastal management in Europe. As discussed later, managed realignment 
of flood defences and ‘depolderisation’ is being seriously evaluated, including trials, in 
parts of Europe (Goeldner 1999, Goeldner-Gianella 2001, Rupp and Nicholls 2003). 
There are often sufficient sites of land claim to maintain the current stock of saltmarsh 
and other intertidal habitat, but at the cost of extensive areas of freshwater coastal graz-
ing marsh of significance to nature conservation which have developed on the land 
claim areas (e.g. Watkinson et al. 2003). Thus, there are again trade-offs to consider 
with this policy. 

In terms of adaptation, these studies have usually made simple assumptions that are 
consistent with the inventory approach, such as application of a uniform national re-
sponse (Table 3). These studies show that the poorer countries in Europe face the larg-
est relative burden of adaptation costs: Poland has higher relative adaptation costs than 
The Netherlands, despite the potential impacts being at least an order of magnitude 
lower. However, the adaptation process and the capacity of the coastal communities to 
adapt have not been evaluated. Thus, while we can be confident that Europe can afford 
significant levels of adaptation, we are much less clear what would be most appropri-
ate. In the UK, an integrated assessment of future flooding concluded that coastal areas 
will become relatively more threatened by flooding relative to inland areas (Evans, 
2003). This reflects the effect of sea-level rise and suggests that in national terms, 
coastal adaptation will be essential and this will require more resources relative to pre-
sent management costs. This result will likely be relevant in neighbouring European 
countries. 

One important result of significance to coastal management is the importance of the 
scale of assessment. Sterr (2004) has investigated the vulnerability of Germany to sea-
level rise, at national, state (Schleswig-Holstein) and case studies (within Schleswig-
Holstein) levels. As the scale of study increases, so the size of the hazard zones de-
clined due to the use of higher resolution data. However, the potential impacts do not 
change significantly as the human values remain concentrated in the (smaller) hazard 
zones. Turner et al. (1995) examined the optimum response to sea-level rise in East 
Anglia, UK, using cost-benefit analysis. At the regional scale, it was worth protecting 
the entire coast. In contrast, at the scale of individual flood compartments, 20% of 
flood compartments should be abandoned, even for the present rates of sea-level rise. 
This conclusion is consistent with current trends in coastal management policy for this 
region. This shows that realistic assessment of adaptation options requires quite de-
tailed analysis to capture the potential variation in responses within a region, rather 
than assuming a uniform adaptation response. 
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Responding to climate change 

Given the potential impacts in Europe identified in the previous sections, some re-
sponse to climate change is prudent. To date, the European Union’s response to 
climate change has stressed policies to reduce greenhouse gas emissions (usually 
termed mitigation within the climate change debate). While the authors support 
this policy, it has become increasingly apparent that it needs to be augmented by 
adaptation to the inevitable climate change (Parry et al. 1998, Metz et al. 2002). 
Given the strong commitment to sea-level rise, in coastal areas this need for adap-
tation is greatest and will continue for centuries (Lowe and Nicholls 2004). This 
commitment to coastal adaptation needs to be built into long-term coastal man-
agement policy. However, while there is consensus on the need for mitigation 
across the European Union, proactive adaptation across Europe’s coasts is much 
more patchy and variable. The SURVAS Project found that concern about sea-
level rise, including the level of preparation varied greatly around Europe, a few 
northern countries are already preparing for accelerated sea-level rise, while many 
southern countries are ignoring observed 20th Century rise, let alone preparing for 
projected accelerated rise (Tol et al. 2004). 

Proactive adaptation to climate change is aimed at reducing a system’s vulner-
ability by either minimising risk or maximising adaptive capacity. Five generic 
objectives of proactive adaptation can be identified (Klein and Tol 1997, Klein 
2001), which are relevant to coastal zones: 

• Increasing robustness of infrastructural designs and long-term investments—
for example by extending the range of relevant climatic factors (e.g. still water 
level) that a system can withstand without failure and/or changing a system’s 
tolerance of loss or failure (e.g. by increasing economic reserves or insurance); 

• Increasing flexibility of vulnerable managed systems—for example by follow-
ing adaptive management approaches, which explicitly allow adjustments and 
learning, and/or reducing economic lifetimes (including increasing deprecia-
tion); 

• Enhancing adaptability of vulnerable natural systems—for example by reduc-
ing non-climatic stresses (e.g. reactivating natural sediment supplies) and/or 
removing barriers to migration (e.g. promoting managed realignment); 

• Reversing maladaptive trends— for example by introducing zoning regulation 
in vulnerable areas prone to repeated flood events that prohibits redevelopment 
after major damage; 

• Improving societal awareness and preparedness—for example by informing 
the public of the risks and possible consequences of climate change and/or set-
ting up disaster response and early-warning systems. 

For coastal zones another classification of three basic adaptation strategies is often 
used (IPCC CZMS 1990, Klein et al. 2001): 

• Protect—to reduce the risk of the event by decreasing the probability of its oc-
currence;

• Accommodate—to increase society’s ability to cope with the effects of the 
event;

• Retreat—to reduce the risk of the event by limiting its potential effects. 
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While each of these strategies are designed to protect human use of the coastal 
zone, if applied appropriately, they have different consequences for coastal eco-
systems. Retreat and accommodation avoid coastal squeeze as onshore migration 
of coastal ecosystems is not hindered. In contrast, protection will lead to a coastal 
squeeze, although this can be minimised using soft approaches to defence such as 
beach nourishment and sediment recycling. In terms of timing, accommodate and 
retreat are best implemented in a proactive manner, while protection can be both 
proactive or reactive. 

The recent shoreline management guidelines used in England and Wales and 
adapted for use in the Eurosion Project are also useful to consider as they are be-
ing applied at a national level (DEFRA 2001, Cooper et al. 2002), and potentially 
more widely across Europe. They comprise a set of proactive strategies for shore-
line management4. The original strategies were entirely geometric (MAFF et al. 
1995), but based on experience with the first generation of shoreline management 
plans, five strategies will be considered in the second generation plans, which are 
just commencing: 

• Hold the Line; 
• Advance the Line; 
• Managed Realignment; 
• Limited Intervention; 
• No Intervention. 

Figure 4 shows the linkages between these three sets of responses. The three 
coastal adaptation strategies roughly coincide with the first three of the five proac-
tive adaptation objectives. 

Fig. 4. Linkages between the different adaptation approaches discussed in the text 

4  Strategic management that addresses long-term responses to coastal flood and erosion 
hazards. 
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Protecting coastal zones against sea-level rise and other climatic changes would 
involve increasing the robustness of infrastructural designs and long-term invest-
ments such as seawalls and other coastal infrastructure. A strategy to accommo-
date sea-level rise could include increasing the flexibility of managed systems 
such as agriculture, tourism and human settlements in coastal zones. A retreat 
strategy would serve to enhance the adaptability of coastal wetlands, by allowing 
them space to migrate to higher land as sea level rises. The shoreline management 
options can also be mapped to these two approaches. Reversing maladaptive 
trends and improving societal awareness and preparedness are not explicitly ad-
dressed in the DEFRA (2001) guidelines. Managed realignment could be seen as 
reversing maladaptive trends for areas of land claim. It can also be argued that 
both approaches are addressed in other elements of shoreline management policy: 
project appraisal is now based on cost-benefit analysis, while flood warning and 
disaster preparedness are now central elements of flood management in England 
and Wales (see http://www.defra.gov.uk/environ/fcd/). However, it is striking that 
while the retreat strategy is now considered, the accommodation option is not con-
sidered, except in regard to warning systems. The authors are unaware of accom-
modation being applied anywhere in Europe, except locally. This contrasts with 
flood management in the USA, which use accommodation extensively, such as 
raising coastal buildings above surges and waves on deeply embedded pilings. 
This suggests that the feasibility of accommodation strategies should be evaluated 
more explicitly, especially within some of the more innovative approaches being 
advocated for future coastal development (e.g. Waterman et al. 1998).

Climate change and coastal management 

Integrated coastal zone management (ICZM) has been widely recognised and 
promoted as the most appropriate process to deal with these current and long-term 
coastal challenges, including climate change and sea-level rise. It is a proactive 
policy process to address resource-use conflicts, as well as find the balance be-
tween short-term economic and longer-term environmental interests. By consider-
ing short, medium and long-term interests, ICZM aims to achieve sustainable de-
velopment by stimulating economic development of coastal areas and resources, 
whilst reducing the degradation of their natural systems (Cicin-Sain 1993, 
WCC’93 1994, Ehler et al. 1997, Cicin-Sain and Knecht 1998).  Demonstrating 
that coastal management plans are sustainable is difficult. However, any sustain-
able plan must address the issue of climate change. Hence the effectiveness of 
how climate change and sea-level rise are considered in coastal management plans 
is one useful measure of commitment to integration and sustainability. ICZM has 
been endorsed as a integrated response to climate change by the Intergovernmen-
tal Panel on Climate Change (IPCC CZMS 1992, Bijlsma et al. 1996, McLean et 
al. 2001). The European Union are exploring ICZM via a demonstration pro-
gramme (European Commission, 1999a, 1999b) and an EU ICZM Recommenda-
tion was ratified in 2002 (see their website:  
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http://europa.eu.int/comm/environment/iczm/home.htm). National stocktaking is 
presently being conducted and this may ultimately result in an EU directive on 
ICZM. 

The responses to sea-level rise and climate change discussed in the previous 
section need to be implemented in this broader context of coastal management, 
and the responses need to be consistent with the wider objectives of coastal man-
agement (Klein et al. 1999, Klein 2003). Current pressures may have adversely af-
fected the coastal ecosystem’s integrity and thereby its ability to cope with addi-
tional pressures such as climate change and sea-level rise. In Europe given its high 
level of development, large coastal populations, and high levels of interference 
with coastal systems this is a particularly significant factor. It can be argued that 
natural coastal buffers such as dunes and wetlands should be preserved and en-
hanced, as climate change indicates the value of this buffering capacity. Equally, 
improving shoreline management for non-climate change reasons will also have 
benefits in terms of responding to sea-level rise and climate change. This illus-
trates that when current coastal pressures are not adequately dealt with in the short 
term, coastal zones will become increasingly more vulnerable to the consequences 
of climate change and sea-level rise (WCC’93 1994). 

Adaptation to climate change in integrated coastal zone management  

In an integrated coastal policy that aims to address both climate and non-climate 
issues, the potential for conflict between development objectives and adaptation 
needs should be minimised. In view of the fact that coastal zones are usually host 
to a number of, often competing, sectoral activities, coastal zone management to 
date has been designed primarily to satisfy sectoral needs. Given the additional 
challenge of climate change in coastal zones, the purpose and design of coastal 
management will have to be revisited. In order to do so, it is important that all 
stakeholders—governments, universities and government-sponsored laboratories, 
the private sector, non-governmental organisations and local communities—are 
aware of the need to reduce coastal vulnerability to climate change. In addition, 
successful coastal management requires that the planning, design and implementa-
tion of adaptation technologies be based on the best available information as well 
as on the regular monitoring and evaluation of their performance. 

Accordingly, Klein et al. (1999, 2001) showed that effective and efficient 
coastal adaptation to climate change is not just a set of technical options. Rather, it 
can be conceptualised as a multi-stage and iterative process, involving four basic 
steps, within the wider frame of coastal management (Figure 5): 

1. Information development and awareness raising; 
2. Planning and design; 
3. Implementation; 
4. Monitoring and evaluation. 
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Fig. 5. Conceptual framework showing in the shaded area the iterative steps involved in 
coastal adaptation to climate variability and change (from Klein et al. 2001) 

Climate variability and/or climate change – together with other stresses on the 
coastal environment brought about by existing management practices – produce 
actual or potential impacts. These impacts trigger efforts of mitigation to remove 
the cause of the impacts or adaptation to modify the impacts. The process of adap-
tation is conditioned by policy criteria and coastal development objectives and in-
teracts with existing management practices.

Figure 5 is a schematic framework based on the long-term coastal management 
experiences in The Netherlands, the United Kingdom and Japan, with an emphasis 
on coastal protection. In each of these countries, management approaches have 
been adjusted over the past decades to reflect new insights and priorities, includ-
ing concerns about climate variability and, more recently, climate change. It is 
important to note that Figure 5 represents an idealised decision framework, which 
does not capture the multitude of actors involved in decision-making, the uncer-
tainty with which these actors are faced, the other interests they have or the 
institutional and political environments in which they operate. 

Given the uncertainty of climate change and the ability of our models to predict 
its impacts, monitoring and evaluation is fundamental. This will allow an adaptive 
management approach as we learn more about the problems of climate change, the 
tools and methods that we use to analyse them, and hence how to effectively man-
agement these issues (see National Research Council 1995, Willows and Connell 
2003, Tol et al. 2004, Mee this volume). 

Improving information on climate change 
for coastal zone management 

Coastal zone management requires more information on the possible impacts of 
climate change and the choices that are faced in responding to these threats. The 
variable response to the threats of climate change around Europe’s coasts identi-
fied by Tol et al. (2004) partly reflects this lack of information, as well as varia-
tion in the historical and 20th Century experiences of coastal hazards. This will re-
quire further vulnerability assessments with the specific purpose of improving 
coastal zone management and policy. Earlier assessments were often more focus-
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sed on broader needs than coastal management, so their results are of limited value 
to coastal policy makers. The detailed assessments that have been conducted in the 
Netherlands (Hekstra 1986, Stive et al. 1990, De Ronde 1993, Baarse et al. 1994, 
Peerbolte 1994, De Ruig 1998, Jacobs et al. 2000) and shoreline management in 
the UK (DEFRA 2001, Foresight Project on Flood and Coastal Defence, 
http://www.foresight.gov.uk) illustrate studies that are helping to improve coastal 
policy for climate and other long-term changes. Needs include understanding the 
impacts of sea-level rise and climate change in the context of the non-climate 
stresses (i.e. an analysis of multiple stresses), defining the options to respond to 
climate change and identifying when they might be best implemented. Positive 
benefits of climate change may also occur for some sectors such as coastal tourism 
(Maddison 2001), and these should be acknowledged and fully exploited. 
Some specific issues that might be addressed in future studies were identified at 
the SURVAS Overview Workshop (Nicholls and de la Vega-Leinert 2001). These 
reinforce some of the earlier remarks in this chapter. The main recommendations 
that are pertinent to the future direction of climate change and coastal management 
in Europe concern the conduct of future vulnerability assessments of coastal areas 
and are as follows: 

• Guided sensitivity analysis of coastal areas to the full plausible range of climate 
change can usefully proceed in parallel with developments in climate and re-
lated science. Scenarios of regional sea-level change and changes in storminess 
should be developed as promptly as possible (see Beersma et al. 2000); 

• It is important to place the impacts/adaptation needs of sea-level rise in a 
broader context of change and today’s coastal problems including consideration 
of: 
− Other climate change, including extreme events such as storms; 
− Non-climate environmental, land use and socio-economic changes. 

• Evaluate the full range of possible impacts, including the natural system and the 
socio-economic system, and the direct and the indirect impacts (which have of-
ten been ignored); 

• Consider impacts on the entire coastal zone, including the sub-tidal and inter-
tidal areas (mainly impacts on fisheries and ecosystems); 

• Identify ‘flagship’ impacts on cultural or natural sites (e.g. Venice or the 
Camargue, France) that are likely to attract widespread public concern and at-
tention; 

• Consider adaptation as a process rather than just a set of technical measures or 
fixes, as there may be important constraints on this process, and once a measure 
is implemented it requires monitoring; 

• Consider the timing of different adaptation measures, particularly identifying 
those that would be most effective if implemented in the near future;  

• Identify the constraints and barriers to adaptation, and how the capacity to 
adapt could be enhanced. 
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Conclusions and further work 

Some important conclusions concerning climate change and the long-term man-
agement of the European coastal zone are as follows: 
1. Climate change and variability are already an issue. During the 20th Century, 

sea levels have risen 10 to 20 cm around much of Europe’s coast, while storm 
frequency and track have shown significant interdecadal variability. These cli-
matic factors are already contributing to a range of problems, including increas-
ing flood risk, coastal erosion and coastal squeeze. However, the relative im-
portance of these historic influences on current problems could be better 
quantified; 

2. Future climate change is expected to be greater than historic experience. By 
2100, global-mean sea levels could be 9 to 88 cm higher than in 1990, while air 
and sea temperature will have risen significantly. Storm frequency and intensity 
may increase across northwest Europe and the large interdecadal variability is 
almost certain to continue; 

3. Potential impacts on human systems are significant. Of particular concern is 
increased flood risk and storm damage in low-lying coastal areas. While the 
North Sea coast presently has the largest exposure, the risk of flooding will in-
crease more around the Mediterranean, Black Sea and the southern Baltic, as-
suming no human adaptation. Storminess must also be considered; 

4. Intertidal habitats and ecosystems are also threatened. The Baltic, Mediterra-
nean and Black Sea coasts are most vulnerable to sea-level rise due to their low 
tidal range and in the worst case, intertidal ecosystems could be largely elimi-
nated in these areas by the 2080s. This is a major challenge for coastal man-
agement;

5. Coastal zones face many other pressures over the 21st Century. Profound socio-
economic and other changes will continue, although future trends are highly 
uncertain. This will interact with climate change, and exacerbate or ameliorate 
vulnerability to climate change; 

6. Actual impacts of climate change are highly uncertain. They will depend on the 
magnitude of climate and other change and the success of human adaptation to 
that change. Many of the impacts of sea-level rise and climate change could be 
avoided or managed effectively given appropriate proactive measures; 

7. There is conflict between sustaining coastal ecosystems and maintaining human 
coastal activity. The natural ecosystem response to rising sea levels is onshore 
migration, but this is stopped by fixed sea defences, producing coastal squeeze. 
Thus, there is a fundamental conflict between protecting socio-economic activ-
ity and sustaining the ecological functioning of the coastal zone in Europe un-
der rising sea levels. This conflict needs to be explicitly acknowledged and re-
solved by coastal management policy. It suggests a need for more soft 
protection, managed retreat, and possibly accommodation strategies; 

8. Global sea levels are likely to continue to rise for many centuries irrespective 
of future greenhouse gas emissions. Therefore, sea-level rise will remain an 
important issue for coastal management beyond the 21st Century. Coastal man-
agement and land use planning should prepare for these changes, recognising 
that there is a long-term ‘commitment to adapt to sea-level rise’. 
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Thus, climate change is a major challenge for coastal management through the 21st

Century and beyond. The scale of the challenge is significant as most available 
tools and methods are designed for more immediate local to sub-national prob-
lems. Strengthening our capacity for long-term coastal management is fundamen-
tal to our response to climate change and sea-level rise. Three issues require fur-
ther debate and investigation. 

First of all, protecting human use and sustaining the natural functioning of the 
coast: how can we most effectively marry these two often conflicting goals (espe-
cially given the long-term commitment to sea-level rise)? While near-universal 
protection of human activities could probably be provided, it is unlikely that this 
would be the preferred option. Finding better solutions needs to take account of 
coastal dynamics, which are often ignored in coastal management. For example, 
the EU Habitat and Birds Directives (SPAs and SACs) take a rather static view of 
existing coastal habitats, rather than encouraging a dynamic view of an evolving 
coastal landscape. Rather than preserving existing coastal sites, the focus could be 
on preserving and enhancing stocks of habitats, but accepting that their location is 
not fixed. This suggests the need for European scale assessment of coastal ecosys-
tems. 

Secondly, considering the available tools and methods for coastal management, 
what useful tools and methods exist for climate change issues and what new tools 
and methods are required to effectively manage the challenges of the 21st Century? 
While many useful tools and methods already exist, given the long-term implica-
tions of climate change, coastal policy and management requires new broad-scale 
integrated assessment and management tools across a range of scales: local, sub-
national (or regional), national and Europe. Assessments at each of these scales 
will provide useful information to coastal zone management, and if the studies are 
consistent across the scales, they will allow nesting of the results, maximising 
their use for policy purposes (e.g. Hall et al. 2003, Polsky et al. 2003). Long-term 
coastal morphological evolution is an issue that requires particular attention (e.g. 
Capobianco et al. 1999, De Vriend and Hulscher 2003), as our predictive capabil-
ity remains quite low, and morphological change influences all other impacts. Dy-
namic approaches to coastal management also require long-term morphological 
predictions. It is noteworthy that studies at the European scale are quite limited 
and often semi-quantitative or qualitative. Possible approaches include combining 
European-scale assessments such as Eurosion (http://www.eurosion.org) with 
global-scale integrated assessment models such as DINAS-COAST 
(http://www.dinas-coast.net), or the more detailed Tyndall Centre Regional 
Coastal Simulator (http://www.tyndall.ac.uk). However, there are a number of 
constraints on such integrated model development, including defining the inte-
grated frameworks and appropriate constituent models, as well as identifying the 
necessary data and scenarios to implement them. Data at broad scales is often 
rather limited and of variable quality: data on socio-economic and institutional as-
pects is particularly weak. 

Thirdly, what is the appropriate role of proactive versus reactive (wait and see) 
adaptation policies in long-term management of the coastal zone, and how can 
proactive approaches be best facilitated? Changing climate and socio-economic 
conditions presents both opportunities and threats to future coastal developments – 
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we could develop strategic proactive policies that effectively manage the threats 
and also fully exploit the opportunities, or conversely, we could ignore the issue 
which will maximise our vulnerability to climate change and sea-level rise. A re-
cent European survey suggests the latter approach is presently the norm (Tol et al. 
2004). The European scale assessments discussed in the previous points could 
play a role in facilitating debate about coastal adaptation policy, and encourage 
further investigation via more detailed studies. 
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Assessment and monitoring requirements 
for the adaptive management 
of Europe’s regional seas 

Laurence D. Mee1

Abstract 

The continued decline in Europe’s coastal and marine ecosystems poses a major 
challenge to policymakers and enforcers. Adoption of the ‘ecosystem approach’ 
offers an opportunity to develop more integrated policies within rational system 
boundaries. However, policymakers often express concern regarding how this ap-
proach should be delivered. An adaptive management scheme is offered that 
works towards publicly understandable ecological quality objectives in steps that 
are within pragmatic political timeframes. The scheme must be accompanied by 
monitoring of relevant system indicators if it is to be effective. It is currently being 
tested in several projects sponsored by the Global Environment Facility, including 
the Black Sea Environmental Programme. 

Introduction

There is growing evidence that Europe’s marine and coastal systems are suffering 
widespread and significant degradation. Marine and coastal systems are inherently 
complex and often display non-linearity between socio-economic pressures and 
resulting state changes. Past management has been (and in many places continues 
to be) predominantly reactive in nature. Furthermore, the governance of marine 
areas remains very fragmented, both between countries and sectors, nationally and 
internationally. The environment of European Seas and their fisheries are often 
managed independently of one another and, until recently, little regard has been 
given to the state of the marine environment in the process of economic develop-
ment of terrestrial catchment areas. Though evidence-based management is likely 

1  Correspondence to Laurence Mee: l.mee@plymouth.ac.uk  
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to remain the predominant paradigm for marine and coastal areas, there is growing 
acceptance of the ecosystem approach and a more precautionary approach to deci-
sion-making. The current paper examines adaptive management as a means to de-
liver the ecosystem approach and focuses on the assessment and monitoring re-
quirements of an effective adaptive management strategy. 

Emerging concepts and policy drivers 

The ecosystem approach 

A useful working definition of the ecosystem approach has been developed by the 
Convention on Biological Diversity (CBD 1998): “The ecosystem approach is 
based on the application of appropriate scientific methodologies focused on levels 
of biological organization which encompass the essential processes and interac-
tions amongst organisms and their environment. The ecosystem approach recog-
nizes that humans are an integral component of ecosystems.” 

The ecosystem approach has the following key features: 

• Management objectives as societal choice; 
• Management decentralised and multi-sectoral; 
• Appropriate temporal and spatial scale; 
• Conservation of ecosystem function and resilience; 
• Appropriate balance between conservation and use; 
• Management within system limits; 
• The outward vision (respect interconnectedness) and long-term vision (change 

is inevitable); 
• Broad use of knowledge, scientific and traditional; 
• Incorporation of economic considerations (costs and benefits, removal of exter-

nalities, etc.); 

The European Water Framework Directive (EC 2000) has the potential of deliver-
ing the ecosystem approach as it defines systems within natural boundaries 
(catchments or ‘river basin districts’) rather than political ones. From the perspec-
tive of Europe’s seas however, its value is limited to the coastal zone since it sets 
marine boundaries at one nautical mile from the coast. For this reason, the Euro-
pean Commission has recently announced (EC 2002) the development of a ‘Strat-
egy to Protect and Conserve the Marine Environment’. This embraces the ecosys-
tem approach and sets boundaries that correspond with the current European seas 
Conventions (Baltic, NE Atlantic, Mediterranean, Black Sea). 

Adaptive management 

Adaptive management, originally termed “adaptive environmental assessment and 
management”, (Holling 1978) recognizes the need to experiment with complex sys-
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tems in order to learn from them. Within this paradigm, it is recognised that the level 
of scientific uncertainties in natural systems are often too great to permit long-term 
management decisions based upon conceptual modelling or knowledge of a limited 
part of the system. Sometimes described as ‘learning by doing’ (Walters 1997), 
adaptive management employs the best available multi-disciplinary knowledge to 
construct a dynamic conceptual model to examine scenarios for how the system 
might behave under different management regimes. It then encourages managers to 
adopt the most favourable pathway for a limited period; closely observing the out-
come through carefully focused monitoring. At the end of this initial learning period, 
the model can be further refined and new management objectives set. 

Adaptive management offers a practical means of integrating knowledge over so-
cial and economic as well as ecological scales (Walker et al. 2002). It can accom-
modate unexpected events by encouraging approaches that build system resilience. 
Despite these advantages however, its explicit application has been rather limited 
and many attempts at application resulted in disappointment. McLain and Lee 
(1996) have attributed this to excessive reliance on linear systems models and the 
lack of attention to non-scientific knowledge and knowledge-sharing policy proc-
esses (insufficient stakeholder consultation and buy-in). Managers that are presently 
working in a command-control situation may also have difficulties coming to terms 
with the more flexible adaptive approach with its relatively large monitoring re-
quirement. Despite these initial difficulties, adaptive management is gradually be-
coming accepted as a valuable tool for delivering the ecosystem approach. 

An adaptive management strategy for European seas 

Conceptual model of the strategy 

A strategy for applying adaptive management to marine systems is illustrated in 
Figure 1. This strategy is currently being tested in a number of GEF transboundary 
waters projects (including the Black Sea) and its application in the Baltic is also 
being studied. Its components will be briefly described below: 

Component 1: Initial assessment 

The purpose of the initial assessment is to: 

• Gather relevant information;  
• Convert available data into objective information in order to define the nature 

and impact of the environmental problem and to establish priorities for further 
action; 

• Add value to historical data through new interpretations; 
• Make complex information available to a wide range of stakeholders in an un-

derstandable form. 
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Fig. 1. Schematic diagram of a strategy for adaptive management in marine systems (see 
text for details) 

Fig. 2. Modified D-P-S-I-R model used for causality studies and scenario building 

The assessment begins with a rather simple scoping study that can be conducted 
through a facilitated dialogue with stakeholders (including scientists) and a Delphi 
exercise to assess priorities based upon the severity of impacts. Scores for both 
ecosystem impacts and socio-economic impacts can be used applying agreed pre-
defined criteria (Mee and Bloxham 2002). Available baseline data (see Hilborn 
and Walters 1981) helps to distinguish between natural and anthropogenic 
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changes. A scaling exercise also takes place to define the problem-specific system 
boundaries (spatial and temporal). 

Research is conducted on causality using the Drivers – Pressures – State 
changes - socio-economic Impacts – Responses model (Turner et al. 1998), modi-
fied to consider institutional barriers to change (see Figure 2). It is often conven-
ient to conduct the analysis by building causal chains by successively answering 
the question “what is the cause?” starting from the state change itself and working 
backwards to the socio-economic drivers (or ‘root causes’). An analysis of gov-
ernance (including laws, institutions, finance, public participation) provides in-
formation on the barriers that must be overcome in order to develop effective pol-
icy responses. Application of the DPSIR model helps to define scenarios upon 
which to plan management decisions. 

Component 2: The definition of ecological quality objectives
and state change indicators 

The EcoQOs can be regarded as a statement of ‘vision’ of how the stakeholders 
would like to see the state of the system in the future. They provide the long-term 
goal for adaptive management. The objectives however, are themselves based on 
human values and as functional participants in the ecosystem, we cannot be out-
side observers. As information, knowledge and wisdom grow, the EcoQOs them-
selves will tend to change and the adaptive management model has to be flexible 
enough to allow this to happen. 

EcoQOs should be measurable environmental status goals that are clearly un-
derstandable by a wide range of stakeholders. They should be discussed with the 
stakeholders and where possible, developed with their full participation. They 
should also reflect key attributes of the system that can be quantified and they are 
often (but not always) set against a baseline clearly established in the initial as-
sessment. 

Examples of such EcoQOs, defined in the North Sea Ministerial Declaration 
process (NSMD 2002) are illustrated in Table 1. The important feature of the 
North Sea EcoQOs is that on one hand they address public concerns but on the 
other, lead to a cascade of technical requirements for policy actions, indicators and 
monitoring. This contrasts sharply with the ‘blanket monitoring’ approach of the 
1970s and 1980s that tended to result in large databases that were difficult to use 
in a dynamic way. 

Having developed EcoQOs, one of the major current challenges is to find ro-
bust system indicators, particularly those of emergent properties of the system 
(rather than measures of its consistent components). Such indicators have occa-
sionally been described as measures of ecosystem ‘health’ (Schaeffer et al. 1988, 
an ‘arcane’ concept according to Ryder 1990). 

The development of indicators for problems with multiple consequences is par-
ticularly difficult. This will be illustrated for the cases of eutrophication and 
chemical pollution. 
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Table 1. Examples of EcoQOs developed as part of the North Sea Ministerial Conference 
process 

Quality element EcoQO 

Seal population trends on the North 
Sea 

No decline in population size or pup produc-
tion of  >10% over a period of up to 10 years 

Proportion of oiled common Guille-
mots among those found dead or dying 
on beaches 

The proportion of such birds should be 10% 
or less of the total found dead or dying, in all 
areas of the North Sea 

Changes/kills in zoobenthos in relation 
to eutrophication 

There should be no kills in benthic animal 
species as a result of oxygen deficiency 
and/or toxic phytoplankton species 

An example of a suite of potential system indicators is illustrated for the case of 
eutrophication in Figure 3. The figure illustrates indicators based upon pressure 
(nutrient loadings), trophic effects and catastrophic state changes. The pressure in-
dicators are poorly specific (and cannot be employed in isolation or without a sys-
tem model) but are potentially able to provide an early warning of the phenome-
non. Trophic effect indicators on the other hand may also provide an ‘early 
warning’ but are slightly more specific, especially when several tools are used to-
gether. Indicators such as diatoms/non-diatom ratio and fodder/non-fodder zoo-
plankton ratios are based on emergent system properties and reflect the inability of 
the system to deal with excess primary production. Finally, indicators of hypoxia, 
decreased demersal fish catch and benthic mass mortality reflect catastrophic state 
change; a stepwise loss in system resilience (Scheffer et al. 2001). These are the 
most commonly used indicators of eutrophication but unfortunately provide in-
formation too late for response. 

System indicators

• Benthic mass mortality

• Pelagic/demersal fish catch

• Benthic hypoxia

• Trophic Transfer efficiency

• Fodder/non-fodder 
zooplankton

• Diatoms/non-diatoms

• Chlorophyll (satellite)

• Ratio of new/regenerated 
nutrients

• Winter nutrient stock

• Land-based discharge loads
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Fig. 3. A suite of indicators that can be applied for evaluating the impact of eutrophication 
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A similar situation arises with other indicators of state change. Pollution for ex-
ample is often detected by mortality. Early warning indicators have been devised 
such as molecular biomarkers that reflect damage to individual cells by specific 
groups of pollutants but may be difficult to relate to community level changes. On 
the other hand, community health indicators are not very specific for individual 
pollutants. It is necessary for biologists to reconcile themselves to the unlikeliness 
of encountering ‘magic bullet’ indicators for most pollutants and a suite of meas-
urements is normally needed. To date however, most chemical pollution studies 
still focus on the concentrations of substances known to pollute but our capacity to 
detect potential effects of thousands of unmeasured compounds and degradation 
products remains very limited (Mee and Bloxham 2002). This reactive approach 
introduces a potentially dangerous time lag between the introduction of a new pol-
lutant and its inclusion in a statutory monitoring programme. Clearly more work is 
needed to find viable alternative indicators or to convince national agencies to 
employ those that already exist. 

Component 3: Operational objectives and their indicators 

Operational objectives are used to define the pragmatic steps towards achieving 
agreed EcoQOs. They are best devised through a stepwise process that starts with 
a facilitated ‘brainstorming’ activity between relevant stakeholders (McCreary et 
al. 2001). This activity seeks to examine all practical options for achieving the 
EcoQOs and the most promising options are submitted to feasibility studies. The 
options should not be limited to the ‘technical quick-fix’ but should include meas-
ures to address the problems as close as possible to their social and economic root 
causes. Actions nearer the root causes are more likely to be lead to sustainable 
change but are often less politically palatable. The improvement of intersectoral 
cooperation, capacity building, environmental education and more effective com-
pliance with existing regulations, may prove to be more effective than end-of-pipe 
engineering in many circumstances. 

Ultimately, the decision on which of the available options will be pursued is a 
political one. Sound advice will inevitably be tempered by political pragmatism. 
Whatever the outcome (assuming that it represents a step towards the EcoQO) it 
will require clear short-term objectives and appropriate indicators. The objective 
might for example, consist of an agreement to reduce an input to the system by a 
fixed percentage over a well defined timeframe (e.g. to decrease nitrate loads by 
20%). This of course assumes a reliable baseline and a monitoring programme to 
test compliance. A decision to set such an objective is in itself an adaptive man-
agement experiment where the outcome must be carefully evaluated before mov-
ing forwards. A description of appropriate objectives and indicators is beyond the 
scope of the present article. However, the indicators would often refer to the re-
duction of pressures (or in some cases socio-economic drivers) in the DPSIR 
scheme. They may also include project performance indicators (management indi-
cators demonstrating how efficiently a project is delivered). 
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Component 4: Monitoring schemes and feed-back mechanisms 

In the present article, I have stressed the importance of monitoring within the 
adaptive management framework. The monitoring scheme should be clearly fo-
cussed on relevant system indicators. Those related to the EcoQOs constitute the 
basis of ‘status and trends’ reports that inform periodic assessments. These, in 
turn, lead to new or revised EcoQOs. The periodicity of the revision process 
would typically be about ten years; systems tend to recover quite slowly from a 
reduction in human pressure. This cycle has been termed the ‘slow feedback loop’ 
in Figure 1. Unfortunately, this frequency is well below that of most political 
processes (e.g. elections to legislatures) and this always presents a major challenge 
for the delivery of sustainable development. 

The indicators for compliance with operational objectives are also monitored 
on a regular basis. However, the frequency of measurement should be much 
higher as rapid change would be anticipated. Indeed, part of the political pragma-
tism used when setting operational objectives is to ensure that they can be 
achieved within a project cycle of 3-5 years. Thus a rapid feedback loop emerges 
(see Figure 1) and new objectives can be set within the normal term of office of a 
public official (enabling greater ‘ownership’ of the process). 

Practical application of the adaptive management scheme 

At this point, the obvious question is whether or not the interpretation of adap-
tive management presented here has been applied in a practical situation in 
European seas. Certainly, the development of EcoQOs is a major ongoing ac-
tivity within the North Sea Ministerial Conference process and in the context 
of the Helsinki Convention. A major test of the process underway in the Black 
Sea will be described in more detail. 

The benthic ecosystem of the North-western shelf of the Black Sea has al-
ready suffered catastrophic change as a result of eutrophication (Mee 1992). It 
receives the combined discharges of Europe’s second (Danube) and third 
(Dnipro) rivers, draining a huge agricultural area covering 13 countries. Dur-
ing the ‘green revolution’ that began in the 1960’s, massive increases in fertil-
izer use and intensive animal husbandry led to the discharge of large loads of 
nutrients to the Black Sea. This situation resulted in eutrophication, eventually 
leading to the collapse of vast red algal (Phyllophora) beds on the shelf. The 
disappearance of this keystone species led to the demise of the benthic system 
and its replacement by a seasonally hypoxic pelagic system. Following the 
collapse of centrally planned economies in Eastern Europe at the beginning of 
the 1990s, farmers were unable to apply large quantities of fertilizers, inten-
sive animal farms closed and nutrient loads to the Black Sea gradually sub-
sided. 

The collapse of the benthic system on the North-western shelf was precipi-
tous, beginning in the early 1970s. By 1990, the entire Phyllophora bed had 
disappeared. At the same time, summer hypoxia resulted in the creation of a 
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‘dead zone’ that gradually increased in size reaching a maximum in the late 
1980s. The onset of hypoxia in 1973 corresponded with a nitrate fertilizer 
loading to the drainage basin of about 1.5M tons/yr (Mee 2001). By 1996, ni-
trate loads had decreased to about the same level and there were no reports of 
a ‘dead zone’ for that year. In 2001, an exceptionally stable, warm summer 
and high river levels increased the seasonal nutrient runoff again and hypoxic 
conditions returned. 

The situation described above is presented diagrammatically in Figure 4. 
This illustrates the catastrophic collapse of the benthic system. The recent de-
crease in hypoxia has not been mirrored by a return of Phyllophora however. 
The new predominantly pelagic system is also resilient to change and it is dif-
ficult to predict when and if the benthic system will be re-established. 

Fig. 4. The hysteresis effect on the Black Sea NW Shelf benthic system (conceptual model 
based on data in Mee 2001). Ft is the threshold point where collapse of the system began 

In order to overcome the problem of eutrophication in the Black Sea, the coastal 
countries developed measures based upon the adaptive management paradigm. 
The ‘vision statement’ adopted was as follows: “The long-term goal in the wider 
Black Sea Basin is to take measures to reduce the loads of nutrients and hazardous 
substances discharged to such levels necessary to permit Black Sea ecosystems to 
recover to conditions similar to those observed in the 1960s.” 

Fortunately, data on the system in the 1960s is relatively abundant and it will be 
possible to develop a number of indicators to support this aspirational goal. The 
operational objective describes short-term targets: “As an intermediate goal, ur-
gent measures should be taken in the wider Black Sea Basin in order to avoid that 
the loads of nutrients and hazardous substances discharged into the Seas exceed 
those that existed in the mid 1990s. (These discharges are only incompletely 
known.)” 
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Clearly from Figure 4, it is unsure whether or not this objective will be sufficient 
to return the system to its former state. However, the task of maintaining the rela-
tively low nutrient loads of the mid-90s will not be an easy one, given the enor-
mous pressure for renewed growth of the agricultural sector in Eastern Europe. 
The governments have set a six year target for revision of this objective and re-
search monitoring has already begun to provide a better information base for set-
ting new objectives in 2006. 

Conclusion

This paper argues that adaptive management can provide a mechanism for deliver-
ing the ecosystem approach in Europe’s regional seas. In order to do so however, 
an entirely new approach to monitoring will also be required. Emphasis must be 
on measuring the dynamic processes that characterise an ecosystem and on devel-
oping robust indicators that can be understood by a wide range of stakeholders. 
The approach described can be applied to a wide range of systems from river ba-
sins and enclosed seas to open sea areas. It is currently being tested in a number of 
projects supported by the Global Environment Facility, including its intervention 
in the Black Sea. 
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Abstract 

The effects of climate change on economic development in the coastal zone can-
not be ignored in future coastal zone management plans. This chapter reports the 
outcome of the group discussion centred round the three questions posed by 
Nicholls and Klein on how the coastal zone can be effectively managed in the fu-
ture. The first question asked how we can marry together the human and natural 
values of a system in the upcoming decades. The results of the discussion high-
lighted the utility of using scenarios to obtain good management plans that take 
into account the three provisions of human safety, economic development and 
ecological integrity while still achieving a situation of sustainable development. 
The second question addressed the tools required to achieve these management 
goals and discusses the role of public participation and media communication. The 
third question asked what proactive strategies can be used to effectively manage 
the coastal zone in the 21st Century and an example of the Humber estuary man-
agement plan is given. It is proposed that a robust and flexible integrated coastal 
zone management plan is the only effective way to manage the coastal zone in a 
sustainable manner in the uncertain face of climate change. 
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Introduction

Coastal zones represent the narrow transitional zone between the world’s land and 
oceans, characterised by highly diverse ecosystems such as cliffs, beaches, dunes 
and wetlands. Many people have settled in coastal zones to take advantage of the 
range of opportunities for food production, transportation, recreation and other 
human activities provided here. A large part of the global human population now 
lives in coastal areas: estimates range from 20.6 per cent within 30 km of the sea 
to 37 per cent in the nearest 100 km to the coast (Cohen et al. 1997, see also Small 
and Nicholls 2003). In addition, a considerable portion of global economic wealth 
is generated in coastal zones (Turner et al. 1996). Many coastal locations exhibit a 
growth in population and income higher than their national averages (Carter 1988, 
WCC’93 1994), as well as substantial urbanisation (Nicholls 1995, Klein et al.
2002).

Natural climate variability is inherent in natural systems and it is upon this 
natural variability that human-induced climate change is overlain. Greenhouse gas 
concentrations have been growing since the Industrial Revolution and further-
more, it is expected that these gases will continue to increase in concentration in 
the atmosphere through the 21st century, although this change will depend on a 
range of factors (e.g., Nakicenovic and Swart 2000). This is turn will lead to 
global climate change and sea-level rise with important impacts across Europe and 
the world (Houghton et al. 2001, McCarthy et al. 2001, Parry 2000, Nicholls and 
Klein, this volume). Therefore, adaptation to climate change, whatever its cause, is 
necessary for the future well-being of ecological and human systems. Matters are 
also complicated by other social and economic changes that also place stress on 
the coastal system and may interact with the effects of climate change (Holligan 
and De Boois 1993, Klein and Nicholls 1999, IGBP-LOICZ 2003).  

Many of the effects of climate change, but by no means all, will present threats 
to the vulnerable coastal zone and also cause changes to both the inland catch-
ments and open sea. Possible effects of climate change on the coast zone include: 

• Changes in storm frequency and intensity, including surge tides; 
• Increases in mean sea level; 
• Changes in patterns of erosion and sedimentation;  
• Increased flood risks; 
• Increases in the temperature of land, air and water affecting the distribution of 

species, soil processes, etc; 
• Changes in rainfall and run-off patterns and hence the flow regimes of rivers 

draining to the sea, which may in turn affect nutrient inputs, the salinity regime 
of estuaries, mixing patterns and flood risks; 

• Changes in groundwater and saline intrusion; 
• Changes in wind direction and velocity, which could affect mixing patterns and 

flooding; 
• Changes in the distribution of human, animal and plant pathogens, and other 

health effects; 
• Damage to archaeological sites and the historic environment; 
• Changes in oceanic circulation patterns; 
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The effects of climate change and associated sea-level rise threaten economic sec-
tors to a varying extent. The following socio-economic impacts were identified by 
McLean et al. (2001): 

• Increased loss of property and coastal habitats; 
• Increased flood risk and potential loss of life; 
• Damage to coastal protection works and other infrastructure; 
• Loss of renewable and subsistence resources; 
• Loss of tourism, recreation, and transportation functions; 
• Loss of non-monetary cultural resources and values; 
• Impacts on agriculture and aquaculture through decline in soil and water qual-

ity. 

It must also be recognised that not only is the coastal zone and the economical de-
velopment therein impacted by climate change but that this economic develop-
ment can also impact upon climate change and so care must be taken not to exac-
erbate the problems now beginning to manifest in our coastal zones. Moreover, it 
should not be forgotten that although humans are the main driver of ecosystem 
change, they are also are part of the ecosystem itself. Therefore, the response to 
climate change in coastal areas should be a twin-track process (Nicholls and Lowe 
2004): 

• Reduce greenhouse gas emissions; 
• Adapt to the change that is inevitable. 

The mechanisms causing climate variation and the effects that climate change then 
will have on the coastal environment are still not fully understood. Likewise 
socio-economic trends are dependent on many factors, including political deci-
sions. The quantitative prediction of the future impacts on the coast in the longer-
term (say next 50 to 100 years) is consequently fraught with uncertainty. Nicholls 
and Klein (this volume) identified that while the European Union has taken a lead-
ing role in reducing greenhouse gas emissions, preparation for adapting to sea-
level rise and climate change in Europe’s coastal areas is much more patchy. In 
terms of encouraging and developing adaptation to the effects of climate change 
on the coastal zone, Nicholls and Klein (this volume) posed the following three 
questions, which the group explored: 

1. Protecting human use and sustaining the natural functioning of the coast: how 
can we most effectively marry these two often conflicting goals (especially 
given the long-term commitment to sea-level rise)? 

2. Considering the available tools and methods for coastal management, what use-
ful tools and methods exist for climate change issues and what new tools and 
methods are required to effectively manage the challenges of the 21st Century? 

3. What is the appropriate role of proactive versus reactive (wait and see) adapta-
tion policies in long-term management of the coastal zone, and how can proac-
tive approaches be best facilitated? 

The remainder of this paper summarises these discussions to provide suggestions 
on how to approach the management of the European coastal zone in the light of 
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inevitable but uncertain change. Section 2 discusses how to balance human values 
with the natural worth of a system and gives some suggestions about how we can 
achieve a balance between these two often opposing elements. The use of scenario 
development is proposed and an example of such an exercise is presented. This 
section also introduces the concept of management of a dynamic coastal environ-
ment. Section 3 covers the tools and mechanisms now available to help us effec-
tively manage the coastal zone. This section also presents the five priorities identi-
fied by the group as important requirements for the future management of the 
coastal zone. Section 4 addresses the role of proactive strategies and provides an 
example of a proactive management strategy now in place in the Humber basin, 
England. Finally, Section 5 provides some conclusions and proposes some future 
guidelines for more effectively managing the coastal zone in the future. 

Human values versus natural systems 

As discussed in Nicholls and Klein (this volume), there is a challenge to provide 
human safety and promote economic development without compromising ecologi-
cal integrity. Although, ecosystems contribute to human safety provision and eco-
nomic development, this contribution is often not quantified and therefore the 
benefits are not recognised in management. This is exacerbated by the lack of 
knowledge of the contribution of ecosystems to human welfare, such as the ability 
of salt marshes to reduce wave energy in coastal systems and their potential role as 
a natural buffer (Allen and Pye 1992, Allen 2000). 

In the past under ‘traditional development’, economic growth development and 
human safety concerns have usually taken precedence over the preservation of 
ecological integrity, often resulting in a slow but steady decline in the environ-
ment and the services that it can provide (Figure 1). While the degree of loss of 
environmental integrity can be kept to a minimum in a future where there is a high 
degree of certainty of the effects of climate change on a system, this is not the case 
in a situation of low certainty. In such a scenario, the potential losses to the envi-
ronment are large and may increase with the pace of economic development. In 
contrast, if a policy of sustainable development is followed, the degree of loss of 
ecological integrity is less and should be minimised, particularly in the situations 
where there is a high degree of certainty of the climate impacts. Under the situa-
tion of low certainty, the potential range of loss or augmentation of ecological in-
tegrity is wider, but it is still higher than that of the traditional development strat-
egy, regardless of the level of economic development. This is also true for human 
safety, as ecological integrity maintains geomorphic features (beaches, salt 
marshes, etc.) that contribute to human safety, the third key point. 

In order to move towards a more sustainable development of Europe’s coasts, 
the group agreed that it is critical that (Figure 1): 

1. Adaptive management approaches be adopted in which we maximise the possi-
bility to ‘learn by doing’; 

2. Sustaining and enhancing natural buffers become a priority, rather than depend 
solely on artificial defences; 
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Fig. 1. A diagrammatic view of the evolution of human safety and ecological integrity with 
increasing levels of economic development under different development pathways and lev-
els of certainty. The hatched lines on the right indicate the shifts that occur moving from a 
traditional development pathway to a sustainable development pathway 

3. Strategic land use planning be implemented; 
4. Disaster preparedness is considered in addition to traditional defences, so that 

we are prepared for all eventualities.

Scenario-based analysis 

One way of addressing the three priorities of human safety, economic develop-
ment and ecological integrity, given the uncertainty of the future, is to develop 
scenarios to define the range of possible outcomes of various contrasting projec-
tions of future situations (e.g. Parry 2000, UNEP, 2002). These should include 
various combinations of economic development and the degree of change ex-
pected. The example of scenario-based analysis used by the group is described be-
low. 
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The context 

Imagine yourself in the position of scientific adviser to the newly established 
coastal zone management agency of a European deltaic country. This country has 
a heavily developed coastal zone, where agriculture, tourism and industry are the 
most important sectors. In addition, it has one of Europe’s largest ports, as well as 
valuable coastal habitats. More than half the country’s population and capital as-
sets can be found in the coastal zone. The newly established coastal management 
agency has the responsibility of developing and implementing a cost-effective in-
tegrated policy aimed at ensuring human safety, economic development and eco-
logical integrity. The agency uses a 50-year planning horizon; it is aware that 
socio-economic change and climate change over this period will present a chal-
lenge to addressing these three priorities, although there is uncertainty as to the na-
ture and magnitude of this challenge. 

The scenarios 

To allow for this uncertainty, the agency has developed three socio-economic sce-
narios and two climate scenarios, which provide six cases that you are asked to 
analyse. The scenarios can be summarised as follows: 

Socio-economic scenario I: The coastal population continues to grow at its current 
rate for the first ten years and then gradually stabilises. Economic growth contin-
ues at its current rate until 2050. The main economic sectors remain the same. 
Socio-economic scenario II: The coastal population and economy grow at signifi-
cantly higher rates than is currently the case, which is associated with large-scale 
investment in infrastructure, intensified agriculture and a sharp increase in tour-
ism. 
Socio-economic scenario III: Economic growth in the coast stalls and people 
move away from the coast. Agriculture continues whilst industrial activity and 
tourism diminish. A marine national park is established. 
Climate scenario A: Climate change will lead to a sea-level rise of 50 cm and an 
increase in summer precipitation of 20% by 2050. No other changes will occur. 
Climate scenario B: Climate change will lead to a sea-level rise of 50 cm by 2050. 
In addition, storminess, summer and winter precipitation and river runoff will 
change significantly, but the magnitude and direction of these changes are uncer-
tain. 

The exercise 

The group was divided up into three subgroups and each subgroup was asked to 
analyse two cases (one socio-economic scenario combined with the two climate 
scenarios) by answering the following questions: 

1. What will be the combined impacts of the projected socio-economic change 
and climate change on human safety, economic development and ecological in-
tegrity? 
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Table 1. The main priorities identified in the group’s scenario analysis 

 Socio-economic 
scenario I 

Socio-economic 
scenario II 

Socio-economic 
scenario III 

Human 
safety 

• Maintain safety 
standards 

• Adaptive manage-
ment constrained 
by need for emer-
gency planning 

• Hard engineering, 
high but affordable 
costs 

• Soft engineering in 
rural areas 

• Water buffer capac-
ity in catchment 

• Good flood fore-
casting and emer-
gency response 

• Limited to urban 
centres 

• Reduced safety stan-
dards in rural areas 

• Policy of managed 
retreat, enhancing 
natural buffers 

Economic 
develop-
ment 

• Uncertainty im-
pedes development

• Trade-off with eco-
logical integrity 

• Strong spatial plan-
ning

• Readjustment of ag-
riculture to in-
creased flood risk 

• Concentration in ur-
ban areas 

Ecological 
integrity 

• Threatened without 
management inter-
vention 

• Could contribute to 
safety but uncer-
tainty is large 

• Supports recreation 
and amenities 

• Spatially reduced 
• Uncertain opportu-

nities for wetland 
development 

• Opportunities for 
improvement 

• Risk of exposure to 
historic pollution 

2. Given the current state of scientific knowledge, what management strategies do 
you propose to address these impacts and ensure human safety, economic de-
velopment and ecological integrity? 

3. How can the current knowledge base for management be improved and what 
benefits will this bring in terms of ensuring human safety, economic develop-
ment and ecological integrity?  

4. What are the similarities and differences between these two cases and the other 
four?

The results of the exercise are presented in Table 1. 
In the situation of high development (socio-economic scenario I), the proposed 

strategy is to locate the high value assets in concentrated regions and protect those 
regions with hard defences at the cost of sacrificing some of soft defences (e.g. 
polders). By encouraging marshes to grow in front of the sea walls, some ecologi-
cal integrity can be maintained as well as providing a system of wave damping, 
but in this situation, it is clear that economic development and human safety are 
the first priorities at the cost of ecological integrity. Inland, upstream management 
practices such as the construction of above ground water storage and drainage sys-
tems that allow for controlled flow, as well as planning actions that are focussed 
towards tree planting and wetland development will increase the storage capacities 
in the watershed. These actions will augment the buffering capacity of the system 
and reduce the impacts of storms on the floodplains. One of the main differences 
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between a fairly certain future climate and an uncertain future climate is that the 
costs will be higher in the uncertain situation as a much more interventionist de-
sign will be required. However, the high economic growth in this scenario means 
that society can pay for this highly interventionist style of coastal management.

In the second scenario, the less wealthy economy requires that there is a man-
aged trade off between agriculture and ecological integrity. One strategy of deal-
ing with this is to raise dunes and dikes to dissipate wind and wave energy, 
thereby using natural systems to create barriers against the sea. This requires, as in 
the first scenario, more knowledge in terms of future storm characteristics and 
then the marriage of this with coastal engineering to provide a safe solution.  
In the third socio-economic scenario, that of lowest economic development but 
maintaining the highest ecological value, a widespread policy of managed retreat 
is proposed. This retreat would result in the reallocation of the populace into either 
urban areas or to regions above the flood line. The centralisation of population 
around urban areas of economic interest i.e. ports that are protected by hard de-
fences, will allow for a relaxation of protection in other areas. This will result in 
shifts in agricultural practices in the coastal regions towards the use of islands, 
refuges, and towards a flood-adapted agriculture (as might have been found in 
Europe several centuries or more ago). Thus a high degree of ecological integrity 
will be conserved and this will enhance natural buffers. This third scenario, where 
funds are limited to deal with sea defences, means that there is most need to accept 
that there will be a risk of flooding and that the magnitude of risk will be depend-
ant on the area characteristics.

The uncertainty in predictions of future situations means that any plan must be 
flexible. This means that the use of adaptive management strategies is imperative 
and therefore, more research on the behaviour of natural systems under climate 
change is essential. This can only be achieved by creating the knowledge base re-
quired to develop a more integrated understanding of functioning of the coastal 
zone. Furthermore, careful and controlled land use planning is critical to the suc-
cess of any of these plans and it is evident that any planning action also needs to 
be flexible enough to adapt to the changing future. The development of a rapid 
feedback system that allows for adaptability within management plans will 
achieve this goal, a goal that is even more important in situations with a high de-
gree of uncertainty where the degree of adaptability required is higher. Feedback 
systems need to be based on a rigorous monitoring, with an inbuilt feedback loop, 
which will allow for ‘learning from mistakes’. Related to this is the requirement 
for the development of an efficient flood forecasting and warning system, includ-
ing evacuation plans. 

Exercises like this can result in the development of a series of priorities that can 
be tailored to a particular combination of requirements, including economic de-
velopment, human safety and ecological integrity. The following types of priori-
ties can be put forward as management options that are linked to the needs and re-
sources of a particular situation (Table 1). By this means the scale of potential 
impacts can be evaluated and adaptation strategies identified that are flexible 
enough to deal with the outcomes of several scenarios. Thus, an insight is gained 
on a flexible way of accommodating uncertainty, as well as indicating future pol-
icy and research needs. 
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Managing the dynamic coast 

The concept of managing a dynamic coast is inherent in each of the three sce-
narios outlined in Table 1. Traditionally, in coastal zone management terms, 
the coast has been viewed as a fixed feature and this has lead to “coastal 
squeeze” (French 1997, Parry 2000, Nicholls and Klein, this volume). As sea 
level rises, there is encroachment on to land, this causes change and leads to 
the development of new environments. However, if this encroachment is 
halted for one reason or another on the landward side, such as the construction 
of sea walls or buildings, the coastal zone becomes ‘squeezed’ between the 
rising sea and the human environment. This results in loss of habitat and a de-
cline in ecological integrity. Sea level rise is not the only possible driver of 
coastal squeeze – sediment starvation and erosion area others, as all three in-
duce a ‘squeezing’ when coastal migration landward is blocked. As previously 
noted, we need to prepare for a future in which climate changes at an increas-
ingly rapid rate and so it is more appropriate that we move towards a frame-
work that allows a dynamic definition of the coast. The more variability that is 
allowed within coastal management, the more we will be able to cope with 
climate-induced change in the coastal zone. Through the maintenance and en-
hancement of natural buffer zones, coastal squeeze can be reduced and even 
avoided (Hamm et al. 2002, Hansen et al. 2002). This can be achieved through 
policies of “set-back” where areas are created within which it is forbidden to 
do certain things, such as construct buildings. Secondly, just as we should not 
examine the coastal zone in isolation we also should not propose management 
actions that do not consider the whole ecosystem. Indeed, management prac-
tices in the coastal zone need to take into account the entire ecosystem, includ-
ing the interests of those using, and influenced by, the river itself, the catch-
ment (including the flood plain), as well as the marine part of the coastal zone. 
It is clear that a better understanding of the system will lead to a better coastal 
management which will in turn lead to a better understanding of the response 
of the system to stressors, thus creating a feed back loop that will enable man-
agers to adapt their strategies to better manage the ecosystem. 

Tools – analytical, management, and communication 

To arrive at the solutions proposed in the previous sections, it is essential that we 
develop analytical and management tools that will enable us to attain a balance be-
tween the three priorities of human safety, sustainable development and ecological 
integrity. The problems of climate change are already manifest in the coastal zone 
of Europe and so it is necessary that we start now to deal with the problems. 
Clearly, we need to develop pro-active strategies to enable us to make the link be-
tween climate change and coastal zone management. This involves a fundamental 
change in ideology, leading to a translation of results from basic scientific re-
search into results that can be applied in a management perspective. 
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The task of identifying which tools are required to accomplish this goal is compli-
cated by the fact that different types of tools will be needed in accordance with the 
type of ecosystem to be managed. Furthermore, although, climate change is a 
global problem and requires a global solution, the impacts of climate change also 
occur at the regional, national and local scales. This creates a problem of scale that 
needs to be dealt with when proposing management options. It is clear that 
changes are required in international policy as well as at the national and local 
level and that there is a need for policy development. The Group identified four 
priorities:

1. Develop more integrative models that couple existing ecosystem models to hy-
drodynamic and geomorphological models. These coupled physical and bio-
logical ecosystem models should also include ecosystem resilience; 

2. Integrate social science and natural science to address the long term economic 
impacts of climate change in the coastal zone. Development of predictive eco-
nomics models are needed to provide robust methods of predicting the future in 
terms of economic and physical drivers; 

3. Develop management approaches that are flexible enough to deal with uncer-
tainty, whilst still maintaining a good degree of risk analysis resulting in the 
creation of more robust coastal systems;  

4. Create a management system that involves all stakeholders in the decision mak-
ing process. 

There is also clear need to quantify risk and to communicate that risk to the public.
In today’s electronic, information oriented societies, the use of the media is essen-
tial to convey the message of researchers and managers to the general public. The
general public are broadly aware of the threat of climate change and sea-level rise 
to the coastal environment. Using the media to aid in the visualisation of the prob-
lem will make it easier for the public to develop a deeper understanding and ac-
cept the potentially stringent measures that need to be taken. By doing this, infor-
mation can be presented in a more accessible way that will allow the public to 
make more informed decisions. Indeed, one of the problems of accurate reporting 
lies in the uncertainty of the magnitude of the impacts of climate change on the 
coastal zone. However, it is possible to incorporate this uncertainty into reports of 
future expectations as has been very effectively demonstrated by meteorologists. 
The general public accepts that there is some degree of uncertainty in the predic-
tion of the weather but nonetheless accept the general predictions and are willing 
to change their habits accordingly. However, to achieve this level of trust, we need 
to have strong predictability to get the public to believe in what we say. Alterna-
tively we can assure public confidence and, thus, have their acceptance by finding 
a means to state the uncertainty more clearly. Effectively, this means that we as 
researchers need to find effective ways of presenting our results and projections in 
a “user friendly” manner. A suggestion could be found on the Tyndall site (e.g. 
http://www.tyndall.ac.uk/publications/fact_sheets/fact_sheets.shtml). 

The role of the public in the decision making process is also important and the 
utilisation of the media is also an integral requirement for allowing decision-
making processes to switch from a heavily top-down situation to a more integrated 
situation. Clearly, the media can be very important in determining the reaction of 
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the public to management propositions and a well-informed local stakeholder will 
be more able to interact effectively with coastal management decision-making 
than a less informed stakeholder. This subject is discussed in more depth in Lise et 
al. (this volume). Briefly, a fuller participatory approach that switches from a 
wholly top-down system to a system balancing both inputs from stakeholders as 
well as central government is required. However, because climate change is a 
process occurring on long time scales (decades or longer), in addition to public 
participation, there is also a requirement for strong stewardship from government 
to balance short-term concerns. 

Integrated assessment is another tool that is important for the development of a 
holistic strategy in the coastal zone. This is discussed in greater detail in both 
Nunneri et al. (this volume) and Turner (this volume). 

Proactive strategies 

From the previous sections it is clear that in order to effectively manage the 
coastal zone in the future we need to adopt a proactive approach that prepares for 
the significant but uncertain changes that are expected. This proactive policy 
needs to be based on feedback that allows for continued review and correction. It 
is also clear that because of the nature of the problems faced by coastal manage-
ment in response to climate change that there is a requirement for a long term 
strategy incorporating strong planning, including land use. 

The following idealised scheme is developed, with hindsight, from experiences 
of the Environment Agency’s (UK) development of a long-term strategy for the 
investment in flood defences for the Humber estuary in North East England. In re-
ality progress was less ordered and more complex than presented here, with a 
number of iterations. Some of the feedbacks are omitted for simplicity. There are 
no doubt other successful variations on this scheme and a number of the phases 
may be undertaken, at least partially, in parallel. 

The estuary has the UK’s largest port complex, an extensive floodplain, in 
which are located the homes of over 300,000 people and much industry, tourist 
and recreation facilities, and many archaeological and historic features. The estu-
ary has developing fisheries and is of outstanding importance for wildlife (particu-
larly waterfowl), which are protected under national and international legislation. 
The project on which this scheme is based has one principal organisation; it is led 
and funded by the Environment Agency (http://www.environment-
agency.gov.uk), which has the responsibility for providing protection from tidal 
flooding. The stakeholders are involved in a “soft” partnership, which has a 
largely advisory role; they have no legal or financial commitment and are not re-
sponsible for the implementation. It is, however, wise to have agreed terms of ref-
erence and working procedures for such stakeholder steering group and similar 
fora.

The Humber is a large and complex estuary and its management is made more 
complicated by the fact that no single organisation is responsible for integrating all 
aspects of social, economic and environmental management. The Humber Strate-
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gies Manager represents the Environment Agency on the steering groups of pro-
jects led by other organisations (i.e. this person is a member of “soft” partnerships 
run by other “principals”). These partnerships are mostly to do with economic de-
velopment and regeneration. An approach is, thus, developing whereby working 
together ensures that single-purpose plans fit together as far as possible into a 
clear, simple and integrated framework. An industry and nature conservation body 
(Humber INCA) has also been set up to encourage companies to help them to 
meet their environmental obligations and encourage environmental enhancements 
projects. 

Other partnerships may be more difficult to develop. The UK Habitats Regula-
tions 1994 require “relevant authorities” (organisations with statutory powers to 
manage activities within a European Marine Sites) to prepare a single manage-
ment scheme for day-to-day activities (rather than plans or projects such as the 
shoreline management plan). These activities include flood defence maintenance 
works, recreation, fishing and dredging of navigation channels. Within the Hum-
ber basin there are 39 “relevant authorities”. These include statutory agencies, lo-
cal authorities, drainage boards, the Ministry of Defence, and water, harbour and 
navigation companies. This makes the “scoping” or “forming” phase more com-
plicated as firm agreements need to be draw up for the partners, including on 
funding, project management, employment of project officers and/or consultants, 
and a disputes procedure. The responsibility for implementing the Humber 
Scheme is the task of individual authorities, although there will be collective 
monitoring of the results. In the case of the Humber, the relevant authorities have 
set up to the independent Humber Advisory Group to guide them and provide a 
consultative forum. The members of this “soft” partnership are representatives of 
estuary interests. It should be noted that there are examples of environmental en-
hancement projects based on hard “partnerships”, which involve various combina-
tions of public, private and voluntary sector organisations. 

Partnership is a form of team working. Management theory identifies the fol-
lowing stages in team development: 

• Forming: initial getting together; 
• Storming: infighting for power, conflicting objectives, lack of clarity on roles 

and disagreement on how the partnership should work; 
• Norming: recognition that progress will only be made by a more collaborative 

approach, constructive working out of shared objectives, roles and procedures; 
leading to: 

• Performing: increasingly effective teaming working which delivers the out-
comes. 

An established partnership does, however, often require maintenance if it is not to 
get stale or complacent. It may slip back to the “storming” stage and then need to 
“norm” again. Risk management, quality assurance with an independent element 
external to the team, a good disputes procedure and judicious coaching by an ex-
perienced chair or other team member all help. 

In several projects, “storming” or a dispute amongst stakeholders has led to the 
“forming” of a partnership, which has consequently passed smoothly to the 
“norming” and “performing” phases.
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Improving the knowledge base  

The previous sections present the results of the group discussions centred round 
the three questions posed by Nicholls and Klein (this volume). The focus of these 
questions was on how to reconcile the human and natural values of an ecosystem 
while considering coastal zone management under situation of climate change; on 
what tools and methods are available now and what is still required to effectively 
manage the coastal zone in the future, and on what proactive strategies can be im-
plemented to achieve the management goals of providing human safety and pro-
moting economic development without compromising ecological integrity. 

It was clear from the discussion that: 

• Europe’s coasts are vulnerable habitats at risk from urban development, tourism 
and other economic activities. Climate change will exacerbate these threats; 

• We must take climate change seriously and start to adapt now. 

Climate change is inevitable and must be incorporated into any coastal zone man-
agement plan. From this standpoint the group then provided some suggestions on 
what strategies are needed to manage the coast in the future and what is needed to 
achieve the knowledge base necessary in order to attain those management goals. 

• A long-term approach is necessary for managing the coastal zone although the 
prediction of climate and socio-economic change is a very uncertain process; 

• Scenario analysis provides a powerful tool for examining the response to long-
term but uncertain climate and other pressures (see Turner, this volume; Nun-
neri et al., this volume); 

• Adaptive strategies should be based on sound science and a good knowledge of 
local circumstances with stakeholder and public involved incorporated into the 
process at the outset; 

• Techniques such as cost-benefit analysis and multi-criteria analysis continue to 
be developed and provide valuable tools for strategy development and the as-
sessment of options; 

• There is a range of sustainable management measures that should be imple-
mented to help adapt to the uncertainties of potential change in a robust and 
flexible manner so that human safety, economic well-being and environmental 
resources are all safeguarded; 

• There is need for good environmental monitoring systems, targeted research 
and the willingness to adopt innovative solutions. 

Empirical information on coastal adaptation to climate change is still scarce, al-
though there is much more experience of adapting to climate variability (e.g. Klein 
et al. 2001; Tol et al. 2004). Continued impact and adaptation assessment, com-
bined with fundamental research on coastal system response and economic, insti-
tutional, legal and socio-cultural aspects of adaptation, are required to understand 
which adaptation options might be most appropriate and most effectively imple-
mented. In the past, many of Europe’s coastal regions had extensive wetlands, 
dunes and related environments that acted to naturally regulate variations in water 
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flow and nutrient loadings (e.g. Jickells et al. 2000; Boesch 2002). The natural 
sink and buffer capacities of these environments should be exploited within 
coastal management to ensure the ecological integrity, economic development and 
human safety concerns in the coastal zone (e.g. Nicholls and Branson 1998; Visser 
and Misdorp 1998). A holistic attitude, involving integrated modelling that incor-
porates both natural and social sciences, is also necessary to deal with the uncer-
tainties of the future. Spatially explicit models of river basins that incorporate 
economic drivers and costs are already available (e.g., Costanza et al. 2002) and 
the development of coastal models of this type that are specific to the European 
context would be invaluable. Thus, the maintenance and enhancement of natural 
sinks and buffers in coastal zones combined with greater research into their effec-
tiveness and limitations in ensuring human safety, economic development and 
ecological integrity, is clearly a necessary future goal. 
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Integrated environmental assessment
and coastal futures 

R. Kerry Turner1

Abstract 

This forward look analysis aims to shed light on a number of locally specific and 
more generic problems, which are likely to arise in European coastal and regional 
sea areas. The methodology deployed utilizes the DP-S-I-R scoping framework to 
identify significant environmental change driving pressures and their ecological 
economic and socio-political consequences. Future scenario analysis is then used 
to indicate the likely outcomes and policy options available, given the high degree 
of uncertainty present. 

Introduction

In global terms, 60% of the population lives within a zone 100km wide along the 
seashore and many more within the drainage basins of the coastal seas. It appears 
that coastal-catchment economic development together with ongoing protection 
measures have grown out of control, and the consequent degradation or destruc-
tion of the coastal environment continues to increase. European countries are not 
immune from the consequences of this global change process. Interrelated global 
driving pressures such as, for example, urbanization, industrial development and 
mass tourism together with anthropogenically induced climate change, impact on 
regional and local resource systems with consequent local (yet generalised) man-
agement problems. However, while the problems have wider applicability they 
will often require co-ordinated responses by policy makers at the national or su-
pernational scale (i.e. EU and beyond). The problem faced by policymakers is 
how to regain control and mitigate resource degradation to better conserve envi-
ronmental systems and the socioeconomic activity that depends upon them. The 

1  Correspondence to Kerry Turner: r.k.turner@uea.ac.uk  
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future sustainable management of coastal resources is therefore an important pol-
icy goal for all governments of European countries with coastlines. 

In any forward look it will be necessary to anticipate generic problems likely to 
arise or intensify within the established member countries of the EU, but also to 
recognize those relevant to the new accession states (NASs). Both the underpin-
ning ‘science’ of these problems as well as policy and management options need 
joint multidisciplinary investigation. A number of general problem policy contexts 
can be highlighted: 

• The future impacts of trade and economic development including, for example, 
increased dredging activities (both geomorphological and biogeochemical im-
pacts) and the welfare consequences for natural and social systems; and the 
spread of invasive exotic species into local ecosystems. 

• The environmental change impacts on fisheries and the implications of more 
extensive and intensive aquaculture developments. 

• The need for and consequences of future coastal protection and sea defence sys-
tems and strategies (both immediately at the coast and along estuaries and into 
freshwater fluvial catchments). 

• Water quality deterioration, future monitoring, evaluation and policy responses. 
• Degradation and/or destruction of a range of natural habitats and ecosystems 

and policy responses. 

Three particular characteristics of coastal zones complicate the management task: 
the extreme variability present in coastal systems, the highly diverse nature of 
such systems, and their multi-functionality and consequent high economic value. 
Coastal zones are important economic zones supporting livelihoods through flows 
of income derived from the utilization of the in situ natural capital stock and 
through global trading networks. However, simultaneously coastal areas are socio-
cultural entities, with specific historical conditions and symbolic significances 
(Turner et al, 2001). This adds to their ‘value’ but is also problematic because 
their institutional domains can have transnational boundaries, which cross national 
jurisdictions and require international agreements and legislation. Institutions and 
regimes struggle because they are often not coincident with the spatial and tempo-
ral scales and susceptibility of biogeochemical and physical processes (the so-
called scaling mismatch problem, Von Bodungen and Turner 2001). The resource 
management task is further compounded by the existence of multiple stakeholder 
interests and competing resource uses and values typically found in coastal zones. 

Understanding the interactions between the coastal-catchment zones and envi-
ronmental change cannot be achieved solely by natural science modelling and ob-
servational studies. Modelling and analysis of socio-economic, socio-cultural and 
political process is also a vital component of any decision-support system aiming 
to buttress coastal management institutions and practice. Integrated natural and 
social science must be the ultimate goal as advocated at the Earth summit in 1992 
and reiterated in South Africa in the 2002 sustainability conference. 

The principal objective of sustainable and integrated coastal management can 
be portrayed as the sustainable utilisation of the multiple goods and services (con-
sumptive and non-consumptive uses and values) generated by coastal resources, 
together with the ‘socially equitable’ distribution of welfare gains and losses in-
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herent in such usages. This social welfare accounting process is essential for de-
signing sustainable development policies, practices and institutions. It presents a 
number of challenges: scientific understanding; evaluation of the environmental 
change process; and political acceptability in terms of greater inclu-
sion/participation of stakeholders in the change management process. 

In order to help resolve some of the methodological issues involved in coastal 
management, the so-called Driver Pressure State Impact Response (DP-S-I-R) 
framework can initially be deployed. Its usefulness as a scoping device, when 
combined with scenarios, has already been proved on the basis of work under-
taken in different European coastal-catchments. The aim should be to set out a 
more complete methodology for integrated coastal management, together with an 
appreciation of the practical problems and constraints faced as such methods are 
actually deployed. 

The requirements of a practical coastal management support system will in-
clude: databases, indicators and monitoring measures, scenarios, models and 
evaluation methods and techniques and will all pose their own problems. There is 
an ‘interface’ problem, when science and scientific understanding merges (or not) 
into decision making in the political arena. Questions posed by the policy process 
often need to be redefined before science can provide useful answers and some ex-
isting scientific knowledge is too specific to be of relevance to policymakers. Fi-
nally, it remains the case that there are some questions that science cannot yet an-
swer. Policy targets and indicators then become very important but far from 
straightforward issues to address given the sustainability principles of: 

• Economic and ecological efficiency (including the cost-benefit and polluter 
pays principles); 

• Equity and fairness principle (including more inclusionary decision making and 
the subsidiarity principle); and 

• Precaution, given the inevitable uncertainties that persist in coastal science and 
policy domains. 

Embedded within the management process is the resource valuation problem per 
se. A range of valuation methods and techniques has been examined and their 
place and contribution to the overall policy analysis procedure has been assessed 
(Turner et al. 2001). To be judged an ultimate success, integrated coastal man-
agement as a process must unite government, civil communities, science and man-
agement and overcome or mitigate competing sectoral and public interests. It 
should interalia improve the quality of human communities who depend on coastal 
resources while maintaining the biological diversity and productivity of coastal-
catchment ecosystems, and therefore the functioning of nature. Such a task can 
only be achieved incrementally over time and will be constantly challenged by 
complexity and uncertainty constraints. The future will always be shrouded by un-
certainty and therefore accurate forecasting of coastal futures is not a feasible 
goal. However, it is possible to formulate scenarios, which can shed light on and 
offer insights into possible future environmental and socio-economic develop-
ments. The information generated by such ‘futures thinking’ can assist the policy 
process in a more efficient and effective search for appropriate projects, pro-
grammes and policies. 
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This paper first provides an outline of the main stages of an integrated environ-
mental assessment process for coastal-catchment areas and in particular focuses on 
the formulation and deployment of ‘futures’ scenarios as a vital component of 21st

century coastal management. Secondly, it uses the DP-S-I-R scoping device to 
highlight environmental change pressures, impacts and consequences for Euro-
pean coasts. Finally, a synthetic approach to scenario formulation and deployment 
is demonstrated in the European futures context. 

Integrated environmental assessment 

Managing resources across the catchment-coastal spatial scale and with long run 
sustainability policy objectives in mind, requires an appreciation of the full func-
tioning of hydrological, ecological and other systems, together with the total range 
of valuable functions and functional outputs of goods and services provided. The 
management strategy and process must be underpinned by a ‘valid’ and ‘reliable’ 
decision support system i.e. a toolbox of methods and techniques encompassed by 
an analytical framework. A number of basic stages can be defined (Figure 1): 

• Scoping and auditing stage – to set the management issues and problem in a 
proper context; the DP-S-I-R framework fulfils this role (Von Bodungen and 
Turner 2001);  

• Identification and selection of complementary analytical methods and tech-
niques – given the spatial and temporal scale issues involved and the mis-
matches between scales when science and policy issues are combined, the 
analysis is a non-trivial task requiring GIS, coupled natural science models, 
economic analysis, institutional and stakeholder analysis and scenario formula-
tion and utilization; 

• Data collecting, analysis and monitoring, supported by environmental change 
indicators and future environmental change scenarios; and 

• Evaluation of project, policy or programme options – using methods such as 
cost-effectiveness, cost-benefit analysis and/or multi-criteria assessment.

The following sections set out a DP-S-I-R scoping exercise for Europe’s coasts 
and relevant catchments, as well as a futures scenario exercise in order to highlight 
potential future problems for the original EU and its extended version and possible 
policy response options. 
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Fig. 1. Conceptual framework 
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DP-S-I-R analysis 

The most important developments in Europe since the 1970s are the socio-
economic and political institutional processes resulting from the expansion of the 
EU and the transition from centrally planned economics and societies in Central 
and Eastern Europe to more open market economics and societies already domi-
nant in Western Europe. Thus although the three sub-regions of Europe – Western, 
Central & Eastern (out to the Caucasus and Central Asia) - have similarities there 
are also distinct and significant differences. 

All the countries in the European region (i.e. EU countries and the 12 countries 
of Eastern Europe, the Caucasus & Central Asia) are under environmental pres-
sure from generic driving forces within the globalisation process. But the impacts 
of these environmental changes are not uniformly intense and policy responses are 
also non-uniform across Europe. While all countries face the 21st century chal-
lenge of sustainable economic development only limited progress has so far been 
made in terms of more efficient resource utilisation (EEA 2003). While gross do-
mestic products (GDPs) are no longer tied inexorably to increasing resource use 
(at least in Western Europe) the absolute level of material use is still probably un-
sustainable given foreseeable technological advances. The countries of Central 
and Eastern Europe face the additional dilemma of achieving Western European 
levels of socio-economic welfare via a growth process that needs to be constrained 
by sustainability principles and objectives. While per capita GDP grew on average 
from $9000 in 1972 to $13,500 in 1999, wide variations exist across Europe. In 
Western Europe the average was $25,441 in 1999 but only $3,139 in Central 
Europe and $771 in Eastern Europe. 

Europe’s population has grown by 100 million since 1972 and totalled some 
818 million in 2000 (13.5% of the global total). The most significant demographic 
trends in Europe are the overall ageing of the population, the increasing number of 
households and the increasing mobility of people throughout Europe. 

At the generic level, all European countries are engaged in growing and exten-
sive trading activities. This is putting severe pressure on ‘local’ coastal areas, as 
well as possibly shifting other environmental cost burdens to other regions around 
the globe. Imports currently constitute around 40% of the total material require-
ment of the EU and they grew rapidly in the 1990s. Maritime transport increased 
by 35% in the EU between 1975-85 but has since levelled off. Nevertheless, it ac-
counts for 10-15% of total SO2 emissions and in the Mediterranean oil spill and re-
lated risks are high because of the volume of traffic. Some 30% of all merchant 
shipping and 20% of global oil shipping crosses that sea every year. Ports and as-
sociated industrial development are responsible for land conversion/reclamation, 
loss of intertidal and other habitats, dredging and contaminated sediment disposal, 
increased flood protection measures and also play an enabling role in the spread of 
invasive exotic species and ‘local’ biodiversity loss. The latter problem is a com-
plicated one because of the causal mechanism comprising the introduction of dou-
ble hull vessels, climate change and the flouting of legislation designed to protect 
local environments from illegal ‘ballast’ water dumping.  

The increasing physical growth of the European economies manifests itself, 
among other ways, in massive new construction of buildings and infrastructure. 
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The spread of the built environment is having profound effects on catchment-wide 
processes, leading to increased flood risk, changes in sediment fluxes (and con-
tamination risks) as well as habitat and biodiversity loss in the catchment-coast 
continuum. Direct physical alteration and destruction of habitats because of ‘de-
velopment pressure’ is probably the most important single threat to the coastal en-
vironment (GESAMP 2001). But human-induced changes in the natural flow of 
sediments are also a contributory threat to coastal habitats. Deltaic areas such as 
the Po, Rhone and Ebro have suffered from sediment starvation as hydrological 
changes in catchments (dams etc) have cut sediment supplies. The built environ-
ment expansion has multiple causes, but two factors are especially relevant for 
coastal areas, transport and tourism. 

Road transport is the dominant mode in Western Europe, not least because, de-
spite tax escalators, fuel for road transport remains perennially cheap and fuel–
efficiency provisions for vehicles remain voluntary. Rail networks are somewhat 
better developed in Central and Eastern Europe, but the ‘lure’ of the car/lorry 
poses a strong threat to any future transport strategy. Transport infrastructure and 
trade are strongly linked and so coastal habitats and ecosystems face fragmenta-
tion along with other areas close to main arterial transport routes. The official 
European investment agencies have biased their lending heavily in favour of fa-
vour of road projects e.g. between 1992-2000 the European Investment Bank gave 
50% of its loans to road projects and only 14% to rail (EEA 2003). 

Europe’s coasts host around 66% of the total tourist trade, and in the Mediter-
ranean, for example, arrivals are expected to grow from 135 million per annum in 
1990 to as many as 353 million by 2025. Tourism’s main environmental impacts 
are also generated via transport requirements, together with use of water and land, 
energy demands and waste generation. In some popular Southern European locali-
ties irreversible environmental degradation has probably already been inflicted. 
Tourism-related demand for passenger transport (pre ‘nine eleven’) has grown re-
morselessly, arrivals in South Western Europe grew by 91% 1985-2000. The envi-
ronmental impacts are highly concentrated and seasonal within or close to resort 
areas. But lateral expansion along coastlines is also a common phenomenon and 
the construction of second homes (the Mediterranean and Baltic areas are prime 
examples) is a particular concern. 

Europe’s semi-enclosed and enclosed seas (with their limited water exchange) 
are particularly sensitive to pollution threats. Marine and coastal eutrophication 
from elevated nitrogen levels (riverine transport and atmospheric deposition) 
quickly emerged as a worrying trend, the impacts of which were exacerbated by 
the loss of natural interceptors such as coastal wetlands. Severe eutrophication has 
occurred in the Black Sea and in more limited areas in the Baltic and Mediterra-
nean. A majority of European countries have made significant progress in combat-
ing point-source pollution of watercourses, estuaries and coasts (e.g. sewage 
treatment plants and industrial facilities). So discharges of heavy metal and or-
ganic substances into the North East Atlantic fell during the 1990s. Nitrate con-
centrations fell by 25% in the Baltic and North East Atlantic over the period 1985-
98 and phosphate concentrations also fell in North Sea areas. Waste water treat-
ment levels and discharges are still problematic in the Mediterranean, Adriatic and 
Black Sea areas. However, the issue of diffuse pollution at the catchment scale 
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and beyond is a continuing threat. Agricultural activities and run-off are one of the 
contributors to this problem. Overall consumption of fertilizers in Europe has sta-
bilised in recent years following a fall in the early 1990s in Central and Eastern 
Europe. Current levels of fertilizer and pesticide use are probably not environmen-
tally sustainable and measures such as integrated crop management need to be 
adopted more widely (3% of the utilised agricultural area of Europe is under such 
integrated management). Irrigated cropland retains a significant share of the agri-
cultural areas in Western, Central and Eastern Europe, ranging from 11% to 18% 
respectively. Irrigated land continues to expand in some Western European and 
Mediterranean areas. This type of production has serious water resource implica-
tions and also poses a major threat to wetlands. The Aral Sea catchment serves as 
an extreme warning as to what processes could unfold. Although the threats are 
varied some 31% of Europe’s population now lives in countries that use more than 
20% of their annual water resource (EEA 2003). 

Most of the capture fisheries of Europe have now been over exploited and other 
substitute populations also denuded. But while fisheries production has declined, 
marine aquaculture in Western Europe has increased significantly. This develop-
ment threatens the nutrient status of receiving waters and remaining wild popula-
tions if controls are not imposed. 

Climate change is expected to cause significant impacts across Europe, but the 
south and the European Artic are possibly the most vulnerable areas (with the ca-
veat that some ‘local’ areas are especially at risk for sea level rise e.g. The Nether-
lands and South East England) (Parry 2000). All areas face hydrological and water 
resource risk increases, which may then impact ecosystems and biodiversity, as 
well as human health. If the modelling predictions about changes in marine water 
circulation patterns turn out to be correct then there are significant negative impli-
cations for regional seas in terms of eutrophication and contamination risks. 

The Caspian Sea provides an alarming example of the combined negative effect 
of temperature and precipitation change. It has recently risen by 2.5m causing se-
vere flooding and damage costs. It is predicted that by 2020-40 an additional 1.2 - 
1.5m increase is possible (EEA 2003). Europe’s forests can play an important role 
in any climate change mitigation policy. The total area of forest in Europe is in-
creasing and there is a future opportunity to diversify its service functions in order 
to provide watershed protection from soil erosion and floods and excess sedimen-
tation, as well as carbon sequestration, recreation and nature conservation benefits. 
This also serves to reinforce the point that coastal zone management requires an 
appreciation of measures deployed within the relevant catchments if it is to be ef-
fective.

The concept of a more integrated coastal management approach has been advo-
cated for more than a decade but so far full adoption has not been practised any-
where. In Western Europe, awareness has been raised but sectoral policies have 
not been radically modified, let alone integrated. More generally, only 15% of 
Western Europe is under national designation for nature conservation and 9% or 
less elsewhere in Europe. Table 1 presents an overview of a DP-S-I-R scoping ex-
ercise for European coastal areas. It remains the case that 85% of Europe’s coast 
face moderate to high risk from economic development – related pressures and 
some 25% of the coastline is subject to erosion. Given these erosional trends and 
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flood risks, hard engineering sea defences have been the traditional response. But 
these defences also serve to reduce sediment input to the coastal system, which in-
tensifies erosion and the need for additional defences. Armouring the coastline in 
this way is essentially unsustainable on economic cost grounds alone. 

Scenarios and coastal zone management 

A scenario can be defined as a coherent, internally consistent and plausible de-
scription of a possible future state of the world (Parry 2003). 

It needs to be emphasized that a scenario is not a forecast because it cannot as-
sign probabilities to any particular outcome. Instead, scenarios portray images of 
how society and its supporting environment could look like given different sets of 
assumptions and consequent conditions. Early scenario planning was undertaken 
by various military agencies. This strategic approach was then adopted by multi-
national companies, such as oil companies in the 1970s, seeking to improve their 
decision making. The implicit rationale seemed to be to evolve better procedures 
for coping with future ‘surprises’, by forcing analysts to think laterally and radi-
cally (Hammond 1998). Scenarios typically contain qualitative storylines aug-
mented by varying amounts of quantified data. They can be informed by relevant 
history but not conditioned by it, except in the case of so-called baseline or ‘busi-
ness as usual (BAU)’ scenarios. The latter can be utilized as benchmarks against 
which to portray other possible states of the world and are completed with the aid 
of trend data. Table 2 presents a simple typology of scenario characteristics in 
terms of basic principles. In practice, scenarios will combine a range of features 
depending on their real world application and the scale at which they are pitched. 

Scenarios are not precise future predictions but methods to aid decision makers 
in their efforts to cope with inevitable uncertainty. Scenarios may possess a vari-
ety of characteristics and can be deployed at different spatial scales and across dif-
ferent temporal scales (typically from 10 years to 100 years). They can be used to 
facilitate consensus, or negotiation, in situations where multiple competing stake-
holder interests are at issue; or at least provide part of a more inclusionary process 
for decision-making. They can be focused on particular policy objectives and/or 
instruments and provide sensitivity assessments. Finally, they can portray the con-
sequences of policy and strategies that incorporate radically different worldviews 
in a more visionary way. In this context the ‘alternative’ visions are most often re-
flected against a baseline (BAU) trend scenario. 
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Table 2. Scenario characteristics typology 

Type 1 Forecasting scenarios: they attempt to encompass future alternative devel-
opment paths from the standpoint of the current situation (time = to); they 
can also include expected of desired policy switches 

Type 2 Backcasting scenarios: they take as their initial start pint some desired fu-
ture (time = tl-n) state of affairs or policy objective and then explore alter-
native strategies to maximize goal attainment. 

Type 3 Descriptive scenarios: they set out a sequenced set of possible events in a 
neutral way. 

Type 4 Normative scenarios: their sequences explicitly incorporate different inter-
ests, values and ethics. 

Type 5 Quantitative scenarios: usually computable model-based exercises 
Type 6 Qualitative scenarios: which rely solely on narratives 
Type 7 Trend (BAU) scenarios: based on the extrapolation of current trends. 
Type 8 Peripheral scenarios: which attempt to include surprises i.e. unlikely 

and/or extreme events and their consequences. 

Source: Adopted from EEA (2000) 

European coastal futures 

The rapidly changing record of the last half century highlights the difficulties in-
volved in forecasting the future decades ahead. But the underlying context for any 
‘futures’ thinking for Europe must include an appreciation of the globalisation 
process and the implications of an expanding European Union and Single Market. 
Globalisation has brought a growing interdependence between financial markets 
and institutions, economies, culture, technology and politics and governance. So 
far, market forces and related social systems have become the increasingly domi-
nant paradigm. For Europe, there is the additional dimension of change involving 
the potential inclusion of the countries of central and eastern Europe into the EU, 
together with their own internal transitions from centrally planned to market-based 
economies and societies. 

If we follow the advice of scenario analysts, then we need to foster a process by 
which alternative worldviews (ecocentrism, technocentrism, weak sustainability or 
strong sustainability) and conventional wisdom are challenged and clarified, in or-
der to focus on critical issues (Gallopin and Raskin 1998). We can envisage a fu-
ture in which globalisation and liberal market conditions and values continue to 
evolve, or one in which coordinated and concerted collective actions are agreed 
upon by national governments and implemented by increasingly influential inter-
national agencies. Alternatively, self-interest and protectionism may become the 
dominant characteristics of a future society, with Europe gradually fragmenting 
rather than unifying. But even more radical change is a plausible future and the 
strong sustainability and ‘deep green’ visions may also become realities. 

There is no shortage of candidate scenarios to choose from and the sub-section 
that follows outlines a hybrid approach which borrows from a set of scenarios 
previously formulated to investigate the impact of climate change technological 
advances and environmental consequences in a range of contexts (Parry 2000; 
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Lorenzoni et al 2000, OST 1999, EEA, 2000). The aim is to first provide a set of 
basic contextual narratives within which to set four somewhat more specific sce-
narios (UNEP 2002) with relevance for coastal-catchment areas across the Euro-
pean sub-regions (Western, Central and Eastern). The critical issues, which are, 
highlighted mirror the pressures, impacts and responses set out in Table 2 within 
the DP-S-I-R framework. 

The narrative contexts and the scenarios are framed by two orthogonal axes, 
representing characteristics grouped around the concepts of societal values and 
forms of governance. The values axis provides a spectrum from individualistic, 
self-interested, consumerist, market-based preferences through to collectivist, citi-
zen-based communitarian preferences, often with a conservationist bias. The ver-
tical axis spans levels of effective governance from local to global. The four quad-
rants are not sharply differentiated but rather are bounded by overlapping 
transitional zones not distinct boundaries. Change occurs as certain trends and 
characteristics become more or less dominant across the different spheres of mod-
ern life-government, business, social, cultural and environmental – see Figure 2. 

Fig. 2. Environmental Futures Scenarios (to 2080). NOTE: the four quadrants are separated 
by ‘zones of transition’ not distinct boundaries. Source: OST/DTI, Environment Futures, 
Foresight, OST London http://www.forsight.gov.uk. See also Lorenzoni et al (2000); and 
UNEP (2002) 

Taking the four contextual background conditions first, World Markets is domi-
nated by globalisation, which fosters technocentric and often short-term societal 
views. Expectations about an expanding EU and Single Market are born out and 
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economic growth remains the prime policy objective. Environmental concerns are 
assumed to be tackled by a combination of market-incentive measures, voluntary 
agreements between business and government and technological innovation. De-
coupling of the growth process from environmental degradation is assumed to be 
feasible, not least because ecosystems are often resilient. Weak sustainability 
thinking is favoured and ‘no-regret’ and ‘win-win’ options are the only ones 
pushed hard by regulators. Rapid technological change, sometimes unplanned, 
will be the norm, as will trade and population migration. Private healthcare, in-
formation technology, biotechnology and pharmaceutical sectors of the economy, 
for example, will thrive, while ‘sunset’ industries will rapidly disintegrate (e.g. 
heavy engineering, mining and some basic manufacturing). The internal and ex-
ternal boundaries of state will retreat producing a more hollowed out structure 
(Jordan et al 2000). National governments will struggle to impose macroeconomic 
controls as transnational corporate power and influence escalates. Multilateral en-
vironmental agreements will prove problematic and prone to enforcement failures. 

Under Global Sustainability, there would be a strong emphasis on interna-
tional/global agreements and solutions. The process would be by and large ‘top 
down’ governance. Trade and population migration would still increase but within 
limits often tempered by environmental considerations. EU expansion would be 
realised but social inequities would receive specific policy attention via technol-
ogy transfer, financial compensation and debt for nature swaps/agri-environmental 
programmes. 

Provisional Enterprise would be a much more heterogeneous world, EU expan-
sion might stall and a slow process of fragmentation (economically and politi-
cally) might be fostered. A protectionist mentality would prove popular and eco-
nomic growth, trade and international agreement making prospects would all 
suffer. 

Local Stewardship would put environmental conservation (ecocentrism) as a 
high priority. A very strong sustainability strategy would be seen as the only long 
term option. This strategy would emphasise the need for a reorientation of soci-
ety’s values and forms of governance, down to the local community scale. Decen-
tralisation of economic and social systems would be enforced, so that over time 
local needs and circumstances become the prime focus for policy. Economic 
growth, trade, tourism (international) and population migration trends would be 
slowed and in some cases reversed. 

With this backdrop in mind, the four scenarios 1,2,3 and 4 can be roughly lo-
cated in Figure 2, with the arrows indicating the general direction of change over 
decadal time. Scenario 1 is almost a trend/baseline scenario. The policy goal of 
maximise GDP growth is achieved via an extended single market system stretch-
ing into central Asia. New accession states are given transitional status to ease 
their progress into market-based systems. The relatively weak enforcement of en-
vironmental standards in these countries fosters short run profitability but may 
hinder long run resource use efficiencies. Rapidly growing volumes of trade and 
travel increase the level of economic interdependence in Europe, but social cohe-
sion remains somewhat weak, as people strive to satisfy individual consumerist 
preferences. Scenario 2 imposes sustainability constraints via a ‘top down’ gov-
ernance process but also encourages citizens to ‘think global and act local’. Sce-
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nario 3 allows for a much more radical paradigm shift in societal values and or-
ganisations, environmental conservation and social equity rise up the political pri-
ority agenda. In Scenario 4, protectionism breeds growing disparities across the 
sub-regions of Europe. Inequality and possible conflicts spawn a relative isolation-
ist response at the nation state level. So now we turn to the implications for the fu-
ture coastal zones in Europe, given the different scenarios. 

Under all scenario conditions pressures on coastal ecosystems are seen to in-
crease, either through direct exploitation of coastal resources, including local use 
changes and an increase in the built environment at the coast; or through changes 
in related catchments associated with the spatial planning of development and 
transportation policies, changes in agriculture policy, especially trade regimes and 
reform of the Common Agricultural Policy (CAP). Another striking feature of the 
scenario analysis is that the impact of climate change does not vary significantly 
across scenarios until around 2030 – 2050 because of delays in the response of the 
climate system. 

If Scenario 1 conditions prevail then trade, economic development and the mi-
gration of people across Europe all increase significantly. This increase in general 
economic activity will outweigh improvements in energy efficiency stimulated by 
carbon taxes and technological change. Public transport will remain underdevel-
oped as car transport remains the dominant mode of transport. Air traffic also 
grows due to trade activities and international tourism. Emissions of air pollutants 
and greenhouse gases (GHGs) continue to rise because of the dominant effect of 
the energy and transport sectors of the European economies. It is also the case that 
effective policies to reduce CO2 and other GHGs are slow to evolve or remain 
dormant. By the 2030s sea level rises of an average 10cm will have occurred with 
increased flooding risks and defence costs. The extent of the built environment at 
the coast and across adjacent catchments expands rapidly in Western Europe but is 
more stable in Central and Eastern Europe if population declines continue. The 
number of people living in areas of increased freshwater stress also rises as al-
ready vulnerable areas in the south of Europe face a deteriorating situation and 
other areas become newly stressed.  

The Mediterranean coast is a particular pressure and stress problem through a 
combination of urban growth with inadequate waste water treatment facilities, 
tourism growth and increases in intensively farmed croplands close to estuaries. 
While the CAP is reformed this is achieved via a stronger imposition of interna-
tional market pricing regimes. Some funds are made available to provide short run 
support for farmers, particularly in the new entrant countries of central and eastern 
Europe but land is still abandoned in these regions. Elsewhere land abandonment 
is restricted to small areas, for example, in upland areas. Overall, only the most ef-
ficient farmers survive by intensifying production and embracing GM technology, 
with consequent diffuse pollution and other environmental risk increases.  

To sum up the coastal zone consequences under scenario 1, tourism impacts es-
calate leading to local environmental problems such as salinization and eutrophi-
cation of coastal waters. Second homes expand in almost all areas but are particu-
larly problematic in the Baltic and Mediterranean areas. Sea level rise exacerbated 
by climate change begins to pose major difficulties and other catchment flooding 
events are exacerbated by the expansion of the built environment, from the 2030s 
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onwards. Policy responses are somewhat restricted. At the international level envi-
ronmental agreements prove to be difficult to negotiate and only partially effective 
if and when implemented. Coastal areas are therefore by and large left in the 
hands of local authorities and local regulators. This forum of governance offers 
unpredictable results and falls well short of ICM principles and practice. 

Under Scenario 2 conditions, Europe begins to resemble more of a federal state 
and is characterised by strong environmental and other regulatory agencies (e.g. 
European Environment Agency), which promote sustainability. Transport and en-
ergy sector growth is constrained by a range of intervention policies. Internation-
ally the World Trade Organisation adopts an environmental mandate to comple-
ment its existing remit. Nationally, green belt policies and designations like 
Natura 2000 are strengthened and ecotourism principles are supported. CAP re-
form is dominated by switches to funding for a range of agri-environment 
schemes. The more proactive ‘environmental’ strategy succeeds in stabilising air 
pollution and GHGs emissions, largely because of energy efficiency gains and ex-
tensive switching to non-fossil fuels, and declines are possible from 2030 on-
wards. Sea level rise difficulties remain to be solved but policy responses are more 
flexible e.g. managed realignment schemes. 

Areas under severe water stress remain more or less constant or fall slightly in 
some regions as irrigated agriculture is abandoned. Overall, Western Europe 
coasts are moved closer to ICM regimes, elsewhere basic coastal management 
measures are put in place and historical zoning plans revitalised. The Water 
Framework Directive is fully implemented as are Regional Seas Agreements. 

Under Scenario 3, a combination of strong framework policies designed to en-
sure sustainability principles can be put into practice and most significantly attitu-
dinal and lifestyle changes in society in general generate significant falls in air 
pollution and GHGs emissions, beginning in the 2020s climate induced sea level 
rise is still a problem but is tackled almost exclusively via ‘soft engineering 
‘measures and relocation schemes with compensation for sufferers. Public trans-
port networks are encouraged and succeed in reducing the dominance of the motor 
car (which itself become significantly ‘cleaner’ and ‘more efficient’) Local tour-
ism activities flourish at the expense of international tourism and ‘package’ holi-
days. The built environment expansion is halted, except for some areas in Western 
Europe where development pressures remain particularly strong and a major re-
conversion of lost habitats is stimulated (more designated sites, agri-
environmental schemes, managed realignment etc) to ensure increases in biodiver-
sity. The total area under severe water stress is constant or declining as demands 
(especially from agriculture and mass tourism) are blunted by pricing policies and 
changing consumption patterns i.e. decline in meat eating. Policy responses at the 
coast embrace ICM principles but are more effectively enabled because of the ex-
istence of voluntary partnerships across stakeholders and other participatory ar-
rangements at the local level. This ‘bottom up’ activity serves to complement the 
full imposition of the EU Water Framework Directive and Regional Seas Agree-
ments. 

Under Scenario 4, the expanded EU itself may fail to materialise. A fall in 
overall economic activity, trading activity and tourism is likely. Because of this 
relative economic stagnation at the micro level (most severe in Central and East-
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ern Europe) overall air pollution and GHGs emissions remain stable. Sea level rise 
remains a problem and there is a lack of resources to invest in both mitigation and 
adaptation measures. The numbers of people living in water stress areas increases 
as new areas join the vulnerable category. Less than full implementation of legis-
lation like the Water Framework Directive bring forth the risk of water resource 
conflicts and more extensive water contamination problems. Coastal zones in 
Western Europe remain under built environment/economic development, tourism, 
port expansion and other infrastructure growth pressures. In central eastern 
Europe, conditions are more stable but do not improve, while in eastern Europe 
coastal zones could become militarised zones with restricted areas, except for port 
facilities. 
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Abstract 

A prototype scenario assessment was carried out with help of a DP-S-I-R frame-
work to provide an outline forward look at the European coastal areas. Impacts of 
change were assessed for the following major sectoral or cross-sectoral drivers: 
climate change, agriculture/forestry, urbanisation, tourism, industry and trade, 
fishery and shellfish fishery, and energy. The present situation was tabulated prior 
to an outline of the impacts of three scenarios, i.e. (1) a world market perspective, 
(2) global sustainability and (3) environmental stewardship. From twelve identi-
fied impact categories, three were judged to be of particular significance in the 
present situation: habitat loss (including coastal squeeze); changes in biodiversity; 
and the loss of fisheries productivity. A group of three impacts – eutrophication-
related effects, contamination-related effects and coastal erosion – were all judged 
to be of moderate importance in most areas. All others were allocated only local 
importance. The analysis suggests that the major current drivers will still play the 
dominant role, augmented by climate change. Drivers and impacts intensities usu-
ally increase under the perspective of a more globalised world (scenario 1) and 
usually decrease through better management, mitigation and adaptation measures 
of scenarios 2 and 3. Under scenario 1, the eastern countries (Black Sea and Baltic 
Sea areas) are particularly prone to eutrophication and contamination impacts, as 
well as habitat and biodiversity loss, due to expansion of mass tourism eastwards, 
together with intensification of agriculture and aquaculture. Under scenario 2 
more stringent regulations and management reduce environmental impacts. Under 
scenario 3 impacts are reduced through decentralisation, although this may also 
result in sub-optimal management (local fragmentation). 
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Introduction

The use of scenarios for scoping relevant emerging issues is one way of mitigating 
the problems of the time lag lying between the initiation of scientific analysis and 
the use of scientific knowledge (findings) in decision-making and management. A 
research project analysing Drivers and Pressures at the coastal zone can take 3-4 
years to properly identify and highlight the main issues. In order to be usable in 
Decision Support Systems (DSS), scientific findings need an additional 3-4 years, 
once the project is finished, for capturing the attention of the policy-makers and 
incorporation in the decision making procedure. This transfer of ‘usable knowl-
edge’ to ‘used knowledge’ (from research to application) will then take altogether 
an average ten-year time span. In other words we have to start now the relevant re-
search for 2010 and beyond now. The use of scenarios can shed light on which 
fields are likely to generate future problems and needs for management (and man-
agement studies). Moreover scenario assessment is an appropriate tool for inte-
grating social and natural sciences (as well as engineering sciences) because it fa-
cilitates analysis of interwoven processes typical of intensively populated regions 
subject to multiple uses such as coastal areas. In this context scenarios are an es-
sential component of integrated assessment studies. The primary purpose of the 
presented prototype assessment was to provide an outline forward look at the 
European coastal areas as the EU extends its membership and adjusts its socio-
economic and political structures and strategies under the on-going globalisation 
driving pressures process. The global environment has come under increasing 
stress over the last 40 years and the European environment (from the Atlantic 
coast to the shores of the Caspian Sea) has been heavily impacted throughout this 
period of environmental change. A key question for preparing a future manage-
ment strategy and vision is therefore: what are the current Drivers and Pressures in 
European coastal areas and what are the long term consequences from a foresight 
perspective? A further step in the integrated assessment focuses on possible future 
changes with respect to the projection of the current situation (baseline scenario) 
other feasible futures and the impacts that those “alternative” futures are likely to 
bring about. 

Methodology

Based on the scenarios assessed by Turner (this volume), the aim of this session 
was that of identifying present and future driving forces for development of the 
coastal zones in different sea basins and their consequent impacts on the coastal 
zone functions and ecosystems. An integrated perspective has been chosen in or-
der to utilise both natural science and social science findings. The methodology 
adopted for this foresight exercise is comprised of a scoping framework, the 
Driver-Pressure-State-Impact-Response (DP-S-I-R) approach (Turner et al. 1998, 
EEA 2003) and the use of qualitative future scenarios. Following the DPSIR 
scheme, a methodological approach for integrated assessment (IA) starts from the 
analysis of the current state of the system. Then successive steps look for causality 



15. Integrated assessment and future scenarios for the coast      273 

chains, identifying drivers and pressures, which may change the present state (the 
current pressures and drivers might be different from the future ones), the political 
alternatives, as well as institutions and mechanisms for policy and management 
responses. The coastal system is characterised by dynamic and discontinuous 
(both natural and anthropogenic) processes (e.g. change of water inflow can both 
be due to natural causes, e.g. changing rainfall, or to anthopogenic activity, e.g. 
upstream river damming), some of which may have their origin in the riparian 
countries lying far away from the coastal zone (e.g. eutrophication related to nutri-
ent input through agricultural land use in the catchment). Furthermore a very 
strong social component, characterised by multiple stakeholders, sometimes with 
competing interests and resource uses, superimposes upon and interacts with the 
natural processes taking place in the coastal zone. Such a context requires an inte-
grated assessment methodology, coupling social and natural sciences, in which an 
essential role is played by stakeholder participation. The stakeholder mapping it-
self (who the stakeholders are and how they interact with each other) is not a triv-
ial exercise. The capacity for mapping stakeholders, as well as initiating and de-
veloping participatory approaches varies across Europe, due to cultural, 
traditional, economic and social factors (e.g. people willingness to participate). 
The consolidated experience in the Northern countries contrasts with the Southern 
and Eastern countries, in which integrated assessment research is still in its fledg-
ling stages. Every country has institutions (either Universities and research cen-
tres, or governmental agencies) that deal with participatory processes. Since the 
results are pre-formed and shaped depending on the kind (scientific or administra-
tive) of structure initiating and leading the participatory process, this might call, 
on one hand, for assigning official responsibilities regarding integrated assessment 
studies to specific institutes (this would imply a leading role of some central extra-
national authority). Or, on the other hand, the need might be fore more harmonised 
approaches and procedures, in other words, a more watertight methodology and 
set of criteria. This though would imply at least at a certain level, a ‘one size fits 
all’ vision of participatory processes in a very heterogeneous Europe. 

The management process engaging the stakeholders can, as a result of both 
socio-cultural and economic differences, result in different forms of dialogue, 
varying from a minimum, i.e. consultation via information provision (stakeholder 
involvement), to a maximum, i.e. full participation in decision making. The capac-
ity to undertake participatory approaches varies considerably throughout Europe; 
the tendency is at most towards consultation rather than full participation in the 
Southern and Eastern European countries. This feature stresses the short-term 
need for a ‘reduced form’ assessment that can be made more sophisticated over 
time as finances and human resources allow (Timmerman and Langaas 2003). 
Moreover, in the context of integrated assessment, the responsibility of riparian 
countries for the coastal environment still has to be enabled through effective co-
operation of institutions lying in the catchments and in the coastal areas. 

The stakeholder dialogue is meant to mitigate stakeholder conflicts, either in a 
top-down or in a bottom-up approach, depending on the kind of society, needs and 
awareness of the general public. In other words a fully bottom-up participatory 
approach will be more likely to happen in some scenario worlds than in others. 
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The advantages of active participation of stakeholders is briefly summarised as 
follows: 

• It enriches assessment by offering insights from different points of view; 
• It offers a basis for confronting all conflicting issues and needs that are the fun-

damental cause of dissent and lobbying, thus helping to look for win-win solu-
tions; 

• Arguing parties may agree on the choice of a third party as an ‘objective evalua-
tor’ of different management strategies; 

• People actively involved in taking a decision will be more likely to help in im-
plementing it. 

This participatory approach can be operationalised by some pragmatic steps (see 
also Mee this volume; and O’Riordan this volume): 

• Involved people (stakeholders and the general public in a fully participatory ap-
proach) express their desire about how ‘their’ future coastal environment 
‘should’ look (structure, composition of the ecosystem) and what the coastal 
zone ‘should’ offer to them, also from the economic point of view (good/service 
outputs): this desirable future environment is ‘the vision’; 

• Once a future vision has been agreed, then a set of indicators and methodologies 
for describing the current state of the system should be defined and agreed; 

• Based on the current state of the system, what steps are necessary towards the 
desirable system? What structure (governance, governmental agencies) are 
available for directing systems towards this vision? A key point is a step-by-
step path for reaching the vision. Even though the target may be long term (e.g. 
ecosystem integrity), intermediate, attainable shorter-term steps should be taken 
in order to achieve at least a majority acceptance by stakeholders. 

A respectable assessment procedure should be adopted to confirm that the adopted 
policies are really leading in the chosen direction and in order to allow a timely 
policy change if otherwise. It also enables a periodic re-evaluation of whether or 
not the vision was an appropriate one. One of the advantages of this approach is 
that it adapts to changing perceptions, to newly available information and to the 
lessons learned from implementing the previous step. 

A limitation of participatory approaches can be highlighted – they assume in 
principle the achievement of a consensus among the parties. This might not be the 
case in reality and time constraints may require top-down intervention deliberating 
management solutions within the operational time frame. Given this caveat, de-
pending on societal (present and future) values and perceptions, a full-
participatory, bottom-up approach might be seen as a too “idealistic” and ineffec-
tive instrument for supporting decision-making. Therefore, due to socio-economic, 
time or cultural constraints it might not be acceptable in every (present or future) 
society. 

The scenario analysis is just one component of an overall integrated environ-
mental assessment, but it can play an important role. In the first instance, scenario 
analysis can help inform the baseline studies, which initiate the IA system. In this 
sense scenarios are part of the methodological techniques deployed to scope the 



15. Integrated assessment and future scenarios for the coast      275 

main coastal change pressures, drivers and impacts, as well as policy issues and 
conflicts that are generated. But scenarios can also be used later in the assessment 
process, to test whether a coastal management approach leads towards a set of 
agreed common objectives embodying the vision. The scenario can now play its 
second role as a sort of ‘success prerequisites’ checking device. Different policy 
packages and approaches (i.e. top-down, bottom up, mixed approaches), work bet-
ter in one socio-economic, political, cultural and environmental context than in 
another. Scenarios can then illuminate the best matches between different policy 
approaches and the general status of the world evolving into future, thus allowing 
robust management solutions to be identified. 

In the foresight exercise, the baseline trends and three further scenarios for the 
possible future development of the European coastal zones have been assessed in a 
round table discussion by a heterogeneous group of professionals with extensive 
and varied experience of coastal systems and their management problems. 

The foresight exercise: DP-S-I-R across Europe 

The group of experts that undertook this prototype exercise was biased in the 
sense that the mix of expertise available spanned a number of relevant disciplines, 
but was restricted in its geographical coverage (i.e. it became weaker the further 
East the appraisal areas extended), for this reason the Caspian Sea, which was ini-
tially included in the number of considered basins, has been subsequently re-
moved. The group also only had a limited amount of time available for its delib-
eration and therefore choose to simplify and aggregate when complexities were 
severe constraints. In this context the regional differences present in all basins and 
particularly noteworthy in spatially extensive coastal areas (e.g. the Mediterra-
nean, the Atlantic coasts), have been aggregated into an average assessment for 
the whole basin that might be very different from local or even national realities 
for some specific coastal areas. Therefore, this analysis has most value at the basin 
or larger scale. With these caveats in mind the group first set out to identify the 
main drivers of change in the contemporary (or past 30 years) systems in Europe’s 
coastal areas. The driving forces were then translated into environmental pressures 
and consequent impacts with human welfare consequences (the DPSIR approach). 
Table 1 summarises the initial brainstorming exercise for connecting drivers and 
pressures to a set of the most likely significant impacts. 

A key modelling and analysis characteristic of coastal zone change is the mul-
tiple links to the relevant catchment and catchment pressures such as, for example, 
nutrient, sediment and water flux changes triggered by land-use changes and other 
pressures. The catchment –coast continuum reality is another strong reason for the 
adoption of an integrated assessment approach, aiming to investigate, collect and 
ideally harmonise the conflicting interests not only in the coastal zone, but also be-
tween catchment and coast. The most relevant drivers determined in Table 1 are:  
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Table 1. Major Impacts related to the main Drivers and Pressures. This table is a result of a 
brainstorming exercise which aimed at a selective determination of major drivers and im-
pacts. There is no pretension of completeness 

Pressures/Drivers Impacts 

Climate change Erosion, biodiversity loss, increased/changed floodrisk, altered 
species composition 

Agriculture and forestry
change 

Eutrophication, contamination, biodiversity/habitat loss, subsi-
dence, salinisation, altered sediment/water supply 

Urbanisation and infras-
tructure change 

Coastal squeeze, eutrophication, contamination, habitat 
loss/fragmentation/human disturbance, subsidence, altered sedi-
mentation, increased flood-risk, salinisation, altered hydrology 

Tourism development Seasonal/local impacts, beach "management" (e.g renourishment), 
habitat disruption, loss of species, increased water demand, altered 
longshore sediment transport, loss of local cultural values 

Industry and trade ex-
pansion 

Contamination, exotic species invasion, dredging, sediment sup-
ply/erosion 

Fisheries/aquaculture 
expansion 

Species loss/overexploitation of stocks, impact on migratory spe-
cies, habitat loss, species introduction/genetic pollution, contami-
nation, eutrophication 

Energy exploitation and 
distribution 

Habitat alteration, altered water temperature, changed land-
scape/amenity, subsidence, contamination, accident risk, 
noise/light disturbance  

1. Climate change: rising air and sea temperature and sea level, and changing 
rainfall and weather conditions (associated with flooding) represent a threat to 
which the coastal areas are particularly subject (Parry 2000, see also the group 
report by Rochelle-Newall et al. this volume); 

2. Agriculture and forestry: changing farming practises and cropping regimes di-
rectly affect agricultural landscapes and simultaneously alter catchment inputs 
of run off water, sediment, nutrients and contaminants into soils and riparian 
waters, all of which eventually finds its way into estuaries and coastal waters; 

3. Urbanisation and infrastructure: the expansion of the built environment can be 
at the expense of habitat and biodiversity and cause disturbance of ecosystem 
processes, but it can also alter the hydrological properties of catchments and in-
terrupt the natural dynamics of coastal processes, including armouring of the 
coast; Moreover, it is a major source of contaminant through direct effluent dis-
charge, storm waters and diffuse sources; 

4. Tourism: “mass tourism” in particular is closely connected with further urbani-
sation, with local and seasonal maximum inputs of contaminants and nutrients 
but also with disturbance of sensitive species and progressive change in local 
cultures; 

5. Industry and trade: industrial discharges in the catchment reach the coastal ar-
eas through the river systems, while ports and harbours contaminate coastal wa-
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ters and increase the risk of accidents (oil-spills, illegal ballast water discharge) 
and the “import” of exotic species; 

6. Fisheries and aquaculture: Over fishing and the unrestricted use of particular 
fishing techniques can generate very disruptive impacts, particularly destruction 
of the bottom habitat and can endanger target and substitute species; aquacul-
ture is strongly connected with water contamination (e.g. antibiotics) and pos-
sible genetic pollution through animal escape;  

7. Energy: demand for and generation of energy can affect the coastal zone in dif-
ferent ways, of which the most evident are the alteration of riverine hydrogra-
phy through damming (and consequent alteration of water and sediment input 
to the coastal zone), disturbance of wildlife (e.g. cases of altered birds’ flight by 
wind mills), altered water temperature, toxic spills including radioactive dis-
charges, etc. 

Table 1 illustrates the multi-causality of some impacts, such as habitat and biodi-
versity loss and highlights the implicit difficulties facing the management system 
designed to deal with these issues. 

Although many impacts are interwoven in a cause-effect chain (e.g. eutrophica-
tion and altered species composition), broadly speaking four groups of significant 
impacts can be categorised according to particular ambient environmental states: 

1. Coastal morphology, hydrodynamics and sediment quality: 
• Altered sediment and water supply to the coastal area, connected erosional 

processes; 
• Subsidence of coastal regions due to groundwater extraction or other eco-

nomic activities, which makes those areas more prone to flooding events, a 
situation which can be further exacerbated by climate change (e.g. the Po 
delta and the Ebro delta areas: Bondesan et al. 1995, Jimenez et al. 1997); 

• “Coastal mismanagement”, i.e. construction of coastal defences and con-
nected beach renourishment driven by local interests or carried out without 
in-depth studies of the interwoven coastal processes, altering (especially 
longshore) sediment transport patterns; 

• Contamination of sediments requiring disposal or treatment or representing 
a threat by resuspension processes. 

2. Hydrology: 
• Salinisation of groundwater; 
• Altered water temperature; 
• water contamination through catchment-based or estuarine-based activities 

such as ports and harbours (including marinas); 
• increase in turbidity. 

3. Ecosystems: 
• Changes in biogeography (including migration routes, spawning and winter-

ing grounds) due to climate change; this is rapidly becoming a major con-
cern in the North East Atlantic; 

• Eutrophication; 
• Contamination (toxicity/bioaccumulation);
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• Altered species composition potentially resulting in loss of biodiversity (e.g. 
due to introduction of exotic species, introduction of new species and “ge-
netic pollution” through escape from aquaculture establishments, over fish-
ing); biodiversity loss is also intimately connected with eutrophication, con-
tamination and habitat loss; 

• Habitat loss, fragmentation or disruption due to human activities; 
• Disturbance through light and/or noise (e.g. birds are attracted by light); 
• Coastal squeeze between retreating coastlines and (hard) coastal defences 

(due to drivers such as urbanisation); 
4. Human culture and values: 

• Altered landscape and loss of amenities; 
• Loss of historic cultural values or symbolic nature values; 
• Increased accident risk, also including contamination events; 
• Increased flooding risk and damage, potentially including fatalities. 

After having determined what are in principle likely to be the most relevant Driv-
ers, Pressures and Impacts, the current significant drivers and pressures operating 
across the different coastal regions of Europe were identified. In order to do this, 
Table 1 was re-shaped into a matrix (see Table 2), which gives more emphasis to 
the impacts, and multi-causality effects. The impacts themselves are also further 
categorised in terms of geographical location and very roughly scaled in terms of 
intensity. Finally, the contemporary trends are re-examined in terms of different 
future states of the world, based on three scenarios assessed by Turner (this vol-
ume).

The question then becomes what scientific challenges do these coastal futures 
pose? What can we learn from ELOISE and other existing science and what do we 
still need to know? Equally, what social science, policy and management chal-
lenges do they pose? What social science findings can we already use and what 
more do we need to investigate through research (or through a ‘learning by doing’ 
approach)? By trying to answer these questions potentially successful policy op-
tions can be identified together with the barriers to implementation that remain to 
be tackled. 

Results: Identifying significant drivers and pressures 

The outcomes of the group discussions are summarised using a matrix approach 
(Tables 2 and 3). Given the very high uncertainty characterising the assessment of 
future scenarios, a simple three-value-scale (insignificant, significant, very signifi-
cant) seemed to be appropriate as a first approach. 
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Coastal DP-S-I-R matrix: Contemporary trends  
and recent past experiences 

A number of primary drivers of environmental change in Europe were initially 
identified, including climate change (Table 1). So far the consensus position was 
that this driving force had imposed limited effects across all sub-regions chosen 
for the study. Changes in the agricultural and industrial sectors of the European 
countries have generated significant pressures and a range of negative impacts in 
the Black Sea (Mee 1992, Zaitsev and Aleksandrov 1997) and Mediterranean re-
gions, but these effects, while not negligible, were less significant for the other re-
gions. One exception to this generalisation might be the role that agricultural 
change played in the eutrophication of the Baltic, although in this case a signifi-
cant proportion of the nitrogen introduced into the system was via atmospheric 
deposition with sources located in industry and transport movements outside the 
Baltic drainage basin (Gren et al. 2000). The huge and very destructive hypoxic 
event that caused severe damage around Denmark in 2002 was a direct conse-
quence of agricultural nutrients transported in the unusual summer flooding that 
swept through Central Europe. This has resulted in a new perspective on the issue 
in the Baltic – a combination of increasing extreme events (not yet clearly veri-
fied) and large residual agricultural loads. There is certainly great concern within 
the Baltic community regarding agricultural loads. The expansion of the energy 
sector in all countries (exploitation, processing and supply, distribution) has set up 
a series of impacts spread extensively across the entire region but the coastal ef-
fects were judged to be particularly significant in the Baltic Sea with its oil and 
gas exploitation and growing intensity of shipping, and in the Mediterranean with 
its high density of shipping routes and movements. 

In Table 2, a trial run to relate drivers and impacts in an interdisciplinary way is 
shown, although the tendency might be that of falling into a “sectoral trap”. An 
example of a such shortcoming may be that agriculture might also bring about 
fisheries loss (via eutrophication). This impact could be mentioned separately in 
the table but it is not, and this might cause confusion. Only after ‘knowing’ that 
eutrophication often (but not always) leads to fisheries loss or alteration, would it 
be possible to work out this impact. Similarly for fisheries as a driver, eutrophica-
tion is not only caused by discharge of nutrients from aquaculture but by the ex-
cessive removal of predators. 

Four drivers (not internally ranked) were judged to be of most importance in 
the characterisation of the baseline conditions in Europe, namely: 

1. Urbanisation and transport (i.e. expansion of the built environment). This driver 
was a ubiquitous one across all regions and furthermore stimulated changes and 
impacts in both the catchments and related coastal areas (and is linked to the sec-
ond and third members of this set of primary drivers). It especially affected habi-
tat and amenity loss across all the considered basins (e.g. EEA 1998); 

2. Tourism was the second member of this set of primary drivers. The impacts related 
to this driver were of major significance for the Mediterranean, the Baltic and the 
Black Sea. Although the visits in the Mediterranean probably are twenty fold those 
to the Black Sea, the latter often result in a higher unit impact (Laurence Mee, 
pers. comm: approximately 150 million verus 5-8 million annually). The impacts 



280      C. Nunneri et al. 

of huge increases in the volume of tourism in Europe and the consequent expan-
sion of the built environment in the resort localities and elsewhere (e.g. transporta-
tion facilities), have been exacerbated by the lack of adequate planning controls or 
the lack of proper enforcement of controls (Simeoni and Bondesan 1997). The 
Mediterranean region is a particular example of this phenomenon where the situa-
tion is further complicated by a growing trend of tourist arrivals from the Eastern 
European countries. The problem of second homes is a major issue in the Mediter-
ranean and a possible emerging problem in those parts of the southern Baltic and 
Black Sea close to the accession countries (Sardà & Fluvià, 1999). Land price es-
calation in coastal areas and problems of solid waste disposal are also noteworthy 
problems in this context. Policy responses have also been mixed with the possible 
abandonment of the tourist ecotax measure in the Balearics and the fostering of 
ecotourism facilities and practices in some of the less intensively developed Greek 
islands. Along the Baltic coastlines HELCOM plans to install a special land-use 
planning zone of 3 km, and Poland has expanded the coastal area subject to re-
stricted use to an up-to-500 m “technical belt” (previously 100 m) and a 2 km 
“protective belt”. (Act on Marine Areas of the Republic of Poland and Maritime 
Administration of 21 March 1991 with later amendments, Ordnance of the Board 
of Ministers of 29 April 2003 on the minimum and maximum width of the techni-
cal and protective belt and the method of determining their boundaries); 

3. Expansion of industrial activities and trade (plus related infrastructure) was the 
third major driver, which was a ubiquitous factor across all regions. A diverse 
range of impacts from habitat loss and degradation to changes in species compo-
sition and the introduction of invasive exotic species and contamination-related 
impacts via dredged sediments and the transportation of oil and gas highlight the 
variety present in this set. The number of species, including exotic phyto- and 
zooplankton blooms recorded in Black Sea increased dramatically during the late 
1980s and 1990s (Moncheva et al. 2001; Zaitsev and Osturk 2001). The altera-
tions of the Black Sea phytoplankton structure, mainly related to eutrophication 
and the superimposed alien invasions, exert modifications in the historical preda-
tor-prey interactions of the food-web and fuel the disruption of the marine envi-
ronment and economy of the affected areas (Moncheva and Kamburska 2002); 

4. Finally, the expansion of fisheries and aquaculture represent the fourth main 
driving force and again is omnipresent throughout the pan-European area, with 
fisheries at a near collapse in a number of seas. The causal mechanism lying be-
hind this productivity loss impact is a complex mixture of ecology, politics, hu-
man psychology and financial livelihoods (Farrugio et al. 1993). As an example, 
in 1988-1989 an estimated six-fold reduction of anchovy stocks with respect to 
the early 1980s was assessed as the result of both overfishing and the introduction 
of the ctenophore Mnemiopsis leidy in the Black and Azov seas (Zaitsev and 
Mamaev 1997, Gucu 2002). A further trend has emerged with control of fisheries 
and aquaculture passing from local interests into national/international control. 
Within these monopolistic market conditions, short termism is an ever present 
danger and the prospects for stock conservation are less then optimistic. The drive 
for maximum output is fuelled by the internationally competitive market forces. 
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qualitative scale:
1 = insignificant
2 = of some significance
3 = significant
4 = very significant
5 = of very high significance

Fig 1. A more “visible” comparison of the impacts caused by tourism throughout the con-
sidered basins under present conditions. The scale of the impacts goes from 1, insignificant, 
to 5, very significant, 3 represents a significant impact 

The selected drivers represented in Table 2, will result in a series of often interre-
lated impacts. The driving forces are not independent, but are all part of a joint 
process of globalisation and change. Some twelve impact categories were identi-
fied, each often encompassing a group of similar or related effects. An examina-
tion of the impact grouping revealed that three categories were judged to be of 
particular significance: 

• Habitat loss, including coastal squeeze;  
• Changes in biodiversity in terms of (impoverished) species composition; 
• Loss of fisheries productivity (in some cases to the point of extinction at least at 

the economic level). 

Other impacts were judged significant, but were not as extensively distributed as 
the three primary impact categories. A group of three impacts – eutrophication-
related effects, contamination-related effects and coastal erosion – were all judged 
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to be of moderate importance in most areas. Salinisation effects, land subsidence 
(due to water, oil or gas extraction), increasing flood risk, reduced sediment sup-
plies, landscape, amenity and cultural losses together with incremented stress on 
water resources, were sometimes significant at a local level (location specific), or 
were judged minor problems. 

As tourism was recognised as being one of the major drivers (see Sarda et al.
this volume), it was chosen for a more in-depth assessment of some current tour-
ism specific impacts on a five-value-scale. The resulting assessment is shown in 
Figure 1, which provides a more immediate comparison for the different sea ba-
sins. 

At present, the Black Sea seems to be the most severely affected basin, through 
coastal squeeze, contamination, habitat loss and eutrophication (Mee and Topping 
1999, Lancelot et al. 2002, Kideys 2002). In this regard, the comparison needs 
some caution, as it would require some estimates of the geographic extent of the 
human footprint, while it is always difficult to get a balanced perspective because 
the places people (even experts) are familiar with are often the most frequented 
ones. For example, there is very little tourism along the Black Sea coast of Turkey 
which is nearly 1000 km long. Certainly the Turkish coast suffers from many 
other problems such as urbanisation (direct discharge of solid and liquid effluent), 
heavy fishing pressure and problems of transport infrastructure (hundreds of km of 
road built on top of the beach), although this is not as much driven by tourism as 
by development and globalisation. Thus the coast of Bulgaria and half of Romania 
are impacted by tourism but this represents only ca. 350 km of coastline. Similarly 
part of Russia and Ukraine are impacted but it is a combination of impacts that 
pushes the system beyond thresholds. In this context the legitimate objection may 
arise, that a ‘five’ for habitat loss in the Mediterranean can be hardly comparable 
with a four or five from eutrophication from tourism (a relatively minor source of 
nutrients) in the Black Sea or elsewhere. This Delphi exercise therefore does not 
claim completeness, but aims to be a first exploration of some holistic way of rep-
resenting and comparing present and future issues. 

The Mediterranean follows, with problems associated with coastal squeeze, 
fragmentation and habitat loss as well as altered hydrological conditions causing 
salinisation. The Baltic Sea faces similar issues with the addition of contamina-
tion. The North Sea and the Atlantic coast appear to be less severely impacted by 
tourism than the other selected regions. 

Scenario analysis 

Once the baseline trend condition overview was completed, the group moved on to a 
consideration of possible, plausible coastal futures. The considered time-frame was 
the time-span until 2050. Three scenarios were selected relating to a (1) world mar-
ket perspective, (2) global sustainability and (3) environmental stewardship. In sce-
nario 1, it is assumed that the globalisation process (and the connected short-
termism) continues and perhaps intensifies. In scenario 2, steps are agreed at gov-
ernmental levels (national or international) to address environmental concerns and 
introduce sustainable development strategies in a top-down process. In scenario 3 
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local groups and interests are given a much greater role to play in management 
through full participation bottom-up approach. A more detailed description and 
elaboration of the scenarios can be found in Turner (this volume). 

The group was then split into smaller teams each addressing a separate regional 
sea/catchment area - Baltic, Black Sea, Mediterranean, North Sea/Atlantic coast – 
and exposed the baseline data to the three scenarios in turn. Table 3 shows the re-
sults of this assessment. 

Some of the more interesting insights that emerged from this scenario process 
are as follows: 

Under scenario 1, tourism retains its primary driving pressure role, as mass 
tourism continues to expand eastwards in Europe and reverse flows also continue 
to increase. The second home problem becomes an even more extensive problem 
with threats not only to the environment, but local community, culture, amenities 
and lifestyles. Habitat losses connected with consequent urbanisation and coastal 
squeeze also escalate. 

Other characteristics of scenario 1 are the possible flight of some industries cur-
rently located in Eastern Europe to other parts of the globe, while simultaneously 
these eastern areas experience an intensification of their agricultural and aquacul-
tural sectors. The consequences are increased eutrophication and contamination-
related impacts (GM crops and increased herbicide applications playing an impor-
tant role). Water demand for agriculture also increases and catchments become even 
more affected by damming. Port complexes increase in size and number in many ar-
eas with consequent habitat loss and biodiversity changes through more importation 
of invasive exotic species and the additional driver of climate change, which is ex-
pected to be more significant than during the 20th Century (De la Vega-Leinert et al. 
2000).

The Mediterranean area sees eutrophication effects intensify as the result of the 
combined effect of climate change increases in the built environment and mass tour-
ism. It also suffers increased water stress, erosion and flood risks. Eutrophication is 
also a major problem in the Baltic, North Sea and along the Atlantic coast, where 
fish farming also brings about increased contamination and biodiversity risks. 
Under scenario 2, the effects of some of the primary pressures are reduced in their 
intensity as regional/international standards and agreements are rigorously enforced 
(“command and control”) or even overcomplied with. Contamination and eutrophi-
cation-type impacts are reduced but not eliminated. Coastal squeeze pressures are 
also moderated by a management strategy which operates at an appropriate (larger) 
spatial scale (e.g. Leafe et al. 1998) and provides compensation for stakeholders who 
lose out (in, for example, management realignment schemes). But tourism patterns 
prove more resistant to radical change, although ecotourism principles are more 
widely adopted and new facilities are better designed with landscape amenity in 
mind. Other impacts such as sewage and solid waste disposal are subject to much 
more stringent regulation so eutrophication impacts are reduced. Ports and harbours 
expansion is not halted, especially in eastern Europe, although control of ballast wa-
ter discharge and dredging activities are more strictly and effectively enforced. Bet-
ter water resource planning and management helps to reduce the number of water 
stress regions and the levels of stress experienced. Species composition change con-
tinues as invasive species continue to spread aided by climatic change factors. In the 
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energy sector, there is a rapid switch to renewables, with offshore wind farms being 
a particular feature of Baltic and North Sea areas. The expansion of the built envi-
ronment is only marginally reduced and switches in modes of transport are also slow 
to take place, because of additional resistance to change among the public. Loss of 
habitat is stabilised, however, as nature conservation designation increases. 

Under scenario 3, mass tourism on an international scale all but disappears, the 
second home problem stabilises and eventually disappears. Fisheries and water re-
sources overexploitation is gradually reduced as local markets and lower overall 
production levels become the norm. The expansion of the built environment and 
habitat loss are halted and even reversed, as decentralisation is adopted as the 
main policy objective. Coastal squeeze is consequentially also reduced in princi-
ple, but localisation could potentially mean fragmentation as processes with large 
spatial scale dimensions might not be properly managed by local vested interests. 
In this context it is doubtful that small-scale communities would be able to afford 
the major engineering works (e.g. to protect cities such as Venice). Some of the 
historical habitat loss may prove irreversible. .

A specific development in the North Sea and Baltic Sea is determined by the 
potential use of renewable energy (e.g. for Germany: BMU 2001; Kannen et al. 
2003), and especially highlighted by the current plans for large offshore wind farm 
construction (Kannen this volume). In Table 3 this development-path is shown by 
additional impacts on species composition and landscape/amenities in all three 
scenarios if compared to the energy baseline scenario. 

Climate change impacts are not significantly changed under any of the scenar-
ios until about 2050 when the more forcible mitigation strategies adopted in sce-
nario 2 start to take effect on GHGs emissions and in scenario 3 when adaptive 
strategies are more widely accepted and adopted. It might be argued that there 
would be political feed-backs. For example, coastal squeeze could well undermine 
scenario 3 as communities become desperate to conserve property rights and heri-
tage in the face of global change and they may move towards scenario 2 solutions. 

Conclusions

The role and challenge of integrated assessment in managing coastal zone issues 
has been discussed, together with its limits and its differences throughout the 
European countries. In this context, given the different capacities and the manifold 
kinds of institutions carrying out this analysis, a need for homogeneous ap-
proaches and a common methodology, as well as essential guidelines for the “less 
expert” countries has been highlighted. 

The double role of scenarios within the integrated assessment (IA) procedure is, 
on the one side, to initiate the IA by scoping the main drivers, pressures and im-
pacts, as well as policy issues and conflicts that are generated (baseline studies) 
and, on the other side, they can be used for testing effectiveness of selected coastal 
management strategies for reaching a desired situation (the “vision”). 
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In a round table discussion the current Drivers and Pressures in European coastal 
areas and their long-term consequences from a foresight perspective have been as-
sessed based on expert knowledge. A baseline scenario was compared with three 
different scenarios (intensification of the globalisation process, government driven 
sustainable development and decentralised management). The analysis was con-
ducted at the scale of five European seas: the Baltic Sea, the Black Sea, the Medi-
terranean, the North Sea, and Atlantic Margin. 

Four main current drivers were considered to play a major role in shaping the 
present issues in across all European coastal areas: urbanisation, tourism, industry 
and harbour expansion, fishery and aquaculture. Those ubiquitous drivers affect 
especially habitat and composition of species and are a source of contamination 
processes and loss of amenities. Particular emphasis was placed on mass tourism, 
which is currently highly impacting the Black Sea and the Mediterranean Sea, 
moderately impacting the Baltic and the North Sea, and locally impacting the At-
lantic coast. From the economic point of view, fisheries loss due to over exploita-
tion seems to be the trend throughout all basins. The current effects of other driv-
ers (e.g energy and agricultural sector) may also be relevant, but only more locally 
(at the sub-basin scale). The effects of climate change are not estimated to have 
caused very significant impacts over the past 30 years. 

Under the three future scenarios (“world market perspective with intensified 
globalisation”, “top-down strategies for global sustainability” and “bottom-up en-
vironmental stewardship”) the analysis suggests that the major current drivers will 
still play the dominant role, augmented by climate change. Drivers and impacts in-
tensities usually increase under the perspective of a more globalised world (sce-
nario 1) and usually decrease through better management, mitigation and adapta-
tion measures under scenarios 2 and 3. Under scenario 1, the eastern countries 
(Black Sea and Baltic Sea areas) are particularly prone to eutrophication and con-
tamination impacts, as well as habitat and biodiversity loss, due to expansion of 
mass tourism eastwards, together with intensification of agriculture and aquacul-
ture. Under scenario 2 more stringent regulations and management reduce envi-
ronmental impacts by designing environmental friendly tourist-infrastructures, 
controlling sewage and waste disposals and through a better environmental risk 
management. Under scenario 3 impacts are reduced through decentralisation, al-
though this may also result in management fragmentation and locally-oriented so-
lutions which are sub-optimal at scales above the regional level. 

Any drive towards renewable energy, such as large scale offshore wind farms 
or use of tidal energy, might bring about impacts on the marine and coastal eco-
systems as well as changes in the institutional and socio-economic system. How-
ever, the relevance of those impacts is difficult to forecast at the present early 
stages of their development. 

Climate change impacts are uniform across the three future scenarios to 2050, 
after which mitigation or adaptation strategies start to take effect in scenarios 2 
and 3. 

In summary, this paper has shown how an approach making use of scenario de-
velopment and analysis as used in the presented (tentative) exercise can provide 
insights about future problems, thus guiding and informing subsequent integrated 
assessment and contribute to improving coastal management over time. 
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Tourism development  
in the Costa Brava (Girona, Spain) –
how integrated coastal zone management 
may rejuvenate its lifecycle 

Rafael Sardá1, Joan Mora, and Conxita Avila 

Abstract 

The Costa Brava is seen as an old mature tourist destination within Europe. Tour-
ism has been the basic wheel of its modern development. However, as is the case 
with other mature destinations in the Mediterranean, and in conjunction with the 
development of tourism, the coast has been very heavily used and degraded. At 
the turn of the century, traditional tourism has stagnated, where not replaced by a 
strategy model based on secondary residences and with construction as the main 
economic activity, consuming large parts of the territory. In order to rejuvenate the 
industry, an agreement between all the stakeholders with interests in the coastal 
zone appears to be necessary since uncoordinated individual strategies in the past 
were only able to improve specific cases but did not solve the problem of overex-
ploitation. In this context, ICZM provides a conceptual framework where individ-
ual strategies for resolving issues and promoting sustainable coastal development 
may be formulated. In this paper we show how the Costa Brava case may help to 
spread tools and practices for coastal managers in emerging tourism destinations, 
or in mature destinations with similar problems. 

Introduction

Over the last decades, tourism has become an economic sector of great importance 
for many developed and developing countries. The Tourism Industry serves mil-
lions of people travelling internationally and, as travel and recreation are becom-
ing more accessible to people, it is expected to be the world leading economic sec-
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tor during this decade. Tourism covers such diverse activities as transport, ac-
commodation, entertainment and catering, and has indirect effects on many others. 
Although the World Tourism Industry was shaken by the terrorist attack of Sep-
tember 11th, the last western economic recession, and more recently, the SARS 
epidemic disease, which reduced its growth during 2002 and probably during 
2003, the Industry has been averaging a 4% annual growth or more during the last 
20 years is expected that this situation will continue to be the case in the near fu-
ture. Because of these numbers, politicians and managers usually see tourism as an 
important source for revenue and employment. The “quick fix” attraction of for-
eign visitors and the increase in earnings provided by tourism obscured in many 
places medium- and long-term planning considerations and diminished the quality 
standards of products and services at final destinations. This well-known process 
raises, consequently, serious problems in the surrounding areas because of differ-
ent types of impacts on the local cultural and natural environment. Solutions to 
these problems, when possible, come later in the process with efforts to reverse 
the degradation patterns promoted by an uncontrolled growth. On the other hand, 
sustainable development is today a well-established transnational concept, and is 
perceived as a compulsory prerequisite for any proposed activity, including tour-
ism activities. Tourism, more than any other human activity, depends on the qual-
ity of the environment for its continued success. Therefore, sustainable develop-
ment of tourism is today an essential prerequisite. At the beginning of this century, 
the managing tourism practices in a sustainable manner as an approach to main-
taining and improving the natural environment while preserving local culture and 
heritage, is becoming fundamental both for tourism product quality and the eco-
nomic development of the host territories. 

According to the World Tourism Organization, "Sustainable Tourism should 
manage all resources in such a way that economic, social and aesthetic needs can 
be fulfilled while maintaining cultural integrity, essential ecological processes, 
biological diversity, and life support systems". Sustainable Tourism requires care-
ful planning, and a move away from the patchy regulatory regimes of the past. It 
should emphasise the quality of the tourist product “the result of a process which 
implies the satisfaction of all the legitimate product and service needs, require-
ments and expectations of the consumer, at an acceptable price, in conformity with 
the underlying quality determinants such as safety and security, hygiene, accessi-
bility, transparency, authenticity and harmony of the tourism activity concerned its 
human and natural environment (WTO 2002)", and ensure as far as practicable 
compatibility with the needs of the local systems in which it is based. To make 
progress towards the sustainable development of tourism, it is necessary to analyse 
the information and know-how related to previous good or bad experiences as well 
as to integrate new facilities and developments with the ambient environment 
(Bramwell et al. 1996). 

Concerning coastal areas in Europe, tourism is, and has been, one of the main 
socio-economic drivers of environmental change. Europe is the destination for 
58% of all international tourist arrivals (400 millions in 2001, WTO statistics 
2002) with the coastal areas representing the most popular destinations. The Medi-
terranean Sea is still the world’s most important tourist’s resort; around 250 mil-
lion travellers came to this region in 2001. These figures do not include millions 
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of people travelling for tourism in their own countries, and which were expected 
to double by 2020 before the terrorist attack of September 11th (Mastny 2001). All 
these statistics lead to the conclusion that the economic importance of tourism in 
the European Union is large, representing 5% of total Gross Domestic Product 
(GDP). According to the Dobris Assessment (Stanners and Bordeau 1995), tour-
ism is likely to become the largest single economic activity in the EU. Inside 
Europe, Spain is undeniably one of the world's leading tourist powers, ranking 
second in terms of international tourist arrivals in the entire world (49.5 millions 
in 2001) and having the 7,1 % of the world market share (WTO 2002). The resi-
dent population of Spain is around 40 million people. Comparing resident people 
with foreign visitor, we can notice the large importance of the tourism Industry 
and all their associated activities for the economy of the country. The Spanish 
Tourist Industry represents over 10% of the National GDP, accounts for annual 
revenues exceeding 30 billion euros, and generates more than one million jobs 
(MEH-MMA 1999). Although with some exceptions, most of these figures are 
still associated with the “mass tourism of sun and beach”, and they are related to 
mature destinations in heavily pressured areas. 

With more than 100 years of tourist experience, Spain is now making strenuous 
efforts to apply sustainability strategies in tourism. Spain has moved away from 
the days when anything seemed to be acceptable and tourist destinations were 
built without any regard to either their load capacity or impact on the local envi-
ronment (MEH-MMA 1999). Today, we have official programmes to stimulate 
sustainable tourism initiatives (Excellence and Dynamic Development Plans). 
Also, there are important local initiatives at mature destinations (Patronato de Tur-
ismo Costa Brava-Girona 1997, Municipality of Calvià 1999, the latter being one 
of the most recognised in Europe). And, moreover, the tourism industry is gradu-
ally adopting sustainable policies and practices. Spain still has a way to go, since 
not everything is going in the ‘correct’ direction. But it is also true that there have 
been some very positive actions and the experiences gained should be transferred 
to other less mature tourism in other countries and emerging destinations to avoid 
old mistakes being repeated. Besides that, tourist activities have expanded to al-
most every location in the world, current trends indicate a dynamic growth of tour-
ism in other emerging Mediterranean areas such as in Turkey, Croatia, Morocco, 
Tunisia, and Greece This paper aims to provide some recommendations to help in 
the promotion of sustainable tourism, using the example of the Costa Brava 
(Northwestern Mediterranean Catalan Coast) as a case of study. 

The Costa Brava (see Sardá and Fluvià 1999 for a regional description) can be 
seen as an old and mature tourist destination. Although different types of tourist 
resorts can be found along this coast due to the diverse socio-economic history of 
its towns , most part of the 220 km stretch has been associated in the past with 
“mass tourism”. The environmental implications of tourism, especially “mass 
tourism” in coastal areas of the Mediterranean Sea, are well known (Fraguell et al. 
1998, Sardà and Fluvià 1999). The impacts generated by an uncontrolled rapid de-
velopment of tourism followed a clear tourism cycle that can be seen everywhere 
(Butler 1980). This concept of the tourism as a life cycle has major implications 
for sustainability, because it is difficult to manage due to the absence of proper 
and clear policies, procedures and tools. 
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Tourism products, such as marketed and labelled destinations, tend to pass 
through a life cycle that goes from a period of euphoria with large territorial trans-
formation and rapid environmental degradation, to a period when the product 
reaches its mature state and environmental awareness evolves. Then, in the in-
terim, sometimes pollution problems become less important due to the investment 
in environmental equipment and infrastructures to maintain what is called “envi-
ronmental quality standards”. Finally, more subtle conservation problems arise in-
cluding loss of symbolic and cultural landscapes and livelihoods. This tourism life 
cycle evolution is a repeated phenomenon and we should clearly analyse and 
communicate its consequences to avoid the repetition of similar mistakes else-
where. Although for old mature destinations sustainable practices have been ap-
plied at the end of the cycle to rejuvenate its tourism industry, the introduction of 
the sustainable principles in the management of the territory and its tourism activi-
ties at the very beginning would be essential for those which are right now intro-
ducing these practices in their own territories. For both, mature and emerging des-
tinations, Integrated Coastal management can facilitate the introduction of 
sustainable development of the regions. 

Von Bodungen and Turner (2001) have argued that Integrated Coastal man-
agement should be something more than an attempt to reorganize coastal spaces 
and political systems for the purpose of facilitating investment penetration by 
governments and/or transnational corporations (see also Nichols 1999). Integrated 
Coastal Management should also facilitate Sustainable Development. These au-
thors recommend that work should be done by natural and social scientists to help 
coastal managers and society by developing a strategy to identify the problems 
and their nature, to find solutions, and to formulate products that could be used as 
guidelines for valuation, assessment, and policy making. Since 1999, work has 
been carried out, in close co-operation with the Patronage of Tourism of the Costa 
Brava-Girona, and the Department of Environment of the Generalitat de Cata-
lunya to develop principles and procedures (tools and methodologies) to foster fu-
ture sustainable tourist development in the Costa Brava. Sustainable tourism 
means ensuring the future success of existing destinations and planning emerging 
and new destinations, with their long-term future development in mind (France 
1997, Swarbrooke 1999, Fullana and Ayusao 2002). Present managing tendencies 
recognize the need to develop integrated management tools and self-regulation 
practices to support policy makers, local operators, and coastal managers in the 
task of integrating the economic development of tourism with environmental ac-
tions at appropriate planning levels. The main goal of this paper is to contribute to 
the dissemination of these tools and practices to those managers that are facing 
early developments in emerging destinations, or to those who are having enor-
mous problems in mature ones. 
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Tourism in the Costa Brava 

The Costa Brava (Girona, Catalonia-Spain) is one of the most visited Mediterra-
nean destinations (Figure 1). Its coastal fringe is administratively divided in 22 
towns included in 3 main administrative regional divisions or “comarques” (Alt 
Empordà, Baix Empordà and La Selva). These 22 towns cover 657,4 square kilo-
metres and have a resident population in 1999 of 173,169 inhabitants. This popu-
lation is enlarged every year by foreign tourists and day visitors as well as by 
other hispaniards that came from other Autonomous Communities of Spain. The 
base population of this region (the population formed by the resident population 
plus the annual average seasonal visiting population) was estimated in 446,337 in-
habitants in 1999, almost 2.6 visitors by resident (Table 1). 
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A life cycle analysis of the Costa Brava Tourist product 

The first indications of tourist activities in the Costa Brava dated from the middle 
of the XIX Century. They were associated with the demands for beach space for 
the high societal classes of Catalonia (Barbaza 1966, Goytia 1995). However, it 
was not until the late 1920’s when initial residential areas were built in Lloret de 
Mar, Sant Feliu de Guixols, and S’Agaro. The “Tourism cycle” began with some 
immediate impacts as a consequence of the spread of tourism in this particular 
zone (Figure-2). During the 1930’s tourism activities became evident as many 
people from the middle social class travelled around and foreign visitors, mainly 
Germans and British, started to be attracted by small tourism resorts such as Tossa 
de Mar or S’Agaro (Castell-Platja d'Aro). The new development of the tourism 
product enhanced a period of euphoria in which economic recovery and social 
modernisation obscured the future consequences. At the beginning of this cycle, 
tourism used to facilitate a change never dreamt of by the players involved in the 
process. The development of tourism in the area led to the positive restructuring 
and improvement of public municipal infrastructures, modernized the lifestyle of 
the local population, and increased their own assets. There was no time for wor-
ries, and a relevant group of Tourism managers founded the Tourism Patronage of 
the Costa Brava in 1935 (Cals 1982). 

During the 1950’s and 1960’s, after the Spanish Civil War and the II World 
War, tourism activities were enthusiastically accepted and tourist resorts and ac-
tivities increased drastically in the Costa Brava (Figure-2). It is at this time that the 
concept of "mass tourism" was born along with the Costa Brava destination and 
little attention was paid to the future implications of this tourist invasion (Fàgregas 
and Barri 1970, Goytia 1995). It was a time for development, the time in which 
this area became a very popular tourist destination in Europe. The extraordinary 
demand for tourism activities attracted many public and private investments, and 
in parallel, other economic industrial and agricultural activities were almost aban-
doned. Economic diversification was restricted and the Costa Brava, as well as a 
wider part of the Spanish Mediterranean area, became very dependent on the tour-
ism industry and its associated components. However, tourists arriving “in mass” 
to a resort can destroy the very qualities that attracted them to the resort in the first 
place, and this well-known problem was evident during the 1970’s in this region. 
Nevertheless, there was no natural rational mechanism to avoid pollution, frequent 
and excessive use of natural resources. 

Although recognition of the tourism pressure on the environment began in the 
1970’s and several actions were observed (”Debate Costa Brava”, Aragó 1996), 
the arrival of democracy to Spain and the need to improve the Spanish economic 
indexes lead to a period in which we followed the developmental patterns ob-
served in previous decades. Based around a very old Coastal Law of 1969, un-
planned growth and over-development, abusive building of second houses, often 
in sensitive natural areas, and unsustainable use of natural resources, were typical 
(Sardá and Fluvià 1999). 
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Environmental awareness promoted by the globalisation of environmental 
probems brought the relationships between the economy and the environment up 
the priority agenda of politicians. Several important environmental policies were 
developed. In 1987, the Brundtland Report defined the concept of Sustainable De-
velopment giving much more relevance to other Mediterranean political regula-
tory measures such as the Mediterranean Action Plan (1975) or the Barcelona 
Convention for the Protection of the Mediterranean Sea (1976). In addition, a new 
Spanish Coastal Law was enacted in 1988 to protect the coast against unregulated 
development. The Rio Conference (1992) and the EC 5th Community Policy and 
Action programme in the field of Environment and Sustainable Development 
(1992) occurred more or less at the same time that the executive responsibilities 
for environmental policies in Catalonia were transferred from the Spanish Gov-
ernment in Madrid to the Generalitat of Catalonia, the Autonomous Government 
of Catalonia. The 5th Programme regarded tourism as an extremely important ele-
ment in the economic and social life of the EU, a reflection of the legitimate aspi-
rations of its citizens to enjoy other places, to get to know other cultures, and to 
engage in different activities or spheres of leisure outside their usual place of resi-
dence or work (MEH-MMA 1999). This new situation clearly started to change 
the way in which tourism and environmental issues were managed in the Costa 
Brava. 

At the beginning of the 1990’s, the Costa Brava appeared to be a very well con-
solidated destination and the of long-term impacts produced by past tourism ac-
tivities were clearly recognized: a) environmental impacts: the excessive use of re-
sources, and pollution, exacerbated by the concentration of visitors in time and 
space in destinations that were not geared to withstand such pressure; b) urban en-
vironmental impacts: abandonment or disappearance of old parts of towns, poor 
quality construction, and the transformation of old villages into tourist resorts; c) 
economic impacts: poor economic diversification, predominant a tertiary sector 
that must be adapted to a floating population with the necessity to be strong 
enough to support the seasonality of the demand; d) social impacts: with the de-
velopment of conflict of interests and society disintegration by the division into 
the sum of individual interests; and, e) cultural impacts: with the loss of traditional 
activities and local customs. To reverse some of these problems, new instruments 
and tools were introduced: new end-of-pipe environmental solutions, conservation 
areas (natural parks), and environmental education. Finally, in 1997, the Tourism 
Patronage of the Costa Brava released its document, “The Action Plan of Sustain-
able Tourism in the Girona regions”, a plan which emphasized tourism quality and 
the need for the introduction of sustainable practices inside the industry. Sixty 
years after its creation, the tourism industry realized that the future of the sector 
could only be assured through the sustainability of its own actions. 

In a recent publication (Aragó 1996) the perceptions of 21 opinion leaders 
about problems arising from the past development of Tourism activities in the 
Costa Brava and possible solutions were discussed. Those leaders were asked to 
give their opinions on the most important improvement measures and potentials, 
as well as the most acute problems still to be solved (see Figure 3). The improve-
ments in the quality of fresh- and sea-water as a consequence of end-of-pipe water 
treatment plants, and the protection of natural systems as a consequence of the in- 



300      R. Sardá, J. Mora, and C. Avila 

0 1 0 2 0 3 0 4 0 5 0 6 0

E du ca ti on

Sc h o ol a riz a ti on

Ro a d  i m pr ov e m e n ts

M an a g er ia l p ra c ti ces  o f t o ur ism

Be a ch c le an i ng

O ld  to w n re sto ra ti on s

Ho sp ita l s a n d san i ta ry  co n di ti on s

D e m o cr acy  an d  p u b lic  pa rt ic ip a ti on

N a tu ra l ha b ita t  p ro te c ti on

W a ste  w a t e r t re a t m e nt  p la n ts

0 1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0

In m ig ra t io n

L a c k  o f fo re st p ro t e c t io n

Q u a l it y o f t he  To u ris t I nd u str y

T ra n spo rt a t io n  sy st e m s

Na tu ra l  h a b i ta t d e g ra da t io n

Re c re a t io n a l  p o rts a nd  m a r in a s

L a n d -u se  p la n n in g

S lo w n e ss i n th e  p ro te c ti on  o f  N a t ur e

To u ris m  re d e sig n

U rb a ni sm  p o li c y

grow better

grow worse

Percentage

0 1 0 2 0 3 0 4 0 5 0 6 0

E du ca ti on

Sc h o ol a riz a ti on

Ro a d  i m pr ov e m e n ts

M an a g er ia l p ra c ti ces  o f t o ur ism

Be a ch c le an i ng

O ld  to w n re sto ra ti on s

Ho sp ita l s a n d san i ta ry  co n di ti on s

D e m o cr acy  an d  p u b lic  pa rt ic ip a ti on

N a tu ra l ha b ita t  p ro te c ti on

W a ste  w a t e r t re a t m e nt  p la n ts

0 1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0

In m ig ra t io n

L a c k  o f fo re st p ro t e c t io n

Q u a l it y o f t he  To u ris t I nd u str y

T ra n spo rt a t io n  sy st e m s

Na tu ra l  h a b i ta t d e g ra da t io n

Re c re a t io n a l  p o rts a nd  m a r in a s

L a n d -u se  p la n n in g

S lo w n e ss i n th e  p ro te c ti on  o f  N a t ur e

To u ris m  re d e sig n

U rb a ni sm  p o li c y

grow better

grow worse

Percentage
Fig. 3. Gains and losses connected with developmental pressures in the Costa Brava as a 
consequence of shoreline development through tourist activities during the period 1970’s-
1990’s. The graph illustrates the percentage of responses of a group of interviewed opinion 
leaders 

troduction of the “Pla d’Espais d’Interès Natural” in 1988, a Catalonian Act for 
the protection of Nature, were mentioned as clear improvements. The residential 
developments and the associated loss of natural habitats were seen as the most se-
rious problems. 

Present numbers for the tourism industry in the Costa Brava 

The number of people visiting Spain is increasing every year (Figure 4). Foreign 
tourist arrivals have increased more than 100-fold since 1950. About 50% of for- 
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eign tourists staying in hotel accommodation choose the Balearic Islands and 
Catalonia as their destinations, with the greatest concentration in Spanish 
Autonomous Communities situated on the Mediterranean Coast and the Islands, 
and the “mass tourism of sun and beach” as a the most representative tourist 
model (MEH-MMA 1999). Catalonia accounted in 2001 for the 27% of foreign 
tourist visitors to Spain (12.9 millions of foreign tourist excluding day-trippers, 
amounting to 7,6 millions). The Costa Brava represented roughly one third of 
these visits (31%). In addition, Catalonia received 4.7 millions of hispaniard trav-
els coming from other Autonomous Communities of Spain (Catalunya Turisme 
2002). Due to these figures, the Tourist economic sector contributed 9,9 % to the 
Gross Domestic Product of Catalonia in 2001 (IDESCAT 2002). 

Between 1996 and 2001, the total number of foreign tourist arrivals to the 
Costa Brava increased by 24,5% (a 3,7% of annual increase, with high interannual 
variations). The total number of bed accommodation in the Costa Brava was re-
duced during the same period by 2,3 % for hotels and 1,6 % for campsites. The ro-
tation of foreign tourists is higher now than in 1996, the time per visit has been re-
duced (8,9 days per visit for 2001), and the accommodation in secondary 
residences owned by foreign people, and apartments, is also high. 
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Table 2. Number of hotels and beds in the Costa Brava region 

Location  1964 1986 2000 
Establishments 130 133 149 
Beds 5,786 9,642 10,808 

Alt Empordà 

Accommodation coeff. 34 32 26 
Establishments 322 257 195 
Beds 14,261 14,591 16,208 

Baix Empordà 

Accommodation coeff. 47 25 24 
Establishments 381 284 277 
Beds 20,849 38,746 42,211 

La Selva 

Accommodation coeff. 221 131 107 

The profile of the tourist industry in the Costa Brava is summarised in (Figures 5a 
and b). The quality of hotel installations needs improvement. With an average of 
2,3 star per bed (Figure 5a, top graph), the industry is trying slowly to improve the 
quality of these installations. The hotel quality variation has been positive during 
the period 1996-2000 (Figure 5b, top). This variation is associated with the disap-
pearance of old installations and improved quality in the construction of the newer 
ones. However, for many small hotels and facilities, it is problematic to invest 
some of the earnings in modernization and upgrading of the quality of the ser-
vices. An historical overview of the development of hotel accommodation capac-
ity can be seen in Table 2. Although the number of beds has increased with time, 
the number of hotel facilities has been reduced since the 1960’s. The reduction of 
hotel facilities goes in parallel with the reduction of the accommodation coeffi-
cient numbers (the number of tourist accommodation beds by each 100 resident 
people). Although for some locations such as Tossa de Mar and Lloret de Mar 
there are more than 1 tourist bed by resident bed (Figure 5a, middle), there is a 
clear tendency involving the reduction of the accommodation coefficient through 
time (Figure 5b, middle; Table 2). On the other hand, the construction coefficient 
(the number of primary and secondary residences built during the last 5 years by 
every 100 resident people) is increasing (Figure 5a, lower) and the tendencies are 
showing a maintained growth of around 8% during the period 1996-200 (Figure 
5b, lower). 

Seasonal fluctuation in tourist arrivals continues to be a characteristic feature of 
the tourism in this region, with almost 50 % of the tourist arrivals between June 
and September. This seasonal phenomena has enormous environmental implica-
tions as it obliges the administration to deal with urban infrastructure that is only 
used to full capacity for a few months during the year. This seasonal dynamics can 
be seen everywhere, in annual foreign tourist arrivals of Catalonia (Figure 6, bot-
tom graph), in the structure of the seasonal population in the Costa Brava (Figure
6, middle), or even in the price of a bed in a tourist resort in La Selva Marítima 
(Figure 6, top). 
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Fig. 5. Present situation of the Tourism Industry in the 22 towns of the Costa Brava ex-
pressed by some indicator numbers. Right graphs: Hotel quality (average stars by hotel 
bed). Accommodation coefficient (number of tourist accommodation beds by each 100
resident people). Construction coefficient (number of primary and secondary residences 
built during the last 5 years by each 100 resident people). Left graphs: Percentage of varia-
tion during the period 1996-2000 for the above indicators. Code for coastal towns follows 
Table 1 
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Fig. 5. Continued 
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Fig. 6. Monthly seasonal variation for: Upper graph) the price of a bed in a tourist resort 
(percentage of variation since the maximum price, August 7th; adapted from Espinet and 
Fluvià 2001). Middle graph) the base population inhabiting the Costa Brava coastal towns. 
Bottom graph) annual foreign visitors in Catalonia (adapted from Catalunya Turisme 2002) 

In conclusion, the growth of the traditional tourism industry in the Costa Brava, 
like in other locations of the Spanish Mediterranean Coast, has been reduced and it 
is believed that we have entered the beginning of an stagnation period. The tradi-
tional tourism industry is suffering today from the consequences of an historical 
uncontrolled and unplanned growth which has generated benefits in the short time, 
with absence of care for the natural and cultural heritage, and based on products of 
medium or low quality. 
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The need for development and ICZM process  
in the Costa Brava 

Shoreline development in the Costa Brava has yielded a very complex situation in 
which two main circumstances can be seen together (Sardá and Fluvià 1999). 
There are very heavily pressured zones where shoreline development has been ex-
cessive and land reclamation, housing availability, road developments, environ-
mental facilities, natural resource uses, beach and cove occupations, proliferation 
of recreational ports, marinas and other sea related recreational activities, energy 
and water consumption are still growing. However, on the other hand, there are 
other zones that were preserved in the past and which are in very good environ-
mental condition, preserving the beauty of the old landscapes of this region. In this 
context, 48,4% of the entire shoreline of the Costa Brava has been artificialised 
(i.e. if human activities can be seen in its first 200 m of land) (Table 1). This evo-
lution has been the consequence of decades of the application of market mecha-
nisms with few interventions by regional and local politicians and coastal manag-
ers protecting the public interests. The communities changed economically, 
socially, an environmentally without a detailed analysis of future scenarios and 
consequences. At the change of the century there is a need for change, a need for a 
much more sustainable development of tourist activities, and we believe that an 
integrated coastal zone management process can help in this situation. 

To tackle the issue of sustainable tourism development in mass tourism destina-
tions as the Costa Brava, we first need to some: a) tourists are now much more 
concerned with the environmental quality of their holiday destinations and facili-
ties, b) the strategy for sustainability in tourism fundamentally needs to be adapted 
to local destinations on which tourist base their choice of holiday, c) there is a 
higher demand of public participation in decision making, and a higher demand 
from people for protection measures for the territory, and d) there is a clear move 
in this zone away from a traditional holiday hotel-based tourism to a tourism 
based on secondary residences with higher demands on land. 

With the general idea of the integration of tourism and environmental strategies 
into the sustainable development of the Costa Brava, an integrated coastal zone 
management process could be useful. This process could be structured in three 
particular actions (Sardá 2001): 

• The development of sustainable plans for sectoral organizations. They are the 
main agents producing change, and for them these plans should be encouraged. 
It is necessary to work on the improvement of the environmental performance 
of private operators, and the awareness raising of tour operators and tourist 
themselves. The introduction of environmental policies, environmental man-
agement systems, and environmental practices in the companies should be rec-
ognized and rewarded; 

• The need for the construction of a strategic regional coastal plan. This plan 
should follow an ICZM scheme to base daily decisions on the use of the terri-
tory. In this way information-based instruments must be developed and clear 
objectives and future scenarios should be formulated to underpin the managerial 
decisions of the Plan; 
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• The development of Local Agendas 21. Participation and cooperation between 
local authorities as well as discussion with their citizens, local organizations, 
and private companies are paramount to develop a local program according to 
the Rio Agenda 21. 

The development of sustainable plans for sectoral organizations 

As the major player in the tourism system, the private sector has a major influence 
in determining the extent to which impacts from tourism upon the environment 
will be either positive or negative. In 1997, the Tourism Patronage of the Costa 
Brava-Girona released its document, “The Action Plan of Sustainable Tourism in 
the Girona regions”. One of the objectives was to promote environmental practices 
in the Industry. Although in the past private sector organisations such as tour op-
erators and hotel and camping developers were solely interested in maximising 
their profits, they now started, slowly to move towards a much more proactive vi-
sion in the field of tourism, enhancing their environmental operations. 

In the year 2001, we carried out a survey between the 338 hotels of the Costa 
Brava to evaluate the environmental perceptions and environmental policies of 
these private operators. A large questionnaire was distributed with the help of the 
Patronage of Tourism of the Costa Brava-Girona. We obtained a 20% response, a 
value that is similar to other questionnaires related to environmental issues (Euro-
pean Eurobarometer project, (Belz and Strannegard 1997), 17,6% of response; the 
2001 Report of Environmental management on the Spanish Industry, Fundación 
Entorno, 2002, 22,3% of response). The average Costa Brava hotel is a small-
medium enterprise, family-based hotel, 2,3 stars, open for 9 months of the year, 
and with more than 15 years of operations (from April to December). The main 
conclusions from the questionnaire survey were the following: 

• The incorporation of environmental factors is low on the Costa Brava hotel sec-
tor’s priority list. Activities questioned (conscientiousness, environmental 
evaluations, introduction of environmental policies, etc.) allow us to rate only 
20-25% of the companies that replied to the questionnaire as having introduced 
some environmental strategies in their businesses; only 9% have an operative 
Environmental Management System (two of them having achieved an EMAS 
award, EC “Environmental Management and Audit Scheme”). This percentage 
ought to be balanced with the reply index obtained (around 19,23%), in the 
worse of cases meaning that only 5% of the hotels on the Costa Brava have in-
troduced some environmental principals in their management; 

• The sector seems to understand the need to improve both its environmental 
awareness and actions. But so far progress has been slow; 

• There was some relevant and worrying lack of knowing among tourism profes-
sionals. While approximately 75% of the people surveyed claimed knowledge 
of environmental regulations (waste, water, noise, etc.), only 30% were aware 
of the Integral Intervention Catalan Community Act, that regulates the license 
of activities following the EC “Integrated Pollution Prevention Control Direc-
tive”; 
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• In the cases where awareness is high, the implementation of Local Agendas 21 
is well accepted among the hoteliers surveyed. Nevertheless there is a lack of 
knowledge of this basic tool in the context of Municipal Sustainable Develop-
ment. Beach cleaning, tourist excellence programs, urban areas improvement, 
etc appear to be well valued. On the other hand, the urban sprawl of second 
homes and tourist eco-taxes are regarded suspiciously. 

Although several environmental voluntary instruments and tools can be used by 
the private accommodation sector to advance towards a sustainable tourism, envi-
ronmental auditing, environmental management systems, and eco-labelling, are 
for the most part restricted to large hotel chains. In the Costa Brava, were small 
business are more important, there is still a need to promote the use of these 
voluntary agreements. However, while only 2 hotels have been awarded the 
EMAS recognition, we have 5 campsites that had the award (there are 98 Camp-
sites in the Costa Brava). Campsite accommodations are more proactive in 
environmental issues because they are much more nature related business and 
because campsites can demand higher prices if managed in a very sustainable 
way. Recently the European Community has set an EC “Eco-labelling Scheme” 
for Tourist accommodations, with the main criteria concentrating on limitation of 
energy consumption, of water consumption, the use of chemical substances, waste 
production; and the favouring of the use of renewable resources and of substances 
which are less hazardous to the environment. The European scheme follows a 
previous national eco-label scheme on Tourist accommodations done by the 
Generalitat of Catalunya, the “Distinctiu de Qualitat Ambiental”. Today 2 hotels 
and 5 campsites have this ecolabel. Besides these good experiences, the 
accommodation tourist sector in the Costa Brava is still showing little interest in 
environmental concerns, and managers still have a lot of work to do in this 
particular issue. 

 large tour operators such the two biggest European groups, the 
Touristik Union International (TUI) and the Thomson Travel Group, perform 
regular environmental audits in their operations. TUI, for example, consults with 
governments of host countries, international and national organisations with re-
sponsibilities in tourism and environment, regional and local authorities, business 
partners, and its own customers, to make them aware of good environmental prac-
tices. We expect to see more of these initiatives in the future. 

The need for the development of an strategic regional coastal plan 

The Economy of the Costa Brava region is highly dependent on the tourism indus-
try. The need for a Strategic Regional Coastal Plan in the Costa Brava is becoming 
necessary as the incorporation of long-term considerations and the integration of 
the environmental factor, along with the participation of all stakeholders, would be 
required to reach sustainable tourism in the future. 

We have been working with national and regional managers to develop some 
tools and methodologies for the evaluation and assessment of a future Plan for this 
region: a) a panel of indicators, b) the use of a Geographical Information System 
(GIS), and c) a set of different graphic package presentations (Sardá  et al. 2003). 
In order to facilitate further management and planning, fourteen strategic indica- 

Nevertheless,
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Table 3. Strategic indicators used in the study by Sardá et al. (2003) 

 Strategic indicator Measure 
1 Population density (Pr) Inhabitants per km2

2 Base population (Pb) over resident 
population (Pr) 

Resident + average seasonal population over 
resident population 

3 Impervious soil  Percentage over total municipal soil 
4 Construction coefficient (Pb) Built houses per 100 inhabitants in the last 5 

years 
5 Unemployement rate  Percentage over active population 
6 Acommodation coefficient (Pr) Hotel beds per 100 inhabitants 
7 Hotel ratio quality over price  Average price by star at the peak season 
8 Waste production intensity  Household and industrial wastes per unit GDP 
9 Protected area  Percentage over total natural area 
10 Coastal protection index* Institutional index 
11 Motorization coefficient (Pr) Vehicles per 1000 inhabitants 
12 Coastal fringe artificialisation Percentage of coast artificialised over total 
13 Beach quality Institutional index based actually on sanitary 

conditions 
14 Water depuration m3 per person per day 

* This indicator was obtained from the “Pla de Ports Esportius” of the Generalitat of Cata-
lonia (Recreational Ports Plan). 

tors were selected (Table 3). These indicators incorporate a series of criteria; they 
are available for all the municipalities along the coast, they avoid duplication of 
information, they are easy to obtain, they compile information from the main eco-
nomic sectors (tourism, construction and mobility) as well as from human popula-
tion aspects, and environmental issues, and they are easily understandable. 

Figure 7 illustrates the weight of four of these strategic indicators in a principal 
component analysis covering data on 22 Costa Brava towns. The location on the 
main axes follows a pattern of artificialisation as human density increases in these 
figures from right to left. Human density patterns (Figure 7a), and all their associ-
ated economic effects (construction, mobility, etc.), are inversely correlated with 
the index base population divided by resident population, a measure of seasonality 
of the population (Figure 7b), and with environmental protection (Figure 7d). See 
also Table 1 for town values. These two later indicators seem to be also in some 
way related with the average price by hotel star (Figure 7c). Hotel tourism invest-
ments in protected and less populated areas can be more profitable, giving higher 
revenues, than those made on less protected and highly populated areas. The price 
of hotel installations in less artificialised areas are higher for the same level of in-
vestment measured in terms of quality. 

Therefore, using the developed environmental indicators, it is possible to clas-
sify the Costa Brava municipalities into three main groups. First, a group of towns 
that was created in the past around other commercial activities rather than tourism, 
and even if tourism has been important to develop these towns, there are other ur-
ban commercial, industrial and residential considerations that are important today. 
These towns are not classified as touristic towns by the Law 8/1987 of Catalonia 
because the annual seasonal population is not larger than the resident population 
and consequently, the index of seasonality of its population is lower than two (see  



310      R. Sardá, J. Mora, and C. Avila 

F
ig

. 7
. B

ub
bl

e 
re

pr
es

en
ta

ti
on

 o
f 

th
e 

w
ei

gh
t 

of
 f

ou
r 

of
 t

he
 t

w
el

ve
 s

tr
at

eg
ic

 i
nd

ic
at

or
s 

us
ed

 i
n 

a 
P

C
A

 a
na

ly
si

s 
to

 a
ll

oc
at

e 
di

f-
fe

re
nc

es
 b

et
w

ee
ns

 th
e 

C
os

ta
 B

ra
va

 c
oa

st
al

 to
w

ns
 



16. Tourism development in the Costa Brava      311 

Table 1). Second, a group of towns that was clearly associated with the tourism 
“boom” of the Costa Brava. Its growth was entirely dependent on this process and 
they did benefit in the 1960’s and 1970’s by the development of the industry in the 
region. And third, a group formed by the towns that were not initially considered 
in this development. These towns arrived to the 1990’s with a larger portion of 
their territory not artificialised and, as a consequence, its natural territory had was 
potentially available for conservation. Most part of the towns belonging to this 
later group are included in the “comarca” of L’Alt Empordà. The further devel-
opment of an integrated plan should emphasize these different realities, and it is 
obvious that the possibilities to rearrange the local activities for each town would 
depend on the group in which they are now included. However, although the ac-
tions and initiatives that could be derived from the development of such a Plan 
should be implemented at a local (municipal) level, the introduction of this local 
process in a structured regional plan should facilitate a harmonization of efforts 
and regional coordination. 

The development of Local Agendas 21 

Making tourism more sustainable requires also the involvement of all the stake-
holders, including the local communities that will be directly affected by tourism’s 
presence. As Agenda 21 has been accepted as the correct tool to allow social par-
ticipation in the move towards sustainable development, its development through 
Local Agendas 21 is a high priority. Following these criteria, the World Tourism 
Organization, together with the World Travel and Tourism Council and the Earth 
Council produced their own Agenda 21 for the travel and tourism industry, gov-
ernments, and others (WTTC et al. 1995). 
In the Costa Brava, we are still in the process of developing the Local Agendas 21. 
Seventeen of the twenty-two towns of this region have signed the Aalborg letter, 
and nine of them are in the process of creating their own Agenda 21. However this 
tool has been applied in other well known cases such as the one in Calvià (Bale-
aric Islands), one of the most outstanding cases of how to use this instruments to 
move towards the sustainability of mature tourist destinations (Ayto. Calvià 1999, 
MEH-MMA 1999). 

Discussion 

“Those of us who were not fortunate enough to spend our summers on the Costa 
Brava when we were children can only see these photographs as a dream that we 
almost experienced, something we barely touched with our fingers and which es-
caped us for ever”. This phrase, extracted from a wonderful book about the Costa 
Brava “Rediscovering the Costa Brava”, (Racionero et al. 1984) expresses clearly 
what shoreline development related to tourism issues meant for the natural and 
cultural values of this territory. If we are not able to manage tourism development 
in a region properly, irreversible processes related to land transformation and envi-
ronmental degradation can quickly combine to the attractiveness of this region. 
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The evolution observed for the Costa Brava along its life cycle showed the move-
ment from an initial tourism based on low volume high value principles (Social 
Tourism) to a one based on high volume low value principles (Mass Tourism; in 
parallel the development of tourism based on secondary residences which spread 
out everywhere. In many places on the Costa Brava, there is a clear perception of 
a loss of attractiveness, especially from repeat tourists and visitors.  
Traditional tourism in the Costa Brava has reached a very consolidated, position. 
Several recommendations are given today to rejuvenate its position and to avoid 
further declining patterns: the move from “mass tourism” to other types of tourism 
“cultural-tourism, rural-tourism, eco-tourism, tourism for retired people … to re-
duce also their seasonal effects, to implement a much more modern and conscien-
tiousness management inside the tourist industry, and to protect the landscape, 
“mountain ranges run headlong into the sea, forming small, secluded pine coves 
and beaches that attracted foreign visitors at the beginning”, and the cultural di-
versity of its towns and people. Recommended to tackle the problem. 

In 1995, the Canary Islands developed its Canary Islands Tourism Regulation 
Act recognising the interdependence of economic and environmental systems, 
aimed to develop a future tourism of quality and at the same time affording a 
marked degree of protection of the island territory. In 1998, the Balearic Isles Re-
gional Authority enacted two decrees regulating tourist establishments, and ap-
proved transitory measures limiting the opening of new tourism facilities and ac-
tivities, including a tourist eco-tax. Nevertheless, all these strategies require an 
agreement between all the stakeholders intervening in the coastal zone, a longer-
term perspective on policymaking, and a coordination of efforts between the gen-
eral administration, the local coastal managers, the industry, and the participation 
of the society. Sustainable tourism is a goal, which can not be reached immedi-
ately, it is going to be difficult to readjust tourist activities given the history in this 
region, but the use of an ICZM process can really help. The development of an ef-
fective ICZM plan would be essential to achieve the goals for the future. 

ICZM provides a conceptual framework within which individual strategies for 
resolving issues and promoting sustainable coastal development may be formu-
lated (Richter et al. 2001). In the process of developing this effective management 
several steps needs to be addressed. The awareness of the problem that facilitates 
further dialogue and exchange of different views about the future, and then coop-
eration, coordination of efforts and actions, and the integration of all of them in a 
General Plan. We are still in the process of dialogue and cooperation in the Costa 
Brava. In order to avoid further degradation and to move towards a sustainable 
tourism, we will need to co-ordinate the needs of traditional tourism with the real-
ity of the new tourism based on secondary residences, to find formulas in which 
both can coexist without diminishing the quality of the product. Maintaining the 
sustainability of tourism will require managing environmental and socio-economic 
impacts, establishing environmental indicators, and improving the quality of the 
tourism product, the Costa Brava product, either the well known tangible products 
such as installations and facilities, or the intangible ones, the natural and cultural 
heritage of the territory. ICZM can facilitate this move. 

In a healthy western economic society such as the Costa Brava, it is still possi-
ble to promote the needed dialogue, to direct some income to the solution of envi-
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ronmental pollution problems or, even to protect new territory, or to restore de-
graded natural systems. However, when these processes are seen in developing re-
gions of the world, damages are much more difficult to reverse (Mastny 2001). It 
becomes necessary to disseminate past experiences such as the ones observed in 
the Costa Brava to help local managers of emerging destinations. 

The pace of tourism expansion is not expected to slow down. As developing 
countries grow richer more people can afford travel, tomorrow visitors are ex-
pected to come from Russia, China, and other eastern countries. The realisation 
that tourism may harm the natural, cultural and social resources, on which it is 
based, has generated increasing calls for its sustainable development. However, 
recognition of long-term environmental impacts generated by tourism, and appro-
priate regulatory and management actions are not easily realisable objectives. 
There are too many contrasting interests caused by the different sectors involved, 
and political circumstances make the tourism sustainable management complex. 
Besides, it is difficult to understand what the term sustainability means for a spe-
cial territory. However, it is clear today that if tourism wants to contribute to the 
sustainable development, then it must be economically viable, ecologically sensi-
tive and socially and culturally appropriate. Past experiences, such as the one ob-
served in the Costa Brava, should cause us to think about the negative conse-
quences derived from the fact that we were not able to incorporate long-term 
planning at the very beginning. The introduction of ICZM processes can be a very 
powerful tool to advance the cause of more sustainable tourism worldwide. 
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Management of contaminated dredged 
material in the port of Rotterdam 

Tiedo Vellinga1 and Marc Eisma 

Abstract 

In the port of Rotterdam some 20 million m3 of sediment is dredged each year. 
More than 90% of this material is not contaminated and can be disposed of at sea. 
The amount of contaminated dredged material has decreased due to, amongst oth-
ers, the focus on the control of the initial sources of contamination by the Munici-
pal Port Management. Further improvement of the quality of dredged material in 
the port is worked on in the Rhine Research Project II. Key concepts in this pro-
ject are emission control, harmonisation of water and sediment policy and a shift 
towards integrated sediment management. 
The part that is still contaminated is stored in a large disposal site, called the 
Slufter. If at all possible (given environmental, scale and economic considera-
tions), the Rotterdam port authorities want to make beneficial use of the dredged 
material rather than store it in the Slufter. So, since 1992 sand is separated and re-
cently some clay has been made from the dredged material. Since 2001 studies 
have been carried out into thermal immobilisation and into the possibilities for the 
actual use of the dredged material. 

Introduction

The port of Rotterdam owes its leading position in Europe and the world to a ma-
jor extent to its geographical location: on the North Sea and the Rhine and Meuse 
estuaries. This location implies large transports of sediments where sea and river 
meet, in and out of the port, both marine and fluvial. Marine sediments accumulate 
through tidal action mainly in the western port areas, whereas the eastern port ar-
eas are mainly influenced by fluvial sediments, transported by the Rhine (Fig-
ure 1).

1  Correspondence to Tiedo Vellinga: t.vellinga@portofrotterdam.com  

J.E. Vermaat et al. (Eds.): Managing European Coasts: Past, Present, and Future, pp. 315–322, 2005. 
© Springer-Verlag Berlin Heidelberg 2005. 
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western port area Botlek area eastern port area

Fig. 1. The port of Rotterdam 

Most of the sediments to be dredged derive from the marine environment and 
only around half of the river sediment settles in the port. The other part of this flu-
vial sediment finds its way into the North Sea. Rotterdam Municipal Port Man-
agement (RMPM) is responsible for the nautical safety and shares responsibility 
for the quality of the environment in the port area. A sustainable clean and safe 
port is a basic condition for a healthy future for the port and surrounding region. 

Commissioned by the managers of the port area and river (RMPM and the Min-
istry of Transport, Public Works and Water Management), to maintain adequate 
port facilities, 15 to 20 million m3 of sediments are dredged per year. 

The relocation of this dredged material to the North Sea, the preferred disposal 
option, is regulated by a set of chemical criteria, the so-called Sea/Slufter limits. 
Dredged material exceeding these limits, mainly sediments from the eastern port 
areas (and partly from the Botlek area), has to be disposed of in a confined site, 
the Slufter (Figure 2). However, nowadays most of the dredged material is re-
turned to where it came from: the sea. 

Fig. 2. The Slufter – a confined disposal site for contaminated dredged material 
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Sediment management in the port of Rotterdam 

Rhine research project 

Since in the seventies the contamination of the river sediment became apparent, 
the Rotterdam Dredged Material Management Program has been strongly focus-
sed on the control of the initial sources of contamination, by way of the Rhine Re-
search Project. Agreements were successfully reached with all major discharging 
companies concerning a radical reduction in their discharges. Over the past fifteen 
years, this approach has led to a significant reduction in point discharges and resulted 
in a significant improvement with regard to the quality of the Rhine water and conse-
quently to the quality of the dredged material in the port of Rotterdam (Figure 3). Al-
though for a number of contaminants the target values have not been met, the 
Rhine river management interests now tend to shift to other issues. 

These developments made it necessary for the RMPM to start a follow-up: 
‘Rhine Research Project II’. The main objective of the ‘Rhine Research Project II’ 
is to ensure that all dredged material is sufficiently clean by 2015, in line with the 
concept of a sustainable port and region in which port activities take place. In 
other words, all dredged material should be clean enough either to be relocated in 
the North Sea or to be beneficially used. 

The Port of Rotterdam is not in a position to solve the sediment and dredged 
material issues on its own. Collaboration with organisations that are involved in 
water and sediment management for the Rhine and the North Sea such as the In-
ternational Commission for the Protection of the Rhine (ICPR) and OSPAR is an 
important implied objective. 

Emission control, with a shift from point to diffuse sources 

Several heavy metals, polychlorinated biphenyl’s (PCBs) and polycyclic aromatic 
hydrocarbons (PAHs) are of concern with regard to the quality of sediments in the 
Rhine catchment area and are as well criteria for the relocation of dredged mate-
rial to the North Sea. The question arises, how the contamination of dredged mate-
rial will develop in future and whether it will reach levels that allow its relocation 
to the North Sea. With a model two types of scenarios were assessed for the time 
period until 2015. The 'business as usual' (BAU) scenarios take measures into ac-
count that are already agreed on or are 'in the pipeline', i.e. the implementation can 
most probably be expected. The 'Green' scenarios consider additional reduction 
measures that might be realised but largely depend on upcoming policies. Taking 
the present state as a starting point, the changes in modelled future inputs in the 
Rhine basin were extrapolated on the development of the quality of sediments in 
eastern parts of the Port of Rotterdam and compared to current Dutch quality crite-
ria for relocation of dredged material to the North Sea (Figure 3). 

Measures, accounted for in the BAU scenarios, are not expected to result in a 
substantial decrease in contamination of sediments/dredged material for most of 
the investigated substances. Additional measures (Green scenarios) could achieve 
more satisfying results towards reaching the Sea/Slufter limit values. However,  
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even in the Green scenarios, defined target values will be still exceeded for the in-
vestigated compounds until 2015, with the exception of lead (not shown in Fig-
ure 3). 

Fig. 3. An example of the reduction of contamination in the different areas of the port 
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dredged volumes (DV) from eastern parts of the port to be
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Fig. 4. Present and estimated future quality of dredged material in the eastern parts of the 
port of Rotterdam according to current Dutch criteria 
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Harmonisation of the Rhine – and North Sea policy 

Also the related current and future policies and regulatory frameworks are investigated. 
For both the river Rhine and the North Sea and for the port of Rotterdam it is very im-
portant that policies are harmonised. Although it seems obvious that because of its na-
ture water and sediment management should be integrated within the system of river 
catchment and coastal zone, in reality both policies do not seem to be linked. The lists 
of priority contaminants are very different. Upstream sediment can be returned to the 
system when it exceeds concentrations up to three times of what is actually present in 
the river. Downstream in the port it is not allowed to return the sediment with even the 
same quality. For the relocation of the dredged sediment in the marine environment 
permitting has been since 2003 also based on biological assessment. No such instru-
ment is being developed for the Rhine sediment itself for the purpose of control of the 
initial sources of contamination. These sources include in this case also all the sleeping 
and seeping sources that are present in the Rhine catchment. Concerning the assessment 
of the quality of sediments and dredged material in the Rhine catchment area, 'new' sub-
stances can become of concern, which at present are not considered problematic. 

The river catchment and the coastal zone should be treated as a continuum/one sys-
tem. 

Efforts to improve sediment/dredged material quality should encompass the assess-
ment of biological, physical, chemical and economic factors, and the balancing of these 
gains and losses against political, economic and social welfare decision criteria. This 
implies the need for harmonisation of approaches and the integration of stakeholders in 
the decision-making process. 

It is important that these basic principles be followed now when the focus of the EU 
water quality management is on the implementation of the European Water Framework 
Directive.

From dredged material to sediment management 

At present, direct emissions from the river dominate the input for most contaminants 
into the North Sea. This underlines the need to view the Rhine catchment and the 
coastal zone as a continuum/one system with regard to achieving further reductions of 
contamination. 

The decision on relocation or withdrawal (confined disposal) of sediments from the 
marine system should take two effects on the coastal ecosystem into account. On the 
one hand the withdrawal of slightly contaminated sediments will reduce inputs of con-
taminants (positive), on the other hand withdrawal of large amounts of sediments will 
upset the sediment balance in sedimentation areas (negative). In a modern impact 
analysis both aspects should be put in a context of questions about sustainable river 
management and sea level rise, with increasing coastal erosion and impacts on mud 
flats. 

Following nature, the level of protection for the North Sea should be one of the lead-
ing principles for the river protection programs. The main objective of the management 
strategy should be to shift from dredged material management to sediment manage-
ment. 
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Disposal and beneficial re-use of dredged material 

Disposal of dredged material 

Although there is a distinct reduction of contaminants in dredged material, dis-
posal of contaminated dredged material is necessary. The Slufter, an enormous 
permanent disposal site for dredged material, came into use in 1987. RMPM and 
the Ministry of Transport, Public Works and Water Management own the Slufter. 
Due to the efforts put into source control, there is still room in the Slufter for con-
taminated dredged material (according to the present norms) up to 2015. As far as 
disposal is concerned, the policy of the RMPM has always been on the economical 
use of space in the Slufter. The main port function has to be assured, also in the 
future. That is safeguarding the continuing process of dredging and disposal of 
dredged material. 

The Dutch policy 

Contaminated dredged material is a national problem because of the spatial re-
strictions and environmental opposition policies and regulations are very critical 
towards the mere disposal of contaminated dredged material in a disposal site.  

Fig. 5. Sandy dredged material 
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This is why increasingly measures (focussed on non-disposal) come into use. Im-
portant measures that have their influence on dealing with contaminated dredged 
material are: 

• The levying of taxes on disposal of sandy dredged material (into use since 
2002); if dredged material with more than 60% sand is put in a disposal site 
(without removing the sand), high taxes must be paid (€ 13/tonnes). In future 
maybe more dredged material may be subjected to the taxes. 

• If treatment, instead of disposal, of the more contaminated material is carried 
out (with as a result a product that can be beneficially re-used), this is State-
aided. 

• Sand and clay can only be used in constructions if the contaminants do not ex-
ceed levels stated in the building Act. At this moment the building act is under 
revision because the act was not orientated on building materials coming out of 
dredged material, increasing the beneficial use potential. 

The Rotterdam activities 

The RMPM fully supports the Dutch policy in reducing the amount of contami-
nated dredged material that has to be stored. In this perspective the Rotterdam ac-
tivities are mainly focussed on source control. 

As far as the measures for disposal are concerned, from an economical point of 
view, the taxes for disposal can have large consequences for the Port of Rotter-
dam. Since the dredging and disposal is paid out of the harbour-dues, this can have 
consequences for the economical position of the port. Also most of the contami-
nated dredged material in the Rotterdam Port area is too clean to come into con-
sideration for the state-aided treatment. In view of this it is important that, if bene-
ficial use is concerned, a large-scale method with low costs is applied. 

This is why, in 1992, the RMPM started with the extraction of the clean sand 
out of the material that was brought into the Slufter. Since 1993 sand separation 
has been common practice at the Slufter disposal site (Figure 4). 

Also since the late nineties clay-fields were constructed at the Slufter site. At 
this moment a study is carried out into the use of alternating layers of sand and 
clay (out of dredged material) in a construction (road embankment or raise). The 
civil-engineering aspects are investigated. Maybe these so-called sandwich con-
structions can be used in the future extension of the port.  
Another investigation carried out by the RMPM, some private companies and a 
company from the UK, is an innovative thermal immobilisation of dredged mate-
rial. For the RMPM the focus is mainly on a recycling factory in the Port. Besides 
dredged material other additional substances are necessary for the process. Be-
cause of the treatment and disposal cost of these additional substances otherwise 
and because of the economical heat consumption, this method can be relatively 
cost-effective for dredged material and the additional substances. This method is 
still in the test stage. 
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Conclusions

The main objective of the RMPM is to ensure that all dredged material is suffi-
ciently clean within the foreseeable future (2015), in line with the concept of a 
sustainable port and region in which port activities take place. 

The basic principle of Rotterdam’s policy is that it should be possible to relo-
cate all dredged material from the port (back) into the water system, or alterna-
tively, to use part of it on land without causing (hazardous) impacts. 

The focus is mainly on source control but as long as there is contaminated 
dredged material economical use of the Slufter is eminent. For an economical 
sound Port, the focus should be on beneficial use from which the environment 
benefits the most. For the port of Rotterdam this means large-scale treatment 
methods for low costs (under the conditions are that there is a market for the prod-
ucts and that the rules and regulations do not prevent the use of the products). 
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Abstract

In the context of the Water Framework Directive (2000/60/EC), EU Member 
States are required to introduce water quality objectives for all water bodies, in-
cluding coastal waters. Given the impact of catchment fluxes on coastal water 
quality, decision-making at the catchment scale is essential. This chapter investi-
gates the use of integrated assessment as an overall decision-support process and 
toolbox in the Humber estuary. 

Introduction

In the context of the Water Framework Directive (2000/60/EC), EU Member 
States are required to introduce water quality objectives for all water bodies, in-
cluding coastal waters. Given the impact of catchment fluxes on coastal water 
quality, decision-making at the catchment scale is essential. This chapter investi-
gates the use of integrated assessment as an overall decision-support process and 
toolbox in the Humber estuary. The context of this research is an ongoing Euro-
pean research project, EUROCAT, which is focused on the requirements of inte-
grated catchment and coastal zone management and analyses the response of the 
coastal sea to changes in fluxes of nutrients and contaminants from the catch-
ments. The first section of the chapter describes briefly a suitable decision-support 
framework and its main analytical steps. The chapter then describes the case 
study, the Humber catchment and estuary, exploring the management issues 
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through the Driver-Pressure State Response (DP-S-I-R) scoping framework. The 
general methodology for scenarios is reviewed, before regional scenarios are de-
rived, which describe three possible futures for the Humber. The chapter finally 
presents a policy analysis, including an abatement cost study, highlighting the 
issue of copper discharges to the estuary, and reports on how the scenarios can be 
used to investigate future fluxes and provide a consistent framework to evaluate 
potential policies to improve water quality in the estuary, in the context of the Wa-
ter Framework Directive. 

Integrated environmental assessment (IEA)  
for coastal zone management 

When water resources, including coastal waters, are seen as components of a 
wider set of interrelated systems encompassed within catchment and watershed 
boundaries, more efficient management of water and related measures to protect 
the wider supporting ecosystems are all vital components of a sustainable devel-
opment strategy. Managing water resources at the catchment scale requires an 
appreciation of the full functioning of hydrological, ecological and biogeochemi-
cal systems and the total range of valuable functions and functional outputs of 
goods and services that are provided. A sustainable approach to water manage-
ment and pricing must therefore be based on a wide spatial and temporal apprecia-
tion of the landscape ecological processes present, together with the relevant envi-
ronmental and socio-economic driving forces. Such a management strategy will 
need to be underpinned by a scientifically credible but also pragmatic environ-
mental decision support system, i.e., a toolbox of evaluation methods and tech-
niques, complemented by a set of environmental change indicators and an ena-
bling analytical framework. 

The support system should allow managers to identify a number of steps or 
‘decision rules’ in order to use the framework in a given catchment. The main 
steps are listed below: 

• Scoping and auditing stage - to scope the nature of the problem and the causes 
and consequences that are relevant. The so-called DP-S-I-R framework has 
proved useful at this stage (Turner et al. 2001); 

• Identification and selection of complementary analytical methods and tech-
niques - such as GIS, coupled natural science models, cost benefit analysis, etc; 

• Data collection and monitoring via indicators of change and forecasting of fu-
ture possibilities via environmental change scenarios; 

• Evaluation of project, policy or programme options - using methods such as 
stakeholder analysis, cost effectiveness, cost benefit analysis and multi-criteria 
analysis. 

The following steps and related information gathering and analysis procedures are 
recommended in the appraisal process: 
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Scoping and problem auditing 

The DP-S-I-R (driving pressures-state-impacts-response) framework, originally 
developed by the OECD, is a useful device for the scoping of complicated man-
agement issues and problems. It can make tractable the complexity of causes of 
degradation or loss of water resources, habitat and species and the links to socio-
economic activities, across the relevant spatial and temporal scales. It also pro-
vides the important conceptual connection between ecosystem change and the 
impacts of that change on people’s economic and social well-being. Relevant indi-
cators of environmental change can be derived (see below), and the loss of ecosys-
tem function provision in terms of goods and services (direct and indirectly re-
ceived) can be translated into human welfare loss and quantified in monetary 
and/or other more qualitative ways. 

In this initial stage of the analysis an empirical description and explanation is 
also required covering the relevant policy context and regulatory regime that is to 
form the focal point of the research within any given catchment. The regulatory 
regime work where necessary, will need to encompass both regional/national and 
international regulations and designations and their implications for the catchment. 

At the core of this analytical stage is the process of stakeholder mapping and 
the related identification (via the DP-S-I-R approach) of those impacts and conse-
quences of environmental change which impinge on stakeholders. 

Stakeholder mapping 

For a given catchment it is necessary to identify the following: 

• The different ‘interest’ groups within the catchment and outside (national and 
international) that are relevant to the policy issues and contexts being focused 
on; 

• Existing stakeholder networks (or the lack of networks); 
• Existing institutional arrangements and ‘power’ structures; 
• The aggregate ‘policy networks’ (or the lack of networks) that serve to influ-

ence policy choice outcomes. 

This stakeholder-related information should then be set against the relevant drivers 
and pressures of environmental change in the catchment (from the DP-S-I-R data) 
e.g. population growth and density changes, pollutants and contaminants trends 
and climate change. The findings should help, among other things, to highlight 
any distributional equity concerns (i.e. who gains who loses) and power relation-
ships relevant to existing policies and future potential policy measures. The policy 
set should include any national, EC or other international regulations, designations 
and agreements. All this information will be relevant to the outputs from the fu-
tures scenarios and policy goals and measures research. 

Scenario analysis 

The future will always be shrouded by uncertainty and therefore accurate predic-
tion is not a feasible goal. However, it is possible to formulate scenarios that can 
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shed light on and offer insights about possible future developments. It is these 
scenarios, which can inform the policy targets, standards and measures packages 
relating to the policy issues chosen as the foci for the catchment-level research. 

Indicators and critical thresholds 

Given the degree of scientific and socio economic (economic, social, political and cul-
tural factors) uncertainty that exists about current and future environmental change is-
sues and consequences, the scenario-related perspectives are heavily influenced by the 
degree of risk aversion that may be adopted by different stakeholders and the govern-
ment on behalf of the whole of society. The so-called precautionary principle is a reflec-
tion of this concern about uncertainty and the sort of decision-making approach that 
should be adopted. We turn to this concept next. 

Different societal positions (perspectives) will encapsulate different approaches to 
the precautionary principle and the treatment of risk and uncertainty. The position taken 
over how to mitigate the uncertainty problem will also affect the indicators of change 
that are chosen and their interpretation. In many cases it will not be possible to deter-
mine single number outcomes for ‘critical loads’ of given substances, or ‘critical 
thresholds’. Instead there will be standards/targets, which incorporate different interpre-
tations of ‘safety margins’, necessary to avoid breaching uncertain thresholds. Relevant 
environmental change indicators may of necessity be fairly crude measures of trends 
(positive and negative) relating to substance fluxes, ambient quality states and wider 
ecosystem changes, augmented by a qualitative assessment. 

Identification and selection of appropriate decision-making methods 

Managed ecosystems will be in an almost constant state of flux as the natural proc-
esses and systems react to human management interventions, which in turn, subject 
to various lags, produce more policy responses i.e. a co-evolutionary process charac-
terised by continuous feedback effects. It is therefore important to be able to assess 
the impact of alternative sets of management actions or strategies in order to judge 
their social acceptability against a range of criteria such as environmental effective-
ness, economic efficiency and fairness across different stakeholder interests (includ-
ing different generations). Evaluation methods and techniques have to be matched 
up to the chosen evaluation criteria. 

Data collection, monitoring, and indicators 

Official interest in quantifiable environmental indicators intensified during the 
1990’s as sustainability thinking came to prominence. They serve to reduce the 
complexity of environmental pressures, state changes and impacts and to increase 
the transparency of the possible trade-offs involved in policy options choice. Indica-
tors do not, however, provide a panacea for scientific uncertainty and they also re-
quire suitable institutional structures to be in place to regularly collect and update the 
relevant background data. 
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Evaluation of project, policy, or programme options 

A combination of quantitative and qualitative research methods is advocated in 
order to generate a blend of different types of policy relevant information. This 
applies to both the biophysical assessment of management options and the evalua-
tion of the welfare gains and losses people perceive to be associated with the envi-
ronmental changes and management responses. The main generic approaches that 
can form the methodological basis for strategic options appraisal are: 

• Stakeholder analysis; 
• Cost-effectiveness analysis; 
• Extended cost-benefit analysis and risk-benefit analysis; 
• Social discourse analysis; 
• Multi-criteria analysis. 

This chapter reviews how these different steps were applied to the Humber within 
the context of estuarine water quality management. 

The Humber case study and the DP-S-I-R framework 

The Humber catchment and the coastal zone 

The Humber catchment covers an area of ca. 24,240km2, more than 20% of the land 
area of England (Jarvie et al. 1997). It is home to 20% of the UK population, and a 
very significant proportion of the energy, industrial and agricultural production. In-
dustrial, urban and agricultural development over the last few hundred years have 
adversely impacted the quality of the water entering the estuary from the rivers. 

The macro-tidal Humber estuary is one of the largest in the UK. The area sur-
rounding the Humber Estuary (generally referred to as Humberside) is mainly high 
quality agricultural land, with many thousands of hectares reclaimed from the estu-
ary over the last few centuries (Murby 2001). As a result, it is estimated that over a 
third of a million people now live on areas of land below high spring tide level (EA 
1999). Humberside ports handle 13% of the UK’s sea-borne trade, with Grimsby-
Immingham representing the largest port complex in the UK (DETR 2000a). In spite 
of extensive reclamation and coastal squeeze over several centuries, large areas of 
intertidal and coastal wetland habitat still exist in the estuary, supporting year-round 
bird populations, as well as species that use it during migratory passage and as a 
winter residence. The outer estuary is also of particular importance as a fish nursery 
area for North Sea plaice. Much of the Humber is designated under the Habitats Di-
rective, and the entire Estuary has been proposed as a marine Special Area of Con-
servation, in recognition of its importance to nature conservation.  

The Humber case study represents a good example of what can be called a “ma-
ture” environmental problem. Over the last few decades, as heavy industry in the 
catchment has declined, and regulations on emissions and inputs to controlled waters 
have become more stringent, the water quality of both catchment and estuary have 
improved. The “peak” loading impact to the Humber estuary in terms of nutrients 



328      J. Andrews et al. 

and many metal inputs from the near-estuary and wider catchment zones was in the 
past. However, a legacy of contamination still exists in the sediments (Millward and 
Glegg 1997), and the loss of intertidal area has led to a severe reduction of the abil-
ity of the estuary to trap nutrients, which instead get exported direct to the North Sea 
(Jickells et al. 2000). 
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Fig. 1. The DP-S-I-R for the Humber (corresponding EUROCAT research steps in italics) 

The DP-S-I-R framework for the Humber 

The Driver Pressure State Impact Response (DP-S-I-R) framework has proved 
useful to scope sustainable development issues in coastal zone management. First 
developed for environmental reporting by the OECD (OECD 1993), it was further 
developed and adapted to the context of coastal zone management by Turner et al. 
(1998a). Figure 1 illustrates the DP-S-I-R framework applied to the Humber. At 
the root of environmental change are economic drivers, for example agricultural 
intensification, urbanisation, ports development, which in turn will create pres-
sures: land conversion and reclamation, nutrient emissions, waste disposal in 
coastal waters, dredging. These pressures, along with physical factors such as cli-
mate change, will lead to changes in the state of the environment e.g. changes in 
nutrient concentration leading to increased risks of eutrophication, loss of habitat 
and species diversity. These physical changes will in turn have an impact on hu-
man welfare, for example through reduced fisheries productivity, health impacts, 
or reduced welfare from decreased biodiversity and poorer water quality. Envi-
ronmental economic valuation measures these impacts on human welfare due to 
physical changes in terms of costs and benefits to society. 
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These welfare changes will provide the stimulus for management action, which 
will seek to control socio-economic drivers and consequent environmental pres-
sures, thus creating a continuous and dynamic cycle with feedback loops.  

Drivers in the Humber can be described as follows: (Cave et al. 2002): 

Population growth and urbanisation 

The total population of the Humber catchment numbers about 11.5 million (Office 
of National Statistics 2002). Of this, 6.1 million live in the Trent catchment, in-
cluding 1 million in the city of Birmingham. The Ouse catchment has a population 
of 4.4 million, with the largest urban area being the Leeds-Bradford conurbation, 
totalling 1.2 million inhabitants. Nottingham, Leicester, and the West Mid-
lands/Birmingham conurbation are drained by the Trent, the Leeds-Bradford area 
in West Yorkshire is drained by the Aire/Calder and the Sheffield/Doncaster area 
in South Yorkshire is drained by the Don (Figure 2). There is one major conurba-
tion on the estuary itself, on the north bank at Kingston-upon-Hull, and several 
large industrial areas on the south bank, giving a total Humberside population of 
0.9 million. There are also large rural regions, whose populations are currently 
experiencing high population growth, while the urban areas are showing a small 
decline.

Agriculture 

The total agricultural area for the Humber catchment amounts to some 2.3 million 
hectares, from a total land area of just over 2.4 million hectares (source: DEFRA, 
UK Agricultural Census Statistics for 19992). Of this, 1 million hectares is arable 
and horticultural land, growing mainly cereal crops, oilseed rape, and root crops, 
and the remainder is predominantly grazing land. Land use in the Ouse and Trent 
catchments is broadly similar, but with the Trent having almost double the urban 
area of the Ouse, while the Ouse has more extensive woodland, heath and bog. 

Industry 

In the catchment, traditional industries such as textiles and iron and steel have 
declined, while the chemical and petrochemical industries are thriving, as is the 
power industry. The estuary is now in a post-industrial phase, with some of the 
large polluting manufacturing plants on the estuary now closed down (e.g. tin 
smelter at North Ferriby), and others subject to more stringent effluent restrictions 
(e.g. titanium dioxide plants on the south bank).  

2  available from 
http://www.defra.gov.uk/esg/work_htm/publications/cs/farmstats_web/default.htm 
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Fig. 2. Map of the Humber Catchment. (after Edwards et al. 1997). Inset map of part of the 
UK, showing the extent of the catchment in grey 

Port development 

The Humber ports (Goole, Grimsby, Hull and Immingham) handle 13% of the 
UK's seaborne trade (DETR 2000a). This has risen from 58 million tonnes in 1989 
to 74 million tonnes in 1998. Up to 50,000 ship movements per year are handled 
by the Vessel Traffic Service Centre at Spurn Head, and the volume of ship traffic 
is expected to increase as the European Union expands over the coming years. 
Grimsby and Immingham overtook London to become the UK's leading port in 
2000 with 52.2 Mt of freight traffic (DETR 2000b).  
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Climate change 

In addition to the socio-economic drivers, an emerging additional driver in the 
Humber catchment for the foreseeable future is the necessity to cope with climate 
change. This includes more extreme weather events, which can lead to flooding in 
parts of the catchment (Longfield and Macklin 1999), and expected sea-level rise 
around the estuary. Major floods occurred in the catchment in 1986 1995 and 
2000, with the Ouse catchment most affected. This type of event, both in the 
catchment and in the intertidal area could remobilise contaminated sediments. 

An area of more than 800km2 around the Humber estuary currently lies below 
the level of high spring tide, protected by extensive coastal defences. This includes 
urban/industrial areas, high-grade farmland, infrastructure such as roads and rail-
ways, and natural reserves e.g. wetlands. More than 280km of defences are cur-
rently maintained by the EA in the Humber area, and it is now realised that the 
long-term maintenance of all these defences is not desirable either on economic or 
environmental grounds. 

Institutions and stakeholders in the Humber 

International agreements 

There are a number of international agreements and conventions that are relevant 
to the North Sea in general, and the Humber in particular. The most relevant as-
pects are highlighted here, and summarised in Figure 3. The Humber is one of the 
major contributors of fresh water from the UK to the North Sea, together with 
significant loads of nutrients and contaminants. As such, its outflow has been scru-
tinised under the terms of the Oslo and Paris Conventions and subsequent North 
Sea Conferences. The Convention for the Protection of the Marine Environment of 
the North-East Atlantic (OSPAR Convention) was opened for signature in 1992, 
and came into force in 1998 (see http://www.ospar.org/). The parts of the conven-
tion most relevant to the Humber are those that deal with the prevention and 
elimination of pollution from land-based sources to the North Sea, and with the 
prevention and elimination of pollution by dumping or incineration. 

European legislation 

A number of EU directives are also directly relevant to the HUMCAT study. Of 
particular importance is the Water Framework Directive (2000/60/EC), which is a 
major example of policy response addressing water quality issues at the catchment 
scale. Adopted in June 2000, it integrates previously existing water legislation, 
updates existing directives according to new scientific knowledge, and strengthens 
existing legal obligations to ensure better compliance (Kaika and Page 2002). Kal-
lis and Butler (2001) point out that the directive introduces both new goals, and 
new means of achieving them (new organisational framework, and new measures). 
The overall goal is a “good” and non-deteriorating “status for all waters (surface, 
underground and coastal). 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-
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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 following future trend scenarios, and drawing on an 
economic analysis of water uses within the catchment (including a cost-
effectiveness analysis of potential measures). Monitoring is also an essential com-
ponent, determining the necessity for additional measures. Finally, an important 
innovation of the Directive is to widen participation in water policy-making: river 
basin management plans should involve extensive consultation and public access 
to information. 

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 in particular the issue of 
diffuse pollution of coastal waters. A major part of the research within HUMCAT 
is relevant to the implementation of the directive: e.g. the scenarios analysing po-
tential future fluxes of contaminants; the cost-effectiveness and multi-criteria 
analysis of potential policy measures to improve water quality, and the involve-
ment of stakeholders throughout the project. 
The Habitats Directive (92/43/EEC) also has major implications in the Humber 
estuary. The Habitats Directive is the main element of response of the EU to the 
Convention on Biodiversity (Ledoux et al. 2000). Together with the Birds Direc-
tive (79/409/EEC), it aims to create a network of designated areas (Natura 2000) 
to protect habitats and species of community-wide importance, on a biogeographi-
cal 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 Member States are 
required to take all appropriate steps to avoid the deterioration of those habitats 
and species for which protection is required. Under articles 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 conservation interest of the site. 
If the plan or project is thought to impose a significant threat, it can only go ahead 
if (1) there is no alternative solution; (2) its implementation is of overriding pub-
lic 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. 

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 Humber, relevant authorities are anticipating this need for compensation and 
are planning ahead by recreating coastal habitats through managed realignment – 
realigning existing hard defences further inland thereby recreating intertidal habi-
tats (Ledoux et al. 2003).

Finally, under the Urban Waste Water Directive (UWWD, 91/271/EEC), water 
companies will also have the responsibility of increasing waste water treatment to 
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meet more stringent nutrient standards in receiving waters. The degree of treat-
ment required is normally secondary treatment, although primary treatment might 
be allowed in “less sensitive areas”. In this context, the EC has announced infrac-
tion proceedings against the UK government for failing to designate the Humber 
as a sensitive area. The degree of wastewater treatment required in the Humber 
will eventually depend on the result of this case.  

Although it is not strictly speaking legislation, it is also worth mentioning that 
the European Union has recently developed a European strategy on coastal zones. 
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 2000). It recommends: (i) promotion of ICZM 
within the member States and at the “Regional Seas” level; (ii) making EU poli-
cies compatible with ICZM; (iii) promoting dialogue between European Coastal 
Stakeholders; (iv) developing best ICZM practice; (v) generating information and 
knowledge about the coastal zone; (vi) disseminating information and raising pub-
lic awareness. The philosophy underpinning the strategy is one of governance by 
partnership with civil society, with the EU providing leadership and guidance to 
support implementation at other levels.  

A recommendation of the European Parliament and of the Council recommends 
that Member States should develop a national strategy, or where appropriate sev-
eral 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. 

National legislation 

At the national level, the Humber Estuary Management Strategy (HEMS) identi-
fies a long list of legislation affecting the HEMS area. The most recent and influ-
ential elements of this are (see also Figure 3): 

• The Environmental Protection Act 1990 - established statutory provisions for 
environment protection purposes including integrated pollution control for dan-
gerous processes; 

• The Water Resources Act 1991 - consolidated previous water legislation in 
respect of both the quality and quantity of water resources; 

• The Water Industry Act 1991 - consolidated legislation relating to the supply of 
water and the provision of sewerage services; 

• The Environment Act 1995 - established the Environment Agency, and intro-
duced measures to enhance protection of the environment, including further 
powers for the prevention and remediation of water pollution. 

Stakeholder interests 

The Environment Agency has the main responsibility for long-term water re-
sources planning in England and Wales, and as such is responsible for water qual-
ity in the Humber. In 1992, the Department of Environment published guidance on  
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coastal planning (Planning Policy Guidance Note 20), advocating the creation of 
Estuary Management Plans, with the objective of bringing together decision-
makers and stakeholders to adopt a strategic approach to estuary management. A 
management structure was set up during 1993 and 1994, comprising of a project 
officer, an executive steering group to guide the project, and a working group with 
which the Project Officer maintained regular contact, the latter two groups repre-
senting a range of interests. Extensive consultation and a close cooperation with 
the Environment Agency lead to the publication of a Humber Management Strat-
egy, summarising the objectives for the long term management of the Humber, 
with the aim of guiding future activities through a voluntary framework of plan-
ning and management options, as a complement to statutory processes and legisla-
tive framework. Table 1 summarises the objectives from different stakeholders, as 
reported in the Humber Management Strategy (HEMS 1997). 

Objectives listed in Table 1 suggest that there might be potential conflicts be-
tween types of interests. However, the way the objectives are formulated, it is also 
clear that some consensus has already been reached, and that there is common 
ground between the various interest groups. 

Given the amount of consultation already done, the HUMCAT team chose to 
use this existing consultation exercise and adopt its findings, rather than start a 
whole new consultation process on general issues related to the Humber Estuary. 

Stakeholder consultation was however carried out on a regular basis through 
setting up a Policy Advisory Board, comprising key stakeholders: the Environ-
ment Agency, British Associated British Ports, and the Royal Society for the Pro-
tection of Birds. Two years into the project, the group has now met six times, pro-
viding regular feedback on different stages of project development. Fuller consul-
tation has also already taken place through the pre-existing Humber Shoreline 
Management Plan steering group, originally set up to maximise input from stake-
holders into the Humber Strategy, and representing the main interests around the 
estuary. A workshop was organised to discuss potential policies likely to be 
adopted to improve water quality in the Humber estuary, and what main areas of 
interests should be taken into account for decision making. 

Scenarios methodology 

What are scenarios? 

A scenario should provide a plausible context, but not a probabilistic forecast, for 
a possible future state of the world (Parry and Carter 1998). Scenario analysis has 
been under development since the 1960s across a number of different applications 
(Miles 1981; Kassler 1995; Hammond 1998). Scenario analysis usually proceeds 
through a series of spatial scales, involving a process of aggregation/ disaggrega-
tion until an appropriate policy/management option level is attained (Figure 4). 

A growing body of research work has been exploring the application of sce-
nario-based ‘futures studies’ as a means of obtaining a better understanding of the 
potential for societal adaptation to future environmental change (Gallopin and  
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Table 1. Stakeholder objectives in the Humber estuary (Source, HEMS 1997) 

Type of interest Objectives 
Agriculture • To foster viable and sustainable farm development to support 

rural communities; 
Archeology and 
Cultural Resources 

• To conserve and enhance the estuary’s archaeological and cultural 
heritage, to ensure the maintenance of its special and diverse qualities 
and to secure its sensitive management and promotion; 

Fisheries • To support and promote sustainable exploitation of the fisheries 
of the Humber through appropriate regulation to protect estuarine habi-
tats and a healthy food chain whilst recognising the value of the fisher-
ies to local communities; 

Flood defence and 
coastal processes 

• To provide environmentally, technically and economically ac-
ceptable flood defences, developed through a strategic understanding 
of physical processes and interests on and adjacent to the Humber Es-
tuary;
• To produce a “state of the art” estuary Shoreline Management 
Plan” (ESMP) based on the current understanding of coastal processes, 
to a format compatible with the open coast Shoreline Management 
Plans (SMPs) to set a framework for the physical management of the 
estuary;
• To develop an approach that would facilitate the construction of 
short term defence in a manner which meets the requirements of the 
Habitats Directive; 
• To ensure that the planning and implementation of flood defence 
strategies contribute to the sustainable development of the Humber 
Estuary and the delivery of biodiversity at a national level. 

Industry and 
Commerce 

• To create through a partnership a dynamic, diverse and environ-
mentally sustainable economy that provides good quality employment 
opportunities for local people; 

Integrated Pollu-
tion Control (IPC) 

• To promote sustainable environmental management by working 
with developers, industrialists, farmers and the community in general, 
so as to ensure that natural resources are protected; 
• To improve land, water and air quality in the HEMS area without 
imposing disproportionate costs on industry or society as a whole. 

Landscape • To ensure that the special and distinctive qualities of the Humber 
landscape are protected and promoted, enhanced where appropriate 
and, where necessary, restored; 

Nature Conserva-
tion

• To maintain and enhance the diversity and abundance of wildlife 
within the Estuary, especially the internationally important populations 
of birds; 

Navigation and 
Port Development 

• To ensure the continued growth and vitality of the Humber’s 
Ports and Wharves and their related developments; 

Sport, Recreation 
and Access 

• To maintain, and improve the provision and availability of as 
wide a range of sport and recreational facilities as are compatible with 
the local environment of the Humber Estuary; 

Tourism • To maintain, develop and promote tourism on the Estuary in a 
way which ensures that all development achieves a suitable log term 
balance between needs of visitors, local communities, and the envi-
ronment. 
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_______________________________
Global Socio-Economic and Environmental Trends 

Regional-scale scenarios and data 
(i.e. Europe, North America, sub-Saharan Africa etc.) 

National-scale scenarios and data 

sub-national regional scenarios and data 
(i.e. down to province, town/city or catchment level) 

________________________________

Fig. 4. Scenario scaling 

Raskin 1998). Scenarios can be used to inform present choices in the light of fu-
ture alternatives, such as in the context of climate change mitigation and adapta-
tion options (Lorenzoni et al. 2000a, 2000b, Parry et al. 2000). Thus a longer-term 
context can provide a framework within which to comprehensively evaluate short-
term decisions, as well as providing the capacity to explore the consequences of 
surprise events (‘side-swipes’). Plausible scenarios are potentially useful con-
structs for informed social learning among groups of stakeholders, as the different 
interests are exposed to different worldviews. 

To summarise so far, scenarios are not precise future predictions but methods to 
aid decision-makers in their efforts to cope with inevitable uncertainty. They may 
possess a variety of characteristics and can be deployed at different spatial scales 
and across different temporal scales (typically from 10 years to 100 years) 
(Turner, this volume). 

National scenario templates 

The UK Foresight Programme sponsored a set of scenarios pitched at national 
level, to appeal to business and governmental audiences (OST 1999). The OST 
analysis is meant to cast light on future social, economic and environmental trends 
for the UK over the period 2000-2040. 

The scenarios are framed by two orthogonal axes, representing societal values 
(ranging from consumerist, self-interested market-based preferences to collectivist 
and conservationist social preferences) and level of effective governance (from 
local to global) respectively (Figure 5). These axes determine four futures, which, 
for simplicity’s sake, appear as independent possible states of world. In reality, the 
boundaries are fuzzy and the different states are differentiated because certain 
trends and characteristics become more or less dominant across government, busi-
ness and public social contexts. World Markets, for example, is the equivalent of a 
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baseline (almost trend) scenario. It is meant to portray conventional indus-
trial/international capitalism continuing out into the foreseeable future. Sustain-
able development is interpreted in its ‘weak sustainability’ form (Turner et al. 
1998b, Burbridge 2001). This scenario is characterised by a requirement to maxi-
mise total output (GDP), with widening income inequality. Environmental con-
cerns are important but constrained to ‘local’ health and/or amenity concerns; in-
ternational environmental agreements have relatively modest targets/standards. 

Global Sustainability, on the other hand, is a scenario which contains the belief 
that environmental systems are often of infinite value and are the foundations of a 
sustainable economic and social system, not vice versa. Resource use effi-
ciency/productivity can be radically improved via a mixture of regulation, eco-
nomic incentive mechanisms and technological innovation. Sustainable develop-
ment requires the redressing of global inequities of income and wealth, as well as 
efficiency gains. A move towards more globalisation of governance systems is 
supported. 

The Provincial Enterprise scenario has a mixed technocentric and ecocentric 
makeup depending on the national resource base available and its configuration. 
Global and national governance are significantly downgraded in importance. Envi-
ronmental concerns are local/regional but mitigation measures are constrained by 
budget limits. 

Finally, in the Local Stewardship Scenario, social values coalesce around long-
term requirements and the satisfaction of collective needs. Governance is concen-
trated on federal political systems, with the emphasis on deliberative and 
participatory/inclusive processes at the local scale. Key technologies become 
renewable energy and small-scale manufacturing processes. Environmental 
concerns are high but strong action is limited to local scales. 

Regional scenarios 

Three regional variants (Ledoux et al. 2002) were derived from the OST national 
scenarios and adapted to the Humber (Figure 5). The Business As Usual scenario 
(BAU) is the baseline scenario, corresponding roughly to the World Markets sce-
nario at national level. It is a forward projection of the past 20 year trends in data, 
ignoring the recent sustainable development strictures. In this scenario, current 
legislation is only complied with in a formal way. For example, expected port ex-
pansion within the Humber estuary over the next 20-25 years would lead to a loss 
of 0.2% of the intertidal area in the Humber estuary, approx. 20 ha. In terms of 
flood defence around the estuary, hard defences would be maintained as far as 
possible, exacerbating the problem of coastal squeeze. Given the commitment of 
the UK to implement the Habitats Directive, compensation in the form of recre-
ated habitats would have to be provided, but one could assume that this would be 
on the basis of minimum compliance. One would therefore expect a net loss of 
habitats in this scenario. Water quality objectives are likely to include exceptions 
for a variety of polluting industries. The standard of sewage treatment is likely to 
be relatively low (up to recently, there was no treatment for the large, direct sew-
age discharges in the tideway). At the catchment level, agriculture is likely to re-
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main relatively intensive and based on technology (e.g. GM crops) to sustain high 
yields, leading to no net reduction in nitrate input to rivers. Contaminant concen-
trations would also remain at their current level. 

In the Policy Target scenario, current and prospective legislative targets and ob-
jectives are all met on time, according to the EU schedule, with a genuine effort to 
comply and/or to overcomply with the objectives. The Habitats Directive is likely 
to be implemented in a genuine attempt to achieve zero habitat loss. This would 
involve compensation for loss of intertidal area by recreating equivalent or in-
creased habitat in another area. For example, the environmental regulator is creat-
ing 80 ha of intertidal habitat at Thorngumbald, by moving back the flood de-
fences. The scheme envisages providing compensation for flood defence works 
having an adverse impact on designated habitats and contributing some area to-
wards alleviating coastal squeeze. This approach is close to the idea of “mitigation 
banks” or “land banks”, whereby an extensive area of habitats is recreated ahead 
of development or natural loss, and which could facilitate the implementation of 
the Habitats Directive (Ledoux et al. 2000). In this scenario, there would be a net 
increase in intertidal area of 1200 ha by 2025, which would include compensation 
for losses through coastal squeeze. Sewage treatment around the estuary is likely 
to be of moderate standard, i.e. all sewage will receive secondary treatment prior 
to direct discharges, but there would be no tertiary treatment or phosphorus re-
moval. In agriculture, application of fertiliser per unit area will be reduced through 
targeted policies, and will be timed to reduce the runoff to rivers. Overall reduc-
tion of the nutrient load from the catchment into the estuary would be approxi-
mately 50%, as foreseen by the OSPAR convention and the various international 
agreements on the North Sea. The current water quality standards would be met at 
all times for all contaminants. 

Fig. 5. From national contextual scenarios to regional scenarios for the Humber (modified 
from OST 1999) 
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In the Deep Green scenario, environmental protection is given maximum priority. 
It corresponds loosely to a state between the Global Sustainability and Local 
Stewardship national scenarios. This represents some environmental state beyond 
that which could be achieved if current policies were implemented. The economy 
is also likely to be more regionalised. A Deep Green scenario would involve sub-
stantial increases in intertidal areas, compensating for any new works or extension 
of existing installations, over and above coastal squeeze. The creation of mitiga-
tion banks in a formal and regulated setting might contribute to a strategic ap-
proach to an increase in biodiversity (Crooks and Ledoux 1999). A recent RSPB 
study (Pilcher et al. 2002) identified 2 858 ha with potential for intertidal habitat 
creation within the Humber Estuary. In this scenario, intertidal habitat would in-
crease to 2500 ha, i.e. more than double the area in the Policy Target scenario. 
Agriculture is likely to become less intensive. Riparian zones will be created along 
most riverbanks bordering farmland to reduce inputs of nutrients to rivers. Envi-
ronmental schemes such as reed bed treatment will be widely applied for secon-
dary sewage treatment, rather than hard technology, and tertiary treatment will be 
widespread, removing nitrogen and phosphorus. In this scenario, the long run ob-
jective would be to approach “natural” background levels of nutrient and contami-
nant fluxes through the system, with due allowance for the historical contaminant 
legacy “locked” into sediments. 

Data collection and sources of contaminants 

The extensive research and data gathering (Table 2) that occurred in the past few 
years in the Humber enabled us to produce a good picture of what the main 
sources of pollution are. 

Nitrate is the dominant source of N to the rivers, and the Trent and Ouse sys-
tems provide roughly equal shares of the nitrate load to the estuary. The ammonia-
cal N load from the Ouse was much higher than for the Trent in the 1980s, due to 
poorer sewage treatment in the Ouse catchment at that time. Virtually all catch-
ment sewage now receives secondary treatment, e.g. the total population for re-
porting year 1999-2000 served by sewers for Yorkshire Water is 4.8 million (Ouse 
catchment, Yorkshire Water returns to OFWAT), of which 4.5 million are con-
nected to plants with secondary sewage treatment. To date no specific efforts have 
been made to remove P in sewage effluent, although some reduction in load is 
assumed due to the decline in the use of P in detergents. Orthophosphate loads 
from the Trent are much higher than from the Ouse, reflecting the larger popula-
tion in the Trent (Neal and Davies, in press). Most of the nitrogen input to the es-
tuary (Table 3) is in dissolved form, and is exported to the North Sea as dissolved 
inorganic nitrogen. Most of the phosphorus input is also in dissolved form (Table 
3), but is transformed by in-estuarine processes and is exported to the North Sea as 
particulate (Jickells et al. 2000). Only a fraction of the inputs are stored in sedi-
ments within the estuary. 

Diffuse inputs to the rivers are the dominant source for arsenic, copper, lead 
and zinc in the Humber catchment (Table 4), although there is a very large source 
industrial of zinc direct to the estuary. Lead and zinc supply is dominated by the  
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Table 2. Research programmes on the Humber 

Research  
Programme  

Time 
Period 

Institute/ 
Organisation 

Project description / dataset 

UK River Gauging 
Station Network 

1960s- 
present  

Environment 
Agency, 

River Flow and catchment rainfall, 
National River Flow Archive 

Land Ocean  
Interaction Study 
(LOIS)
(UK contribution 
to LOICZ) 

1992-
1998

Natural Envi-
ronment Re-
search Council 
(NERC)

To quantify and simulate fluxes 
and transformations of sediments, 
nutrients and contaminants into 
and out of the coastal zone, ex-
tending from the catchment to the 
edge of the continental shelf 

Humber Wetlands 
Project 

1992- English  
Heritage 
Univ’s of Hull 
and Essex 

Archaeology of Humber Wetlands 

Lowland catch-
ment Research 
(LOCAR)

1999-
2006

 NERC Measurement and modelling of 
water and material fluxes through 
riparian and wetland habitats 

Fate and impact of 
persistent contami-
nants in estuaries 
and coastal waters 

1998- EA, Univ. of 
Plymouth,  
Liverpool 

Generic 3-D computer model, as a 
pollution information system 

URGENT – 
Urban regeneration 
and the Environ-
ment 

1999-
2006

NERC
Thematic Prog. 
in partnership 
with city au-
thorities, indus-
try and regula-
tory bodies 

Integrating ecological, urban and 
environmental research across the 
geological, terrestrial, freshwater 
and atmospheric sciences  

DEFRA/EA  
Estuaries Research 
Programme 

1999-
2000

2002- 

EMPHASYS 
Consortium 

Phase1 - Prediction of estuary 
morphology 
Phase 2  

Ouse, and is largely in particulate form, a legacy of mining activity in the catch-
ment. Arsenic and copper inputs are more equally divided between the Ouse and 
Trent systems. Copper supply is approximately 50% particulate, while 80% of the 
arsenic is dissolved in the river water (Neil and Davies 2003). 

Sediment storage accounts for more than 90% of the present-day inputs of As, 
and 40% of the Pb. However, it appears that the bulk of the Cu and Zn entering 
the estuary are exported to the North Sea.  

The current regulatory regime requires that measurements of the dissolved 
forms of the nutrients and contaminants above, as well as many other contami-
nants, are made 12 times per year (formerly 7 times) in the estuary and tidal rivers. 
The average of those measurements has to be below a set threshold (the Environ-
mental Quality Standard, or EQS) in order for a ‘pass’ to be achieved. Sites in the 
inner estuary regularly fail to meet the EQS for copper, and occasionally fail to  
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Table 3. Estimates of nutrient loads to the Humber estuary, from rivers and direct industrial 
and sewage inputs. Data for 1980s are from NRA, (1993). River data from 1990-2000 are 
from Harmonised Monitoring Network Data (CEH, unpublished), direct inputs are from 
PARCOM data 

(a) Nitrogen (total) 
kT yr-1

1980s 
average 

1990 1995 2000 

Sewage (direct ) 2.90 2.60 1.11 1.31 
Industry (direct) 2.30 0.90 0.53 0.65 
River * 54.00 31.34 34.87 39.10 
Total  59.20 33.84 35.51 41.06 
     
(b) Orthophos-P (total) 
kT yr-1

1980s 
average 

1990 1995 2000 

Sewage (direct ) 0.73 0.60 0.24 0.29 
Industry (direct) 0.04 0.10 0.03 0.01 
River * 7.45 3.85 3.65 3.98 
Total  8.22 4.55 4.02 4.28 

 *River – these values include industrial and sewage inputs, as well as diffuse inputs.

Table 4. Metal contaminant loads to the estuary in 2000. Per cent data in brackets indicate 
the proportion of the total load that comes from point sources throughout the catchment. 
Load data are from Environment Agency monitoring data. Sediment burial data are from 
this work

Contaminant load As T yr-1 Cu T yr-1 Pb T yr-1 Zn T yr-1

Total load to estuary  11.4 71.9 66.7 450.3 
Total point source load  2.4 

(21%) 
18.6

(26%) 
6.3

(9%) 
196

(43%) 
Sediment sequestration 10.5 13.5 27.0 66.0 

achieve the required EQS for dissolved oxygen. There are no EQS values set for 
contaminants in suspended particulate matter, nor in bed sediments within the es-
tuary, despite the fact that the sediments are the habitat for benthic species which 
form part of the food chain and underpin much of the ecology of the estuary. Lev-
els of contaminants in sediments and biota are monitored, however, and have 
shown significant reductions over the last decade. 

Policy analysis 

The general approach 

In the context of EUROCAT, scenarios are useful to think about what type of 
management strategies would be best adapted to a variety of possible futures. In 
each scenario, there is a different objective for water quality improvement, and a 
different combination of policy options is likely to be implemented according to 
environmental objectives, but also depending on the general socio-economic and 
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political context. Options might be related to: control measures on agriculture or 
industry, sewage treatment, cleaning up or removal of contaminated sediments, or 
managed realignment (the case of interest here involves realigning coastal de-
fences further inland, thereby recreating intertidal habitats which can play a role in 
nutrient and contaminant removal). Practical measures are likely to be a combina-
tion of options. These options can be targeted at the level of the estuary or in the 
wider catchment. 

Theoretically, all policy options would be analysed in each scenario, taking into 
account future conditions and preferences. In practice however, this is impossible 
to carry out, as it would imply too many assumptions about future price-
elasticities, consumer preferences, general socio-economic conditions etc. The 
pragmatic approach taken here is to analyse in present time the policy options 
likely to be implemented in each scenario – i.e., what impact would these policy 
options have if they were implemented now. In a final step, the scenarios will pro-
vide a consistent framework to undertake a sensitivity analysis of how the out-
come of the present time analysis would change under the three different possible 
future scenarios. 

Policy analysis of water quality improvement options within EUROCAT focus 
on two complementary approaches: a “cost-effectiveness”, and a “multi-criteria” 
analyses. The format of these approaches is described in detail in the following 
sections. Although the ultimate aim is to use the scenarios to explore impact of 
policies in different futures, as a first step, the scenarios are used to generate pol-
icy packages that would be likely to be used in each of the possible future worlds. 

A cost-effectiveness analysis of reducing copper inputs
to the Humber 

One policy question is: how effective are available policy measures at reaching the 
environmental targets, and at what cost? This is a cost-effectiveness issue: what 
measures or combination of measures are able to reach a certain water quality tar-
get at least cost? In the Humber, this sort of analysis can help to answer the fol-
lowing questions: which economic activities generating pollution should be prior-
ity targets? Should policy measures target activities with direct input in the estuary 
or activities further up in the catchment? Are there any sub-catchments that are 
more obvious candidates for specific policies? This involves an economic analysis 
of abatement costs for different types of activities. This section first provides an 
example of cost-effectiveness analysis focusing on direct industrial inputs of cop-
per in the Humber. 

Copper pollution is one of the few current significant water quality issues in the 
Humber Estuary. Copper is a List 2 substance under the European Dangerous 
Substance Directive (76/464/EEC) and it is this designation that defines how cop-
per is regulated in the Humber estuary. The Environmental Quality Standard for 
dissolved copper in estuarine waters is 5ug/l relating to soluble copper as an an-
nual average concentration (Mance et al. 1984), and the Environment Agency’s 
statutory duty is to ensure this standard is met. Copper concentrations in the Hum-
ber Estuary exceeded the Environmental Quality Standard (EQS) on several occa-
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sions in the period 1989 to 1995 (Beaumont and Tinch 2003), and as a result con-
siderable investment has been made to reduce copper discharges to the estuary. 
Despite this reduction the dissolved copper concentrations in the estuary still ex-
ceed the 5 µgg l-1 limit, albeit occasionally. 

A cost-effectiveness analysis was undertaken to assess the potential methods of 
reducing copper inputs in the Humber. It is recognised that there are many sources 
of copper to the Humber Estuary (mainly contaminated sediments, sewage, and 
industry with point and diffuse inputs throughout the catchment, and direct inputs 
to the estuary). In the first instance, however, only the industrial point sources to 
the Humber Estuary were included in the analysis, with scope to include all the 
sources at a later date if the methodology proved successful.  

Cost-effectiveness analysis in this context requires the derivation of abatement 
cost curves (Boer and Bosch 1995, Wickborn 1996, Maya and Fenhann 1994, 
Kram et al. 1995, Greer et al. 1997). Abatement cost curves provide an estimate of 
the cost to reach a required level of abatement, and also reveal the most efficient 
route to this discharge target. The description of costs in this format allows the 
ready evaluation of the impact upon the economy, and aids negotiations between 
the government, regulators and industries (Jung et al. 1996).  

A drawback of the method applied is that it does not take into account the ef-
fects on the national economy, and the secondary impacts of the abatement tech-
nologies were also not included in the calculation of the abatement costs. Guide-
lines to standardise abatement cost studies have recently been produced (Wenborn 
et al. 1997, A.E.A. 1999) and these procedures were adopted in this study. There 
are 5 major steps in the derivation of the abatement cost curves: 

1. Identification of all sources; 
2. Collation of abatement techniques; 
3. Total Costs and Abatement Potential; 
4. Manipulation and standardisation of abatement cost data; 
5. Production of the curves. 

A database was developed which included the details of each abatement method, 
the current copper output of the industry (kg/year), the abatement level achieved 
(kg/year) following implementation, the investment cost, and operating costs. In-
vestment costs are defined as the capital costs of the technology. The costs of im-
plementing the technique over time are known here as operating costs. 

There were a number of assumptions associated with the cost data. In many 
cases the investment has not been made specifically to reduce the copper concen-
tration in the waste, however as the situation was rarely clear cut, to ensure consis-
tency, the total cost of abatement was assumed to be targeted at copper. Another 
significant assumption was that secondary impacts of applying the abatement 
technologies were considered outside the scope of the primary analysis, but were 
taken into account when drawing conclusions. Abatement technologies can have 
beneficial side effects: for example, enhancing production, reducing running costs 
(including energy savings) and increased recovery of material. Health and safety 
benefits may also be enjoyed. There are also adverse effects related to the imple-
mentation of new processes, resulting in indirect costs. Older equipment is some-
times replaced prematurely, causing a financial loss. 
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All data was standardised to the baseline year of 1998. An annuity was calculated 
for each technology, permitting the comparison of measures on a cost/year basis. 
A variety of discount rates and time periods were used, as detailed in Beaumont 
(2000).

The abatement techniques in this case study were fully compatible and hence 
all combinations were used to produce the cost curve. Figure 6 depicts an aggre-
gate cost curve for the most cost-effective application of available abatement 
measures, it is based upon a 4% discount rate and a 10 year time period. As ex-
pected the curve is stepped in nature and has a similar distribution to those docu-
mented in Riege-Wcislo and Heinze (1996). 

The abatement cost curve can be used directly as a policy tool. Certain groups 
of abatement measures, or ‘baskets’, have drawbacks, and access to information 
about a similar abatement basket is useful. For example the most cost-effective 
method of reducing copper inputs by, say, 6000kg will be using a combination of 
measures that could be extrapolated directly from this curve. However, if one of 
the measures within this combination has a non-cost related adverse side effect, 
the curve can be utilised to provide information on cost-effective methods of at-
taining the same reduction (6000kg), whilst avoiding the application of the unde-
sirable measure. Interestingly, the study also demonstrated that slightly less than 
50% of the total abatement potential could be reached by the implementation of 9 
techniques, costing less than 15% of the total costs. 

Fig. 6. Abatement Cost Curve for Copper Reduction in the Humber Estuary 1998 (Source: 
Beaumont 2000) 

This analysis of the copper abatement techniques in the Humber region provided a 
valuable insight to the potential options for reducing copper discharges, and the 
barriers to this reduction. To undertake the study, several simplifying assumptions 
have been made, but the results still provide a generalised account of realistic pol-
lution abatement options and their costs. 

It is critical to note that the impact of waste discharges is not only dependent on 
how large they are, but where they are spatially located. Clearly, significant 
abatement at the mouth of the estuary will have less impact on the estuarine cop-
per concentrations than similar abatement at the head of the estuary. Ideally the 
results from the abatement cost curve should be integrated with an understanding 
of the natural science of the estuary (Beaumont 2000). The discharge reductions in 
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the estuary are only a small part of the cost-effectiveness analysis, as copper in-
puts also include catchment wide sources, historical sources (for example con-
taminated sediments) and sewage. 

As a preliminary to a catchment-wide investigation, a broad-brush analysis can 
help identify the main sources of pollutants. Copper emissions in the estuary are 
used here again as an illustration. Figure 7 illustrates the total riverine inputs in the 
estuary (i.e. total copper inputs from the wider catchment), and compares them to 
direct inputs in the estuary, both from sewage treatment plants and industry. 

Sewage and industrial inputs form only a small part of the riverine input to the 
estuary, and total riverine input of copper today is much greater than direct inputs 
to the estuary. A ‘natural’ background flux for copper of about 45 T yr-1 has been 
estimated using the fluxes for the Yorkshire Derwent, a non-industrialised, non-
mining sub-catchment of the Yorkshire Ouse (Neal and Davies, in press). An es-
timated two thirds of the ‘excess’ of riverine input of Cu over industrial and sew-
age input can therefore be attributed to “natural” background flux, but given the 
historical mining and industrial legacy of the catchment, the remainder is likely to 
come from contaminated sediments in the catchment. Given the high costs of 
cleaning or removing these sediments, a mitigation option based on coastal man-
aged realignment, for example, seems to offer some promise. The idea would be to 
create new intertidal habitat in the estuary to act as sinks for these sediments. An 
estimated 13.5 T yr-1 of the copper input to the estuary is currently buried by sedi-
mentation on intertidal and sub-tidal mudflats. 

Fig. 7. Copper inputs to the Humber estuary in 2000. Industry and sewage data are from 
Environment Agency consent data for 2000. Total river data is from River Input Discharge 
(RID) data for 2000 reported to OSPAR. River input includes inputs to the tidal reaches 

From scenarios to policy analysis 

Cost-effectiveness is an important issue and the Water Framework Directive re-
quires member states to carry out this analysis in all catchments. But there are also 
wider policy issues. Each of the options available to decision-makers to improve 
water quality has wider impacts in a range of areas: e.g. on biodiversity, on re-
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gional economic growth, on unemployment rates. Policy analysis is a tool that 
researchers use to analyse the wider impact of policy options, and how they are 
perceived by a variety of “stakeholders” or interested parties. Its aim is to compare 
policy options by reference to how different stakeholders are affected or perceive 
to be affected. In the context of EUROCAT, stakeholders provide input by identi-
fying possible policy packages, as well as specific criteria within three broad cate-
gories (economic, environmental, and social). They can also, in principle, be asked 
to give weights to the evaluation criteria to determine their relative importance. 
The impact of each of the policy packages on the set of criteria can be assessed 
through scores, determined by modelling and expert opinion. Policy options can 
be ranked according to their impacts on the criteria, taking into account the stake-
holder weights attributed to each criterion. But the dominant criterion, especially 
in the context of the Water Framework Directive, will be economic cost and cost-
effectiveness. 

Table 5. Policy packages 

Sectors Policy package 1 Policy package 2 Policy package 3 
Agriculture Small amounts of 

subsidies for exten-
sive agriculture 

Subsidies for good 
agricultural practices 

Possible large scale 
support for green 
agriculture. Higher 
food prices 

Industry Non-restrictive emis-
sion standards 

More restrictive 
emission standards, 
preceded by incen-
tives 

Eco-labelling and fall 
back emission stan-
dards 

Urbanisation Planning measures  Some SUD* SUD wherever feasi-
ble 

Sewage 
treatment 

Minimal sewage 
treatment 

Increased sewage 
treatment and water 
charges 

Tertiary sewage 
treatment with high 
water charges 

Contami-
nated sedi-
ments 

No policy No policy Possible clean-up if 
new technologies 
allow it 

Wetlands Support for limited, 
opportunistic wetland 
creation 

Support for medium 
scale wetland creation 
but no overall strat-
egy. 

Support for strategic 
large scale wetland 
creation; land bank-
ing

* SUD= Sustainable Urban Drainage 

This section reports on the stakeholder consultation, which took place in the con-
text of the EUROCAT Humber case study. The main objectives were to identify 
the policy packages likely to be implemented and the main criteria use to evaluate 
them. 

A workshop was organised to bring together key stakeholders from the Humber 
estuary and catchment, and get their views on options to improve water quality in 
the Humber estuary. The day was structured in plenary brainstorming sessions and 
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break-out in-depth discussion groups, with two main themes: policy options to 
improve water quality in the Humber, and criteria to evaluate these policy options. 

In the first part of the workshop, participants were asked to provide three ex-
amples of policy options that they considered would contribute to improving water 
quality in the estuary, and to organise the list of options into three coherent policy 
packages. To avoid being constrained by present conditions, and to make sure 
policy packages were as different as possible to make the analysis worthwhile, 
they were asked to think about three world views, or mind sets, which would re-
sult in different approaches to dealing with water quality. Participants were there-
fore presented with the context of scenarios, although the scenario methodology 
was not introduced. The story lines of scenarios were presented only to frame the 
identification of policy packages: participants were asked to discuss the combina-
tion of instruments they would use in each different context using the list of op-
tions resulting from the brainstorming session as a starting point, and including 
others if necessary. Rationalising these preliminary discussions, and making pack-
ages consistent amongst each other could lead to three policy packages as de-
scribed in Table 5, using the same instruments to varying degrees. 

Towards integrated catchment management 

The policy packages reported in Table 5 are fairly broad brush and are not spa-
tially specific. Actual catchment management will need to address data and other 
requirements down to the sub-catchment spatial scale. This level of detail is a fu-
ture priority for regulating agencies in the UK but so far only limited progress has 
been made. In the analysis below we sketch out some preliminary analysis which 
can lay a role in future catchment management. The analysis takes as a core start-
ing assumption that coastal managed realignment policy will be an important 
component of any future planning for the Humber estuary and catchment. But the 
key insight highlighted at various points in this chapter is that managed realign-
ment (and its impact in terms of increased intertidal habitat) carries with it a num-
ber of positive externality effects. It creates more habitat with potential biodiver-
sity, amenity and recreational values; a more extensive nutrient and contaminants 
storage capacity; and a carbon sequestration function. All these potential eco-
nomic benefits are in addition to its sea defence/coastal protection benefits in 
terms of increased flexibility in response to sea level rise and climate change and 
therefore reduced maintenance costs. 

Form an economic efficiency perspective, the first test of managed realignment 
requires the scheme or programme to demonstrate net economic benefit i.e. that 
compared to the traditional hard engineering sea defence strategy “hold the line”, 
managed realignment yields an efficiency gain in terms of net benefit or lower 
overall costs. Our analysis demonstrates that for a range of managed realignment 
schemes around the estuary and the tidal rivers, there is a net economic benefit i.e. 
that the costs of realignment over a 25 year time period or more are outweighed by 
the benefits created in terms of savings in maintenance costs and the positive envi-
ronmental externality effects (Coombes and Turner 2004). 
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Coastal realignment can therefore form a key component of, for example, any 
wider catchment or estuary water quality policy. Cost-effectiveness analysis can 
show which combination of policy measures combined with realignment are most 
economic. Thus achieving higher water quality standards in the Humber estuary in 
terms of nutrient reduction will require managed realignment plus a set of meas-
ures directed at point sources e.g. sewage treatment plants and diffuse pollution 
e.g. agricultural run-off. Since managed realignment policy will be implemented 
anyway, and our analysis shows that it is an economically efficient strategy, the 
pragmatic response to water quality issues should be to factor in this policy con-
text. Therefore the policy response to the problem of meeting future higher water 
quality standards should be to find the most cost-effective set of measures around 
the estuary and in the catchment that can provide additional nutrient reduction 
effects, once the baseline effect of increased intertidal habitat (via realignment) 
has been quantified. Our analysis has investigated improved sewage treatment and 
nitrate zoning and related measures in agricultural areas as elements of the overall 
pollution reduction programme, given a range of water quality targets in the estu-
ary (Brouwer et al. 2004). 

Conclusions

This chapter has presented a practical example of applying integrated assessment 
at the catchment scale, in the context of coastal water quality improvement. The 
existence of extensive data series from previous research programmes has been 
essential in scoping management issues in the Humber, and tracing the main driv-
ers and pressures of environmental change in estuarine water quality, and their 
evolution over time. The evidence gathered so far indicates that although point 
source inputs have shown significant reductions over the last decade, atmospheric 
inputs to, and contaminated sediments from, the river catchment are likely to con-
tinue to have an impact on the water quality of the Humber estuary over the next 
few decades. The planned implementation of extended nitrate vulnerable zones 
(NVZs) throughout the catchment, combined with continuing improvements in 
sewage treatment, is likely to reduce nutrient and contaminant inputs to the estu-
ary. Some of this reduction, however, may be buffered by the atmospheric and 
groundwater inputs. The continued availability of a supply of contaminated river-
ine sediments, together with expected increases in flooding due to climate change, 
is likely to limit improvements in water quality with respect to trace metals. Most 
of the sediments on the bed of the Humber are contaminated by trace metals re-
sulting from long-term anthropogenic inputs. As the water quality in the estuary 
improves due to expected reductions in anthropogenic inputs, leading to a lower-
ing in the concentrations of some elements in solution, there is potential for trace 
elements presently bound to sediments to go into solution, and for interstitial wa-
ters to try to equilibrate with overlying waters, leading to a flux of trace elements 
out of the sediments. Like the atmospheric and groundwater inputs, the bed-
sediments may therefore act to buffer any improvement in water quality for many 
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decades to come. However, setback of sea defences around the estuary may pro-
vide an additional sink for sediment-bound nutrients and contaminants. 

Scenarios are an essential part of this research. The main aim is to aid decision-
making in setting up river basin management plans in the context of uncertainty. 
Uncertainty stems from both socio-economic and political future conditions, and 
climate change. The Water Framework Directive requires the use of baseline sce-
narios to assess future impacts. Two of the scenarios used within EUROCAT can 
be related to this approach: the Business as Usual scenario can be interpreted as a 
pessimistic baseline, while the Policy targets scenario could be an optimistic one. 
The Deep Green scenario goes further and investigates the issue of how close we 
can get to “pristine” conditions, and what the socio-economic implications would 
be. This is an important issue in the current debate around the notion of what 
“good ecological status” means. 

The first steps of the integrated assessment feed into the final stage of policy 
analysis. Now the physical relationships have been identified, the preferred man-
agement strategy can be further investigated. Cost-effectiveness analysis is an 
essential component of any river basin management plan and an explicit require-
ment of the Water Framework directive. As shown by the copper abatement cost 
curve methodology, it is a valuable tool for ensuring the efficient reduction of pol-
lution, however, applying this analysis at a catchment scale is a real challenge. 
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The impact of subsidence  
and sea level rise in the Wadden Sea: 
Prediction and field verification 

Joop M. Marquenie1 and Jaap de Vlas 

Abstract 

Gas exploration is expected to cause subsidence in the Wadden Sea. This in turn 
may have impacts on hydrodynamics, tidal geomorphology, benthic fauna, wading 
birds and salt marshes. This paper reports on two separate multidisciplinary stud-
ies: one predicting the longer-term effects of additional gas exploitation sites rela-
tive to sea level rise, and the other a longer-term verification monitoring at an ex-
isting site on the Wadden Sea island of Ameland. Both studies conclude that 
subsidence will cause local impacts on tidal flats, saltmarsh and dune geomor-
phology, on groundwater levels and inundation frequency of coastal marshes. The 
induced increased sediment needs, however, are small compared to those gener-
ated by sea level rise, and can be covered by present annual sediment fluxes unless 
sea level rise follows the most extreme IPCC scenario of a 100 cm rise in the com-
ing century. The effects on the biota are insignificant compared to natural tempo-
ral variation. 

Introduction

The Wadden Sea is a major European intertidal wetland comprising a network of 
tidal gullies, sand flats and coastal marshes protected by a chain of barrier islands. 
It extends from Den Helder in The Netherlands to Esbjerg in Denmark covering 
about 8000 km2. Its importance as a stop-over for migrant birds and nursery for 
offshore fish is high (e.g. Wolff 1983) but other functions are also considered to 
be important, as indicated by the high total economic value estimated by De Groot 
(1992). Recreation, for example, is the major source of income for inhabitants of 
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the barrier islands, and this tourism is tightly linked to the natural character of the 
area.

When natural gas was found under the island of Ameland in 1962, over 50 ex-
ploratory wells were drilled in the Wadden area. Application for exploitation per-
mits led to severe protests in society, with several NGOs effectively stressing the 
uniqueness of the Wadden Sea as an area of outstanding natural beauty. Three 
concessions were granted to produce gas from the Wadden Sea: Groningen, Noord 
Friesland and Zuidwal. Production on Ameland (Noord Friesland) started in 1986, 
whilst a 10-year moratorium on further drilling was agreed upon in 1984. As of 
1987, subsidence due to gas extraction and its possible effects on salt marshes, 
dunes and tidal flats has been monitored on this Ameland site. Within 50-100 km, 
the much larger Slochteren gas field on the mainland also causes locally variable 
subsidence in the Wadden Sea. 

When the moratorium had passed, mining companies indicated their prepared-
ness to commence exploitation of the Wadden Sea gas fields. Several exploitation 
permits have been granted under the condition of an extensive cumulative assess-
ment of subsidence from present and new exploitation fields, including foreseen 
sea level rise. This assessment, or ‘predictive’ study was organised alongside the 
regular monitoring or field ‘verification’ programme. The comprehensive predic-
tive study was carried out by a multidisciplinary team and is reported in Beukema 
et al. (1998). The long-term monitoring at the Ameland site has been reported in 
Eysink et al. (2000). The present paper summarises the main findings of these two 
multidisciplinary reports and explores the most probable effects of exploitation-
related subsidence on coastal habitats and bird communities of the Wadden Sea. 
The work is placed in the perspective of a changing public perception, acknowl-
edging that public and political support for gas exploration has dwindled. 

Observed subsidence at Ameland-Oost  
after 13 years of exploitation 

A first tentative estimate of the probable total subsidence that would occur at the 
Ameland site was made in 1985 using the NAM-model that was developed and 
calibrated earlier for the larger Groningen gas field. The predicted maximum sur-
face depression above the centre of the field was then predicted to be 26±5 cm. 
This would produce a shallow crater of dish-like appearance with a volume of ap-
proximately 28 million m3.

This estimate prompted the proprietor of the nature reserve, the NGO ‘It Fryske 
Gea’, to request a careful monitoring of the actual subsidence that would occur 
from this gas extraction on Ameland and the changes this would lead to in its na-
ture reserve. A research team supervised by an independent scientific committee 
commenced a programme monitoring in 1987, which set out to provide: 

• Accurate level measurements in order to determine the actual subsidence; 
• Vegetation composition of the salt marshes and dunes; 
• Detailed topography and water depths; 
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• Changes in the bird population; 
• Data that can be used to establish economic damage to adjacent grazing areas, 

the Nieuwlandsrijd salt marsh and the Buurdergrie polder, or to the extraction 
concession for drinking water in the adjacent Buurderduinen. 

Subsidence 

The initial forecast of 1985 was adjusted in 1991 on the basis of more recent in-
formation about the reservoir characteristics. The ultimate drop in the centre was 
estimated to be approximately 18 cm. However, measurements showed that the 
rate at which subsidence was taking place in the near vicinity of the NAM location 
was higher than forecasted in 1991. In fact the subsidence rate corresponded al-
most exactly with the 1985 forecast. This led to a thorough revision of the applied 
models and the improved model reproduced the observed subsidence more accu-
rately. The following predictions resulted: 

• The ultimate subsidence in the centre of the dish would be 28 cm, and  
• The subsidence bowl will be slightly deeper in the middle and slightly shal-

lower at the edges than originally predicted in 1985. The total subsidence vol-
ume will ultimately be significantly less than predicted in 1985 (Table 1). 

Table 1. Evolution in the subsidence depth estimates for the Ameland-Oost gas field 

Date  Maximum subsidence (cm, 
range) 

Total subsidence volume (106 m3)

1985 26 (21-31) 28 
1991 18 (14-22) 18 
1998 28 (22-34) 14-18 

The actual subsidence observed in February 1999 at the deepest point was ap-
proximately 22 cm, i.e. 70% to 75% of the ultimate drop now expected. At that 
time the volume of the dish was 9x106 m³, which is substantially less than pre-
dicted. The subsidence closer to the edges still remains less than the 1985 predic-
tion, demonstrating that the exact shape of the dish is difficult to predict due to 
geological complexity. 

Sea level and groundwater levels 

Mean sea level was estimated from tidal gauges at Den Helder, in the Western part 
of the Wadden Sea, and at Nes, Ameland, in the vicinity of the exploitation site. 
Over the course of the observation period, i.e. since 1987, mean sea level has in-
creased by about 2 cm, but there is no indication of any systematic difference be-
tween the two tidal gauging stations. 

Variability in rainfall and storm patterns was substantial over the observation 
period: 1992-1995 formed a succession of wet years with a high frequency of 
storm tides. This affected inter-annual variation in water level in the piezometers 
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around the exploitation site. Within-year variation in ground water level varied be-
tween 0.5 and 1.0 m. This annual pattern is recognizable across the island and spa-
tial patterns are simple: gentle gradients exist from higher to lower-lying areas. In 
areas of subsidence, groundwater level increased relative to local surface. This ef-
fect is permanent in areas where accretive compensation is absent, such as polders 
that are not inundated by the tides. One of the polders, the Buurdergrie, had sub-
sided between 1 and 4 cm in 1999, the range depending on the distance from the 
exploration site. 

Table 2. Net and gross subsidence on salt marsh two transects on the eastern tip of Ame-
land. Net subsidence is after compensation by accretion. Subsidence is presented in cm be-
tween 1986 and 1999 for the western and eastern ends of the transect: W-E  

Subsidence: gross net 
Transect:   
Nieuwlandsrijd 13 – 3  5 – 0 
De Hon 22 – 9 10 - 0 

Geomorphology 

Since 1990, beach nourishment is carried out all along the Dutch coast including 
Ameland to maintain the coastline, using sand dredged from – 20 m offshore. This 
practice is not executed east of the NAM location, since it is policy to have natural 
coastal dynamics prevailing here. Both hydraulic modelling and observational data 
show substantial natural change in coastal morphology along the eastern side of 
the island. Channel migration as well as de novo genesis with associated erosion 
and sedimentation occur at a large scale and make it difficult to identify any, com-
paratively small, impact of subsidence. Clearly, locally increased subsidence on 
the flats could easily be compensated for by the transport of large volumes of 
sediment across the system. 

Salt marsh level measurements did allow a detailed analysis of sedimentation 
and subsidence, since geomorphological change is less pronounced. Sedimentation 
gradients were apparent across the transects (Table 2). Accretion in the salt 
marshes depends on the salt marsh level and, probably, the distance to the Wadden 
Sea or a salt marsh creek. As a rule the subsidence in the low-lying salt marshes 
(lower than NAP +1.25 m) was more than compensated for by accretion. On the 
higher marsh, this compensation gradually decreased to zero at a level of 2 m 
above NAP relatively close to the coast or 1.7 m above NAP at greater distances 
from the sea. In other words, the salt marsh had become somewhat flatter. 

Further inland, the complex of low-lying dunes and slacks have a stable geo-
morphology with very little sand movement. Here, subsidence was permanent and 
increased groundwater tables resulted that were locally considerable. 
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Salt marsh and dune vegetation 

Locally, negative accretion balances were observed on the higher salt marshes. 
This, however had virtually no effect on the vegetation as only one of the 50 plots 
displayed ‘regression’ to predominance of lower marsh species. Local drainage 
patterns were found to have important modulating effects on the predictions based 
on elevation alone. In the higher dunes, vegetation change had been minor and 
could not be attributed to subsidence. Outside the permanent plots mass mortality 
of three species of shrubs was observed in 1995 (i.e. Crataegus monogyna, Sam-
bucus nigra and Hippophae rhamnoides). Since similar mortality was observed on 
other adjacent islands without gas exploration, subsidence cannot have been the 
sole cause. Mortality was found to have occurred after extreme flooding events 
with seawater in springtime 1986 and 1991, and by inundation with groundwater 
in extremely wet years of 1993/1994.  

Birds

Migratory bird counts were compared for the Hon on Ameland and the adjacent 
and similar Boschplaat area on Terschelling using available time series data from 
1984-1999. Trends were practically identical. Also summer nesting bird counts on 
the Hon salt marshes showed no change over the observation period, which is in 
accordance with the absence of any appreciable change in vegetation. 

Grazing and drinking water: Economic losses 

Enclosed polders subject to subsidence did not face an increase in inundation risk. 
Also, the limited subsidence (4 cm at most) would not have affected the grass 
yield. Only salt marsh areas open to inundation incurred an increased inundation 
frequency. This was estimated to reduce the time that these marshes are accessible 
for cattle grazing, but the loss was limited. Estimates were 2% in 1994 and 3% in 
1998.

An earlier interim report (cf. Eysink et al. 2000) demonstrated that coastline 
movements in the order of 50 m would not affect the chloride content of the ex-
tracted drinking water through changes in the interface between the island’s 
freshwater lens and deeper saline groundwater. Whilst the government maintains 
an active policy of coastline fixation through beach nourishment, no effects on the 
volume or quality of the extractable drinking water are foreseen. 

Predicting environmental impacts 
of future gas exploitation 

The ‘predictive’ study (Beukema 1998) involved an environmental impact as-
sessment of future, new gas exploration fields and had to include possible effects 
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of other reserves and field s that were already in exploitation. Uncertainty over 
predictions on sea level change were coped with using three scenarios: the present 
sea level rise at 20 cm per century, a most realistic estimate of 60 cm and an ex-
treme scenario of 100 cm (cf. Nicholls and Klein this volume). Other natural de-
velopments and human interference that may affect the Wadden Sea sand balance 
and the persistence of saltmarshes were also included where possible. Status quo 
assumptions were made for the present coastline, area of salt marsh and tidal chan-
nel depths. Time frame for the study was 1999-2050, i.e. till the end of the gas 
extraction from the Ameland field. 

Uncertainty in predicting the form and volume of a subsidence bowl remains 
substantial, since it depends on the form of the gasfield and the structure of the 
gas-containing deposits, but also on the variable capacity of covering strata to 
cope with change in pressure. All these are imperfectly known as well as hard and 
expensive to quantify. It is difficult, therefore, to attach confidence intervals to our 
subsidence estimates over the larger Wadden Sea basin. This is also apparent from 
the subsidence depth updates reported above (Table 1). 

Table 3. Balance of Wadden Sea sediment needs (x106 m3) apportioned to different sinks 
for the period before 2000 and that of 2000-2050 

 Per year  1960-2000 2000 – 2050 
Sea level rise (20 cm per century) 4 160 200 
Sea level rise (IPCC: 60 cm per century) 12 480 600 
Closure of the Lauwerszee (1970-1990) 2 36  
Shell extraction (>2000) 0.25 5.6 12.5 
Sand extraction (<1997; has stopped) 0.6 24  
Overfishing mussel beds (1960-1980) 0.5-1 10-20  
Gas extraction, existing (1960-2000) 0.7 27  
Gas extraction, existing (2000-2050) 0.6  32 
Gas extraction, new, probable scenario 
(maximum scenario)* 

0.2  12 (25) 

* Future probable and maximum gas extraction scenarios differ in the proportion of drilled 
wells that actually strike exploitable gas. The maximum scenario assumes that all wells will 
become productive. The present rate of success to strike gas is < 50%. 

Estimating subsidence and sediment requirements 

All possible causes of subsidence and other volume changes to the Wadden Sea 
were quantified that were considered to have consequences for the sediment bal-
ance (Table 3). Estimates were expressed per year as well as over the total period. 
Two periods were compared: the decades before 2000, and 2000-2050. Present ex-
traction of gas is already causing subsidence in parts of the Wadden Sea. This 
source was included. For the comparative balance, sea level rise was assumed to 
proceed as present. 

Overall, subsidence due to gas extraction was estimated to cause a sediment re-
quirement in the order of 40 to 60 million m3. This is small compared to the vol-
ume needed to compensate sea level rise, even when the latter is assumed not to 
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accelerate over the coming decades. Hence, it is even smaller when compared with 
the presently most realistic estimate of 60 cm over the next century. Furthermore, 
subsidence will be restricted to the period of extraction and have a more localised 
impact than sea level rise: particularly the tidal basin draining through the channel 
east of Ameland will be affected. 

Because subsidence causes extra sediment to be brought from the coastal zone 
into the Wadden Sea, the estimated lowering of the mudflats amounts to 6-8 cm in 
the area with the greatest subsidence, i.e. the tidal basin between Ameland, Schier-
monnikoog and the mainland). The area of mudflats would be shrinking temporar-
ily by a few square kilometres. The lowest point will be reached 10 -15 years after 
the start of gas extraction and this will gradually be recovered again because 
sedimentation will gradually compensate subsidence. The additional sediment 
brought from the North Sea amounts to a mere 50 million m³ for the period 2000-
2050, or about one million m³ y-1. As a comparison, the sediment required by the 
entire Dutch Wadden Sea as a result of the current relative rise in sea level of 20 
cm/century is in the order of 4 million m³ y-1. More rapid rates of sea level rise 
would delay the filling-up of the subsidence depression, or phrased otherwise, 
subsidence would locally enhance the effects of such high rates of sea level rise. 

Salt marshes 

It appears that the rate of sedimentation in the salt marsh zone is probably almost 
always sufficient to absorb the maximum subsidence, even in the event of rapid 
sea-level rise (Dijkema 1997). In the transitional zone between salt marsh and 
mudflat (the pioneer zone), the rate of sedimentation is often slower. This may 
create potential problems on the Groningen salt marshes, but these can be tackled 
by measures to promote sedimentation or by local restrictions on the rate at which 
gas is extracted. 

Benthic fauna of the tidal flats 

Macrobenthos biomass and species richness in the Wadden Sea displays an opti-
mum curve with respect to tidal depth. The maximum for both are somewhere 
midway mean sea level and mean low tide, which presently is at –0.5 m NAP 
(Dutch Ordinance Level). Model predictions suggested that biomass decreases 
would be in the order of 1-2 % in the tidal areas with maximal subsidence. This is 
negligible compared to natural inter-annual variation observed in long-term time 
series data from the Wadden Sea and elsewhere (e.g. Frid et al. 2000; Beukema et 
al. 2002). 
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Effects on wader numbers in the Wadden Sea 

Sea level rise as well as subsidence would temporarily lead to submergence of a 
limited proportion of the tidal flats. Biomass of benthic fauna, the main food for 
waders, appears not to be affected significantly (see above), hence mud flat area 
would serve as a valid indicator of food availability and hence the capacity of the 
mudflats to host wading birds. Estimates were made for the Pinkegat tidal basin, 
the area most affected by subsidence, assuming no sedimentary compensation 
(worst case). The different bowls resulted in an average planar lowering of this ba-
sin of 8 cm. The theoretical impact was calculated using a feeding wader habitat 
model (Ens and Brinkman, pers. comm.) and an enforced sea level rise of 8 cm on 
the existing tidal regime. Total wader numbers were estimated to decline with 
some 10%, and individual species declined (Grey or Black-bellied plover, Pluvi-
alis squatarola -23%) or even increased (Greenshank, Tringa nebularia + 9%) in 
numbers. This decrease must be considered small compared to inter-annual varia-
tion, which is in the order of 30% (Smit and Zegers 1994; Ens and Brinkman un-
publ.). 

Options for mitigation and compensation 

As (underwater) beach nourishment is presently carried out in the troughs between 
the sandbanks to maintain the coastline of the islands and considered a satisfactory 
compensation tool, this might also be considered as an option to fulfil the extra 
sediment requirements in the Wadden Sea due to subsidence, provided these are 
not met in a natural way. Suppletion in the flood channels may be a more attrac-
tive option to maximise the natural sediment redistribution capacity of the tidal 
basin system and not to impact the trough shell community. Where subsidence 
may have permanent effects on e.g. infrastructure such as sea defence works and 
pipelines, or on economic exploitation of the sea or its coastal marshes, mitigation 
options have been specified in Beukema (1998) and the major conclusion is that 
these measures need to be taken timely so that no measurable effects of subsi-
dence will be observed. 

Conclusions

Both studies conclude that subsidence will lead to local impacts on tidal flat, salt 
marsh and dune geomorphology, on groundwater levels and inundation frequency 
of coastal marshes. The observed subsidence was bowl-shaped as predicted, and 
depth as well as volume of the bowl was estimated comparatively well, whereas 
the exact form was more difficult to predict. Subsidence will cause locally in-
creased sediment needs which are small compared to those generated by sea level 
rise, and can be covered by present annual sediment fluxes unless sea level rise 
will follow the most extreme scenario of a 100 cm rise in the coming century. The 
effects on the biota of tidal flats and salt marshes are insignificant compared to 
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natural temporal variation. Mitigation or compensation of locally emerging subsi-
dence effects is driven by monitoring programs. 

In addition, the results of this multidisciplinary effort were reviewed by an ex-
ternal panel of experts, published and presented in public. Still, however, public 
opinion and the position of policy makers are not strongly altered after the ration-
alisations of the presented studies. Communication and public opinion assessment 
must be seen as important aspects when stakeholder benefits appear unbalanced. 
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The need for integrated assessment
of large-scale offshore
wind farm development

Andreas Kannen1

Abstract  

This paper describes ongoing developments and future plans regarding the imple-
mentation of large offshore wind farms in the German Exclusive Economic Zone 
(EEZ) in the North Sea. Based on these developments, which form an important 
part of the German energy and emissions reduction policy at the Federal level, po-
tential ecological as well as socio-economic impacts of these new permanent 
structures are described and the need for an Integrated Assessment as part of Inte-
grated Coastal Zone Management is outlined. As a regional example for impacts 
and especially socio-economic opportunities and risks, the North Sea coast of 
Schleswig-Holstein will be used. It is argued that Integrated Assessment should be 
a prerequisite and Integrated Coastal and Marine Management an accompanying 
activity for an ecological, economical and socio-cultural sustainable development 
of this type of generating renewable energy in the North Sea. 

Offshore wind farm development in the German North Sea 

Around Europe more than 70 wind farm projects are under development in Euro-
pean coastal waters or marine areas, 31 of these in front of the German coast (Paul 
and Lehmann 2003). 11 wind farms were connected to the electricity grid by the 
end of 2002, including Horns Rev, sited 14-20 km into the Danish North Sea, west 
of Blåvands Huk. It is the largest farm with a capacity of 160 Mega Watt (MW). 

In Germany, the Federal government has set the goal to increase the share of 
renewable energies to 12.5% by 2010 and to 50% by 2050 (BMU 2002a). Accord-
ing to the Environmental Ministry this requires the installation of a minimum ca-

1 Correspondence to Andreas Kannen: kannen@ftz-west.uni-kiel.de  

J.E. Vermaat et al. (Eds.): Managing European Coasts: Past, Present, and Future, pp. 365–378, 2004. 
© Springer-Verlag Berlin Heidelberg 2005. 
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pacity of 20.000 MW in offshore wind farms by 2030, covering an estimated area 
of 2000-2500 km2 (BMU 2002b). The different phases of this National Strategy for 
the Use of Wind Energy in the Sea are shown in table 1. 

Table 1. Phases of the National Strategy for the Use of Wind Energy in the Sea and related 
capacity (BMU 2002a) 

Phases Time Capacity 
1. Preparation Phase 2001-2003 - 
2. Starting Phase 2003/4-2006 minimum 500 MW 
3. First Extension Phase 2007-2010 2000-3000 MW 
4. Additional Extension Phases 2011-2030 20,000-25,000 MW 

Because available space in the Baltic Sea is limited and conflicts with other hu-
man activities exist, this planning is largely based on capacities in the Exclusive 
Economic Zone (EEZ) of the German North Sea. 

Economically renewable energies and especially the wind power sector have 
experienced dramatic growth in recent years, which is shown by a strong increase 
of installed wind power capacities in Germany (Fig. 1). Based on expected in-
vestments of 9 billion EUR until 2020 for developing offshore locations it is esti-
mated by the Federal Government up to that about 11,000 new jobs will be created 
in Germany including a substantial share for the coast. 
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Planning context and legislative background 

Compared to other countries like Denmark, one constraint on planning offshore 
wind farms in the German North Sea is formed by the designation of National 
Parks in the Wadden Sea, in which the construction of such installations is prohib-
ited. As a result, near-shore areas with lower water depths cannot be considered 
for wind farm construction, so German wind farm developers focus on areas fur-
ther offshore in deeper water, which raises the costs and enhances technical prob-
lems. This implies that experiences from e.g. the existing wind farms in Denmark 
are not directly transferable and of limited use for German investors, resulting in 
time consuming planning and development, high economic risks and slow devel-
opment of pilot projects. 

Planning for several major wind farm projects in the German Exclusive Eco-
nomic Zone (EEZ) has been under way since 1997. At the moment 24 project ap-
plications in the North Sea (and 6 in the Baltic Sea), some of them comprising 
several hundred wind turbines, are handled by the Federal Maritime Agency 
(BSH, http://www.bsh.de). Figure 2 illustrates the demand for spatial areas in 
coastal and marine waters, which are currently claimed for wind farm projects. 

German North Sea – Offshore Windfarms in planning and nature protection areasGerman North Sea – Offshore Windfarms in planning and nature protection areas

Fig. 2. Offshore wind farms under approval and nature protection areas (Source: BSH, 
CONTIS information system) 

In November 2001 the first approval for the installation of 12 wind turbines in a 
pilot phase had been granted. These wind turbines will be located 45 kilometres 
northwest of the island of Borkum at a water depth of about 30 m. On 18 Decem-
ber 2001 the project “Butendiek“, located 34 kilometres west of the island of Sylt 
and consisting of 80 turbines, received approval. 
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While in the EEZ the Federal Maritime Agency (BSH) is responsible for the ap-
proval procedures, the German Länder are responsible for the approval in the area 
of the territorial sea up to the 12 nautical miles limit. Permits for the cables and 
grid connection are handled separately in an additional planning procedure in 
which the national and the federal level both need to cooperate closely with each 
other and where also the municipal level (on the North Frisian islands if cables 
touch their ground or at the location where the cable reaches the land) is affected. 
The approval procedure is based on the Seeanlagenverordnung (SeeAnlV – Ma-
rine Facilities Ordinance), until now the only legislative instrument for planning in 
the EEZ. According to the SeeAnlV vessel traffic routing and risk of ship acci-
dents on one hand and impacts on the marine environment are the subjects on 
which the decision is grounded. 

Pollution in the sense of the United Nations Law of the Sea and risks for bird 
flyways form particular environmental reasons for not issuing a permit (Tiede-
mann 2003). Generally this legislative background is vague, with the exception of  
the relevant EU Directives like the Flora and Fauna Habitat and the Birds Direc-
tive (Koch and Wiesenthal 2003). On the other hand, the assessment and valuation 
of potential impacts on areas protected by these directives can create tremendous 
problems due to uncertain and missing knowledge and due to different interpreta-
tion by multiple stakeholders. The currently existing legislative background does 
not allow sufficient freedom for long term goals and future oriented planning of 
marine area use (Koch and Wiesenthal 2003, Czybulka 2003). Therefore a broad 
range of actors and stakeholders as well as scientists argue for instruments and 
legislation that allow spatial planning similar to terrestrial areas for the marine ar-
eas including the EEZ in Germany (Buchholz 2002, Koch and Wiesenthal 2003, 
Rat von Sachverständigen für Umweltfragen 2003). 

In order to assist planning and permitting procedures as well as spatial planning 
in offshore areas there is a need for accompanying tools that integrate information, 
are flexible in terms of incorporating newly gained knowledge and also in terms of  
new uses that might come up in the future (Kannen 2000, Gee et al. forthcoming). 
From the view of the author this is the only way to handle knowledge gaps, uncer-
tainty and active involvement of local stakeholders in form of a “management of 
change” process, as outlined in Kannen et al. 2000. This includes incorporation of 
wind farm development and other human uses in offshore areas into national 
ICZM strategies (Gee et al. forthcoming). These national strategies are currently 
under development in several EU Member States following the EU recommenda-
tions for ICZM (European Commission 1999, 2000, European Parliament and 
Council 2002). 

Conflicts between wind farms, other coastal users  
and the environment 

Strategically it must be recognised that each offshore wind energy project brings a 
global environmental benefit by reducing fossil fuel usage and consequently car-
bon dioxide emissions, thereby reducing the risk of catastrophic hazards due to 
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climate change. In addition the impacts from offshore wind energy regeneration 
have to be seen in the light of impacts of other forms of energy supply like oil and 
gas exploration. 

Impacts of offshore wind farms on the ecological systems need to be divided 
into impacts during the construction, due to the connection to the electricity grid 
and during normal wind farm operation. One of the big unsolved problems is the 
estimation of cumulative impacts from a series of large wind farms as well as 
missing information and uncertainty in knowledge regarding these effects. Thus, 
one of the core problems for an integrative analysis is the question “How is it pos-
sible to deal with complexity, uncertainty and missing knowledge?” 

Impacts during the installation include effects on soil, seabed and water, on 
benthos, fishes and sea mammals, birds and marine archaeological sites. Impacts 
for the grid connection are mainly related to cable construction and in the long-
term to pipelines for hydrogen transport. Impacts during wind farm operation in-
clude effects on water and seabed, change of material fluxes, electric fields and 
heat generation from cable links as well as impacts on habitats and species like sea 
mammals and birds. In summary, the following ecological effects are part of on-
going investigations (Garthe, personal communication; see also several articles in 
Merck and von Nordheim 2000): 

1. Birds: 
• Mortality due to collisions of birds with rotors; 
• Disturbance by wind farms, leading to barrier effects for migrating birds (both 

landbirds and seabirds) during migration and to short- and long-term habitat loss 
for seabirds. 

2. Marine mammals: 
• Habitat loss due to disturbance; 
• Noise emissions leading to behaviour changes, stress and eventually mortality. 

3. Fish: 
• Disturbance by electromagnetic fields near cables; 
• Disturbance and behavioural changes during construction; 
• Changes in fishing activity, leading to alterations in fish communities. 

4. Zoobenthos: 
• Habitat loss during construction of wind mills and cables; 
• Changes in sedimentation and increasing turbidity during construction, leading 

to alterations in zoobenthos communities. 

Other effects include the pollution by oil and other substances due to increased 
traffic and increased risk of ship accidents. These risks are some of the most im-
portant fears of local people, especially on the Wadden Sea islands, which depend 
on tourism as most important source of local income. 

Visual impacts that affect the local population as well as tourists are another is-
sue of high importance at the local level. These fears are connected to the question 
whether the locals also receive positive economic benefits or whether they are left 
with risks and burdens while the benefits occur in other, not even coastal, regions. 
It should be noted however that cultural and political background conflicts might 
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play a role in the argumentation of different stakeholders as well as a traditional 
perception of the sea as an open space without permanent installations. 

In addition, offshore wind farms impose restrictions for fishermen because – 
due to the risk of ship accidents – fishing is going to be prohibited in wind farm 
areas. A positive alternative on the other hand could be the use of offshore wind 
farm areas for mariculture activities in form of an extensive Open Ocean Aquacul-
ture (OOA), which could be an opportunity to create win-win situations between 
locally based traditional uses of coastal resources and use of wind as a source of 
renewable energy (Buck 2002). A general system of the most important interac-
tions between wind farms and the coastal system is shown in simplified form in 
Figure 3. 
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Fig. 3. Offshore wind farms and their most important interactions with the ecosystem and 
the socio-economic system (adapted from Kannen et al. 2003) 

Managing these system interactions calls for integrative concepts that can handle 
socio-economic issues as well as ecological issues taking a range of future societal 
developments into account. These concepts should allow assessment of manage-
ment options and alternatives according to their balance between ecosystem resil-
ience or ecosystem integrity on one hand and the economic and socio-cultural sys-
tem resilience on the other hand. In addition, not all information necessary to 
assess and evaluate policy and management options can be expected to be quanti-
fiable, which requires tools that allow the combination of qualitative and quantita-
tive data for holistic assessments. 
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Wind industry as a chance for economic development: 
The North Sea coast of Schleswig-Holstein as case study 

Aside from the critical impacts on the ecosystem and the shipping, fishing and 
tourism sectors (which are to a large degree not yet fully evaluated in terms of the 
strength and sometimes even the direction of the impact), wind energy has been a 
positive stimulus for regional economy in some locations along the North Sea 
coast in Germany. As already outlined above it is expected that the wind energy 
sector will create ongoing economic growth in the future if the wind farm devel-
opers are successful in their implementation of large scale offshore wind farms. 

In the northwestern part of Schleswig-Holstein wind energy has grown to rep-
resent a significant economic cluster of manufacturers, operating consortia, plan-
ning companies and financial service providers over the last 10 years. The re-
gional chamber of commerce estimates the gross surplus share of wind power in 
the North Sea region to be between 12 and 15% (Volmari 2002). Together, this 
cluster provides more than 1200 jobs in Husum alone, a town of 25.000 inhabi-
tants and host of the world’s largest trade fair for wind power. In 2002 the three 
turbine manufacturers located in and near Husum had a share in the German mar-
ket of 33% (Volmari 2002). According to these figures the wind industry cluster 
forms behind tourism the second most important economic activity along the 
North Sea coast in Schleswig-Holstein with a regional focus in the northern part. 
In June 2003, a comprehensive questionnaire survey of local companies and en-
terprises as part of a regional economic study was carried out. By the year 2030, 
the study concludes, the region is likely to reach a net value in the range of bil-
lions of Euros and create over 3000 jobs in the northwestern part of Schleswig-
Holstein (Hohmeyer 2003). 

The realisation of this potential however requires prior investments in infra-
structure, for instance the expansion of Husum Port, as well as minimisation of in-
traregional competition in order to win through against competing locations in 
other German States and Denmark. Alongside port development, infrastructure to 
stimulate offshore wind industry encompasses improved road infrastructure (port 
access) and provision of storage areas in ports, areas for test fields for offshore 
turbines and areas near harbour facilities for final steps of windmill production. 

Used successfully, these potentials could yield significant economic multipliers 
particularly for this structurally weak coastal region. On the other hand the devel-
opment of the wind power industry can be expected to imply changes in the re-
gional economic, social and institutional setting including a shift of power from 
traditionally strong societal groups to new actors. Therefore, at the same time, a 
balance is required with other forms of use, specifically tourism and nature con-
servation. To achieve this, a transparent and participatory development process 
would be definitely helpful (see O’Riordan in this volume). 

Tourism is nowadays the dominating economic force in this region, especially 
on the North Frisian Islands. An equivalent of 9,000 full time jobs is estimated to 
be linked with the tourism sector (Gätje 2003). Since 1985 the Wadden Sea is pro-
tected as a National Park and forms part of the Trilateral Wadden Sea Cooperation 
between Germany, Denmark and the Netherlands. Following heavy conflicts be-
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tween nature conservationists and local people until the end of the 1990s today the 
National Park is now beginning to become acknowledged as a major tourist attrac-
tion of the region. 

Traditionally agriculture forms the major land use in the Wadden Sea areas of 
Schleswig-Holstein. Even though its economic importance has experienced a 
steady decline over the last 30 years, agriculture still is a politically important ac-
tor. Within this regional setting the use of marine areas for large scale wind farms 
is perceived by a considerable number of people as an industrial use that endan-
gers existing forms of economy, especially tourism and increases the risk of acci-
dental oil spill from shipping. 

Therefore, regional stakeholders generally discuss this issue in a polarised fash-
ion. Especially on the islands considerable resistance can be observed. It can be 
summarised that development of offshore wind farms is a controversial issue 
which requires a valuation of potential economic gains against economic risks (for 
other sectors), an assessment of impacts across different scales as well as different 
spatial units (e.g. islands vs. mainland) and an assessment of economic vs. intrin-
sic cultural values (e.g. perception of the sea as energy resource vs. perception as 
open sea). 

To maintain ecological, economical and social sustainability of coastal and ma-
rine systems, planning instruments are required to be able to weigh potential de-
velopments with the existing and likely pressures on space in the sense of a holis-
tic systems-based approach. Therefore it is an elementary objective of the research 
project Zukunft Küste – Coastal Futures (Kannen et al. 2003), which is planned to 
start in spring 2004, to develop and document the required methods and instru-
ments to enable a holistic systems analysis. 

Other measures discussed in the area to strengthen the regional economic share, 
but also to achieve local acceptance for offshore wind farms, are incentives to in-
crease the regional shares in wind farm consortia. An example is the “Bürger-
Windpark” Butendiek, which is owned by local shareholders (10.000 shares dis-
tributed widely within the region). Another potential measure involves multi-use 
concepts for the wind farm areas. As an example, assessments are under way 
which try to evaluate the feasibility for mariculture within wind farms by using the 
permanent structures of the windmills for seed mussel cultures. This can be ex-
tended towards other candidate species for the so-called Open Ocean Aquaculture 
(Buck 2002). Such win-win situations between wind farms and traditional coastal 
activities could form a way to achieve a consensus-based development of offshore 
wind farms. 

Addressing offshore wind farms within ICZM 

Sustainable use of offshore wind energy implies the need to combine goals for 
climate policy with policy targets for nature protection, but also including the 
needs of traditional and established activities in coastal and marine waters. In ad-
dition the local or regional strength of wind power industry can form an additional 
factor for the assessment. Taking sustainable development into account as a policy 
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target, the development and assessment of offshore wind farms needs to be evalu-
ated according to regional development needs, impacts on the ecosystem at the re-
gional level and socio-cultural changes in regional structures.  

Politically, local acceptance is based on the assessment of ecological and eco-
nomical risks, e.g. conditioned by the perceived risk of shipping accidents and 
chances for local economy and society as outlined above. Therefore, local institu-
tions ask for active involvement of local people and assistance to local develop-
ment needs in order to avoid mistrust, create a local sense of ownership and to 
minimise conflicts. Thus, the spatial distribution of positive impacts versus nega-
tive burdens forms an important factor for local positions, even for generally posi-
tively perceived policies like mitigation of climate change. 
Following the results of the EU demonstration programme for Integrated Coastal 
Zone Management (European Commission 1999, 2000) and the recommendations 
of the EU Parliament and the EU Council (European Parliament and Council 
2002), Integrated Coastal Zone Management (ICZM) is expected to handle this 
type of conflicts (Kannen forthcoming). The general role of ICZM for coastal de-
velopment is outlined in Figure 4. 
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Fig. 4. ICZM in the context of spatial planning (from Kannen 2001a, adapted from Kannen 
et al. 2000) 

ICZM literature has described ICZM within the context of several human activi-
ties in coastal areas. Generation of renewable energies in marine areas has not 
been analysed in this context up to now. When taking the size and the expected fu-
ture speed of the offshore wind farm development in the German EEZ into ac-
count, it becomes obvious that is a major issue that needs to be addressed within a 
concept for marine area spatial planning as well as within the context of ICZM 
strategies at the level of the Federal government, the Länder level and the local 
level in those islands and municipalities that are affected in one or another way. 
For the national ICZM strategy in Germany this demand has been formulated by 
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Gee et al. (forthcoming) as a result of the national stocktaking exercise on behalf 
of the Federal Office for Building and Regional Planning (BBR).  

According to the problems with offshore wind farm development described in 
this article, an ICZM, which is adapted to offshore wind farm issues should take 
the following elements into account: 

• Developing concepts and tools for a comprehensive Integrated Assessment in-
cluding, but not limited to, Strategic Environmental Impact Assessment (SEA); 

• Developing mechanisms that allow to handle the diverging perceptions and in-
formation needs from planning at different scales from local to European and 
global in an integrative way. 

• Developing policy dialogues and adaptive spatial planning structures for marine 
areas, preferably at the trans-national level; 

• Applying participatory dialogue techniques and information approaches at the 
local level in order to include local fears as well as local development issues; 

• Developing win-win solutions with other resource uses like mariculture, tourism 
and nature protection, e.g. framed by multiple use concepts for wind farm areas; 

• Designing monitoring schemes which take cumulative effects into account in-
cluding developing necessary models or other tools. 

Design of integrated assessment for offshore wind farms 

Integrated Assessment should not be misunderstood as another word for formal 
planning instruments, but more as a long-term policy assessment taking potential 
future policy changes into account. Following this logic, the Integrated Assess-
ment needs to consider future developments and policies, e.g. given the impact of 
changes in governance regimes. Regarding the issue of offshore wind farms, pol-
icy changes in Germany might be important as well. The degree to which a new 
government consisting of the current opposition parties would change the current 
policy, which is in favour of developing offshore wind farms, needs to be taken 
into account. 

When screening different plausible future developments in society by scenario 
techniques, the result will be different potential policy targets, usually related to 
societal risk perception and risk aversion, and consistent with the scenario story-
line. Given the uncertainties about the future needs of humanity, the future devel-
opment of ecosystems in the light of global change and the current limited insight 
into the complexities of the ecological systems as well as of the socio-economic 
system, it is not feasible to identify exact values for ecosystem functions, which 
are critical in the sense, that risks for the ecosystem services may be avoided 
(Colijn et al. 2002). 

On the other hand it seems possible and is in line with the Sustainable Devel-
opment paradigm to follow the precautionary principle (Turner et al. 2001), and to 
develop management strategies that allow a maximum use of ecological services 
while keeping the ecosystem integrity at least at the present level, thereby reduc-
ing the risk of hazardous natural developments. Thus the target of the integrated 
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approach is to inform the society about possible future trends and the connected 
risks, allowing a balance between “ecosystem use” and “ecosystem squeeze” 
(Colijn et al. 2002). 

To conclude, it needs to be noted that the use of wind energy in offshore areas 
and development of the related economic sector occurs in a complex system of 
human and societal interactions but also within a complex ecosystem. To perform 
an Integrated Assessment which has relevance on a regional and local scale there-
fore requires a combination of scientific tools from natural as well as social and 
economic sciences. 
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Fig. 5. The concept of an integrative toolbox for tools and methods within an Inte-
grated Assessment (adapted from Kannen, forthcoming) 

Instead of trying to develop an ideal integrated model, from the view of manage-
ment, which asks for decisions now, the vision of an integrated toolbox (Kannen, 
forthcoming; Figure 5) seems to be a suitable approach for integrated assessments 
within an ICZM framework. This toolbox should include tools for: 

• Future assessments (e.g. foresight approaches and scenario techniques); 
• Indicators, suitable to describe effects of interactions on different scales; 
• Qualitative and quantitative models for impact assessment; 
• Expert Systems like SimCoastTM as integrating tools, combining interaction 

modelling and participatory dialogues; 
• Stakeholder dialogue approaches. 
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This approach will be further developed and tested within the BMBF funded re-
search project Zukunft Küste – Coastal Futures, expected to start in April 2004. 
While the toolbox is useful in order to integrate methods and assessment tools 
from different scientific disciplines, the DPSIR (Driver-Pressure-State-Impact-
Response) concept as developed by OECD (as PSR) and EEA (as DPSIR) has 
proved to be applicable as an integrating methodological structure.  It allows the 
analyst to structure information from different scientific disciplines in an integra-
tive way. The DPSIR approach has been successfully used within LOICZ basins 
assessments (see several reports, http://www.nioz.nl/loicz) and within the EU 
funded LOICZ project EUROCAT. 

Outlook

This paper draws a line from an ongoing issue for the North Sea coast of 
Schleswig-Holstein, which might reach far into the future. The development of 
wind farms in offshore areas includes plans for large scale investments until 2030 
and is connected to long term policies for mitigation of climate change effects and 
an energy policy that is based on assisting a transfer from non-renewable to of re-
newable sources of energy. From the analysis of current developments regarding 
the installation of large scale wind farms in offshore areas, the paper derives the 
strong need for offshore wind farm development to be included in ICZM concepts 
and strategies at the local, regional and national level. To assist societal decisions 
at all levels regarding a balanced assessment of interactions between offshore 
wind farm development with other, partly conflicting, coastal activities as well as 
with the impacts on the ecosystem it is argued, that Integrated Assessment should 
be used as a tool to stimulate and assist discussions at the local level as well as at 
the policy level (regional, national, transnational). 
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Abstract

This group report gives an overview of applications of and issues in integrated as-
sessment (IA) applied in the coastal zone area in Europe. We conclude that there 
are various reasons why IA is sometimes not successful. For instance, integrated 
assessment tends to be highly specific, dialogues are seldom an integral part and 
environmental thresholds are uncertain. A way forward would be to have an alter-
native framework that could fulfil some of these needs, which is proposed at the 
end of the chapter. 

Introduction

Previous chapters (16-20) have highlighted the views on and use of integrated as-
sessment (IA) by a number of important sectors and stakeholders along the Euro-
pean coasts. Most are local cases and have a sectoral perspective. The need was 
felt to place these in a wider, reflective, framework. Justification of our choice for 
real-world cases of IA lies in the practical needs of coastal practitioners. What can 
be learned? What can be improved? What will be necessary in the light of prob-
able future changes? (e.g. Rotmans 1998). 

In previous chapters examples of IA were given from different sectors and re-
gions. Here we present some lessons learned and a list of basic requirements for a 
specific model for inclusive participation within IA. Our discussion attempts to 
aggregate sector-wise cases from the previous chapters into a comparative analysis 

1 Correspondence to Laurens Bouwer: laurens.bouwer@ivm.falw.vu.nl  

J.E. Vermaat et al. (Eds.): Managing European Coasts: Past, Present, and Future, pp. 379–387, 2004. 
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of variation in issues and impact mechanisms as well as common gaps and suc-
cesses. In contrast to previous group reports (Moschella et al. this volume, Lise et 
al. this volume, Rochelle-Newall et al. this volume, Nunneri et al. this volume) the 
discussions on IA were only structured in a general sense in order to facilitate the 
brainstorm character of the group session. With hindsight, we notice that our con-
siderations remain close to the cases presented in previous chapters (16-20) and 
the compromise between overarching generalisations and realistic detail was diffi-
cult to forge. The present chapter gives more general conclusions that were drawn 
from the accumulated experience of the group rather than conclusions based on 
published literature, which makes this chapter somewhat different from previous 
ones. 

In this concluding chapter we chose to use the framework for analysis and driv-
ers that were identified by Turner (this volume). We have aggregated tourism with 
the expansion of the built environment, and have not included the issue of climate 
change (Table 1). We will use these major drivers to first assess the major sectoral 
problems. Second, we discuss the success of IA. Finally, we present some lessons 
learned and a possible way forward. 

Table 1. Seven of the major drivers for changes in the coastal area (adopted from Turner 
this volume) 

Primary Secondary 
Expansion of the built environment Climate change 
Tourism Agricultural change 
Industrial development and trade Provision and supply of energy 
Fisheries and aquaculture  

Experiences in different sectors 

Tourism and the expansion of the built environment 

Expanding tourism over the last centuries has emphasised and exacerbated weak-
nesses in national level spatial planning and regulation, for instance particularly 
apparent in Mediterranean countries (see e.g. Sarda et al. this volume). Along the 
Atlantic shores the tourist centres are conditioned by accessibility from the urban 
centres and traditional tourist seasonality. The pressures of urbanisation and ex-
pansion of the built-up area as a result of tourism are localised, since authorities at 
the local level act as regulators. People from northwestern Europe tend to buy sec-
ondary houses along the Mediterranean coast, and these are also increasingly often 
used for more permanent residence. This trend of an increasing number of secon-
dary residences has also been encouraged by the attempts of local politicians to 
increase the number of tourists in the low season (winter). At the same time the 
peak in the number of visitors in summer remains constantly high. 

The tourism sector is flexible and can adjust to changes in for instance demands 
from tourists. In Italy the sector swiftly responded to changing demands as people 
from Eastern Europe started to visit the country more frequently. Tourism is di-
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versifying, e.g. scientific tourism that is being attracted by the building of confer-
ence halls. 

Individuals as well as companies are buying out large parts of villages. This can 
be observed along the Mediterranean, but also along the Black Sea, where people 
buy secondary houses. In Greece, a new law on spatial planning appears to be 
quite promising and also includes a chapter on coastal planning. While in Finland 
the problems with the development of secondary (vacation) houses occurred about 
50 years ago. New regulations determine the standards for turning secondary 
houses into permanent houses. 

Because of high prices along the coast tourism urbanisation expands into the in-
terior. The apparent deadlock situation in spatial planning leads to unsustainable 
inland expansion. 

Industrial development and trade 

Both industry and trade concentrate along the facilities of major ports. Sea-ferry 
transport is concentrating towards large ports because of the possibilities for scale 
expansion in logistic facilities. Ports and harbours around Europe are expanding 
because of increasing volume of goods transported worldwide and because of in-
creasing competition among ports. Safety and waste disposal issues that arise be-
cause of this expansion can be solved, but regulation and legislation are needed to 
force harbour management and industry to take action (see also Vellinga and 
Eisma this volume), a legal basis is thus conditional. It should also be noted here 
that industry and port authorities do not necessarily share interests and responsi-
bilities equally. 

A case of particular interest in the UK is the locating of a new harbour in 
Southampton, where environmental issues are to be taken into account. Germany 
utilises a comparable legal compensation mechanism to that of harbours in The 
Netherlands (Rotterdam) and Belgium (Antwerp), but expansions of harbours is 
not so pressing an issue in these countries. For most German harbours, such as 
Hamburg, Bremerhaven and Wilhelmshaven, the maintenance and increase of ac-
cess depth and consequent dredging is the largest environmental problem. 

When looking at regulation, the infrastructure to control the development and 
expansion of ports and harbours in Europe appears to be in place, also because 
there is usually a (single) authority to address. This is in contrast with tourism 
where a wide range of sub-sectors and enterprises are confronted with consider-
able local and temporal variation in regulations and management institutions. 

Fisheries and aquaculture 

Near-shore and coastal fisheries often have remained small-scale across Europe 
with few notable exceptions (e.g. cockle trawling in The Netherlands). The larger 
high sea fisheries of Europe have expanded their reach across the Atlantic Ocean, 
whilst being subject to sectoral adjustment as well as strong attempts to regulate 
overexploitation (e.g. EC 2002). Employment losses due to restricted fishery 
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quota underline the need for alternatives. Such alternatives can be for example 
tourism, resulting in a new set of pressures (which are not the same as the pres-
sures of fisheries). This shift from fisheries activities to tourism and the conse-
quent urbanisation pressure has been occurring along the Mediterranean coast 
since the 1950s. 

Fisheries are turning to aquaculture across the Mediterranean. Aquaculture is a 
competitive sector, which is sensitive to subtle market changes such as enterprise 
upscaling: small groups have to work together to make it profitable. Both as an 
economic activity and its resulting pressures on natural ecosystem, aquaculture 
has little more in common with fisheries than its basic resource. 

Fisheries in Europe have moved from small-scale community-based to corpo-
rate organisations, leading to short-termism which rapidly turns natural capita into 
potential short-term financial profits. In macroeconomic terms, the European fish-
ery sector is not economically very significant, but at the same time it is a power-
ful political force as witnessed from the quota negotiations. Disappearance of the 
community-based fisheries sector allows the big companies to enter the market. 

At the World Summit on Sustainable Development in Johannesburg it was de-
cided that a new marine stewardship should be put in place by the year 2005. This 
could give a new opportunity for European researchers to liaise with stakeholders 
and major players. An example is the support that could be given to companies, 
for example large food enterprises to review future environmental economics and 
resource acquisition, also in relation to agriculture (Gerbens-Leenes and Nonhebel 
2002). Sustainability aspects, such as the linkage between the driving forces of 
climate change and energy production and provision should be looked at closer. 

Agricultural change 

Major developments in the agricultural sector in Europe will include a continued 
movement towards “green” farming with a reduced nutrient and pesticide con-
sumption, and the expansion of the EU in 2006 that will lead to a reduction in sub-
sidies. There is a trend within industrialised urban regions of the EU to assign the 
farmer the task of steward of the countryside landscape and to cater for recrea-
tional needs in urban centres. 

How declining EU subsidies will impact on the coastal area is uncertain, but 
much depends on the location and the precise configuration of the changes. One 
scenario is that the accession countries will suffer an intensification of agriculture 
over large areas, leading to increasing nutrient input from Central and Eastern 
Europe to the Baltic Sea and Black Sea. 

Provision and supply of energy 

In the context of energy provision windmill development in particular is relevant 
for the coastal area. Cross-boundary issues and communication, e.g. between 
Denmark and Germany complicate the formulation and implementation of the re-
quired integrated assessment, (see also Kannen this volume). The development of 
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windmill parks can lead to an uneven distribution of risks and benefits at different 
scales. Benefits are experienced at the national level, or international level e.g. 
greenhouse gas emission reductions, while the risks, damages and nuisances are 
experienced at the local scale. 

Success of integrated assessment 

When looking at integrated assessment, some important factors appear to deter-
mine its success: 

• Integrated assessments tend to be less successful when they are highly specific 
and are too narrowly framed in time and scale; 

• There appears to be a lack of dialogue with and identification of opinion form-
ers and politicians. Perhaps integrated assessments should be taken on in an-
other way; by going to stakeholders, and assess what they exactly need; 

• The understanding and communication of the ecosystem and its thresholds is an 
important part of the process of an integrated assessment, in order to be able to 
communicate outcomes of different strategies and scenarios with the stake-
holders. 

The message should be logical and simple; overly complex situations are difficult 
to understand, more communication and more simple regulation is needed. For 
example, NAM/Shell failed in the discussion about gas exploration in the Wad-
densea area, because although the technical details were perfectly in order and dia-
logues had been set up, public opinion changed because of failing political sup-
port, first on the regional and then on the national level. Stakeholder mapping 
should be maintained throughout the exercise, this was not done in the NAM/Shell 
case. 

The science is often pushed aside in discussions where large economic interests 
are at stake; e.g. in the case of the port of Venice. In the end the stakeholders have 
to execute the plans; good “scientific” arguments do not necessarily cover the in-
terests of the manager. 

The Black Sea integrated assessment was successful in the sense that it gener-
ated $0.5 billion of new resources. But it was not successful in other terms: local 
stakeholders have not been involved, and the institution that was created (the min-
istry of environment) had isolated itself (Mee 2001). IA could identify the root 
causes and create ownership, not only scientific excellence. For instance, from 
stakeholder mapping preceding the G8 Summit in Evian, France in 2003 it became 
clear that second subject of concern in almost all countries is the environment, but 
this was not addressed by the summit (G8 2003). 
A code of practice is needed for integrated assessment in the coastal zone, or a 
framework for IA. We could be more sensitive to (changing) social and ecological 
interests. The stakeholder participation should not be a sequential part but it inte-
gral to the process. More room could be created for different options, for different 
styles of governance and different styles of delivery of products and outcomes. In-
tegrated assessment could also be more “interactive”, not merely represent a set of 
“ready-made” alternatives. The limits of tolerance of ecosystems should be a 
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given, and then strategies to best adapt the most affected livelihoods should be ex-
plored (e.g. alternative use of boats in case they can’t be used for fishing for some 
time). 

A classic case is the North Sea fisheries; although the EU regulations have 
changed, negotiations have resulted in a continued over-catch. The lesson is that 
the stakeholder should be involved in the setting of the regulation, and only when 
dialogue has failed should regulation be imposed. 

Another example is the habitat directive; activities have to be justified eco-
nomically, and consequently impacts have to be compensated for and mitigated. 
This forces people to create win-win situations where they otherwise would re-
main dormant. An example is the compensation of every hectare of port reclama-
tion. 

If the stakeholder is convinced of the long-term interest of conservation and if 
alternatives from livelihood and income are sought, they are more willing to com-
ply. The process should be looked at as a self-organising response mechanism; 
guidance and adaptive responses from local stakeholders should be encouraged 

Conclusions, lessons learned, and a possible way forward 

Past and current developments in particular locations in Europe can serve as ex-
amples for integrated assessments that can be or should be undertaken elsewhere. 
One example is the regulation in Finland for secondary houses, which aims at spe-
cific requirements for water and energy use. Such a regulation might serve as an 
example for other coastal regions where the increased water and energy use is not 
yet an issue, but might soon become one. Another example is the shift in Spain of 
employment from fisheries to tourism, which might relieve environmental pres-
sure due to fisheries activities. Such a shift can set an example for regions where 
tourism is not (yet) well developed. 

Across Europe a common framework could be developed, that takes into ac-
count the inclusion of stakeholders. This framework needs to be supported with a 
code that will ensure consideration of cultural and political variation across 
Europe. Such a protocol would help to legitimise the political process, and to build 
trust and accountability. There could also be a notion of mutual respect for differ-
ent opinions, a notion of shared understanding of a vision of coastal future and a 
notion of fairness of treatment and a feeling for joint responsibility for outcome. 
Cultural and political variations across Europe are very important. A particular 
problem here is the fact that in the southern parts of Europe there is a strong mis-
trust in the government. Here the stakeholder participation should or could per-
haps play a different role, namely the gaining of empowerment. The aim is to look 
for a general framework and then build in the sensitive local elements. 

Such a protocol is an example of a more or less ideal and harmonic situation, 
and the actual situation often proves much more difficult. Alternatives include for 
example a conflict model. A number of basic requirements are listed below (Ta-
ble 2). 
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Table 2. Suggested requirements for a code of practice for integrated assessment 

1. Initiation of the procedure 
2. Vision exercise 
3. Mutual trust 
4. Openness and transparency 
5. Accountability and adjustment 
6. Media friendly 
7. Creation of networks of community forums (spatial and functional) 
8. Independent audit and validation 
9. Set specific political and cultural characteristics 
10. Aim for an outcome that all parties (can) accept 

Fig. 1. Key tasks in integrated assessment (adapted from Mee 2004) 

Consensus is not necessarily needed; an exploration of the differences that exist 
already can be very useful. Items that could be added include the necessity to 
identify the relevant stakeholders in the earliest stages, including national and in-
ternational bodies and groups. 

A stakeholder that has an interest usually initiates an IA, or there is a problem 
that forces policymakers to act. The initiation can be forced by an economic incen-
tive or a statutory obligation. The process should then be taken over in at a very 
early stage by a neutral facilitator, in order to maintain equality. 

The scale of the problems and issues is an important aspect for the code for in-
tegrated assessment, as models and processes have different boundaries and 
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boundary conditions at different scales. Meaningful scales for the various parame-
ters should carefully be chosen. 

In additional to this list of requirements for a code of practice, different steps 
and tasks in the process of IA can be suggested. In each of the steps, ranging from 
agreeing on the rules of the procedure in the first step, setting up of joint-fact find-
ing to the preparation of response options, intensive consultation between repre-
sentatives of the different stakeholder groups should take place. 
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