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PREFACE

Climate change resulting from human activity is already starting to have negative impacts on our 

way of life. It is likely that climate change is to blame for the increasing frequency of natural 

hazards (floods, heat waves, droughts, forest fires, etc). There is growing evidence that 

temperature rises and changing precipitation patterns will exacerbate the already acute water 

shortage problem in the southern and south-eastern regions of Europe. Changes are expected in 

the frequency and intensity of droughts and floods, and these could cause significant financial 

and human loss throughout Europe.  

Climate change could have major consequences on the quantities and quality of fresh water 

available in the future. Interdisciplinary research is needed for us to build knowledge and devise 

strategies for the sustainable development of different regions in a changing climate. It will also 

provide results that can feed into policy development. 

The floods and droughts of 2005 and the heat wave and droughts of 2006 were a major concern 

in Europe. The Commission is taking action in response to these events, and would like to show 

citizens that research is being undertaken on the issues they are concerned about and that the 

results can support policies and thus make us better prepared to face environmental change.  

Climate change has become an increasingly important area in the EU’s framework research and 

development (R&D) programmes. It is a priority in the forthcoming 7th Research Framework 

Programme, which will run from 2007 to 2013. 

In this context, three Directorates-General of the European Commission - Research, 

Environment and the Joint Research Centre - jointly organised a workshop in Brussels on 25-26 

September 2006 to discuss climate change impacts on the water cycle, and to review research 

and policy and thus pave the way for the development of an adequate policy-research interface. 

The workshop tied in well with international discussions. The impact of climate change on 

water, adaptation and mitigation strategies was a key component at the second meeting of the 

Parties to the Kyoto Protocol (COP/MOP 2) in Nairobi from 6 to 17 November 2006. The issue 

will also be discussed in depth at the International Conference on Climate Change and the Water 

Dimension, which will be held in Berlin on 12-13 February 2007 under the German Presidency. 

The workshop in Brussels had a strategic impact on the research and policy communities in that 

it defined interactions between science and policy on climate change and water and discussed 

what scientists know about climate change - and the areas of uncertainty - and ways in which 

scientific outputs could be translated into policies. Whether you are active in – or interested in – 

the scientific or political sides of this important topic, we trust you will find this report of the 

results of the workshop of considerable interest. 

Mogens Peter CARL Roland SCHENKEL José Manuel SILVA RODRÍGUEZ 
Director-General for Director-General Director-General for Research 

Environment Joint Research Centre 
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INTRODUCTION

Climate models projections based on different scenarios of future greenhouse gas emissions 

indicate a warming of 1.4 to 5.8ºC over the next century. The projected change in climate will 

significantly impact the hydrological cycle. A warmer climate will increase evaporation and the 

intensity of water cycling, and result in greater amounts of moisture in the air. The magnitude 

and frequency of extreme weather events are expected to increase, and hydrological extremes 

such as floods and droughts are likely to be more frequent and severe over most of Europe. At 

the same time, in some regions the rising demand for water in sectors such as agriculture and 

energy production may further increase Europe’s vulnerability to drought. In addition to its 

effects on water quantity, climate change is likely to affect water quality by bringing about 

physico-chemical, biological and hydro-morphological changes.  

Research into climate change impacts on the water cycle improves the understanding and 

assessment of key drivers and their interactions. This research will help to identify risks and 

uncertainties and to develop measures for mitigation and adaptation. There is a growing 

consensus that climate change is a serious and long-term challenge with potentially irreversible 

consequences, and thus it has become one of the main priorities within the European 

Commission. Consequently, a wide spectrum of research projects related to climate science, 

impacts, adaptation and mitigation have been supported by the European Union. This effort will 

be continued under the 7th Framework Research Programme (FP7), where climate change is one 

of the 4 activities in the Environment thematic area of the Cooperation Scientific Programme. 

Research directed towards improving the understanding of process and prediction will be 

specifically taken into account and linked to emerging needs and policy-relevant research, such 

as drought risk assessment in Europe and the incorporation of climate change impacts into water 

policies. In addition, results from European research make an important contribution to the 

Intergovernmental Panel on Climate Change (IPCC) and help to honour international 

commitments such as the UN Framework Convention on Climate Change (UNFCCC) and the 

Kyoto Protocol. 

Current EU water policies (e.g. Water Framework Directive) have a planning cycle reaching 10-

30 years in the future. Within this timescale, the projected climate change and its impacts on the 

water cycle and water resources are likely to lead to higher environmental, ecological and socio-

economic pressures and costs in Europe. The question has been raised as to whether the present 

water policy framework covers issues of climate change, and if there are opportunities for 

developing adaptation measures to climate change policies within the frame of existing EU water 

policy.
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OBJECTIVES

The workshop brought together scientists and water managers in an effort to gain an overview of 

science and policy challenges as regards climate change impacts on water, and to review the key 

results of ongoing (FP6) and completed EU projects on climate change and water. It also 

explored whether the current scientific outcomes are sufficiently mature to be taken on board in 

policy development, as well as suggesting priority research topics that should be addressed at 

European level in the future.

The objectives of the workshop were to:

o review the key results of ongoing (6th Research Framework programme - FP6) and 

completed EU projects dealing with climate change impacts on the water cycle; 

o review adaptation strategies implemented in different Member States;  

o explore whether the current scientific outcomes are sufficiently mature to be taken on 

board in policy development; 

o define gaps in knowledge, as well as needs from and for policy; 

o define priority research topics that should be addressed at European level as strategic input 

into the implementation of FP7; 

o define the agenda and an adequate platform for establishing interactions between science 

and policy in the field of climate change and the water cycle; 

o define long-term research priorities in the present research and policy context. 

By successfully meeting the above objectives, the workshop represented a milestone in defining 

key research and policy elements related to the assessment of climate change impacts on the 

water cycle, quality and resources, and in setting the interface between science and policy in this 

area.

The workshop represents a step within a process. In this sense, the conclusions of the workshop 

will be used as input for the international symposium on “Climate Change and the European 

Water Dimension” to be held during the German Presidency of the European Union in Berlin in 

February 2007. 

Details of this workshop, including speakers' presentations, are available at the internet site: 
http://cordis.europa.eu/sustdev/environment/ev20060628.htm.

http://cordis.europa.eu/sustdev/environment/ev20060628.htm
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EXECUTIVE SUMMARY 

1 – Introduction 

Climate models projections based on different scenarios of future greenhouse gas emissions 

indicate a warming of 1.4 to 5.8ºC over the next century. The projected change in climate will 

significantly impact the hydrological cycle. A warmer climate will increase evaporation and the 

intensity of water cycling, and result in greater amounts of moisture in the air. The magnitude 

and frequency of extreme weather events are expected to increase, and hydrological extremes 

such as floods and droughts are likely to be more frequent and severe over most of Europe. At 

the same time, in some regions the rising demand for water in sectors such as agriculture and 

energy production may further increase Europe’s vulnerability to drought. In addition to its 

effects on water quantity, climate change is also likely to affect water quality by bringing about 

physico-chemical, biological and hydro-morphological changes.  

Projections of climate change impacts on the availability and quality of water include a high 

level of uncertainty. Moreover, what scientific knowledge there is fragmented and not readily 

accessible to decision-makers. This makes it difficult to establish a long-term strategy and to 

identify appropriate adaptation measures. To address these challenges, the European 

Commission's Directorates-General for Research (DG RTD), Environment (DG ENV) and the 

Joint Research Centre (DG JRC) organised the workshop “Climate Change Impacts on the Water 

Cycle, Resources and Quality – Research-Policy interface”. The workshop brought together 

scientists, water managers and policy-makers in an effort to gain an overview of science and 

policy challenges in the field of climate change and the water cycle, and to review the key results 

of ongoing and completed EU research projects in this area. The workshop aimed to explore 

whether the current scientific outcomes are sufficiently mature to be taken on board in policy 

development, as well as to suggest priority research topics that should be addressed at European 

level in the future. The event represented a milestone in defining key research and policy 

elements related to the assessment of climate change impacts on the water cycle, quality and 

resources, including discussions on how to adapt. 

The event was organised by three EC Directorates-General, which is a clear message of the 

importance of this issue, and of the need to develop more coherent and synergistic research and 

policy approaches to meet these challenges. The workshop created an excellent arena for 

communication between the scientific community and policy-makers. Through its reactive 

discussions, the meeting was perceived as a kick-off event calling for improved communication 

between science and policy-makers in the future. 

The workshop included five sessions, which examined different scientific and policy areas, 

followed by round-table discussions. This executive summary highlights the main points of the 

discussions held during the workshop. Details on the presentations are given in the form of 

extended abstracts. 

2 – Research dimension

Research on climate change impacts on the water cycle, resources and quality improves the 

understanding and assessment of key drivers and their interactions with other human activities 

and the combined consequences. The knowledge produced is needed to manage and mitigate 
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risks and uncertainties and to develop appropriate measures for adaptation. As climate change 

has become one of the main priorities of the European Commission over the last few years, a 

wide spectrum of research projects related to climate change, impacts, adaptation and mitigation 

have been supported by the European Union. This effort will continue under the Seventh 

Framework Programme for Research – FP7, where climate change is one of the four activities in 

the Environment thematic area of the Scientific Programme. The input provided by the FP7 will 

be a real incentive for Europe and the research community to look at the climate-water 

interactions both at global and at regional level. Research directed towards improved process 

understanding and prediction will be specifically taken into account, and linked to emerging 

needs and policy-relevant research, such as drought risk assessment and the incorporation of 

climate change impacts and adaptation strategies into water policies.  

Results from research are also the bedrock of the Intergovernmental Panel on Climate Change 

(IPCC). The role of the IPCC is to advise governments on the most responsible courses of action 

to implement international commitments such as the UN Framework Convention on Climate 

Change (UNFCCC) or the Kyoto Protocol. These recommendations are based on the best 

available scientific, technical and socio-economic information on climate change worldwide. 

The different views expressed and the results presented at the workshop showed that clear 

progress has been made in research in the field of climate change impacts on the water cycle, 

resources and quality over the last few years. There is evidence of ongoing unprecedented 

changes at rates faster than expected, especially in the Arctic. Climate change and climate impact 

modelling have considerably improved their capabilities to give short-term projections for a 

policy-relevant time horizon. These projections now indicate that several socio-economic sectors 

will be clearly affected, and already need adaptation measures. This will require more research 

on adaptation strategies, linking physical and ecological impacts and socio-economic aspects. 

Nevertheless, an important message is that although the projections of changes and impacts still 

include large uncertainties there is sufficient scientific basis to act, at least in some policy areas.  

Different areas were identified at the workshop where research is needed. These can be grouped 

as follows:

Research on the physical and ecological impacts of climate change 
There is a need to improve our knowledge of the complex aspects of the water cycle and aquatic 

ecosystems, and how these will react to climate change. In particular, it is essential to identify 

thresholds and points of no return from which no recovery is possible. Research on direct and 

indirect climatic impacts on the water cycle and ecosystems should continue. 

One area in which fast improvement of knowledge is needed is climate-induced change in the 

elements of the water cycle, the formation of extreme events (floods, droughts, storms, etc.), 

their magnitude and frequency, as well as their consequences in aquatic ecosystems, such as the 

destruction of habitats. 

As regards droughts, there is also a need to include the increased competition for water as a 

resource for economic versus ecosystem requirements. 

There is a need to further investigate the impact climate change has on biogeochemical cycles of 

nutrients and toxic substances: to what extent climate change will increase the loads of nutrients 

and pollutants entering aquatic ecosystems, and thus aggravate eutrophication problems, 
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including increased frequency of algal blooms. Not only the frequency of toxic blooms and 

increased algal biomass can be the consequences of climate change, the pathways of toxic 

pollutants (pressures and distribution in the ecosystems) may also change. 

Research on the socio-economic impacts of climate change 
There is a need for better understanding and quantification of the economic and social impacts of 

climate change in the different sectors through: 

o the integration of geo- and biophysical models with socio-economic models 

o better understanding and quantification of costs and benefits of impacts in the 

different sectors 

o better understanding and quantification of the vulnerability and adaptive capacity of 

receptors to change 

o better understanding of feedbacks and interactions between changes in land use, 

water cycle, water quality, climate and the socio-economic system. 

Improvement of models
(a) Increased spatial resolution of climate models: regional and local impact studies 

require the spatial scale of climate models to be reduced to 1-10 km. 

(b) Inclusion of interactions and feedback mechanisms: climate models need to account 

for interactions and feedbacks between climate, land use and hydrological processes. 

There is a need for better representation of hydrological processes in land-surface 

climate models. 

(c) Integration of models is necessary. Assessing the impacts of climate change in 

different socio-economic sectors calls for the integration of data and methods from a 

broad range of sources and disciplines and requires climate, hydrological, bio-

physical, ecological and socio-economic models to be linked.  

Monitoring
The importance of continuing to monitor and increase the available datasets was underlined 

during the workshop. There is a need for high-quality observations, reference datasets and 

improved reanalysis of historical data from climate change detection studies, trend analyses, 

process research, data assimilation, model development and testing. Areas where monitoring was 

identified as a priority included: records on ice cover decrease, warming of the ocean, sea level 

rises, pools of migration, biological responses and physical changes. Sufficient funding for this 

monitoring is essential to provide the basis for scientific progress and policy-relevant results. 

Greater effort must be made to prioritise the funding of monitoring. Socio-economic data are 

also necessary to quantify, in monetary terms, the impacts of climate change, the costs and 

benefits of adaptation strategies, and the vulnerability and adaptive capacity of receptors to 

change, including in other parts of the world, where climate impacts are likely to be more severe 

than in Europe. This aspect is extremely relevant in developing countries and less developed 

countries, where economic resources and strategies to adapt to climate change are scarce. 
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Uncertainty
There is a need for better understanding and quantification of uncertainty throughout the chain of 

“emissions  climate  physical impact  ecological impact  socio-economic impact”. One 

possible way could be to use multi-model ensemble approaches that provide the respective 

uncertainty ranges. Another important challenge is to engage in research on how to communicate 

uncertainty to decision-makers, by way of cost-benefit analyses and aid to decision-making in 

the face of these uncertainties.

Improvement of the approach adopted in  future research 
(a) In terms of scale - geographical dimension: there is a need for regional and also for 

global research. It is advisable to approach climate impact problems increasingly on a 

regional scale. Moreover, it is essential to look at adjacent EU regions, such as Africa, 

not only from a humanitarian perspective but also as a matter of European security. 

African societies have little capacity to adapt and will face severe problems, such as 

insufficient water availability, in terms of both quantity and quality.  This may  

increase pressure of  migration to Europe, bringing with it severe problems in terms 

of security, social impact, environmental damage etc. 

(b) In terms of the sectoral dimension: even if a sectoral approach will improve 

knowledge on specific issues, a cross-sectoral approach is required to highlight cross-

sector interdependency. How to lay a solid basis to explain and reflect on such cross-

sectoral interdependency must be integrated in future research. 

3 – Policy dimension 

The current EU water policies (e.g. Water Framework Directive, WFD) have a planning cycle 

reaching 10-30 years into the future. Within this timescale, the projected climate change and its 

impacts on the water cycle and water resources will likely lead to higher environmental, 

ecological and socio-economic pressures and costs in Europe. To reduce the pressures and 

minimise the costs of adaptation, decision-makers need guidance from the scientific community 

in terms of uncertainty ranges for different climate model scenarios at regional level, as well as 

knowledge on impacts of climate change on the ecosystem baselines, thresholds and points of no 

return used to identify policy targets. 

The scientific community should also improve the communication of areas where all climate 

models agree and uncertainty is small, such as the robust finding that semi-arid and arid areas of 

the Mediterranean will become warmer and drier in summer.  

Policy-makers have to take decisions on and adapt measures to climate change even if there is 

uncertainty. This was done, for example, when the specific targets of the European Climate 

Change Programme (ECCP) II were set. Other examples are given in the three case studies 

presented at the workshop, which showed that, in spite of all uncertainties, it is possible to 

initiate and implement adaptation strategies.  

Quick and efficient responses are necessary to ensure adequate investment and priority-setting 

across different sectors, e.g. in land use and spatial planning. This will require a more inter-

sectoral and flexible management approach. 
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One of the main issues mentioned during the workshop was to decide at what level action is 

required - local, regional, national or EU-wide. Member States (MS) should take appropriate 

action within their national confines, but it is also necessary to raise the level of awareness 

among MS of the need for international collaboration to solve larger regional or transboundary 

problems. The need for a new arena or programme for exchange of experiences and good 

practices on adaptation across Europe was underlined.

Climate change and the Water Framework Directive 
A special challenge for MS is how to handle the impacts of climate change in their 

implementation of the Water Framework Directive. The following points summarise the 

workshop discussions on this topic:

The WFD is an important legal instrument with enough flexibility to allow adaptation to 

climate change and climate change-related issues. The WFD uses the River Basin District 

(RBD) as the main unit for the management of River Basins (RBs). WFD-compliant 

management of River Basins requires the adoption of a cross-sectoral approach (agriculture, 

land use, water supply and sanitation, urban planning, transport and energy production). The 

River Basin level is also suitable for coping with extreme events. Therefore, the RB is the 

unit that can be used to apply climate change adaptation measures. 

Moreover, the WFD already involves economic aspects by putting a price on water use that 

will affect decisions on water use. 

The WFD encourages stakeholder involvement.  

The WFD might be a tool for climate change adaptation purposes, but a procedure should be 

identified in the very near future. The WFD provides a framework for considering climate 

change as one of the pressures. MS should therefore incorporate climate change adaptation 

measures into their River Basin Management Plans (RBMPs) to ensure that the larger 

programme of measures is sufficient to achieve the WFD objectives (good status of water 

bodies). However, MS are not ready to incorporate climate change in the first programme of 

measures, since this action would require more knowledge on how climate change affects the 

ecological and chemical thresholds used to identify the ecological target status.  

Climate change should be taken on board within the Common Implementation Strategy 

(CIS), e.g. as a separate, horizontal activity, and also be linked to existing activities dealing 

with ecological status assessments (such as intercalibration and monitoring). This will 

enhance the frame for discussions between MS, and will help to adjust both the target values 

and the design for monitoring and reporting.  

Access to information: It will be important to consider the availability of information from 

science results and from policy input.  

Important areas for improvement are:

1. Incorporating explicit references to climate change in the WFD and Common 

Implementation Strategy. Although the principle of “non deterioration” also encompasses 

climate change, there might be a need for some explicit reference to climate change in the 

Directive and in its implementation strategy. 
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2. Increasing the flexibility of the WFD-compliant classification system used by MS to

assess ecological status, in particular by adapting baselines and target values to the new 

conditions imposed by climate change. The relationships between good ecological status 

and different human pressures should not be regarded as static. The challenge is therefore 

how to take into account climate change when setting target status objectives. Scientific 

progress on how climate change affects the pollution loads of water bodies, as well as 

their baseline and target values, should be quickly assimilated by the river basin 

authorities as a basis for the much-needed review of their classification systems. 

3. The interaction of climate change with other human pressures and their combined impact 

on water bodies should be handled through the programme of measures. Adaptation and 

mitigation measures probably need to be more extensive to counteract the combined 

impacts of human pressures and climate change on European waters. In this context, 

another challenge is to investigate the interaction of climate change and other human 

pressures (such as remobilisation and run-off of nutrients and contaminants from soils). 

As ecosystem responses are mostly non-linear, the main emphasis in research, as in the 

planning of adaptation measures, should be put on ecosystem thresholds, regime shifts 

and points of no return for aquatic ecosystems. It is incomparably more expensive or 

even impossible to restore an ecosystem after a major collapse compared to the costs of 

protective measures ensuring system stability. 

4. Coherent multi-sectoral objectives need to be set in order to avoid contradiction with 

other legal instruments and to enhance synergies. This applies both to the EU level for 

the different sectors dealing with water, agriculture, energy, transport, nature protection, 

etc., and to the MS, who are responsible for achieving various objectives across the 

different sectors. There is also a need to consider coherence between several policies in 

which water plays a key role. These objectives and the ways of achieving them should be 

harmonised. 

WFD and Flood Directive:

Implementation of the Flood Directive is the right time to take on board 

climate change adaptation. Flood maps and maps of areas of risk required 

by the Flood Directive address climate change and can be used to improve 

RBMPs.

There is a need to avoid contradiction between the WFD measures to 

achieve good water quality and the flood protection measures.  

WFD and regional policy: RBMPs and Regional Development Plans are potential 

areas for integrating climate change impacts.  

WFD and Habitats Directive: The impact of climate change on habitats has to be 

taken into account in nature protection policies and also in WFD objectives 

related to protected areas. 

WFD and Renewable Energies Directive and Biofuels: By 2010, Member States 

should ensure that a minimum proportion of biofuels and other renewable fuels is 

placed on their markets. To that effect a reference value for these targets shall be  

5.75%, calculated on the basis of energy content, of all petrol and diesel for 
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transport purposes. Therefore, there is a need to investigate how this is going to 

impact both land use and water, and biodiversity. Further research is needed on 

the performance and trade-offs for GHG emissions.  

Climate change needs to be integrated in all policies. Climate change is already a reality and its 

impacts need to be considered both internationally and across different sectors, such as water, 

agriculture, and other economic sectors. More research is needed on the feedback mechanisms 

between climate change and land cover changes. Local managers need guidelines to help them 

cope better with climate change impacts. With extreme events becoming more frequent and more 

disastrous, there is a clear need for adaptation and public awareness. Future challenges need to 

be anticipated and measures taken at policy level today.

4 – The importance of economics

Four aspects were highlighted: 

1. Importance of bringing economists on board: there is a need for closer dialogue between 

science and economy, to prevent any decisions based on climate predictions from 

neglecting important socio-economic aspects, and to prevent any decisions based on 

purely economic and social aspects from neglecting important scientific results. 

2. Making an economic case: there is a need to translate climate change impacts into 

economic terms. The focus should not only be on showing the costs, including timing and 

discounting, but also on evaluating current and future benefits of mitigation and 

adaptation, including environmental benefits. Policy-makers should strive to strike a 

balance between the costs of adaptation measures as incurred today and their potential 

benefits for the future. The upcoming Green Paper on adaptation should reflect on the 

benefits of investing in adaptation measures now. It is important to show that investments 

today will be gains for the future, because if the changes are not done now, the costs will 

increase in the future. Recent studies have shown that adaptation to climate change 

(carrying out sectoral changes and capitalising) will cost about 0.3% of GDP. This 

information might increase the political will to prioritise adaptation measures, and thus 

avoid higher costs in the future.

3. Climate change is global in its causes and consequences, and the response requires 

international collective action. Working together is essential to respond to the scale of the 

challenge. Climate change represents a unique challenge for economics: it is an example 

of market failure. The economic analysis must be global, and examine the possibility of 

major, non-marginal change. Analysing climate impacts requires ideas and techniques 

from most of the important areas of economy. 

4. The economic impacts are regionally different and can be either positive or negative, 

depending on the sector. Regionally different impacts may change competition in 

different forms of agriculture (crops that will become more, or less, suitable in some 

regions), or in different energy sources (wind or hydropower energy sources may become 

more, or less, profitable in particular regions). Economic investigation needs to break 

away from a global perspective and become more regional.
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5 – Bridging needs

The need to improve communication to stakeholders was clearly highlighted, and several 

suggestions were made regarding stakeholder involvement: 

The increasing damage caused by extreme events may send out a signal to 

communicate the possible effects of climate change. Experiences with extreme 

events can make the public more aware of climate change and increase their 

eagerness to learn more about it and react. 

Communication of the facts of climate change that affect the public must be clear 

and understandable. An example of this type of good communication is the 

recent review carried out by John Hanson, which stated that the melting of 50 

cubic miles per year in the Arctic is equal in volume to the EU's entire annual 

consumption of water.  

Communication should be participative, thus ensuring co-ownership between 

those producing and those using the information. 

As regards the identification of stakeholders, there is a need to adopt a broader spectrum and to 

include larger communities, for example, freshwater suppliers to the population and managers of 

sewage systems. These stakeholders are involved in planning and they will need to know what is 

going to happen. Particularly important are local decision-makers and operators. They need to 

follow up issues of monitoring, implementation, revision and future decisions more closely.  

In this context, better communication between the scientific community and policy-makers is 

essential. For this reason the need was raised for the creation of a permanent platform of 

exchange of information. Climate change and water policy require integration across scientific 

disciplines, policy areas, socio-economic sectors and stakeholder groups if sustainable adaptation 

strategies are to be developed. 

This executive summary highlights the main discussion points and recommendations to emerge 

at the workshop. The full proceedings contain abstracts of the different lectures and a summary 

of the round-table discussions that took place at the end of each session. This workshop and its 

proceedings were designed as a preparatory step to the Conference on Climate Change and the 

Water Dimension to be held under the German Presidency in Berlin on 12-14 February 2007. 
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OPENING SESSION 

This session underlined the key drivers of the workshop. 

The workshop was organised by three Directorates-General of the European Commission: the 

Directorate-General for Research, the Directorate-General for Environment and the Joint 

Research Centre.

This session was opened by the Director-General of the Joint Research Centre, Roland Schenkel.  

It was followed by presentations from Daniela Jacob from the Max-Planck Institute in Germany, 

and from representatives from the European Commission, Elisabeth Lipiatou, Head of the 

Environment and Climate System Unit in the Directorate-General for Research, Peter 

Gammeltoft, Head of the Protection of Water and Marine Environment Unit in the Directorate-

General for Environment, and Frank Raes, Head of the Climate Change Unit in the Institute for 

Environment and Sustainability. 
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Overview of climate change projections in Europe 

Daniela Jacob,

Max-Planck-Institut für Meteorologie, Hamburg, Germany

Meteorological and hydrological observations demonstrate that during the last decade the climate 

has changed.  As reported by the Intergovernmental Panel on Climate Change (IPCC, 2001), a 

mean increase of temperature by 0.09 K per decade was observed globally from 1951 to 1989. 

Up to now, 2006, this trend has continued. Europe experienced an extraordinary heat wave in 

summer 2003, with daily mean temperatures being about 10° warmer than the long term mean. 

The increase of temperature varies depending on the region and season. If the temperature of the 

atmosphere increases, it should be assumed that the water cycle is intensified. However, it has 

not been possible until now to present clear statements on changes in the water cycle as a 

consequence of climate change. 

Global climate models (GCM) have been developed to study the Earths climate system in the 

past and future, for which assumptions of green house gases are needed. Theses models are 

mathematical images of the Earth system, in which physical and biogeochemical processes are 

described numerically to simulate the climate system as realistically as possible.  The model 

quality, however, can only be judge on in comparison with independent observations. Therefore, 

time periods of the past are simulated and the model results are compared against measurements 

before the models are used for climate change studies. 

Even today global climate models provide information only at a relatively coarse spatial scale. 

Therefore high resolution regional climate models (RCM) are nested into global calculations to 

investigate the impact of potential global climate change on specific regions. The results of these 

investigations depend on both the quality of the global and regional models and the choice of the 

climate scenario.  

In order to achieve information about the probability, e.g. for the intensification of the 

hydrological cycle over Europe, several models from different European climate research 

institutes are used, such as it was done in the EU project PRUDENCE (prudence.dmi.dk).  

Following the climate change scenario A2 projecting a relatively strong future increase of 

greenhouse gases until the year 2100 (IPCC, 2001) and a subsequent global mean temperature 

increase of about 3.5°, numerous simulations were conducted within PRUDENCE. An analysis 

of their results for different river catchments shows significant differences between the projected 

changes over northern and central Europe for the time period 2070 – 2100 compared to the 

current climate (1961-1990). For the Baltic Sea catchment, a precipitation increase of about 

+10% for the annual mean is projected, with the largest increase of up to +40 % in winter, while 

a slight reduction of precipitation is calculated for the late summer. Evapotranspiration will 

increase during the entire year with a maximum increase in winter. These rises in precipitation 

and evapotranspiration may lead to an increase of river discharge into the Baltic Sea of more 

than 20% in winter and early spring. Here, the seasonal distribution of discharge is largely 

influenced by the onset of spring snowmelt. 

For the catchments of Rhine, Elbe and Danube, a different change in the water balance 

components is yielded. While the annual mean precipitation will remain almost unchanged, it 
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will increase in late winter (January-March) and decrease significantly in summer. The 

evapotranspiration will rise during the entire year, except for the summer, with a maximum 

increase in winter. These changes lead to a large reduction of 10 to 20% in the annual mean 

discharge. Especially for the Danube, the projected summer drying has a strong impact on the 

discharge that is reduced up to 20% throughout the year except for the late winter 

(February/March) when the increased winter precipitation causes a discharge increase of about 

10%. These projected changes in the mean discharge will have significant impacts on water 

availability and usability in the affected regions.

Under climate change conditions not only the absolute amounts of precipitation may change but 

also the precipitation intensities, i.e. the amount of precipitation within a certain time period. The 

simulation of precipitation intensities or extreme precipitation events requires however a 

considerably higher resolution than the A2 results presented above so that for example the 

influence of the topographically largely varying Alps on the formation of precipitation over the 

Rhine catchment could be adequately calculated. High resolution RCM results show that the 

global warming until 2050 will lead to an increase of high precipitation events over the Alpine 

part of the Rhine catchment, especially in summer. This climate change signal becomes clearly 

visible in the Pre-Alps, but a similar trend is seen in the high resolution simulations over large 

parts of Europe. 

An overview over existing regional climate change simulations for Europe will be presented 

together with results achieved within several EU-funded projects like MERCURE, PRUDENCE 

and ENSEMBLES. 

Reference

(IPCC, 2001). Climate Change 2001. The Scientific Basis, Cambridge Univ. Press, New York, 

105 pp. 
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Session 1: 

Climate change impacts on the water cycle and resources - floods and water scarcity  

The session provided key elements on: 

Risk analysis of freshwater availability in future climate change; certainties and 

uncertainties and areas for improvement 

Analysis of the relationship between climate change and floods in Europe. Some replies 

to fundamental questions such as: 

o whether climate change is causing floods 

o how to assess future flood risks 

o how to mitigate future flood risks 

o how to improve future flood risk management 

Mechanisms for precipitation and how land use is affecting the different precipitation 

regimes that lead to increasing droughts in the Mediterranean basin and contribute to 

floods in Central and Eastern Europe. 

With respect to top drought, scientific results prove that a large amount of water vapour 

can be transported over deserts without producing rain. This raises two issues: 

o whether past vegetation in these areas could have provided the priming mechanism to 

trigger precipitation (summer storms) in former times, and 

o whether the Spanish east coast and other Mediterranean areas are now evolving 

towards a similar situation by removing vegetation and desiccating marsh areas. 

Regarding droughts, there are solutions for restoring the system in southern Europe. Most 

of them are long-term (15-20 years). Some of them (specify?) could also help to mitigate 

global climate change and adapt to its long-term effects. 

Characteristics of tropical developing countries: these are mostly dependent on water 

resources. There is marked irregularity in precipitation patterns and precipitation has a 

dramatic impact on people's lives in these countries. The characteristics of the water cycle 

also have a profound impact on human activities (agriculture, public health, food 

security, etc.). It was admitted that the processes controlling the water cycle over the 

tropical continents are not well understood. 

Analysis of the vulnerability of the water cycle and water resources to climate change. 
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Session 1: 

Climate change impacts on the water cycle and resources - floods and water scarcity  

A risk analysis for world freshwater availability under future 
climate change 

Marko Scholze
1
, Wolfgang Knorr

1
, Nigel W. Arnell

2
 & I. Colin Prentice

1

1QUEST, Department of Earth Sciences, University of Bristol, Wills Memorial Building, Bristol BS8 
1RJ, UK 

2Tyndall Centre for Climate Change Research and Department of Geography, University of 
Southampton, Southampton, SO17 1BJ, UK 

Our current world is under the threat of severe changes in the climate system, or more 

broadly, in the global environment system due to anthropogenic intervention to the natural 

system. The United Nations Framework Convention on Climate Change (UNFCCC) 

commits nations to avoiding “dangerous” climate change and “allowing ecosystems to adapt 

naturally”, but the concept of "dangerous” climate change ultimately requires a normative 

decision based on value judgments. It is also not clear how likely are different amounts of 

climate change to have major impacts on the world’s ecosystems? So far, “dangerous climate 

change” has often been interpreted in terms of critical levels of climate change, or thresholds 

triggering abrupt climate change events (Parry et al., 1996). However, relatively minor 

climate changes that have occurred during recent decades have already impacted local 

ecosystems (Walther et al., 2002), much larger changes are projected for the 21
st
 century 

(IPCC, 2001).

We quantify the risks of climate-induced changes in runoff as one of key ecosystem 

processes during the 21
st
 century by forcing the Lund-Potsdam-Jena (LPJ) dynamic global 

vegetation model (Sitch et al., 2003) with outputs from 16 coupled atmosphere-ocean general 

circulation models and mapping the proportions of model runs showing exceedance of 

natural variability in runoff among others. The outputs represent four emission scenarios: 

“committed” climate change (i.e. atmospheric composition held constant from 2000), and 

SRES A1B, A2 and B1.

All the climate model runs were initialized for pre-industrial conditions and run up to 2000 

with radiative forcing based on observations and then to 2100 under one of the four 

scenarios. To capture physiological effects of rising CO2, we provided LPJ with the time 

series of global mean CO2 concentrations for the simulation period. Runoff is defined here as 

the difference between precipitation and evapotranspiration from vegetation and bare soils 

(controlled in part by biological processes and influenced by CO2 concentration as well as by 

climate), and is essentially a proxy for freshwater supply.  

Our analysis does not assign probabilities to scenarios, or weights to models. Instead, we 

consider the distribution of outcomes within three sets of model runs grouped according to 

the amount of global warming they simulate (global mean surface temperature difference 

between 2071-2100 and 1961-1990): <2 C (including simulations in which atmospheric 

composition is held constant, i.e. in which the only climate change is due to greenhouse gases 

already emitted, 16 runs), 2-3 C (20 runs), and >3 C (16 runs). We define critical change 

based on the difference between the 2071-2100 and the 1961-1990 means; more precisely 

when the change in mean exceeds ±1  of the interannual variability during 1961-1990, based 

on climate observations. For an extreme event occurring once every 100 yr, a shift in the 
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mean by 1  in the direction of the extreme translates into an 10-fold increase in its 

frequency: The ‘‘100-yr event’’ becomes the ‘‘10-yr event’’. Thus, our analysis focuses on 

the risk of impacts of changes in extreme events on freshwater availability. 

Globally, widespread increases in runoff north of 50°N are shown with probabilities as high 

as 50% even for 2°C, rising to 70% for 3°C. Other areas with high probability of increased 

runoff are northwestern South America and tropical Africa. Some regions, however, have a 

high risk of reduced runoff. Models differ in the sign of projected runoff changes over 

Amazonia, but for 3°C, the probability of reduction exceeds that of increase. A similar result 

is found for Central America, the eastern seaboard of North America, and the interior of 

China. The risk of decreased runoff is more pronounced at higher degrees of warming, in 

particular for 3°C. West Africa, and the Middle East are also at risk from drought.  

Figure 1 shows the risk of runoff changes focussing on Europe, the areas north of 50 N are 

clearly under risk of severe increases in runoff with probabilities as high as 50% even for 

<2 C, rising to >70% for >3 C. Southern Europe however has a high risk of reduced runoff, 

which becomes especially apparent at higher levels of global warming (>3 C). These results 

are broadly consistent with changes in runoff simulated for different climate models in other 

studies (Arnell, 2003). 

Figure 1. Probability of exceeding critical levels of change in runoff between 1961-1990 and 

2071-2100 for three levels of global warming for Europe. Critical change is defined where 

the change in the mean exceeds one standard deviation of the observed (1961-1990) 

interannual variability (blue for increase, red for decrease; mixed colours show cases where 

different runs produce changes in opposite directions, colours are shown only for grid cells 

with 100 mm yr
-1

 runoff in either of the two averaging periods).
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This analysis is based on annual runoff values and therefore neglects the seasonality of 

runoff, however, changes in the seasonality do affect agricultural practices and can lead to 

major yield losses. Also, we do not take into account either present or future water demand, 

although clearly, factoring in water demand would give a more meaningful indication of 

stresses on the water system.  

This study clearly cannot provide an unambiguous definition of dangerous climate change, 

however it may help to inform policy discussions by drawing attention to the steeply 

increasing risks to ecosystem services such as runoff associated with global climate changes 

beyond the range to which the climate system is already committed. 
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Session 1: 

Climate change impacts on the water cycle and resources - floods and water scarcity  

Climate change and floods in Europe 

Luc Feyen, Rutger Dankers, José I. Barredo, Ad de Roo, Carlo Lavalle 

Institute for Environment and Sustainability, DG JRC, European Commission 

Are floods on the rise? 

Floods are the most common natural disaster in Europe. Over the last decades, the costs of 

floods have exhibited a rapid increase (Munich Re, 2005). Part of the observed upward trend 

in flood damage can be attributed to socio-economic factors, such as increase in population 

and wealth in flood-prone areas, and to land-use changes, such as urbanisation, deforestation 

and loss of wetlands and natural floodplain storage (e.g. via dyke construction, river 

straightening and floodplain sedimentation). Changes in climate may also have played a role. 

However, the conclusion of a positive contribution of climate change is premature (Mudelsee
et al., 2003; Kundzewicz et al., 2005), partly because of the inherent difficulties and 

uncertainties in detecting trends in extreme river flows amidst strong natural variability.  

Recent advances in climate modelling suggest that climate change will likely play a role in 

the future. For the coming decades, it is projected that global warming will intensify the 

hydrological cycle and increase the magnitude and frequency of intense precipitation events 

in most parts of Europe, especially in the central and northern parts (Christensen and 
Christensen, 2003; Semmler and Jacob, 2004). This will likely contribute to an increase in 

flood hazard triggered by intense rain, particularly the occurrence of flash floods. Flood 

hazard may also rise during wetter and warmer winters, with increasingly more frequent rain 

and less frequent snow. On the other hand, ice-jam and early spring snowmelt floods are 

likely to reduce because of warming (Kundzewicz et al., 2006).

Flood risk - its components and drivers 

Risk has been developed and used across a wide range of disciplines. As a result, no unique 

definition of risk exists. Flood risk, typically used as a measure of economic losses from 

flooding, is defined here as the probability of a flood hazard multiplied by vulnerability and 

exposure. A schematic representation of flood risk, its components and drivers is presented in 

Figure 1. Flood hazard is the threatening natural event, including its probability of 

occurrence and magnitude. Exposure represents the capital, humans and ecological assets 

exposed to the hazard (typically expressed by statistics on population, socio-economic data 

on sectorial activities and infrastructure). Vulnerability describes the potential to be harmed 

or the susceptibility of the receptor to the flood hazard. It is therefore an indication of the 

measures taken to mitigate the effects of flood events. Thus, flood risk is a potential loss 

having an uncertain occurrence and size. It is a consequence of hazard, vulnerability and 

exposure. In practice, exposure and vulnerability are often captured in the assessment of the 

consequences. Socio-economic drivers, land use and climate affect the components of flood 
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risk in a variety of ways and are often interlinked. This renders it difficult to detangle the 

effects on flood risk of an individual driver such as climate change.  

flood risk

vulnerability

exposure

socio-
economic

system

land use

climate

socio-
economic

system

land use

climate
emissionsemissions

flood hazard

Figure 1. Schematic representation of flood risk, its components and drivers. 

Flood hazard assessment 

Flood generation is a highly non-linear process that depends on factors such as the intensity, 

volume and timing of precipitation, antecedent conditions of the river basin (e.g. soil 

wetness, snow or ice cover), river morphology, land use, and flood control measures (e.g. 

reservoirs, dykes). Because of the small to meso-scale character of these factors, flood hazard 

assessment is typically carried out at the catchment scale by means of one-way coupling of 

climate model output with a hydrological model. In recent years, under the umbrella of 

several EU projects (e.g. PRUDENCE, ENSEMBLES), a number of regional climate change 

projections have been developed. Their spatial resolution ranges from 50 to 10 km, 

approaching the scale that allows capturing fine-scale climatic structures induced by complex 

topography or land use patterns, which is essential for flood hazard assessment.         

Relatively few studies have appeared in the literature that focus on the impacts of climate 

change on extreme river flows. Among them, there is a geographical preference for 

catchments located in the UK (e.g. Kay et al., 2006), Benelux (e.g. Booij, 2005), Germany 

(e.g. Shabalova et al., 2003) and Scandinavia (e.g. Graham et al., 2006). Several studies 

report an increase in flood frequency and intensity, while others show a decreasing trend. The 

application of different climate scenarios and hydrological models, as well as the basin-

specific characteristics make it difficult to compare results of different studies and to draw an 

overall picture of the effects of climate change on flood hazards at the European scale. To 

date, only the study of Lehner et al. (2006) considered an integrated European assessment of 

changes in flood hazard due to climate change and changes in water use. Their results are 

presented in Figure 2 and indicate that regions most prone to a rise in flood hazard are 

northern to northeastern Europe.
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Figure 2. Change in recurrence of 100-year floods, based on comparisons between 

today’s climate and water use (1961-1990) and simulations for the 2020s and 2070s 

(ECHAM4 and HadCM3 climate models and Baseline-A water use scenario). Values 

calculated with WaterGAP 2.1. (from Lehner et al., 2006).  

Flood risk assessment 

Flood risk assessment requires the integration of the physical impact results (inundation 

extent and depth) with information on flood defences (including probability of failure), land 

use, and impact (depth-damage functions and population data). Monetary assessments of the 

impacts of climate change on floods in Europe have been poorly covered. Hall et al. (2005) 

present a national-scale assessment of current and future coastal and river flood risk in 

England and Wales. Their results indicate an up to 20-fold increase in real terms economic 

risk by the 2080s for the scenario with the highest economic growth. A study by the 

Association of British Insurers reports similar findings, with a 15-fold increase in flood risk 

by 2080 under the high emission scenario (ABI, 2005).

At the Institute of Environment and Sustainability of the Joint Research Centre, an integrated 

methodology is being developed to assess current and future flood risk at the European scale. 

The framework is presented in Figure 3. Within the PESETA project, the methodology was 

applied in two pilot catchments. For the Upper Danube, the potential damage of a 100-year 

flood is estimated to rise by ~40% for the high emission scenario (IPCC-SRES scenario A2) 

and ~19% for the low emission scenario (B2) by the 2080s. The number of people affected is 

projected to increase by 242,000 (~11%) for the A2, and 135,000 (~6%) for the B2 scenario. 

For the Meuse, the potential damage of a 100-year flood is estimated to rise by ~14% for the 

A2 scenario and ~11% for the B2 scenario. For both scenarios, the estimated increase in 

number of people affected is approximately 4% (Feyen et al., 2006).
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Figure 3. Integrated framework of the IES - JRC for current and future flood risk 

assessment at the European scale.  

Adaptation

In view of climate change, water managers can no longer rely on the assumption of 

stationarity. Current procedures for designing flood-control infrastructures have to be revised 

and consider the projected changes in extreme river flows, as well as the existing 

uncertainties. For example, Hennegriff et al. (2006) calculate climate change factors to adjust 

currently valid peak design values for catchments in Baden-Württemberg. In recent years, 

flood management policy has shifted from defensive action towards management of risk and 

enhancing societies’ ability to live with floods via increased use of non-structural flood 

protection measures. Spatial planning, including regulation of floodplain development and 

relocation, can consider more ‘room for rivers’ (e.g. Klijn, 2004). Watershed management 

(soil conservation, afforestation) can be directed to enhance retention and reduce direct 

runoff. Increasing warning times in flood forecasting can considerably mitigate damages. To 

this end, the European Flood Alert System (EFAS) was developed (de Roo and Thielen,

2004). With a lead-time of 10 days, it complements national warning systems, which 

typically have lead-times up to 2-3 days. EFAS also produces flood alerts based on an 

ensemble of probabilistic weather forecasts produced by ECMWF, hereby anticipating a 

wider range of weather developments. Non-structural measures, which do not involve large 

structural components, can be rated as more flexible, less committing and more sustainable 

than hard measures. Yet, the latter may be indispensable in certain circumstances 

(Kundzewicz, 2002). Water managers are thus faced with the challenge to design a site-

specific mix of both types of measures, which may be altered or are robust to changing 

conditions.     

Research challenges 

A strong evidence base is important in decision making. Proper assessment of changes in 

flood risk and cost-benefit analyses of adaptation options requires major research advances in 
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the fields of climatology, hydrology, land use planning, socio-economy and multi-objective 

decision making under uncertainty. This need will have to be met via national research and 

the EC Framework Programmes (FP). EC-funded research has increasingly tackled flood- 

related issues since the early 1980s and research on flood risk and climate change will 

continue in FP7. There is a need for sustained, high-quality climate and hydrological 

observations, reference data sets and improved reanalyses of historical data for climate 

change detection studies, trend analyses, process research, data assimilation, model 

development and testing (e.g. WATCH). It is necessary to advance scientific understanding 

of the climate mechanisms that trigger or alter the probabilities of extreme events, and to 

improve the capabilities of high-resolution regional climate models (e.g. CECILIA) to 

simulate and predict extreme events at the regional and local scale. Interaction between land 

use and climate variability and change is poorly understood and will require the development 

of new models linking geophysics of climate with the socio-economic drivers of land use. 

Early warning systems need to be improved (e.g. EFAS, PREVIEW), in particular for flash 

floods (e.g. FLOODsite). Improvements are also necessary in quantifying the damages of 

floods (e.g. depth damage functions) and the costs/benefits of structural and non-structural 

paths for adapting (e.g. ADAM), as well as in the monetary evaluation of environmental 

benefits. There is a need for the formal treatment of uncertainty throughout the chain of 

emissions  climate  extreme flow  inundation  damage, through multi-model 

ensemble approaches that probe the respective uncertainty spaces. Research on flood risk 

mapping and flood risk management in the face of these uncertainties is an important 

challenge (e.g. FLOODsite).

European Dimension 

Besides directing, stimulating and consolidating (e.g. CRUE network) research in the fields 

of floods and climate change, the EC has recently stepped up the effort to reduce and manage 

the risk of floods in Europe through the advent of a European Action programme on flood 

risk management. It promotes the exchange of information, knowledge and best practices 

(e.g. projects like FLOODsite, information exchange circles like EXCIFF and EXCIMAP) 

and the increasing of awareness. It proposes to make optimal use of EU funding tools for 

different aspects of flood risk management, for example, via Structural Funds, the LIFE 

Financial Instrument for the Environment and the EU Solidarity Fund. It also introduces a 

legal document in the form of a Floods Directive (CEC, 2006). The latter requires that flood 

risk maps and flood risk management plans be drawn up for areas susceptible to floods, in 

which possible effects of climate change need to be explicitly considered. The Directive is 

strongly linked with the Water Framework Directive. The working unit is the river basin, 

which requires cross-border cooperation in basins shared between Members States (e.g. via 

International river commissions). Member States have to determine the level of protection 

and appropriate measures applying the principle of solidarity, not passing problems to up- or 

downstream regions. Even though transferability of best practices is limited because of 

location-specific characteristics, the exchange of information by practitioners in different 

basins is valuable, not least since such pressures as climate and land use change are common 

to most basins and present similar challenges for flood risk management. In addition, EU and 

national policies on agriculture, spatial planning, transport and emissions have to be directed 

towards mitigating flood risk.      
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Conclusions

Finally, climate and socio-economic changes will likely increase flood risk in large parts of 

Europe. This poses new challenges to researchers, water managers and policy makers at the 

European, national, regional and local scales. In order to make rapid progress in flood risk 

management it will be necessary to integrate data and methods from a broad range of sources 

and disciplines, which consider possible climate, land-use, and socio-economic changes, as 

well as water management strategies, in a coherent and consistent way. Only in this way 

sustainable flood risk management strategies robust or adaptable to changes can be designed.
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Climate change and drought:
The role of critical thresholds and feedbacks

Millán M. Millán, Dr.Ing.Ind., Ph.D. 

Executive Director CEAM, Valencia, Spain 

An issue in climate is feedbacks. "Predictions of global atmospheric models are highly 

sensitive to prescribed large-scale changes in vegetation cover", and "although available 

studies illustrate the potential effects of massive vegetation changes on the climate system, 

they can hardly be validated" (Claussen 2001). Nevertheless, the fact that the Western 

Mediterranean Basin (WMB) is a deep sea surrounded by mountains in the subtropical 

latitudes makes it an ideal testground for checking whether or not vegetation is a passive 

component of climate, for determining its role in drought and desertification, and for 

investigating other questions related to feedbacks in climate studies. 

Around the Mediterranean, deserts and desert-like conditions are found in close proximity to 

a warm sea and, thus, to a marine airmass with a high moisture content, e.g., the coasts of 

Algiers, Tunisia, Libya, and Almeria in Southeastern Spain. These regions were covered with 

vegetation in historical times, e.g., during the Roman Empire (Bölle 2003a). In Almeria, 

dense oak forests covering the mountains were cut down to fuel mines just 150 yr ago 

(Charco 2002). The question is: did these areas run a feedback cycle towards drought and 

desertification as a consequence of removing the forests and desiccating the coastal marshes? 

The experimental data and modelling results from several European research projects suggest 

that this could be the case.  

One result of these projects was the disaggregation of precipitation componentes from:  

(1) summer storms driven by seabreezes, (2) "classic" Atlantic frontal precipitation and  

(3) Mediterranean cyclogenesis. All of these, it should be strongly emphasised, respond 

differently to known climatic indexes, e.g., the NAO (Millán et al. 2005b). Other results 

show that the hydrological system in the WMB is very sensitive to land-use changes. For 

example, consider the airmass in a seabreeze. As it moves inland its water vapour content 

increases by evaporation from the surface at the same time that its potential temperature also 

rises by sensible heating from the surface. The balance between the heat gained and the 

moisture accumulated determines the airmass' Cloud Condensation Level (CCL), which will 

become a critical threshold if forced to rise above the coastal mountains by lack of moisture. 

This inhibits the development of summer storms (Millán et al., 2005a) and tips the local 

climate towards increasing drought. 

The latter situation now prevails in the WMB where the seabreezes, their return flows aloft, 

and their compensatory subsidences over the sea become self-organized in closed vertical 

recirculations (Figure 1) that extend to the whole basin from April to early October for 

periods lasting 3 to 10 days (Millán et al., 1997; Gangoiti et al., 2001). This situation affects 

the coasts of Northern Africa, the Iberian peninsula, southern France and southern Italy, and 

suggests that land use perturbations accumulated over historical time (Bölle 2003b), and 
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accelerated in the last 30 years, may have induced changes from an open monsoon-type rain 

regime in the past, with frequent summer storms over the coastal mountains, to one now 

dominated by closed vertical recirculations and fewer storms. In the current situation the non-

precipitated water vapour then follows the return flows of the breezes aloft and accumulates 

over the sea to heights reaching over 5000 m. 

Thus, in contrast with regions dominated by advection, pollutants and water vapour can 

accumulate over the western Mediterranean sea in layers piled over the sea. And, without 

requiring the high evaporation rates of more tropical latitudes, these mechanisms can 

generate a very large, polluted, moist, and potentially unstable airmass after a few days 

(Figures 2b, 3, 4a). Finally, the accumulated airmass can be uplifted by a transitory 

depression, or a trough of cold air aloft, enabling the cycle to start anew. The uplifted airmass 

can then feed onto a Vb depression track (Figure 4b) and contribute to intense summer 

precipitations in Central Europe (Ulbrich et al., 2003). Alternatively, this airmass can be 

vented along the southern Atlas corridor towards the Atlantic (Figure 5). 

Moreover, perturbations to the hydrological cycle in any part of the basin can propagate to 

the whole Mediterranean basin and adjacent European regions and, ultimately, to the global 

climate system, through other linked mechanisms: (1) increasing Mediterranean cyclogenesis 

in autumn (Pastor et al. 2001) through cumulative (greenhouse) heating of the sea caused by 

the water vapour and ozone accumulated over the sea, (2) exporting "en masse" the 

accumulated moisture to other regions after each 3-10 day accumulation-recirculation periods 

(Ulbrich et al. 2003; Gangoiti et al. 2006) and, as a result, (3) changing the evaporation-

precipitation balance over the Mediterranean, which increases its salinity and drives the 

Atlantic-Mediterranean salinity valve (Kemp-Shellnhuber 2005). 

Finally, Figure 6 presents a hypothetical framework linking Western Mediterranean Basin 

(WMB)- specific atmospheric-oceanic processes, and their possible feedbacks, to effects at 

the hemispheric (Ulbrich et al. 2003) and global scales (Hamelin 1989; Savoie et al. 1992; 

2002; Prospero and Lamb 2003, Kemp-Shellnhuber 2005; Gangoiti et al. 2006). The 

available results and data indicate that these processes are already operating, and suggest that 

fundamental changes, and long-term perturbations to the European water-cycle, are taking 

place right now. The questions raised are fundamental for European Union water policies in 

Southern Europe and neighbouring regions, especially since feedback processes on the 

hydrological cycle cannot be properly simulated in the Global Climate models used to assess 

future water scenarios for Europe, or for other regions still dominated by monsoon-type 

precipitations. 

Acknowledgements: The MODIS images used in this study were acquired using the GES-

DISC Interactive Online Visualization and Analysis Infrastructure (Giovanni) as part of 

NASA Goddard Earth Sciences (GES) "Data and Information Services Center (DISC)". The 

author thanks Prof. Lucio Alonso of UPV-EHU (Bilbao) for preparing the averages shown.  

The first experimental data used for this work were obtained during the European 

Commission Campaigns on Remote Sensing of Air Pollution in: LACQ (France, 1975), 

TURBIGO (Po Valley, Italy, in 1979) and FOS-BERRE (Marseille, France, 1983). 

Additional experimental and modelling results come from the European Commission 

research projects: MECAPIP (1988-1991), RECAPMA (1990-1992), SECAP (1992-

1995), T-TRAPEM (1992-1995), MEDCAPHOTTRACE (1993-1995), VOTALP I 
(1995-1998), VOTALP II (1995-1998), BEMA I (1993-1995), and BEMA II (Phase II/ 
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1998-2000), MEDEFLU (1998-2000), RECAB (2000-2003), ADIOS (2000-2003),

CARBOMONT (2001-2004), and FUMAPEX (2001-2005).

This work is dedicated to the memory of Dr. Heinrich (Heinz) Ott (†2004), for his initial 

support of this research in 1985 and for his 1993 request, to explain the loss of summer 

storms around the Mediterranean, and Dr. Anver Ghazi (†2005), for his continued 

encouragement and support of this line of research. 

Figure 1. Simulated wind field over the Mediterranean at 16:00 UTC on 19 July 1991, 

corresponding to a RECAPMA instrumented flight on the same day (15:57 UTC to 16:39 

UTC) over the point marked by a red triangle and the vertical line just south of Majorca. Top
graph: The winds at 14.8 m above the surface emerge from the centre of the western basin 

and increase in speed while flowing anticyclonically (clockwise) towards the convergence 

lines located over the mountain ranges surrounding the basin (in orange). Bottom graph:

The vertical component of the wind speed along the 39.5 North Parallel (dotted blue line in 

the upper graph) shows deep orographic/convective injections over Eastern Spain and, 

following to the right, over Sardinia and the west-facing coasts of Italy, Greece and Turkey. 

Continuity requires compensatory subsidence over the sea to replace the surface air moving 
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towards the coasts, and thus the airmass over the sea sinks (dotted lines). These processes 

generate a vertical recirculation that piles up layers of pollutants (and water vapour) over the 

sea to more than 5000 m high. Available measurements suggest that 1/4 to 1/3 of the layers 

accumulated over the sea during the previous day(s) are recirculated each day. The modelled 

sinking speeds, however, are much lower than those measured experimentally during the 

instrumented flight (Millán et al., 2002). The specific structure of the winds is also 

conditioned by the orientation of the surface with respect to the sun, which at this time of day 

is 60° West. The time lag required for the circulations to develop and their inertia are also 

significant, e.g., at this time, upward motions still remain over the west-facing coast of 

Turkey but are barely developed over Portugal. 

(a) Day 

(b) Day + Night 

Figure 2. Averages of the NASA MODIS-Terra measurements (King et al. 2003) for August 

2000. The water vapour is considered as a tracer of opportunity of the airmasses recirculated 

by the coastal wind system in the Western Mediterranean Basin. (a): The Day product 

derived from the morning pass at 10:30 UTC emphasises the areas where the satellite looks 
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down the deep orographic-convection developing at the seabreeze fronts over the mountains 

surrounding the basin, and over desert areas of northern Africa (Figure 1). (b): The Day + 

Night product shows the average of the satellite measurements at 10:30 UTC plus 22:30 

UTC, and highlights the areas over which water vapour accumulation occurs, i.e., the WMB, 

the Adriatic and the Black seas. Accumulation is weaker over the eastern basin, in spite of 

higher sea surface temperatures and more evaporation, because the atmospheric flows are 

dominated by advection (Millán et al., 1997). These MODIS products yield the water vapour 

signal only and eliminate the data in pixels where condensation is detected (cloud masking). 

This explains some of the low water vapour column values observed over regions where 

storms develop frequently on summer days (e.g., Alps, Apennines and Atlantic Mid-Atlas in 

Morocco).

Day + Night  

Day + Night 
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Figure 3. Monthly averages of the MODIS Day + Night product for August 2003 and 2004. 

Together with the equivalent products for August 2000 (in Figure 1b) and August 2002 (in 

Figure 4a), these graphs illustrate the evolution of the average water vapour accumulated 

over the Mediterranean Basin by the coastal circulations in August for these years. They 

emphasise the "closed" nature of the coastal circulations at this time, with the result that 

water vapour accumulates over the sea instead of precipitating over the coastal mountain 

ranges.

 (a) Day + Night 

Figure 4. Left. MODIS Day + Night product averaged for August 2002. This value shows 

the average water vapour accumulated in August 2002 over the western Mediterranean and 

available for advection to other regions. The graphs at right from Ulbrich et al. (2003) show 

the back trajectories (type Vb) that fed torrential rains in Germany and the Czech Republic 

on 11-13 August, 2002. These figures illustrate the evident interconnection between 

processes from the local to the regional scale in Southern Europe and, possibly, further to 

the global scale. 
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 (a) Day  

(b) Day 

Figure 5. Monthly averages of the MODIS Terra Day product for September 2002, and for 

September 2005. These graphs support previous working hypotheses on the transport of 

Mediterranean airmasses along the southern Atlas corridor as one of the outputs of the basin 

during the vertical recirculation/accumulation periods (Millán et al., 1997). They illustrate 

how much water vapour, together with air pollutants, can be transported from the 

Mediterranean sea to the Atlantic ocean over the Sahara desert. This advected moisture could 

help in the formation of shallow clouds in any up-slope winds developing on the south-facing 

slopes of the Atlas mountains. Moreover, these shallow clouds can provide the right 

environment for heterogeneous reactions involving Saharan dust and pollutants from the 

Mediterranean area. With respect to drought, the figures also illustrate how a large amount of 

water vapour (i.e., nearly 3 precipitable cm) can be transported over desert areas without 

producing rain. This raises two questions: whether past vegetation in these areas could have 

provided the additional moisture required to trigger precipitation (late summer storms) in 

former times, and whether the Spanish east coast and other Mediterranean areas are now 

evolving towards a similar situation by removing vegetation and dessiccating marshes, 
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thereby diminishing the sources of additional moisture required to keep the Cloud 

Condensation Levels below their critical thresholds. 

Figure 6. Feedback loops between land-use perturbations in the Western Mediterranean 

basin and the climatichydrological system from the local through the regional to the global 

scales. The first, local, loop involves the seabreezes and the storms that develop in the 

afternoon over the coastal mountain ranges. It has a diurnal cycle and a scale of the order of 

100 km to 300 km for the surface inflow and the return flows aloft, and it can be repeated for 

3 to 10 consecutive days within the western Mediterranean Basin. The regional loop 

influences the evolution of the Sea Surface Temperature in the western basin during the 

summer. This warm(er) water then feeds torrential rains in the autumn, and more recently 

also in winter and spring. Finally, the Atlantic-global loop has two components which can 

affect the North Atlantic Oscillation (NAO): the output of saltier water to the Atlantic and the 

possible perturbations to the extra-tropical depressions and hurricanes in the Gulf of Mexico 

generated by changing the characteristics of the Saharan dust transported across the Atlantic. 

In this figure the path of the water vapour is marked by dark blue arrows, the directly related 

effects by black arrows, and the indirect effects by other colours. Critical thresholds are 

squared in red. 
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Tropical climates are characterized by a high variability of their water cycle during the year. 

The biology, hydrology and more generally the evolution of the environment are controlled 

by the succession of dry and wet seasons. The sharp contrast between the dry and wet 

seasons also affects human activities. Agricultural production is controlled by the quality of 

the rainy season. Water resources need to be managed in such a way that no scarcity occurs 

during the dray season. Finally many diseases are also controlled by the presence of absence 

of rain and thus the variability of the water cycle also affect public health. Developing 

countries have their economies, infrastructures and social activities tailored to the 

characteristics of the water cycle. Thus any change to the characteristics of the rainy season 

(its onset, length, intensity or frequency of break periods) will challenge their capabilities to 

adapt.

It is accepted that climate change will increase the intensity of rainfall events in the tropics. 

But there is no consensus in the community on the on changes in the onset, length and inter-

seasonal variability of the rainy season. There are thus some fundamental gaps in our ability 

to predict the changes which can be expected in the water cycle of the tropical continents for 

an increase in greenhouse gases. The climate research community can not today provide 

predictions with any degree of confidence to developing countries in the tropical region. This 

in turn does not allow these countries to study their vulnerability to climate change or 

develop mitigation strategies. 

It is the aim of the African Monsoon Multidisciplinary Analysis (AMMA) project to try and 

make progress on these issues together with scientists of West African countries. Based on a 

French initiative, AMMA was built by an international scientific group and is currently 

funded by a large number of agencies, especially from France, the United Kingdom, the 

United States and Africa. It has been the beneficiary of a major financial contribution from 

the European Community's Sixth Framework Research Program. AMMA will enhance our 

knowledge of the physical, chemical and biological processes of the African monsoon with 

the aim to improve forecasts at time scales from synoptic to inter-annual and increase our 

confidence in climate change predictions. At the same time AMMA will study the 

vulnerability to climate variability of the land-productivity, water resource management and 

public health in the region. The strong interactions between the geophysical sciences and the 

human dimension taking place within AMMA should enable the community to propose 

adaptation strategies to a changing climate which take advantage of the latest progress in 

climate modeling and knowledge on the dependence of African societies on environmental 

conditions.
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Because of the complexity of the tropical climate and the strong dependence of developing 

countries on environmental condition, it is believed that only truly multidisciplinary research 

can try and offer strategies which will allow for a sustainable development in a changing 

climate. 



 International WORKSHOP on Climate Change Impacts on the Water Cycle, Resources and Quality 
 25 & 26 September 2006, Brussels

56

Session 1:

Climate change impacts on the water cycle and resources - floods and water scarcity  
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water management in Europe 

Prof. Dr. Pavel Kabat (pavel.kabat@wur.nl)

Wageningen University and Research Centre, the Netherlands 

Changes in the hydrological cycle induced by global warming may affect society more than 

any other changes, especially with regard to flood and drought risks, changing water 

availability and water quality.  Increasing levels of greenhouse gases are expected to 

significantly affect the global water cycle leading to large changes of rainfall. Unlike 

temperature, however, precipitation is strongly determined by the detail of the atmospheric 

circulations and it has proved difficult to reach a consensus on how the patterns of rainfall 

will change in space and time.  The details of how catchments respond will depend on both 

the regional climate change and the characteristics of the catchments.  The climate system is 

a global, coupled system, thus tele-connections link seasonal and inter-annual climate 

variability between regions (often associated with ocean anomalies, such as El Niño or the 

North Atlantic Oscillation). It is therefore important to consider the water cycle globally. 

To date, the projection of potential impacts of climate change on the hydrological cycle has 

relied on projections from global, and nested, regional climate models (GCMs and RCMs).  

In these models hydrological processes are currently only crudely represented. Thus, future 

changes in some components, such as precipitation, evaporation, runoff, and precipitable 

water content can be captured in only a general fashion, i.e. for large areas and basins. 

Detailed changes, in the regional components of the hydrological cycle, such as groundwater, 

snowmelt, permafrost and wetlands, are poorly resolved. In addition, several anthropogenic 

influences on the hydrological cycle are generally not considered within current climate 

models, such as irrigation, large water storage & regulation facilities like dams and 

agricultural land use changes and management. This limited physical representation of the 

hydrological cycle precludes the realistic simulation of all of its components in full detail in 

space and time.  As a result, the current practice of assessing the impacts on water resources 

involves, in most of the cases, a one-way linking of the outputs from the climate models to 

‘off-line’ local hydrological models.  This causes many inconsistencies in both scales (of 

time and space) and process descriptions; the impacts of the interactions and feedbacks 

between the components are also lost.  There is therefore a need to develop a new conceptual 

and modelling framework which would connect the climate, hydrological and water 

resources assessment models in a consistent way, to consolidate this framework with the 

observed patterns of the hydrological and water resources system in the past, and finally to 

provide a comprehensive assessment of the current and future global water cycle and water 

resources vulnerability. 

The presentation will cover the hydrological and climate aspects of the present and future 

global water cycle, and related water resources status, by explicitly addressing:

the current global water cycle, especially causal chains leading to observable changes in 

droughts and floods, 
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how the global water cycle and the extremes may respond to future drivers of global 

change,

feedbacks in the coupled system as they affect the global water cycle, 

the uncertainties in the predictions of coupled climate-hydrological- land use models, 

the future vulnerability of water as a resource, and in relation to water/climate extremes 

related risks. 
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The session provided key elements on the following issues: 

For contaminants, current knowledge is sufficient to state that feedbacks between climate 

change and POPs exist and are significant. Mobilisation of POPs from soil and sediment 

to air, water and biota is a consequence of higher temperatures and increased run-off. 

The clear impact of climate change on biodiversity is already apparent among Arctic and 

Alpine species, and critical temperature thresholds have been shown for sea grass 

meadows (Posidonia) and corals (29°C). 

Increased nutrient input into aquatic ecosystems, due to a combination of higher 

temperatures and rainfall and changes in land use, aggravates oxygen depletion in deep 

waters and harmful algal blooms in surface waters. This may prevent restoration of water 

bodies to target status, unless additional measures are taken to further reduce nutrient run-

off.

Sea level rises and more frequent storm events increase the erosion of salt marshes.  

Climate change reduces freshwater acidification due to increased alkalinity generation 

and reduced intensity of spring melt episodes. However, in coastal areas, recovery from 

acidification may be frustrated by increased storm frequency and concurring sea salt 

episodes.

The session revealed the following needs for future research: 

1. Identification of tipping points or thresholds for aquatic ecosystem responses along 

pressure gradients and how climate change affects them. These natural thresholds are 

essential for setting and achieving policy targets, such as the WFD's ecological target 

status for water bodies. 

2. Carbon sinks and sources in shelf and coastal seas and their feedback on climate. 

3. Combined effect of elevated temperature and reduced pH on marine food webs. 

4. Biogeochemical linkages between terrestrial and aquatic ecosystems.  

5. Feedback mechanisms between land cover changes and climate changes.  

6. Interactions and feedbacks between climate, chemicals and ecosystem functioning.  

7. Assessment methodologies and prediction models for aquatic ecosystems in the context 

of global change and drifting baselines. 

8. Development of a new generation of models to predict aquatic ecosystem responses to 

multiple pressures, including hysteresis and time lags. 

9. High-density monitoring is necessary for data generation to support future research and 

management.  
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Sensitivity of freshwater ecosystems for climate change impacts 

Dr. Thorsten Blenckner 

Dep. of Earth Sciences, Uppsala University, Villavägen 16 

Climatic variation and change affect the dynamics of organisms and ecosystem processes. 

Many studies in the past have analyzed and discussed various climate-driven effects on 

different variables of freshwater ecosystems. Comprehensive investigations of ecosystem 

responses to climatic variability and change go beyond collecting facts or observations to 

include the process of identifying and testing generalizations or theories that explain those 

facts as instances of a general pattern. Rigorous testing of the sensitivity of ecosystems to 

climatic change (or global change in general) requires appropriate data. Climatic effects on 

freshwaters can only be detected when long-term data (at least 20 years), such as proxy data 

or adequate long-term monitoring data are available. Long-term observations across many 

years define the range of natural variability of ecological systems and provide a baseline 

from which to assess whether a system has changed significantly or crossed a threshold, i.e. 

resulting in a different ecosystem state. In the optimal case, long-term data are gathered with 

the same sampling and analytical methods. In practice that is seldom the case and this lack of 

consistency can have a negative influence on the quality of the data. Another possible 

concern arising from the use of long-term data is that human impacts, besides climate 

change, are not constant over time. For example, in the past 40-50 years, many lakes, 

particularly in Europe and the US, have been subjected to anthropogenically increased 

nutrient supply. This supply decreased again in the late 1980s or early 1990s. While 

improvements in wastewater treatment over the last decades have reduced inputs of nutrients 

from point sources, the increase in nutrients from diffuse sources is still a major problem and 

for many lakes remains the predominant concern. Also other anthropogenic changes (e.g. 

land-use changes, toxic pollution, hydrological modifications, overfishing) can complicate 

the separation of the various influences on long-term data sets. The three main objectives of 

this presentation are: first to present a conceptual approach which helps in understanding 

individual ecosystem responses to climatic change and variability, and second, to apply the 

state-of-the-art knowledge to this conceptual framework. Finally, the resulting sensitivity of 

freshwater is further explored and future challenges for research and political decisions are 

presented.

In this overview, a conceptual model will be explained to illustrate why freshwater 

ecosystem respond individually to climate change and variability. The model consists of two 

main components, a so-called Landscape Filter comprising the features of geographical 

position, catchment characteristics and lake morphology, and a so-called Internal Filter,

comprising the features of environmental history and biotic/abiotic interactions. The 

application of this conceptual model on state-of-the-art knowledge illustrates the strength in 

this encompassing perspective. In particular, several examples based on time-series analysis 

and modeling, of climate-driven changes on water temperature, ice cover period, bottom 

oxygen concentration, nutrient concentration, water colour and the risk of phytoplankton 
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blooms such as toxic cyanobacteria (blue-green algae) blooms in different freshwater 

ecosystems will be shown.  

Based on this review, it became obvious that freshwater systems do not respond to change in 

a smooth way, rather a stressed ecosystem can suddenly shift from a seemingly steady state 

that is difficult to reverse. As a result, freshwater resources are becoming increasingly 

complex to manage. Therefore, it is suggested that the following challenges remain to be met 

to improve the understanding of ecosystem sensitivity and, therefore, ecosystem 

management: (1) The inclusion quantitative studies of thresholds and points-of no-return 

which can change the water quality and ecosystem state, e.g. the change of a clear water lake 

into a turbid water lake (2) Construction of general ecosystem models to simulate the 

sensitivity of biogeochemical processes for a large number of lakes, rather than for individual 

systems. (3) An intensification of monitoring and data availability, including in particular 

monitoring on short time scales, in order to increase the understanding of how the variability 

of ecosystem variables can lead to changes in the ecosystem state and to improve the 

prediction of the variability of water quality measures. (4) Inclusion of biogeochemical 

linkages between terrestrial and aquatic ecosystems into model and statistical approaches to 

assess the effect of external stressors such as land-use changes. Only the combination of the 

above named different approaches will lead to an understanding and improvement of 

management of lakes exhibiting multiple stressors in a changing future. 

At the moment, many scientists focus their work on data analysis and develop models to 

predict nonlinear processes and feedbacks to reduce the uncertainty water quality and 

ecosystem models of for example climate-driven changes on water quality under a future 

climate. However, at the same time decision makers need to know the answers, e.g. the risk 

of severe water quality problems such as cyanobacterial blooms in the near future, well 

before scientists have finally resolved and quantified the uncertainties in the data and model 

structure. These interest groups are, therefore, forced to base their decisions of high political 

importance on partly uncertain system information. Before models reach a higher certainty 

or, in other words, a lower risk of failure is feasible, a management towards a high stress 

tolerance (high resilience) remains necessary.  

One important way to tackle uncertainty and complexity in freshwater resource management 

is adaptive management. Adaptive management is an integrated, multidisciplinary approach 

for confronting uncertainty in natural resources issues. It is “adaptive“ because it 

acknowledges that managed resources such as freshwater will always change as a result of 

human intervention, that surprises are inevitable, and that new uncertainties will emerge. 

Adaptive management acknowledges that policies must be continually modified and flexible 

for adaptation to these changes. 
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Status and requirements for climate change research

in European regional seas 

Nicolas Hoepffner, Mark Dowell and Wolfram Schrimpf, 

Directorate-General Joint Research Centre, Institute for Environment and Sustainability,
Global Environment Monitoring Unit 

Within the last two decades, recurrent scientific evidence indicates that environmental 

changes are occurring at all scales with profound impacts on European seas and coasts. The 

major observed and projected changes related to marine environments include the increase of 

water temperature, the sea level rise, reduction of Arctic and Baltic sea ice, changes in 

salinity distribution in N. Atlantic and the European Sub-arctic and Arctic regions altering 

water exchange between those basins, marine acidification, and increased frequency of 

extreme events like heat waves, rainstorms, and coastal surges. Temperature increase has 

enabled northward migration of some warm water species while making it indispensable to 

some cold water species. Combined with timing shifts of biological key processes like 

hatching, reproduction, foraging, and formation of resting stages, changes in species 

composition may cause mismatch in prey-predator relationships and will endanger the 

marine food-web structure.  

Upon a request from the European Water Directors, with support from the DG Environment, 

the Institute for Environment and Sustainability (JRC-IES) organized a European Expert 

Workshop (April 26-28
th

, 2006) with the goal to review climate change issues in relation to 

the European marine environment, to identify gaps in our current scientific and technical 

knowledge, and to investigate the implications for European Policies to focus on adaptation 

and mitigation strategies to marine climate change.  The Workshop was structured into four 

sessions: Systematic Observations and Networks, Modelling and Data Synthesis, Ecosystem 

Impacts and Coastal Responses, and Mitigation and Policy adaptation Strategies.  

A report of the workshop is now under preparation. Following a brief description of most 

marked indications of climate change in the European seas and coasts, the Report addresses 

some elements and recommendations that would contribute to a better understanding of the 

present and future status of our Seas. Some attention is given to management measures that 

have been established or considered in response to environmental changes, looking at 

different sectors, as well as through the development and implementation of European 

policies.  The following measures were highlighted at the Workshop that would be required 

in order to increase the knowledge base and reduce the uncertainty of projections: 

1. Establishment of long-term surveillance monitoring schemes with appropriate funding 

mechanism to ensure continuity of the measurements over long periods.  

2. Establishment of operational monitoring of the water exchange between the N. Atlantic 

and European Sub-arctic and Arctic marine areas. 
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3. Technology development (e.g. autonomous platforms, gliders, near-surface and 

profiling floats) to second expensive and, thus, occasional oceanographic cruise 

campaigns 

4. Wider use of Earth Observation Satellite data to reduce uncertainties in essential 

climate variables. 

5. Wider use of geo-spatial technologies to monitor changes in coastal morphology. 

6. Enhancement of Regional Climate Models and coupling them with 3-D regional 

hydrodynamic and biogeochemical models.   

7. Further investigation of carbon sinks and sources in shelf and coastal seas and their 

feedback on climate. 

8. Further investigations of the combined effect of elevated temperature and reduced pH 

on marine food webs. 

The use of Emission Reduction Plan and EU compliance to Kyoto Protocol remains 

extremely important to mitigate climate change impacts on the marine environment.  

A new technology - deliberate underground or marine storage of anthropogenic CO2 in 

geological structures like the North Sea gas fields has several pros and contras. Despite the 

technical feasibility and high potential, the capturing and undersea storage of liquid CO2

requires the application of the precautionary principle and a further environmental safety 

evaluation. The technology is still in the testing phase as the reactions of surrounding 

medium to changes in acidity as well as the effects of elevated concentrations of CO2 (in the 

case of potential leakage) on terrestrial and marine ecosystems are largely unknown. 
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Introduction 

Many organic chemicals, such those considered as Persistent Organic Pollutants, have 

potential for persistence, bioaccumulation and long-range transport in the environment. 

These chemicals, once released in the environment are subject to two types of processes; 

namely, partitioning between different environmental phases (sediments, air, biota, soils, 

water….) and spatial transport and phase advection due to processes such as atmospheric 

deposition, bioaccumulation, currents, settling of particles in the water column and 

degradation. Temperature does exert directly a influence on partition, so that higher 

temperatures will induce higher concentrations of organic chemicals in water and air and 

lower in sediments and soils, respectively. These and other influences of temperature changes 

on POP cycling can be modeled with moderate confidence. Nevertheless, the major challenge 

when trying to assess the impact of climate change on pollutant cycling and feedbacks comes 

from the current understanding of non-partition processes and how they respond to 

perturbations. In particular, processes related to the hydrological cycle, to the trophic 

structure of the foodweb, etc. In addition, uncertainty is also due to potential future scenarios 

of precipitation patterns, snow and permafrost melting as well as on prediction of ecosystem 

trophic structure. Much research is needed to better estimate the interactions and feedbacks 

between chemicals, climate and ecocystem functioning. However, as has been noted 

elsewhere, perturbation on the hydrological and carbon cycles can lead to important 

modifications on POP sinks and to higher concentrations in some environmental 

compartments (Macdonald et al. 2003).  

Impact of climate change on cycling of POPs 

The atmosphere does play a key role redistributing POPs to pristine environments. Figure 1 

shows annually-average atmospheric deposition for the European Seas for a representative 

PCB (following Jurado et al. 2005). The two more important processes are wet deposition 

and diffusive exchange. These two processes are highly dependent on the precipitation 

regime and the biological pump (Dachs et al. 2002, Jurado et al. 2004), and therefore, any 

perturbation on these processes will lead to changes in POP loading to European seas, both in 

quantity and spatial distribution. There are many examples of processes that can lead to 
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changes in POP cycling and induce an increase of exposure in pristine remote ecosystems. 

Furthermore, soils are the main reservoir of POPs and the increase of temperature in some 

European regions by just few degrees can remobilize important historical burdens of POPs 

that otherwise would be kept immobilized /buried. Climate change, with its changes in 

temperature and precipitations, water use, etc, will also affect the accumulation of POPs in 

aquatic ecosystems. A recent study has shown by simulating POP cycling in high altitude 

lakes that accumulation of highly hydrophobic POPs in these lakes will decrease (Meijer et 

al. 2006), indicating also a higher potential of POPs for long range transport and thus 

impacting pristine areas such as the Arctic, etc. Briefly, the change in ecosystem functioning 

will induce changes in POP cycling that can induce important remobilization of historical 

pollutants and affect substantially as well the fate of new and emerging pollutants to 

ecosystems.  

Net air-water exchange flux [pg m-2 d-1]Net air-water exchange flux [pg m-2 d-1]Wet deposition flux [pg m-2 d-1]Wet deposition flux [pg m-2 d-1]

Dry deposition flux [pg m-2 d-1]Dry deposition flux [pg m-2 d-1]

Figure 1: Atmospheric deposition of PCB 153 to the European Seas.

Impact of climate change on chemical related risks 

Even though high uncertainties are present in our understanding of how these changes in 

cycling and exposure routes, still it is possible to draw some trends for the increase of risk 

associated to POP higher mobility. In fact, it is accepted that the induced changes in regional 

and global distribution of POPs will change the exposure of biota to these chemicals, 

increasing the risk for some species (Macdonald et al. 2005). Furthermore, changes in food 

webs due to invading species and/or climate changes can induce dramatic changes in 

pollutant transfer routes and thus provoke important changes in bioaccumulation potential, 

which is the result of a complex coupling of biological and physical processes. Changes in 

environmental concentrations of POPs are expected to be faster in the atmospheric phases, 

and thus what is needed is a complete understanding of how water and biota will respond to 
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changing environmental concentrations and status. Furthermore, in a global change scenario 

in which extreme events may be more common, high amounts of POPs can be reintroduced 

in the environment and these pulses can have regional impact. Many POPs are immunotoxic 

chemicals and their effects can be linked to changes in species migratory behavior and 

trophic status. For example, Heide-Jorgensen et al. (1992) suggested that harp seals having 

migrated from the Barents Sea to northern Europe waters and lacking prior exposure to PCBs 

could have provided the foundation for an epidemic. Ross et al. (2002) have reported cases 

where the exposure to POPs have facilitated the spreading of disease in natural communities 

under a anthropogenic perturbed scenario. 

Even though the field of study of the feedbacks between climate change, POP cycling and 

ecosystem status is in its infancy, the current knowledge suffices to state that feedbacks 

between climate change and POPs occur and are significant. Further research is needed to 

better understand these processes and identify areas were political actions are needed. 
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Responses of ecosystems, particularly aquatic ones, to external forcing typically involve non-

linear responses, with sudden, step change occurring once particular levels of the pressures 

are exceeded.  These threshold responses are prevalent in aquatic ecosystems and frequently 

involve a regime shift or dramatic reorganisation of the system where the system is 

qualitatively changed with the emergence of different control processes and buffers to those 

operating before the threshold was exceeded. These thresholds are difficult to revert as 

systems experiencing threshold responses are also likely to exhibit histeresys in their 

responses, where the pressures operating on the system must be reduced far below the 

threshold level if the system is to return to the original state.  Often, however, the system fails 

to return to the original status and the thresholds represent, therefore, points of no return 

beyond which operational irreversible shifts in the ecosystems occur. 

Whereas research on thresholds have focus on point-source disturbances, such as 

eutrophication and pollutant inputs, climate change may also induce threshold-like responses 

in aquatic ecosystems.  These are, however, poorly studied or remain entirely ignored both in 

scientific research and policy formulation.  

In this presentation I will review potential threshold responses of European aquatic 

ecosystems, both freshwater and marine, to climatic change.  Threshold responses discussed 

shall include: (1) thresholds for aquatic hypoxia related to increased water temperature; (2) 

thresholds for the proliferation of invasive and noxiuous species related to increased water 

temperature; (3) thresholds for ecosystem integrity associated to climatic changes in rainfall 

and evaporation, among others. I shall also discuss the potential synergies between direct 

anthropogenic pressures and the more diffuse pressures resulting from climate change and 

how they may impact on the status of aquatic ecosystems. 

These climatic-driven threshold responses have direct consequences for water policies, 

affecting, for instance, the capacity to revert deteriorated water bodies to good condition. 

Indeed, many drivers of the background conditions of aquatic ecosystems, such as CO2

concentrations, water temperature and metabolic rates, and hydrological budgets are 

changing as part of global climate change. The static approach that has prevailed in the 

definition of water policies so far must be replaced by a new generation of policies based on 

the concept of shifting baselines, where targets and actions are designed that consider the 

1
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broad, global changes in key components of the functioning of the biosphere. Failing to 

provide both the knowledge base and the associated policies addressing these shifting 

baselines in an adaptive manner may lead to failure to reach policy targets aiming at 

sustainable development and the consequent frustration of the European society. 
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1. Introduction 

Although GCMs vary in their projection of future climate change all are in agreement that 

significant warming will occur within this century, principally as a result of a continued rise 

in the concentration of greenhouse gases. 

Exploring implications of future warming for European aquatic ecosystems will need (i) 

robust projections of future climate change at a spatial scale appropriate for ecosystem 

assessment; (ii) realistic scenarios for future changes in land-use and pollution across Europe; 

(iii) a process-based understanding of how climate change will affect the structure and 

function of aquatic ecosystems both directly (as a result of changes in climate variables) and 

indirectly, through interaction with other stressors; and (iv) the development and re-

evaluation of policies, protocols and directives needed to sustainably manage aquatic 

ecosystems in the face of significant climate change. 

Assessing the likely impact of future climate change needs a range of different approaches 

used in combination, including (i) statistical and process-based modelling; (ii) analysis of 

long-term observational physical, chemical and biological data-sets; (iii) palaeolimnological 

reconstructions to extend time-series and explore processes over longer time-scales; (iv) the 

use of space-time substitution on the assumption that future climate analogues can be found 

in space (altitude, latitude); and (iv) conducting experiments in laboratories or in the field 

under controlled climate conditions. 

2.  Direct impacts of climate change on aquatic ecosystems

Projected changes in climate will have far-reaching impacts on the physical, chemical and 

biological characteristics of many if not all European freshwater ecosystems.  There is clear 

evidence already for increasing stream and lake surface water temperatures, especially in the 

Alps, hypolimnetic warming in large lakes, decreasing ice-cover in northern and high altitude 

lakes, decreasing stream flow and lake level in southern regions, changes in conductivity, 

alkalinity and nutrient loading in mountain lakes, changes in seasonality of phytoplankton, 

especially earlier spring blooms, alterations to aquatic invertebrate life-cycles, changes in the 

geographical range of taxa, an extension to growing seasons and increases in lake 

productivity.
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3.  Interaction between climate change and other stressors 

Indirect impacts of climate change through interactions with other stressors on ecosystems 

may be equally as important as direct impacts, but more difficult to predict and model. 

Climate-hydromorphology interactions. One of the key concerns for streams and rivers 

systems is how future changes in hydrology and land–use change as a result of climate 

change will influence stream and river discharge and channel morphology that in turn control 

riparian and channel habitat structure and species diversity.  Understanding these 

relationships will be essential if current and proposed schemes for the re-naturalisation of 

river channels are to be sustainably designed. 

Climate-eutrophication interactions. Whilst there have been major successes in Europe in 

reducing problems at many sites eutrophication still remains Europe’s most serious problem 

for freshwaters, especially for shallow lakes and sites where diffuse pollution sources 

dominate nutrient loading. In almost all situations climate change will make eutrophication a 

more difficult problem to control.  Growing seasons will lengthen, algal biomass will be 

encouraged by warm, sunny weather, hypolimnetic oxygen conditions may deteriorate, and 

cyanobacterial blooms may become more extensive and possibly more toxic.  For shallow 

lakes these problems may be exacerbated by food chain effects, especially by a shift to more 

intense fish predation and reduced zooplankton populations in a warmer climate. 

Climate-acidification interactions Following more than two decades of decreases in 

sulphur dioxide emission, surface waters across upland Europe are beginning to recover from 

the effects of acidification.  However a full recovery will take many decades, and the time-

scale and speed of recovery may be influenced by climate change. In some cases the 

influence may be positive, where warming promotes alkalinity generation and reduces the 

intensity of spring snow-melt episodes. In other cases the effect may be negative where 

increased storminess, especially in maritime regions, increases the severity of high discharge 

events in streams and where increased winter precipitation and surface flows lead to an 

increase in the dilution of base cations. 

Climate and toxic substance interactions  Although many of the most toxic substances 

introduced into the environment by human activity have been banned or restricted in use, 

many persist, especially in soils and sediments, and either remain in contact with food chains 

or can be re-mobilised and taken up by aquatic biota. The high levels of metals (e.g Hg, Pb) 

and persistent organic pollutants (PCBs, DDE) in the tissue of freshwater fish in arctic and 

alpine lakes attest to the mobility and transport of these substances in the atmosphere and 

their concentration in cold regions.  For aquatic systems with long food chains 

biomagnification can elevate concentrations in fish to lethal levels for human consumption.  

The major concern with respect to climate change is the extent to which toxic substances will 

be remobilised and cause additional contamination and biological uptake in arctic and alpine 

freshwater systems as water temperatures rise, and whether storm events and flooding might 

increase soil and sediment erosion and lead to the re-mobilisation of metals and persistent 

organic compounds. In the case of Hg, changing hydrology in Boreal forest soils may lead to 

the enhanced production of MeHg. 
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4. Implications for policy and management 

The impact of climate change is likely to be so far reaching that all national and EU policies 

related to environmental protection will probably need thorough re-evaluation.  For 

freshwater ecosystems there are potentially major implications for the Habitats Directive, the 

Urban Wastewaters Directive and the Water Framework Directive.  Polices relating to 

biodiversity and conservation will need to make allowance for geographical shifts in the 

range of species, and for changes in the nature of aquatic habitats both chemically and 

morphologically.  This might include the need for EU countries to work more closely 

together by assigning conservation value at the continental rather than national scale, 

integrating activities to provide migration corridors, improving habitat connectivity and 

being alert to the impacts of climate change on the potentially disruptive effect of invasive 

alien taxa and pathogens. 

For the WFD and other policies associated with environmental restoration, climate change 

has serious implications.  In particular (i) the reference state, although valuable as a concept, 

may be unstable for many freshwater systems over the longer term as reference sites 

themselves are subject to change; and (ii) restoration targets for disturbed systems may not 

simply be achieved by removing stresses, as how those stresses interact or might interact 

with climate change in future will determine the directions in which ecosystems trend.   

5. Future needs 

To understand better how future climate change will affect freshwater ecosystems it will be 

necessary to: 

Continue to generate high resolution climate models that project probable future climate 

change at the regional scale 

Generate realistic scenarios for future changes in pollution and land-use that are 

influenced by climate change 

Continue to perform critical experiments that explore the impacts of climate change on 

aquatic ecosystems 

Continue to develop system specific models to simulate probable hydrochemical and 

ecological responses to climate change 

Continue to develop coupled models that are able to simulate catchment scale responses 

to climate change 

Continue to invest in high quality monitoring programmes to provide early warning of 

future changes and to provide long-term data-sets for model calibration and verification 

Establish an array of appropriate chemical and biological indicators for detecting climate 

change effects

Continue to promote integration amongst the otherwise fragmented freshwater science 

community in Europe 

Invest in central databases for hydrological, hydrochemical and hydrobiological data to 

enable model development and upscaling to the regional and continental levels 

Improve the interaction between water managers and freshwater scientists to enable 

intelligent data analysis and decision making in restoring ecosystem quality. 
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Session 3: 

Economic and social implications associated with changes in the water cycle and 
resources induced by climate change 

Summary and main highlights: 

Climate change induces alterations in the spatial and temporal distribution of water, as well 

as in its quality. These changes affect the occurrence of natural disasters and have an impact 

on several socio-economic sectors, such as agriculture, energy production, land use and 

human health. Due to the diversity across Europe in water uses and pressures, the impacts are 

regionally different and can be either positive or negative, depending on the sector. For 

example, climate-related increases in crop yields are expected in Northern Europe, while 

Southern Europe is likely to see lower crop yields. Regionally different impacts may produce 

competition in land use (crops that will become more, or less, suitable in some regions), or 

energy sources (wind or hydropower energy sources may become more, or less, profitable in 

particular regions). Adaptation is needed on a regional and local scale to anticipate the 

projected changes.

However, in most socio-economic sectors, current knowledge and data are insufficient to 

reliably quantify the expected changes and to assess the effectiveness of adaptation strategies. 

There is a need for:  

o better understanding and quantification of the physical and ecological impacts of 

climate change through improved (geophysical and ecological) modelling and 

collection and analysis of field data, 

o better understanding and quantification of economic and social impacts of climate 

change in the different socio-economic sectors (through integration of geo- and 

biophysical models with socio-economic models), 

o better understanding and quantification of uncertainty throughout the chain of 

“emissions  climate  physical/ecological impact  socio-economic impact”, for 

example through the use of multi-model ensemble approaches that probe the respective 

uncertainty spaces, 

o better understanding and quantification of costs and benefits of adaptation strategies in 

view of an uncertain future, 

o better understanding and quantification of vulnerability and adaptive capacity of 

receptors to change, 

o coherent and consistent potential changes in land use, water cycle, climate and socio-

economic systems, including feedbacks and interactions. 

Even though the projected impacts are highly uncertain, possible effects of climate change 

should be considered in the relevant policies for the different sectors, as is partially the case 

in the proposed directive on floods. However, in the latter, projected changes in climate 

should not only be considered in the preliminary risk assessment, but also in the flood risk 

maps and management plans. Other examples of where climate change considerations should 

be incorporated are the Common Agricultural Policy, Water Framework Directive, Habitat 

Directive and Soil Strategy. Appropriate taxing and pricing of emission-free energy sources 

can make them more competitive and mitigate future climate changes. 
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Policy-makers should strike a balance between the costs of adaptation measures as incurred 

today and their potential benefits for the future, including environmental benefits. Decisions 

should be based on the precautionary principle, as it provides policy-makers with the 

possibility of installing measures even where there is still uncertainty about a problem. 

Climate change policy requires integration across scientific disciplines, policy areas, 

socio-economic sectors and stakeholder groups to develop sustainable adaptation strategies.
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Impacts of climate change in Europe: The PESETA project

Juan Carlos Ciscar Martinez 

IPTS, DG Joint Research Center, European Commission 

Objectives and scope of the PESETA project
The objective of the PESETA project (Projection of Economic impacts of climate change in 

Sectors of the European Union based on boTtom-up Analysis) is to make an assessment of 

the monetary estimates of impacts of climate change in Europe (including EU25 and 

Rumania, Bulgaria and Turkey) in the 2011-2040 and 2071-2100 time horizon, based on 

bottom-up physical assessments. The project largely benefits from DG Research projects that 

have developed impact-modelling capabilities (e.g. the DIVA model) and high-resolution 

climate scenarios for Europe (the PRUDENCE project). PESETA is designed to be of policy 

relevance for DG Environment. 

The PESETA project focuses on the following sectoral impacts: Coastal systems, Energy 

demand, Human health, Agriculture, Tourism, and Floods. Each of these sectoral categories 

comprehends a sectoral study in the corresponding field carried out by the partners of the 

project, considering cross-sectoral issues. 

The socioeconomic and climate scenarios 
A key issue in the PESETA project is the use of the same set of socioeconomic and climatic 

scenarios in all the six sectoral studies. JRC/IPTS (the coordinator of the project), the 

partners in charge of the sectoral studies and the multidisciplinary PESETA Advisory Board 

agreed on using the following scenarios for the two time windows of the project: 

o for the 2011-2040 time span: the A2 socioeconomic SRES scenario with the RCA3 

model and ECHAM4 boundary conditions; this database comes from the Rossby Centre, 

which has kindly provided the required 50-km resolution data from its transient climate 

scenario.

o for the 2071-2100 time horizon: the A2 and B2 socioeconomic SRES scenarios for two 

regional climate models (HIRHAM, RCAO) and two global circulation models (ECHAM 

and HadAM3H) models. All this climate data come from the PRUDENCE project.  

Methodological approach 
The project is characterized by a quantitative or model-based assessment of impacts of 

climate change where the general approach for estimating monetized impacts starts from 

detailed studies on physical impacts. The purpose is not to give single values of damage or 

impact of climate change, but to explain the plausible ranges of impact of climate change. 

Once the physical impact results are obtained, benchmark values in terms of euros per unit of 

physical impacts are used to convert these into monetary estimates. Various adaptation 

schemes will be considered, including the non-adaptation and private adaptation cases. 
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In general, there are two methodological approaches in the sectoral studies: 

o Process modelling in the sectors Agriculture, Coasts, and Floods. The impacts in those 

sectors are assessed through detailed modelling systems: the LISFLOOD model for 

Floods, the DIVA model for Coasts, and the DSSAT model for Agriculture. In the three 

sectors, the models are ready-to-use. 

o Exposure-response functions. The other three sectors follow a more simplified 

framework in which the direct relationships between climate variables and impacts are 

considered. For the case of Human health, the exposure-response functions are based on 

the related literature. For Energy and Tourism they come from statistical and econometric 

analysis. In these two sectors there is a significant work to be done both concerning data 

gathering and statistical analysis. 

Some issues on the economic assessment in PESETA 
The presentation focused in a second part in some key issues related to the economic 

assessment in the PESETA project. The monetary valuation of the physical impacts of 

climate change is a potentially controversial issue in any impact assessment study. There are 

several methods that can be used to estimate the effects of the climate impacts on the 

economic system, such as partial and general equilibrium models. In the PESETA project, 

the Agriculture, Coasts and Energy sectoral studies will use computable general equilibrium 

models. Some studies take valuation estimates from the literature, the so-called benefit 

transfer approach, a method followed by the Health sector study.

Once the monetary effects are computed, they must be aggregated across regions/countries 

and time. The choice of the spatial and time weights is always subject to value judgements, 

which partly explains the noted controversy. One way to address the noted difficulties is to 

make sensitivity analyses to the key assumptions used in the various sectoral assessments of 

the PESETA project.

Preliminary results 
The project is running in 2006 and is to be finished by the beginning of 2007. There are 

preliminary results for the fluvial floods sectoral study (Feyen et al., 2006). 
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Water resources and climate change:
Impacts on agriculture in Europe
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Introduction 

The hydrological features in Europe are very diverse, and there is also a large diversity in 

water uses, pressures and management approaches. About 30% of abstracted fresh water in 

Europe is used for agricultural purposes, primarily irrigation (Flörke and Alcamo, 2005). 

Although the quality of river water is improving in most European countries (Nixon et al., 

2003), the impact of agriculture on Europe's water resources needs to be reduced if “good 

ecological” status of surface and ground water is to be achieved as required by the EU Water 

Framework Directive. There are many pressures on water quality and availability including 

those arising from agriculture, industry, urban areas, households and tourism (Lallana et al., 

2001). Recent floods and droughts have put additional stresses on water supplies and 

infrastructure (Estrela et al., 2001). 

Climate change is expected to affect agriculture very differently in different parts of the 

world (Parry et al., 2004). The resulting effects depend on current climatic and soil 

conditions, the direction of change and the availability of resources and infrastructure to cope 

with change. There is a large variation across the European continent in climatic conditions, 

soils, land use, infrastructure, political and economic conditions (Bouma et al., 1998). These 

differences are expected also to greatly influence the responsiveness to climatic change 

(Olesen and Bindi, 2002). Intensive farming systems in Western Europe generally have a low 

sensitivity to climate change (Chloupek et al., 2004). On the other hand some of the low 

input farming systems currently located in marginal areas may be most severely affected by 

climate change (Reilly and Schimmelpfennig, 1999). 

Climate change impacts 

Climate-related increases in crop yields are only expected in Northern Europe, while the 

largest reductions are expected around the Mediterranean and in the Southwest Balkans and 

in the South of European Russia (Olesen and Bindi, 2002; Maracchi et al., 2005; Alcamo et 

al., 2006). In Southern Europe, particularly large decreases in yield are expected for spring-

sown crops (e.g. maize, sunflower and soybeans) (Audsley et al., 2006). Whilst, on autumn-

sown crops (e.g. winter and spring wheat) the impact is more geographically variable, yield 

is expected to strongly decrease in the most Southern areas and increase in the northern or 

cooler areas (e.g. northern parts of Portugal and Spain) (Olesen et al., 2006). 

Some crops that currently grow mostly in Southern Europe (e.g. maize, sunflower and 

soybeans) will become more suitable further north or in higher altitude areas in the south 
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(Audsley et al., 2006). The projections for a range of SRES scenarios show a 30 to 50% 

increase in suitable area for grain maize production in Europe by the end of the 21
st
 century, 

including Ireland, Scotland, Southern Sweden and Finland (Hildén and Lehtonen, 2005; 

Olesen et al., 2006). Moreover, by 2050 energy crops show a northward expansion in 

potential cropping area, but a reduction in suitability in Southern Europe (Schröter et al., 

2005).

Climatic variability and extremes 

Recent results indicate that variability in temperature and rainfall may increase considerably 

over large parts of central Europe (Christensen and Christensen, 2002; Schär et al., 2004). 

Indeed heat waves and droughts similar to the 2003 situation may become the norm in central 

and southern Europe by the end of the 21st century (Beniston and Diaz, 2004). This heat 

wave led to substantial reductions in primary productivity of terrestrial ecosystems and large 

and widespread reductions in farm income (Olesen and Bindi, 2004; Ciais et al., 2005). 

Regional climate models have shown that global warming may be linked with a shift towards 

heavier intensive summertime precipitation over large parts of Europe (Christensen and 

Christensen, 2002). The precipitation events over central Europe may therefore occur more 

frequently in the future (Pal et al., 2004). The severity of the floods was probably enhanced 

by human management of the river systems and by the agricultural land use in the river 

basins.

Water requirements 

Agricultural water use will be impacted not only by changes in timing and amount of rainfall, 

but also be the increased evapotranspiration under warmer and drier summer conditions. 

Changes in the water cycle are likely to increase the risk of floods and droughts. Projections 

indicate that the risk of floods increases in almost all of Europe, while the risk of drought 

increases mainly in Mediterranean and Eastern Europe (Lehner et al., 2005). 

The river basin area affected by severe water stress increases under some scenarios due to 

both climate change and increasing water withdrawals and will lead to increasing 

competition for available water resources (Alcamo et al., 2003; Schröter et al., 2005). The 

regions most prone to an increase in water stress are the Mediterranean (Portugal, Spain) and 

some parts of Central and Eastern Europe, where the highest increase in irrigation water 

demand is projected  (Döll, 2002). Irrigation requirements are likely to become substantial in 

countries where it now hardly exists (Holden et al., 2003). The irrigation demands will also 

be influenced by changes in the amount and distribution of agricultural land as affected in the 

future by the EU Common Agricultural Policy (CAP). Irrigation requirements will be 

strongly influenced by effects of climate changes on the timing of the growing season for 

specific crops, e.g. maize, which in some cases may maintain irrigation requirements at 

current levels (Minguez et al., 2006). 

Nutrient losses and soil quality 

Environmental impacts of agriculture under a changing climate are becoming more and more 

important. In particular, the role of nitrate leaching on the quality of acquifers, rivers and 

estuaries is globally recognized (Galloway, 2004). Projections made at European level for 
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winter wheat showed for the 2071-2100 time-slice large spatial variations in changes in N-

leaching, depending on both soil and climatic conditions (Olesen et al., 2006). 

The climate change scenarios could also lead to increases in greenhouse gas emissions from 

agriculture. Increasing temperatures will speed decomposition where soil moisture allows, so 

direct climate impacts on cropland and grassland soils will tend to decrease SOC stocks for 

Europe as a whole (Smith at al., 2005). This effect is greatly reduced by increasing C inputs 

to the soil because of enhanced NPP, resulting from a combination of climate change and 

increased atmospheric CO2 concentration. However, decomposition becomes faster in 

regions, where temperature increases greatly and soil moisture remains high enough to allow 

decomposition (e.g. North and East Europe), but does not become faster where the soil 

becomes too dry, despite higher temperatures (Southern France, Spain, and Italy) (Smith et 

al., 2005). 

Adaptation in agriculture 

Long-term adaptations include major structural changes to overcome adversity caused by 

climate change. This involves changes in land allocation and farming systems, breeding of 

crop varieties, new land management techniques, etc. This involves changes of land use that 

result from the farmer's response to the differential response of crops to climate change. The 

changes in land allocation may also be used to stabilise production (reducing yield 

variability) and for conservation of soil moisture. Other examples of long-term adaptations 

include breeding of crop varieties, new land management techniques to conserve water or 

increase irrigation use efficiencies, and more drastic changes in farming systems (including 

land abandonment). 

Recent studies at European level have demonstrated the need to include changes in climate 

and non-climate factors (technological, socio-economic, etc.) for assessing the changes in 

crop yield and suitability (Schröter et al., 2005). A different allocation of European 

agricultural land use represents one of the major long-term adaptation strategies available. 

Rounsevell et al. (2005) estimate a decline of up to 50% in cropland and grassland areas 

under some of the IPCC SRES scenarios.  

It is indisputable that the reform of European Union agricultural policies will be an important 

vehicle for encouraging European agriculture to adapt to climate change (Olesen and Bindi, 

2002). However, policies for managing European water resources under a changed climate 

may have equally high impacts on agriculture. 
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1. The concept of flood risk management in the long term 

Flood risk in general can be understood as the probability of negative consequences due to 

flooding. It occurs in a complex cascade of natural and societal processes leading from the 

triggering hydrometeorological hazards to the social, economic and ecological impacts 

depending on the flood vulnerability. This cascade may be described by the source-pathway-

receptor-consequence-model or more sophisticated by flood risk systems of a river catchment 

or a hydraulically connected coastal cell.

Flood risk management is dealing with the governance of such systems. It covers a ‘holistic 

and continuous societal analysis, assessment and reduction of flood risk’. Hereby, ‘holistic’ 

refers to whole flood risk system and ‘continuous’ expresses the need for its ongoing 

monitoring and steering by the society. Representatives from responsible institutions are the 

predominant managers. These actors decide on the tolerability of risks and than design and 

implement physical measures and policy instruments for risk reduction. Decision-making and 

development follow a process pattern and consider external demands of the society and 

behave in line with individual context conditions. 

In contrast to the short-term management of running flood events, long-term planning 

focuses on the formulation, implementation and controlling of strategies for future flood 

events. It is dedicated to concrete actions in the medium term (up to 10-20 years) or more 

explorative for an explicit long term (up to 50-100 years). In the medium term, the 

predominant interest is to decide on measures and instruments to reach defined goals. The 

long time horizon additionally has to take into account that some factors of flood risk 

systems are a subject to a significant dynamic through external and internal drivers. For 

instance, flood hazards are sensitive to climate change; the flood vulnerability evolves 

according to land-use change. Therefore, planning needs to explore the system’s dynamic 

with its impacts on future risks and to reflect the suitability of alternative strategies under the 

condition of an uncertain future. Hereby, the predictability of the future is restricted which 

also causes certain requirements for the management process itself.  

2. Requirements due to climate change and other dynamic factors 

Recent climate change projections indicate a tendency of more frequent and intensive flood 

events. Results differ depending on the regional conditions, which for example may lead to 

an increase or decrease of the superposition of heavily rainfall with snowmelt. They also vary 

with respect to the downscaling method and the combination of climatic and hydrological 

models applied. Especially the coarser temporal and spatial resolution of climatic models in 

comparison to hydrological models currently still limits detailed simulations. Furthermore, 

time-series of measurements of rainfall and runoff are relatively short which constrains a 
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statistical assessment of future events in the context of historical events. And last but not 

least, the underlying assumptions of the formulation of climate scenarios are unavoidable 

manifold. Accordingly, uncertainties referring to the impacts of the running climate change 

on flood hazards remain rather high.  

Especially the alteration of flood frequencies and intensities could lead to a number of 

changes in flood risk systems. They may require a rework of the hydrological, statistical and 

hydraulic baselines for the determination of flood hazards and design levels. If water levels 

increase, enhanced efforts to maintain the current design standards of flood prevention would 

be needed. For example, this could lead to an enlargement of active floodplains, the re-design 

of reservoirs and flood polders, heightening and strengthening of flood defence structures etc.

Moreover, secondary effects could be expected like changing benefit-cost-ratios for measures 

and instruments of risk reduction for both resistance and resilience strategies.

As flood risks occur only due to the flood vulnerability of the society, developments of 

societal factors of flood risk systems are an important issue of long-term projections in 

addition to climate change. Land use as one major factor of vulnerability – beside its effects 

on runoff and hydraulic performance of flood plains – is determined by a significant dynamic 

in the medium and long term with drivers like demography, economic development and 

others. As investigations show from the Rhine River valley, a doubling of vulnerability in 20-

30 years is a realistic assumption. This stresses the meaning of the dynamic of the societal 

processes as one aspect of the exploration of possible futures. Accordingly, it is another 

source of uncertainties.

What do the natural and societal dynamic and inherent uncertainties of future developments 

of flood risk systems mean for long-term flood risk management? Firstly, a strategic planning 

approach should be applied exploring and reflection alternative future projections. Secondly, 

measures and instruments decided on should follow precautionary principles (e.g. ‘no 

regret’) and ensure sufficient flexibility and robustness under the given uncertainties. 

Thirdly, management should be based on learning on effects of previous decisions and the 

recent system developments as well as on consistent behaviour of decision makers and 

emergent decision-making pattern.  

3. State of the Art on European and National Level 

Flood research up to now predominantly is focussing on hazard determination and flood 

forecasting. Vulnerability analyses are gradually evolving with an emphasis of asset 

calculations. Investigations on a comprehensive long-term flood risk management are still in 

an initial phase. One important study is Foresight Future Flooding in United Kingdom. It 

focuses on a wide spectrum of factors relevant for flood risks using a 10 km grid resolution 

on the national level and a time horizon till the end of the 21
st
 century. The drivers taken into 

account range from downscaled IPCC scenarios to socio-economic developments like demo-

graphy and GDP. The study concluded with an impact assessment of alternative futures 

which show a tremendous increase of risks due to flooding within this century.

Currently, the 6
th

 Framework Programme Integrated Project FLOODsite in one task is 

developing and testing a methodology to combine climate change and other relevant societal 

trends with strategic alternatives of risk reduction measures and instruments to explore 

alternative futures on the catchment and estuarine level, respectively. Moreover, coupled 

models and criteria will be provided for a multi-criteria impact assessment of such futures. 

As result, the effectiveness, sustainability, flexibility, robustness etc. of risk reduction 
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measures and instruments under different climate and societal change projections will be 

available. The FLOODsite methodology will be well documented to allow a general 

applicability.    

In close collaboration, the VERIS-Elbe research project under the German RIMAX-

Programme is dealing with a further detailing of fluvial flood risk systems and a 

methodology for a highly resolved simulation of the dynamic of flood risks. It covers the 

issue of the spatial scale of large river catchments based on the example of the Elbe River 

and the temporal scale developing new extreme value statistics. Hereby, cooperation with the 

Elbe study of DG Joint Research Centre has been established. Beside the simulation of the 

flood risk system, VERIS-Elbe covers also investigations on spatial planning instruments for 

the long term.

Studies on an integrated and strategic long-term planning in flood risk management are rare 

till now. Under the first call of ERA-NET CRUE an upcoming project will deal with risk 

perception of decision makers and decision strategies on physical measures and policy 

instruments. As investigations on river basin management let assume, the meaning of the 

institutional context of relevant actors as well as the management process itself may not be 

underestimated in terms of the societal ability to adapt to climate and societal change.  

Against this background, the following research demands can be concluded. Methodologies 

on integrated and regionalised projections of future flood risk systems should be improved 

considering all significant drivers and probable options of combined resistance and resilience 

strategies. Analyses of such futures moreover need the further development of coupled 

interdisciplinary simulation models with a specification of their uncertainties. Currently, 

model uncertainties seem partly to be higher than impacts of climate change. Improvements 

should regard to the interfaces between climatic downscaling and hydrological models as 

well as between hydrodynamic models and methods for vulnerability analyses. For the latter, 

a better resolution is evident to more validly determine climate change impacts and to 

calculate risks in comparison to benefits of using flood-prone areas. In terms of policy 

instruments and the management processes, an enhancement of current social and planning 

science knowledge is needed. Real-world planning seems to be crucial for the improvement 

of the effectiveness of risk reduction efforts for European citizens. Climate and societal 

dynamics especially require the treatment of different time horizons with different levels of 

accuracy and instruments which for instance should reflect experiences from strategy 

research.

4. Reflection of current European Water Policy 

The proposal of a Directive on the Assessment and Management of Floods already contains 

the demand to consider future flood risks as part of the preliminary flood risk assessment 

(Chap. II). This seems to be an important step towards the generation of knowledge on the 

impact of climate change on flood risks in European Member States. To strengthen the 

treatment of the dynamic of flood risk systems, it would be valuable to specify how future 

flood risks should be proactively reflected in risk maps (Chap. III) and in the flood risk 

management plans (Chapt. IV). Especially, the display of remaining risks in both maps and 

plans could provide information on inherent uncertainties due to climate and societal change. 

Further on, adaptive management strategies for flood risks need to be developed and tested.

The proposed coordination with the Water Framework Directive (WFD) allows an 

identification of increasing conflicts between water quality and flood risk issues due to 

climate change. Therefore, the WFD needs to be enhanced with respect to climate change. 



 International WORKSHOP on Climate Change Impacts on the Water Cycle, Resources and Quality 
 25 & 26 September 2006, Brussels

89

Moreover, river basin and flood risk management should be compiled as two separate but 

well integrated items in a comprehensive plan.  

Measures and instruments for flood risk reduction funded via the Cohesion Policy and 

Common Agricultural Policy/Rural Development should be bound on the elaboration and 

treatment of integrated scenarios on alternative futures (30-100 years) on the regional and 

local level. Priorities for policy on research to improve the scientific capacity of adaptation 

particularly in the 7
th

 Framework programme are already mentioned above. In general, 

climate change policy requires a cross-sectoral collaboration of various policy areas where 

water management and spatial planning are supposed to have the major responsibility for 

integration and the development of adaptive and sustainable strategies.
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Session 3: 

Economic and social implications associated with changes in the water cycle and 
resources induced by climate change 

Land use and climate change 

Michael Obersteiner, 

International Institute for Applied System Analysis, Austria 

Background

The Land Use Sector is thought to be both a culprit and a potential victim of climate change. 

It is a culprit because expansion of global cropland, pasture and built-up area contributed to a 

release of carbon in the range of 230 to 258 GtC over the period from 1700 to 2000 AD. 

About 57 % of this release are caused by the expansion of pasture. In the EU agriculture is 

the third largest sector of greenhouse gas emissions, accounting for 9 % of EU-25 emissions 

and 10 % of EU-15 greenhouse gas emissions. Agriculture’s main emission sources are N2O 

from soils and manure management and CH4 from enteric fermentation and manure 

management. At the same time European forests are a carbon sink mainly due to the fact that 

European forests are relatively young and by aging sequester carbon. On a global level, 

however, deforestation appears to be the second largest flux of carbon to the atmospheric 

pool.

Total EU-25 GHG emissions from agriculture decreased by 14 % between 1990 and 2003. 

Existing and additional measures are projected to further decrease emissions to 17 and 19 % 

below 1990 level, respectively. Within the EU-15, emissions of ammonia from agriculture 

have also decreased by 9% but the sector still provides more than 90 % of total ammonia 

emissions. In 2003 agriculture contributed 3.6 % of total renewable energy produced and 

0.3 % of total primary energy produced in the EU-15. 

Changes in manure management systems have a large impact on carbon, CH4 and N2O 

emissions as well as on water systems. The fertilizer consumption is decreasing, however it is 

difficult to quantify to what extent this is an direct effect of implementing the CAP 

decoupling, cross compliance, nitrate directive, water directive, good farming practices or 

AGRI-environmental measures. It has to be emphasized that there are large uncertainties in 

emission factors and activity data (organic soils, both N2O and CO2). Between 1990 and 

2003 nitrous oxide emissions from agricultural soils fell mainly because of a decrease in the 

use of nitrogen fertiliser and manure. This can be attributed to a large extent as a 

consequence of the reform of the EU's common agricultural policy (CAP) and the 

implementation of the nitrate directive, aimed at reducing water pollution. Carbon 

losses/emission are still increasing large due to unsustainable agricultural practices leading to 

land degradation (e.g. decrease in water holding capacity) as well as due to intensive 

management of Europe’s organic soils. At the same time the EU soil thematic strategy is 

thought to have little impact in the near future unless co-funding from the climate mitigation 

sector will be available.  

The land use sector is a victim be cause ecosystems are vulnerable to climate change even in 

the light of massive investments into implementation of adaptation strategies. The objective 
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of the United Nations Framework Convention on Climate Change is to ‘‘achieve stabilization 

of greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous 

anthropogenic interference with the climate system.’’ This level should ‘‘allow ecosystems to 

adapt naturally to climate change’’. But what is dangerous climate change, and how likely 

are different amounts of climate change to have major impacts on the world’s ecosystems? In 

the scientific literature, ‘‘dangerous climate change’’ has often been interpreted in terms of 

critical levels of climate change or thresholds triggering abrupt climate-change events. 

However, there is mounting evidence for local ecological responses even to relatively minor 

climate changes that have occurred during recent decades. Much larger changes, compared 

with what has occurred already, are projected for the 21st century, yet future climate-change 

risks for ecosystems have generally been assessed only on qualitative scales, e.g., from 

‘‘risks for some’’ to ‘‘risks for many’’ or from ‘‘very low’’ to ‘‘higher’’. For example, a 

quantitative analysis has been carried out for the global probability of dangerous 

anthropogenic interference in a coupled social–natural system, which, however, does not 

involve spatially explicit climate modelling. 

Damages due to weather extremes are responsible for a significant share of crop outages and 

forest decline or large scale disturbances (e.g. fires) in Europe and it is predicted that climate 

change will increase the share of agricultural/forest losses. Despite of the fact that it has been 

proven that the climate change signal is real it is still impossible to factor out the climate 

change signal from the crop losses in Europe which are caused by weather extremes in 

combination with non-climate change adapted management practices. Assessments on the 

impact of climate change and possible adaptation strategies have been carried out for 

agricultural production. However, a consistent approach covering biophysical modelling in 

combination with economic appraisals on a agricultural/forestry practice level has not yet 

been carried out. In addition, the effects of climate change induced emergence of weather 

extremes has also not yet been carried out taking into account possible adaptation strategies.

The changes in land use for climate mitigation alone are projected to be large and will induce 

competition over different land uses and their implicit goals ranging from improved water 

management to biodiversity conservation. With climate change kicking in there is mounting 

evidence from model runs and literature that land competition will intensify indicating that 

land use policies will become tighter and more complex. Scientific tools will thus have to 

follow suit and become more integrated in order to reap the benefits of synergies from 

coordinated policies. 

Wider EU Policy Frame

The European Union’s general objective is to move towards a sustainable economy and 

environment. This general objective is expressed through many initiatives including for 

example attempts to reduce climate change related hazards through targeted mitigation 

efforts and reduce vulnerability to climate change through adaptation, participation in 

international environmental agreements such as the Kyoto Protocol, and the establishment of 

the European network for global change research (ENRICH). To accomplish the EU’s 

aspiration to give robust answers to the climate change challenge as well as to respond and 

continue on the aspirations of the CAP reform substantial changes are necessary in the 

European agricultural sectors.  
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Large adoption of agricultural mitigation and adaptation will not only impact the region or 

country where the adoption takes place but also the rest of the European agricultural and 

forest sectors. Agricultural and forest commodities are intensively traded within and beyond 

the European Union. Substantial regional shifts form conventional agriculture to climate 

change adapted or climate friendly alternative are likely to cause market shifts in all 

European countries which will finally impact on European land use patters. For example if 

Brazil will emerge as a primary source for biofuels to the European transport sector Europe 

will with greater ease be able to implement large integrated water management plans 

reducing the hazard potential from climate change. On the other hand if Europe decides to 

produce most of its biofuels with water demanding energy crops domestically clear trade-offs 

with other environmental goals will emerge and vulnerability to climate change will be 

increased. Thus, policies at a European scale with trade relationships worldwide can be 

associated with important market feedbacks. These feedbacks include price and production 

adjustments. Thus, the scientific tools are necessary to be able to go beyond simple 

engineering/agronomic assessments of mitigation and adaptation strategies. 

Research needs from integrated land use planning 

In order to promote integrated and sustainable rural development the CAP reform and other 

land use policies have to be reinforced by new measures designed to promote a living 

countryside, to preserve it vigor against climate change and to ensure competitiveness of the 

farming/forestry sector. The European Climate Change Program has so far mainly dealt with 

technical mitigation potentials of GHG. A thorough integrated economic and environmental 

assessment of the economic and sustainable potentials addressing the problem of climate 

change on farm/enterprise level practices has not yet been carried out. In order to support 

European agricultural policy the objective should be to develop analytical tool boxes to 

assess economic and environmental effects of climate mitigation and adaptation on farm 

levels as well as on the “Land-use Sector” level in an integrated fashion. The approach 

necessarily must be centered on spatially explicit biophysical assessment of the main bio-

geo-chemical cycles integrated with full fledged market modelling. Concise policy 

conclusions on agricultural practice level from the modelling exercise must be derivable 

supporting EU policies with special attention of cross-compliance, rural development, 

sustainable development, and competitiveness issues. 
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Session 3: 

Economic and social implications associated with changes in the water cycle and 
resources induced by climate change 

Impacts on water resources and hydropower production 

Nils Roar Sælthun, 

University of Oslo, Norway 

The energy sector is affected by climate change through various mechanisms. The most 

important are: 

Direct effects on the energy production system, 

Direct effects on energy consumption, 

Indirect effects through mitigation/adaptation measures, making greenhouse gas 

emission neutral production system more competitive than fossile fuel based systems. 

Hydropower is generally considered to be a greenhouse gas neutral system, although there 

are some GHG aspects connected with reservoirs inundating or waterlogging former dry 

land. Hydropower production systems are influenced by climate change through all 

mechanisms above, but this presentation will mainly focus on the first effect, i.e. climate 

change impacts on the resource itself – water availability, and to some extent impacts on 

system components. 

These effects are always important for the operation and future investment planning for the 

individual hydropower company, and the hydropower sector is one of the economic sectors 

that has shown most interest in climate change research. To what extent it is important for 

society depends to a large extent on how important hydropower is for energy supply 

regionally or on the national level. This varies tremendously through Europe. The highest 

dependence on hydropower is found in some of the Nordic countries – it constitutes 99% of 

the electricity production in Norway, 94% in Iceland and 50% in Sweden. Austria gets 63% 

of its electricity from hydropower, Switzerland 58%, Portugal 38%, Slovenia 31% and Spain 

19%. Hydropower has characteristics that makes it particularly valuable in mixed production 

systems, in particular the low start and stop costs, which makes it very suitable for effect 

peaking (typically for adjusting diurnal load variations).

Climate change will affect both the total volume of runoff and the seasonal variation. 

Generally, the effect on total runoff is not clearcut, as total runoff is the difference between 

precipitation and evapotranspiration, and both are difficult variables to predict under climate 

change, in particular precipitation. Evapotranspiration tends to increase, while precipitation 

can go both ways, both with large uncertainties. It is most likely that runoff volume will 

increase in coastal hydrological regimes, and decrease in continental regimes. In systems 

where glacier runoff is important, runoff will generally increase, in many cases dramatically, 

in the short and medium term, and then decrease again, as the glacier covered areas decrease. 

Generally, the change in seasonal runoff pattern is easier to predict. In most cases, summer 

low flow decreases and the low flow period longer, while winter runoff increases. In nival 

regimes, with present stable winter snow conditions, and perennial spring melt flood, the 
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Figure 1 Runoff series in a highland catchment, presently  
and after 100 years. 

change in runoff can be dramatic, 

as illustrated in Figure 1. This 

shows 30 annual runoff series in an 

upland Norwegian catchment, 

presently (upper graph), and after 

100 years according to a 

mainstream climate change 

scenario. As we see, the winter 

runoff is dramatically increased, 

spring melt flood has nearly 

disappeared, and summer runoff is 

reduced. In general, variability 

increases.

Such runoff changes clearly 

changes the operation of 

hydropower reservoirs. In the 

Nordic hydrological regime, as 

illustrated by Figure 1, the seasonal 

distribution of the inflow changes 

towards being more in tune with 

the consumption, and the result is 

less stress on the reservoirs, and 

generally less spill, giving an extra 

bonus in energy production. This is 

not necessarily the case in other 

European hydropower system, and 

not in systems where glacial melt 

is a major part of the runoff. 

It should be mentioned that the changed operation of the reservoirs may have environmental 

effects that can be both beneficial and detrimental.  

The standard procedures in hydropower operation, investment planning and dam safety 

considerations has been to rely on historical runoff data, typically 30 or 50 years of data, to 

represent future reservoir inflow. As we realize that runoff probably is influenced by climate 

change, this assumption breaks down, and we are faced with a situation where what is certain 

is that the central data for our planning has become more uncertain. Presently, both our 

decision systems and the available methods for transforming climate model runs into formal 

uncertainty estimates are inadequate. Indeed we do not know what is the best estimate of 

present day annual inflow, nor its uncertainty. A particular concern is dam safety analysis. 

The present procedures for calculation of design floods for hydroelectric system are based on 

the assumption that the climate is stable. This is particularly the case for methods based on 

statistical frequency analysis, while model-based methods are more easily adjusted to a 

changing climate, once the changes are identified. The problem is we really do not know to 

what extent the basic assumptions have been compromised by climate change, and the prime 

worry is not what happens in the future, but what changes have already been invoked. The 

best way to handle this is probably through increased safety factors, but again – we lack 

objective methods for handling this. 
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Economic and social implications associated with changes in the water cycle and 
resources induced by climate change 

Climate change and human dimension: 
Health impacts of floods  

Debarati Guha-Sapir, 

Department of Public Health, Université Catholique de Louvain, Belgium 
e-mail: sapir@esp.ac.ucl.be ; website: https://www.cred.be

Climate change affects health status of human populations in direct and indirect ways 

especially in the context of the World Health Organization definition as “a state of 

complete physical, mental and social well-being and not merely the absence of disease or 

infirmity”. [WHO, 1946] 

The main focus of this presentation is water related health impact with special attention to 

floods.

There are essentially four main water-related transmission routes for infections. . 

1. Water-borne infections; these occur when humans drink water containing infectious 

pathogens and consequently develop an infection, for example Cholera and Typhoid. 

2. Water-washed infections (also known as water-scarce), are influenced by the quantity 

of water available.  Within this category, we have Scabies and Trachoma. 

3. Water based infections is where the pathogen spends its life-cycle in water, such as 

Schistosomiasis. 

4.  Water-related insect vector are those pathogens spread via insects which breed in water 

or bite near water.  These include Malaria, Yellow Fever and Dengue. 

Occurrence of disease is dependent on three factors, all which may be critically mediated 

by climate. First, exposure is the extent to which a person is exposed to a climate related 

hazard such as floods. Second, sensitivity is the extent to which health outcomes are 

sensitive to climate change. Third, adaptive capacity is the ability of the individual to resist 

the health effects of climate change. 

The vulnerability of an individual to extreme events depends on individual status related to 

his own health, socioeconomic standing and demographic profile. It will also depend on 

community level factors such the robustness of community water and sanitation systems; 

access to information, for example the existence of early warnings and democratic 

institutions within the community (e.g egalitarian access to water). Another determinant of 

vulnerability to extreme events is geographical position, for instance the influence of El 

Niño cycle or disaster proneness. (e.g. population situated in cyclone paths, on earthquake 

fault lines or in low-lying coastal areas) 

Focusing on water related disasters, the presentation emphasized increasing vulnerability to 

natural disasters which have in last 30 years have increased from less than 100 to a little 

mailto:sapir@esp.ac.ucl.be
https://www.cred.be
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more than 400, representing a four-fold increase. Natural disasters result in immediate 

deaths and injuries and nonspecific increases in mortality and break outs of infectious and 

vector-borne diseases. The affected community can be exposed to toxic substances and 

develop problems with mental health. Flooding has experienced the greatest increase in the 

last decade, consequently, the greatest number of people have been affected. However, the 

impact of disease has been undocumented due to vector and environmental change. In the 

last 30 years, 2,156 floods were reported in EM-DAT project, resulting in the death of 

206,303 people and affecting more than 2.6 billion. Furthermore, flooding causes extensive 

damage to infrastructure and crops.  The affected area is usually immense, but this depends 

on topographical features.

Similarly, 1,864 windstorms have occurred in the last 30 years, causing the death of 

293,758 individuals and affecting more than 557 million people. These are the most 

destructive disasters covering a wide area and causing significant deaths, injuries, 

agricultural and property loss. On average, each windstorm has affected close to 300,000 

people,

Finally water scarcity, droughts and famines are frequent in many regions but tend to be 

seasonal. Higher temperatures (i.e. droughts) favour micro-organism proliferation and an 

increase in gastrointestinal infections whereas Scarcity promotes low sanitation practices 

leading to skin diseases, infections. 

In conclusion the presentation summarized the main barriers to measuring the impact of 

climate change. Not enough field studies have been carried out which signifies missing 

data or errors in data, simplified relationships, preconceived notions, inappropriate spatial 

or temporal data and uncertainty about predictive ability of scenarios. 
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Session 4: 

Adaptation needs of water resources management in Europe

The session provided key elements on the following issues: 

The current adaptation policy at EU level. The progress on the drafting of a European 

Commission Green Paper on Adaptation was summarised. 

Adaptation challenges were indicated such as: uncertainty, irreversible losses, 

involvement of different stakeholders, allocation of costs, cost-effectiveness measures, 

mal-adaptation, and economic, ethical and political considerations. 

Existing initiatives focus on disaster preparedness. The following key issues in the water 

sector were highlighted:

o more research is needed for modelling and cross-sectoral cooperation, 

o implementation of the Water Framework Directive (2000/60/EC) is a key 

element that could also be used in other sectors,  

o the importance of stakeholder involvement,  

o the integration of adaptation into EU policies, pricing schemes and demand 

management issues. 

Sustainable management of water resources cannot be achieved unless current water 

management regimes undergo a transition towards more adaptive and flexible water 

management. 

Mitigation is needed but it requires long-term action at global level. Adaptation reduces 

vulnerability to changes at local and regional levels. However, mitigation and adaptation 

and their impacts are sometimes in conflict. 
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Session 4: 

Adaptation needs of water resources management in Europe

Green Paper on Climate Change and Adaptation Measures 

Abigail Howells, 

Directorate-General for Environment, European Commission, Brussels, Belgium 

The climate in Europe is changing; temperatures have risen by 0.8ºC in Europe since records 

began, and climate models indicate that an increase of temperatures between 2 and 6.3ºC 

above 1990 levels can be expected  by 2100. Precipitation patterns have also varied; annual 

precipitation over Northern Europe has increased by between 10 and 40% in the last century 

while the Mediterranean basin has experienced up to 20% reduction in precipitation. Extreme 

weather events (heat waves, droughts, floods) can be expected to occur more frequently 

throughout Europe. According to the Association of British Insurers, annual costs from 

flooding in Europe could increase to 100-120 billion € by 2080. 

The European Commission has been addressing the climate change challenge through the 

European Climate Change Programme (ECCP). The first phase of the ECCP focused on 

addressing Member States’ contribution to climate change, and sought to assist them in 

reducing their greenhouse gas emissions. In February 2005, the Commission’s 

Communication Winning the Battle against Global Climate Change stressed the importance 

of adaptation to the adverse impacts of climate change. In Europe, only selected policies 

linked directly to the impacts of climate change have already been put in place: The 

European Flood Alert System and the European Forest Fire Information System are examples 

of initiatives seeking to provide early flood warnings and forest fire information. More 

recently, the European Action Programme on Flood Risk Management has been created, 

seeking to improve information exchange, encourage better use of EU funding tools 

(EXCIFF and EXCIMAP), and presenting a proposal for a new legal instrument (directive) 

on flood risk management. 

As part of the second phase of the ECCP, a workgroup was set up to consider how to address 

the challenge of adaptation to the unavoidable impacts of climate change in Europe. The 

workgroup sought the views of European Stakeholders on a series of 10 individual sectors, 

including one on the water cycle, water resources management and the prediction of extreme 

events, and one on coastal zones, marine resources and tourism. The discussions held at these 

meetings were aimed at defining the EU role in adaptation policies so as to integrate 

adaptation fully into relevant European policy areas and identifying good, cost-effective 

practice in the development of adaptation policy.  

The discussions held during these two specific meetings highlighted the challenges ahead for 

these sectors. Climate change impacts affect local or regional areas, and consequently, 

decisions for adaptation measures vary by geographic location.  The EU may have a role in 

setting up a European Framework to ensure coordination at the European level between the 

approach taken to freshwater and coastal waters. The EU must also ensure all key 

stakeholders, including from other sectors such as agriculture, land-use planning, fisheries, 
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biodiversity, tourism, human health, etc) are engaged with, as many response strategies target 

mostly the water sector itself.

Integrated water resources management can be the general framework in which climate 

adaptation is addressed for the water sector. Therefore, a number of water  and marine 

resources related policies at the EU-level would need to take account of climate adaptation. 

(Water Framework Directive, Flood Directive, Maritime Policy Green Paper, Integrated 

Coastal Zone Management…). Further reflection on pricing schemes and demand-

management issues, including metering of water use, is required, including on the necessity 

for these to ensure mal-adaptation is avoided. Research in relation to water and climate 

change should be pursued; including the need for higher resolution integrated modelling. 

The Commission is in the process of producing a Green Paper on adaptation in Europe, 

listing a set of recommendations in this field, to be published for consultation with European 

Stakeholders in December 2006.  

The Green Paper will address how the commission should share the existing information and 

bridge the gaps identified on adaptation knowledge in Europe. It will also consider existing 

EU policies and their suitability in influencing national, regional and local decision-makers 

implement adaptation planning measures.  

The green paper will furthermore be exploring the role of the Commission in the adoption of 

economic instruments aimed at encouraging climate-resilient investments. Climate change 

risks and disaster management will also be addressed through recommendations on the 

introduction of early warning systems and tools to assist in the recovery phase. 

The Commission will present the Green Paper and open a debate on the way forward for 

Adaptation in Europe during a Conference on the 1
st
 December 2006 in Brussels. Three 

workshops will be organised as part of the consultation process and held in December 

throughout Europe where reactions to the green paper will be collected from stakeholders. 
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Session 4: 

Adaptation needs of water resources management in Europe

Adaptive Water Management as a response to cope with 
Implications of Climate Change 

Claudia Pahl-Wostl and Jörn Möltgen 

Institute of Environmental System Research, University of Osnabrück, Germany 
NeWater project, www.newater.info

Water management has been successful in the past in securing the availability of water 

related services and protecting society from water related hazards through technical means. 

Rather than adapting to periodic variability in water levels (i.e. flooding), the approach has 

been to control rivers to provide for hydropower production or shipping. The control 

approach can reach its limits in upland rivers that experience extreme weather events. For 

example, channelled rivers with high rainfall can have severe floods and there has been an 

observed increase in damage since people began settling in vulnerable areas such as flood 

plains. However, once high risk areas are settled, economic investments and assets need to be 

protected from natural disasters, despite the fact that land use should have been originally 

restricted. Reliance on engineered infrastructure for protection against water related hazards 

means that societies have become more vulnerable when this infrastructure fails.  

Water quality has been the preliminary focus of improving the ecological integrity of riverine 

ecosystems. Consequently, there has been a lack of attention to the structural changes in 

riverbeds and changes in the spatio-temporal variability of water flows which have a strong 

influence on habitat diversity and ecological function. The building of reservoirs and the use 

of hydropower have altered the flow regimes of many rivers resulting in detrimental effects 

on stream ecology (Pahl-Wostl, 1998; Bergkamp et al., 2000). Efforts are being increasingly 

undertaken to restore the ecological integrity and functions of river basin ecosystems by 

focusing on the structural properties of river and ecosystem flow requirements. The growing 

awareness of complexities, unexpected consequences of management strategies and an 

increase in uncertainties have triggered critical reflection about prevailing water management 

paradigms (Pahl-Wostl, 2006b).  

In the Alpine region for example, climate change will have pronounced impacts on the 

hydrological regime of many watersheds. Consequently, the water sector has serious 

challenges ahead, in particular the management of extreme climate conditions. In summer, 

water shortages are expected due to decreasing precipitation, the increased likelihood of 

drought periods, an increase in the probability of low-flow conditions (decline of natural 

buffering capacity due to retreat of glaciers and snow fields) and an intensification of water 

demand for irrigation. This will have undesirable consequences for water temperature and 

quality. Due to the increased likelihood of winter and spring floods, there will be increasing 

demand to use reservoir storage for flood prevention. Overall, a request from downstream 

areas for balancing water flows to buffer extremes (floods and droughts) is expected. Such 

requests will require negotiations about changing use priorities and potential trade-offs in 

reservoir and flood management. Given the considerable uncertainties in climate change 

http://www.newater.info
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predictions it will be important to develop more robust, flexible and adaptive management 

strategies (Gleick, 2003; Mönch et al, 2003; Kabat and van Scheick, 2003; Pahl-Wostl, in 

press).

New approaches are currently explored in the NeWater project on Adaptive Water 

Management Under Uncertainty (www.newater.info). NeWater develops new methods for 

integrated water management taking into account the complexity of the river basins to be 

managed and the difficulty in predicting the factors influencing them, e.g., climate, 

socioeconomic developments. NeWater focuses, in particular, on the transition from current 

regimes of water management in a river basin to more integrated, adaptive approaches. 

Adaptive management is needed as a systematic process for improving management policies 

and practices by learning from the outcomes of implemented management strategies. The 

whole adaptive management process (see Figure 1) requires a number of steps that are part of 

an iterative policy cycle: 

In the definition of the problem different perspectives need to be taken into account in a 

participatory process. 

The design of policies should include scenario analyses to find strategies that perform 

well under different possible future developments and to identify key uncertainties. 

Decisions should be evaluated by the costs of reversing them.  

The design of monitoring programmes should include different kinds of knowledge to 

become aware of undesirable developments at an early stage. 

The management cycle must include institutional settings where actors assess the 

performance of management strategies and implement change if needed.   

The implementation of such a management approach is only possible if certain structural 

conditions are fulfilled. Hence the implementation of adaptive management needs integrated 

system design.  

     
Figure 1.   Iterative policy cycle 

Which features of a management regime render it more adaptive to maintain environmental, 

economic and social sustainability in a fast changing and uncertain world? Some structural 

requirements for a system to be adaptive have been summarized in the following table. Two 

different regimes are contrasted as the extreme, opposing ends of six axes in Table 1.

http://www.newater.info
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Dimension Prediction, Control 
Regime

Integrated, Adaptive Regime 

Governance Centralized, hierarchical, 

narrow stakeholder 

participation 

Polycentric, horizontal, broad 

stakeholder participation 

Sectoral
Integration

Sectors separately analysed 

resulting in policy conflicts 

and emergent chronic 

problems 

Cross-sectoral analysis 

identifies emergent problems 

and integrates policy 

implementation 

Scale of 
Analysis and 
Operation

Transboundary problems 

emerge when river sub-

basins are the exclusive 

scale of analysis and 

management 

Transboundary issues 

addressed by multiple scales of 

analysis and management 

Information
Management

Understanding fragmented 

by gaps and lack of 

integration of information 

sources that are proprietary 

Comprehensive understanding 

achieved by open, shared 

information sources that fill 

gaps and facilitate integration 

Infrastructure Massive, centralized 

infrastructure, single sources 

of design, power delivery 

Appropriate scale, 

decentralized, diverse sources 

of design, power delivery 

Finances and 
Risk

Financial resources 

concentrated in structural 

protection (sunk costs) 

Financial resources diversified 

using a broad set of private and 

public financial instruments 

Table 1 - Contrast between “prediction, control” and “integrated, adaptive” regimes 

The characteristics of integrated adaptive regimes are to be regarded as working hypotheses 

since the change towards more adaptive regimes is yet slow and empirical data and practical 

experience thus limited. One possible reason for this lack of innovation is the strong 

interdependence of the factors stabilizing current management regimes. One cannot, for 

example, move easily from top-down to participatory management practices without 

changing the whole approach to information and risk management. Hence, research is 

urgently needed to better understand the interdependence of key elements of water 

management regimes and the dynamics of transition processes in order to be able to compare 

and evaluate alternative management regimes and to implement and support transition 

processes if required.

However, adaptive management in relation to climate change is limited in prevailing designs, 

practices and ideas surrounding river basin management. Addressing impacts of climate 

change may trigger processes of social learning and support a reframing of issues of river 

basin management to shifting for example the focus from flood management to a wider basin 

management view that includes storage and buffering of flow and capacity upstream and 

takes into account ecosystem services.  

References:

Bergkamp, G., McCartney, M., Dugan, P., McNeely, J., & M. Acreman, 2000. Dams, ecosystem 

Functions and Environmental Restoration. Prepared for the World Commission on Dams (WCD). 

Cape Twon, South Africa.



 International WORKSHOP on Climate Change Impacts on the Water Cycle, Resources and Quality 
 25 & 26 September 2006, Brussels

105 

Gleick, P.H., 2003. Global Freshwater Resources: Soft-Path Solutions for the 21st Century. Science 

302, 524-528.  

Kabat, P. & H. van Schaik (co-ordinating lead authors), 2003. Climate changes the water rules: How 

water managers can cope with today’s climate variability and tomorrow’s climate change. Synthesis 

Report of the International Dialogue on Water and Climate, ISBN 9032703218, 106 pp. 

Moench, M., Dixit, A., Janakarajan, S., Rathore, M.S. & S. Mudrakartha, 2003. The Fluid Mosaic; 

Water Governance in the Context of Variability, Uncertainty and Change, Nepal Water Conservation 

Foundation, Kathmandu, Nepal and the Institute for Social and Environmental Transition, Boulder 

Colorado, USA. ISBN: 99933-53-37-X 

Pahl-Wostl, C., 2002. Towards Sustainability in the Water Sector - The Importance of Human Actors 

and Processes of Social Learning. Aquatic Sciences 64, 394-411.  

Pahl-Wostl, C., 2006a. The importance of social learning in restoring the multifunctionality of rivers 

and floodplains. Ecology and Society 11(1), 10. [online] URL: 

http://www.ecologyandsociety.org/vol11/iss1/art10/.  

Pahl-Wostl C., 2006b. The implications of complexity for integrated resources management. 

Environmental Modelling and Software, www.  

Pahl-Wostl, C. Transition towards adaptive management of water facing climate and global change. 

Water Resources Research, in press.  

Pahl-Wostl, C., Craps, M., Dewulf, A., Mostert, E., Tabara, D. & T. Taillieu. Social Learning and 

Water Resources Management, Ecology and Society, in press. 

http://www.ecologyandsociety.org/vol11/iss1/art10
http://www.Pahl-Wostl
http://www.Pahl-Wostl


 International WORKSHOP on Climate Change Impacts on the Water Cycle, Resources and Quality 
 25 & 26 September 2006, Brussels

106 

Session 4: 

Adaptation needs of water resources management in Europe

Climate change impacts on water management
and adaptation needs in Europe 

Zbigniew W. Kundzewicz, 

Research Centre for Agricultural and Forest Environment, Polish Academy of Sciences, Pozna, 
Bukowska 19, 60-809 Pozna , Poland  zkundze@man.poznan.pl

Potsdam Institute for Climate Impact Research, Telegrafenberg, D-14412 Potsdam, Germany, 
zbyszek@pik-potsdam.de

1. Introduction 

In the global system, everything is connected to everything else. The climate and freshwater 

systems are interwoven in a complex way, so that any change in one of these systems induces 

a change in the other.

All hydrological processes are affected by climate change. Variables of primary importance 

in water management, such as river discharges, and water levels in rivers, lakes, and ground; 

and soil moisture are determined by the climate-driven precipitation, evaporation (dependent 

on climate-driven temperature, radiation, humidity, and wind speed) and snowmelt.  

2. Climate change impacts on water availability 

There has been an increasing body of evidence of the ongoing global warming. A discernible 

warming has been observed during 20
th

 century, with higher rate in the last quarter of 

century. Eleven of the last twelve years belonged to the top twelve globally warmest years in 

the 165-year observation period. The future warming depends on scenarios of the socio-

economic development and on the mitigation policy (curbing the greenhouse gas emissions). 

Different climate models, and for different scenarios, foresee that the global mean 

temperature in 2100 will be 1.0 to 6.3 
o
C warmer, compared to 1980-1999. 

Long-term trends in precipitation have also been observed in many regions. Projected 

precipitation changes differ regionally, yet are model- and scenario-specific and loaded with 

high uncertainty. The presently dry areas are likely to become drier, and those presently wet - 

wetter. Mean annual precipitation is likely to decrease over much of Europe (in particular, 

over the Southern and the Central Europe) and increase in the North. However, intensity of 

rainfall events is projected to increase even in regions where the mean annual precipitation is 

likely to decrease. Changes in extremes are likely to be more dramatic than in the means. 

Climate change may cause increase of summer drying in continental interiors. Semi-arid and 

arid areas are particularly exposed: in much of Southern Europe, a joint effect of temperature 

rise and precipitation drop is foreseen for the summer.  

Ongoing climatic and non-climatic changes have already influenced water resources in a 

discernible way and even stronger changes are projected for the future. The most certain 

impacts of climate change on freshwater systems are due to the increases in temperature, sea 

level and precipitation variability. There are generally consistent patterns of change in water 
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availability – increases in high latitudes and decreases in mid-latitudes. Where changes in 

temperature produce changes in the timing of streamflow, climate change effects are 

generally stronger than in areas, where hydrological regimes are more sensitive to changes in 

precipitation. Warming leads to changes in seasonality of river discharge in catchments 

where much winter precipitation falls as snow (e.g. in the Alps); winter flows increase, with 

peaks coming earlier, and summer flows decrease. Ongoing reduction of European glaciers 

will lead to gradual decrease of glacier contribution to river discharge. Decreasing 

groundwater recharge is projected over many areas, also in already water-stressed regions. 

Hence, the possibility to offset declining surface water availability due to increasing 

precipitation variability may not be practical. Sea level rise will extend areas of salinization 

of groundwater and estuaries, resulting in a decrease of freshwater availability for humans 

and ecosystems. 

In much of Europe, occurrences of a very wet winter and of an intense rainfall event will 

become more frequent, with likely consequences to flood risk. Increasing temperature and 

variability in runoff are likely to lead to adverse changes in water quality (turbidity increase, 

algal bloom, mobilizing and washing away pollutants, pathogens, and thermal pollution). 

The negative impacts of climate change on freshwater systems outweigh its benefits. Areas in 

which runoff is projected to decline are likely to face a clear reduction in the value of the 

services provided by water resources. The beneficial impacts of increased annual runoff in 

other areas will be tempered by negative effects of increased precipitation variability.  

Adverse effects of climate on freshwater systems exacerbate impacts of other stresses, such 

as population pressure, economic growth, and land use change (including urbanization). 

Globally, water demand will grow in the coming decades primarily due to population and 

economic growth, but regionally, large changes in irrigation water demand as a result of 

climate changes are likely.  

Despite the progress in evaluating uncertainties (e.g., in ensembles-based studies), 

quantitative projections of changes in precipitation, river flows and water levels remain 

largely uncertain, with main sources of uncertainty being: scenarios, climate models, 

downscaling, hydrological models, available data. 

3. Adaptation: notions and concepts in water management perspective 

A definition of adaptation accepted in the IPCC process is: adjustment in natural or human 

systems in response to actual or expected climatic stimuli or their effects, which moderates 

harm or exploits beneficial opportunities. Taxonomy of adaptation distinguishes several 

classification into adaptation types (dichotomies), such as: anticipatory (proactive) or 

reactive; autonomous (spontaneous) or planned; private / public, etc.

Management decisions are always made on the basis of uncertain information. Adaptation, 

both reactive (to ongoing changes) and anticipative (to projected changes) makes use of a 

feedback mechanism, implementing changes (and possibly correcting past mistakes) in 

response to new knowledge and information (from monitoring and research).  

Capacity to adapt largely varies across regions, societies and gender and income groups

(differences being based on a number of factors, such as wealth, housing quality and 

location, level of education, mobility etc.) Enhancing adaptive capacity is needed i.e. 

increasing system’s coping capacity and coping range. 
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Adaptation policy stakeholders are manifold, from central via regional to local authorities, 

individuals and communities affected or threatened, planning bodies, NGOs, researchers and 

the media. Participatory decision making is indispensable in the adaptation process. Central 

governments may create enhancing environment. Mainstreaming should be sought, based on 

integration of adaptation strategies, which become part of national or regional development 

policies.

The water resources have always been distributed unevenly in space and time and the Man 

has tried to adapt to this unevenness and smooth the spatial-temporal variability. Regulating 

flow in time to suit human needs can be achieved by storage reservoirs (capturing water 

when abundant and using it when it is scarce), while regulating flow in space can be achieved 

via water transfer.

There are several adaptation strategies in the area of coping with floods, which can be labeled 

as: protect, accommodate, or retreat (relocate). Strategies for flood protection and 

management may modify either flood waters, or susceptibility to flood damage and impact of 

flooding. The EU Floods Directive deals with a roster of adaptive measures, such as risk 

assessment (“taking into account long-term development including climate change”), risk 

maps and management plans. In some countries, such as the Netherlands and the UK, flood 

design values have been increased, based on early climate change impact scenarios.  

There can be limits to adaptation, therein physical limits (e.g. when rivers dry up completely, 

becoming ephemeral); economic limits (affordability; cost – benefit and cost – efficiency 

thresholds); socio-political limits (constructing water storage reservoirs may not be 

acceptable due to the detrimental effects to the environment and the need for resettlement) 

unpalatable enforcement of reduced reliability or standard of service); or institutional limits 

(e.g. inadequate capacity of water management agencies), cf. Arnell & Delaney (2006). 

Barriers to adaptation to floods via relocation can be external, e. g. lack of land for 

relocation, or internal, such as unwillingness of people to relocate. 

4. Adaptation to climate change in water management 

Adaptation to changing conditions has always been the core of water management. However, 

in the past water management focused on meeting the ever increasing demand. Climate 

changes cause changes in both water supply and water demand and challenge the existing 

water management practices by adding uncertainties. Climate change poses novel risks often 

outside the range of experience. 

Both mitigation of climate change and adaptation to climate change are needed to avert or 

reduce adverse impacts. Adaptation strategies can reduce vulnerability to changes in climate 

at the local and regional level. Mitigation acts on a global level over longer time scales due to 

the inertia of the climate system, slowing the rate of climate change and thus delaying the 

date of impact and its magnitude. Most of the benefits of mitigation will not be realised until 

several decades later, thus adaptation is needed to address near-future impacts. However, 

without mitigation, the increasing magnitude of climate change would significantly diminish 

the effectiveness of adaptation. 

Mitigation of climate change and adaptation to climate change and its impacts are sometimes 

in conflict. For instance, desalination serves adaptation, but requires high energy input, hence 

adversely affecting mitigation - it drives the atmospheric greenhouse gas concentration and 

warming. Afforestation serves mitigation (carbon sequestration) but may play adverse role in 
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adaptation (transpiration of large amounts of increasingly precious water). Enhancing water 

storage in reservoirs brings co-benefits, being advantageous for both mitigation (hydropower 

without fossil fuel burning) and adaptation (weakening hydrological extremes – floods and 

droughts).

Adaptive capacity can be increased by co-ordinating adaptation strategies (via so called 

“mainstreaming”) into development policy planning at the global, EU, regional, national, 

sub-national, or sectoral level.  

In general, Europe has a high adaptation potential in socio-economic terms due to strong 

economic conditions, high GDP, stable growth, stable, well-trained population with capacity 

to migrate within the super-national organism of the EU, and well developed political, 

institutional, and technological support systems. However, adaptation is generally low for 

natural systems. Also, equity issues come about, since more marginal and less wealthy areas 

(and groups of people within an area) are less able to adapt. 

Table 1 presents a roster of adaptation options addressing water-related problems 

exacerbated by climate change. It refers particularly to increasing variability of water 

resources, i. e. increase frequency of occurrence of the state of having too little water and 

having too much water. Adaptation options for the former situation address water supply side 

or water demand side. Adaptation for the latter situation addresses options aimed at reduction 

of the load or increase of resistance. 

Table 1 – Adaptation options addressing water-related problems exacerbated by climate change 

Water-related
problem

exacerbated by 
climate change 

Adaptation options

Supply 

side – 

enhance

water

supply 

Desalination of sea water 

Conjunctive use of surface water and groundwater 

Increased storage capacity for surface water, groundwater & rain water  

Water transfer 

Removing of invasive non-native vegetation 

Too little water 
(water stress, 

drought)

Demand

side – 

reduce

water

demand 

Improving efficiency of water use (e.g., „more crop per drop” in 

irrigation; recycling water; re-use after treatment of waste water) 

Water demand management through metering, promoting water saving 

technologies

Leak reduction 

Soil moisture conservation e.g. through mulching.  

Market-based instruments, e.g. water pricing 

Re-allocation of water to high-value uses 

Awareness raising 

Reduce

load

Enhanced implementation of structural (technical) protection measures 

(dikes, relief channels, enhanced water storage) 

Watershed management “to keep water where it falls” and reduce 

surface runoff and erosion 

Too much water 
(intense

precipitation,
flooding)

Increase

resistance

Flood forecasting and warning 

Regulation through planning legislation and zoning 

Flood insurance

Relocation of population living in flood-risk areas 
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Some adaptation measures can be „no-regret” but typically they entail significant costs. 

However, estimates of costs and benefits of adaptation (in terms of damages avoided) are 

limited and rather speculative. This area constitutes a clear research need. 

Early adaptation is effective for avoiding damage, provided that projections of future climate 

change are sufficiently accurate. Delayed adaptation may lead to greater subsequent costs. 

However, rue to climate change uncertainty, water managers can no longer have confidence 

in single projections of the future. The large range for different climate model-based 

scenarios suggests that adaptive planning should be based on ensembles (cf. ENSEMBLES 

Project web page). It is difficult to evaluate the credibility of individual scenarios. 

5. Concluding remarks 

Except where land-use change occurs, it has been assumed that the natural resource base is 

constant. Traditional assumption in hydrological design is the one of stationarity: the past is 

the key to the future. Since this assumption is incorrect, there is a need to revise the current 

design procedures, but the existing climate projections for the future are loaded with high 

uncertainty. Current water management practices are very likely to be inadequate to reduce 

negative impacts of climate change on water supply reliability, flood risk, health, energy and 

aquatic ecosystems. 

Many potential current adaptations are consistent with sustainable development; that is, they 

can protect against both climate variability now and future climate change (this refers in 

particular to „no-regret” strategies – doing things that make sense anyway. It is always good 

to save energy and water). Improved incorporation of current climate variability into water-

related management would render societies better prepared to future climate change. 
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Session 5:

Climate change and the water dimension in the MS: research and policy 

The session provided key elements on: 

Threats due to climate change include sea level rising, growing risks of flooding, 

increasing winter rainfall, droughts, land subsidence, increased severity of storms, 

increased river water levels, etc. 

The Water Framework Directive (2000/60/EC) provides a framework for adaptation 

measures within RBMP cycling. The review cycle opens the way for adaptation 

strategies but this will not solve the problem in other sectors that should be involved 

(transport, tourism, agriculture, etc.) 

The integration of climate change strategy includes different socio-economic sectors 

and ecological systems. This is linked to knowledge generation and capacity-building. 

Climate change will cause a decrease in water resources of 5 to 14% by 2030, 17% by 

2060 and 20-22% by the end of the 21st century. 

The strategy is a combination of top-down (emission scenarios  vulnerability 

(physical)) and bottom-up (adaptive strategy  vulnerability (social)) approaches from 

a global to a local scale. 

A key element is the participation of all stakeholders. 

Temporal horizons vary among sectors. Education and public awareness are also key in 

planning strategies. 

There is a need for a clear framework at EU level to assist local, regional and national 

decision-making. Current financing and compensation mechanisms may prove to be 

inappropriate: long-term quality issues have to be evaluated. 

The workshop was closed by the Director-General of the Directorate-General for Research, 

Mr. José Manuel Silva Rodriguez. 
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Climate change in Europe 

Temperature in Europe has over the past century increased faster than the global average. 

Large temperature increases have been observed over the Iberian Peninsula, South-Eastern 

Europe, North-western Russia, and the Baltic states, with the largest increases in the arctic 

regions. The global average temperature is projected to increase 1.5-5.8 °C during this 

century. The European average temperature is projected to increase 2.1-4.4 °C by 2080, with 

the highest increases in Northern Europe and the Mediterranean region. In Northern Europe 

the largest warming is projected in winter, while the warming in central and Mediterranean 

Europe is projected to peak in summer. Europe has experienced over the recent decades an 

increase in heat waves, while the number of cold extremes decreased.   

The annual precipitation in Europe increased 10-40% during 20th century in Northern 

Europe while Southern Europe became up to 20% dryer. Precipitation projections for Europe 

vary between climate models and scenarios. The annual mean precipitation is projected to 

increase in Northern Europe, especially in winter, and decrease further south.

Projections for temperature and precipitation extremes are highly uncertain. In most models 

and scenarios warm periods are projected to be more intense, more frequent and longer 

lasting. The probability of extreme precipitation events is projected to increase in western 

and northern Europe, whereas many parts of the Mediterranean may experience further 

reduced rainfall and longer droughts periods. 

Water resources and climate change 

In Europe there are many different hydrological regimes. In the south, there is a large 

seasonal variation in river flow due to wet winters and long and dry summers. In North-

western Europe river flow remain reasonably constant throughout the year. In the north and 

east and in mountainous areas, much precipitation falls as snow and maximum river flow 

occurs during the snow melting period in spring.

In addition there is also a wide variety of pressures from human activities on water resources 

across Europe. The pressures are from multiple usage (e.g. fisheries, navigation, and water 

abstraction), nutrient enrichment and organic pollution from industry, agriculture and other 

sectors and alterations of the hydromorphological characteristics. A succession of floods and 

droughts in recent years has illustrated Europe's vulnerability to hydrological extremes.  

Climate change is an additional pressure and already has an impact on European water 

resources and management, and is expected increasingly to be so in future. In south-eastern 
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Europe annual rainfall and river discharge has decreased in the past few decades. Climate 

change may change the timing and magnitude of both high flows and low flows. The 

occurrence of greatest flood risk could move from spring to winter, and be enhanced by the 

expansion of impermeable surfaces due to urbanization.  

In addition to direct effects on, for example, precipitation and hydrological regimes, climate 

change also significantly influences other pressures on the quantitative and qualitative status 

of water bodies.  Temperature rise and changing precipitation patterns may lead to a 

reduction of groundwater recharge and hence groundwater level, perhaps most severely in 

southern and south Eastern Europe. At the same time, these same climate change induced 

factors increase the demand for the resource, thus adding to the pressure.

Various scenario studies indicate that water availability is projected to increase in northern 

and north-western Europe and decrease in southern and south-eastern Europe. Changes in 

water demand strongly depend on economic growth and societal development. In Western 

Europe under some scenarios, withdrawals would be decreasing due to saturation of demands 

and increasing efficiency of water use. In Eastern Europe economic growth would lead to 

increasing demands for water in both the domestic and industrial sectors. In the agricultural 

sector, irrigation water requirements would increase mainly in southern and south Eastern 

Europe.

Higher water temperatures and lower river flows in summer can lead to deterioration of water 

quality and the status of water bodies.  In contrast, increases in extreme rainfall events and 

flash flooding will increase pollution from diffuse sources (such as agriculture) and the risk 

of point source pollution from, for example, storm water overflow and emergency discharges 

from waste water treatment plants.   

EU Water Framework Directive 

Directive 2000/60/EC Establishing a Framework for Community Action in the Field of 

Water Policy (the Water Framework Directive – WFD) entered into force on 22 December 

2000. The objective of the WFD is to establish a framework for the protection of inland 

surface waters, transitional waters, coastal waters and groundwater which: (a) prevents 

further deterioration, protects and enhances the status of aquatic ecosystems and the water 

needs of terrestrial and wetland ecosystems; (b) promotes sustainable water use based on the 

long-term protection of available water resources; (c) enhances protection and improvement 

of the aquatic environment; (d) ensures the progressive reduction of pollution of 

groundwater; and (e) contributes to mitigating the effects of floods and droughts. 

A significant shift from the previous regulatory regime is that ecological status is now the 

key means by which water quality will be assessed.  The WFD provides definitions of what 

constitutes “high”, “good” and “moderate” ecological status for rivers, lakes, transitional and 

coastal.  The core concepts and definitions can be summarised as: 

the ecological status of waters is defined by the structure of the biological communities 

that would be expected to be in existence in the absence of anthropogenic impacts; 

‘good’ status permits slight changes from what would be expected given the above, 

where these are expected because of anthropogenic impacts; and 

the hydromorphological and physico-chemical parameters are consistent with the above. 
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The definitions are wide in scope because they must reflect the differences between water 

bodies and catchments in terms of, for example, their hydrology, geology, soils, flow 

rate, substrates, and the different biological communities that occur (or would be 

expected to occur in the absence of anthropogenic impacts).   

The Directive requires that Member States must achieve Good Ecological Status in water 

bodies by 2015. To achieve the objectives in Member States, the WFD puts in place the 

concept of River Basin Management Planning (RBMP), the objective of which is to permit 

the identification and control of (anthropogenic) pressures likely to be inconsistent with the 

achievement of Good Ecological Status. 

There are several requirements on what is to be contained in RBMPs: 

the characteristics of the river basin; 

environmental monitoring data; 

analysis of the impacts of human activity (point and diffuse pollution, abstractions, etc.); 

the economic usage of water; and 

a strategic plan for the achievement of good status, where this requires the identification 

of a programme of measures. 

To achieve the target of Good Ecological Status by 2015, a timetable of stepwise 

implementation is provided for in the WFD. To date, Member States should have completed 

core work including: 

Article 3 reports covering competent authorities for each district; and 

Article 5 reports covering the characteristics of the river basin districts, review of the 

environmental impact of human activity and economic analysis of water use. 

The remainder of the core parts of the implementation timetable are as follows: 

publish and consult on an interim overview of significant water management issues for 

each river basin district (Article 14 – by 22 December 2007); 

publish and consult on drafts of the river basin management plans (Article 14), establish 

programmes of measures in each river basin district in order to deliver environmental 

objectives (Article 11) ( by 22 December 2008) 

publish first river basin management plan for each river basin district, including 

environmental objectives for each body of surface or groundwater and summaries of 

programmes of measures (Article 13 - 22 December 2009); 

make operational programmes of measures in each river basin district to deliver 

environmental objectives (Article 11) (by 2010); 

interim progress reports to be prepared on progress in implementing planned programmes 

of measures (Article 15 – by 22 December 2012); 

main environmental objectives to be met (Article 4 – by 22 December 2015); 

review and update plans (by 22 December 2015 and every six years thereafter). 
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Climate Change and the Water Framework Directive 

Because climate change has important and significant implications for future water resources 

it also has significant implications for the ecological status of water bodies.  This also means 

that climate change has important implications for preventing deterioration and enhancing 

ecological status of water bodies, and all of the other core objectives set out in Article 1 of 

the WFD. Thus, while the timing of the negotiations on the WFD has meant that the term 

‘climate change’ does not appear in the WFD, there is a need to consider climate change 

within the scope of the ongoing process of implementing the Directive. 

The structure, processes, objectives and timetable of the WFD provides a number of 

opportunities to incorporate the Climate Change considerations that are not only necessary to 

the achievement of the Directive’s core objectives, but also for the future needs of society 

and the environment. Ideally, the consideration of climate change should be fully integrated 

into the work programmes that culminate in RBMPs and the making of programmes of 

measures operational in each river basin district by 2010.   

Some links to climate change considerations already exist within the WFD Common 

Implementation Strategy Guidance (CIS Guidance) documents of which there are over 20.  

For example: 

Guidance Document 3 - Pressures and Impacts provides an uncompleted list of 

anthropogenic pressures to consider, one of which is climate change listed under ‘other 

anthropogenic impacts’;  

Annex G of Guidance Document 10 - Rivers and Lakes – Typology, Reference 
Conditions and Classification Systems makes references to the need to consider expert 

input to assess the impact of climate change on water quality 

The issue of flooding is specifically addressed in the proposal for a Directive on flood risk 

management which was published in early 2006. The Directive should provide a vehicle for 

addressing increased flood risk from climate change, requiring Member States to draw up 

flood risk management plans for flood risk zones. These management plans should focus 

particularly on prevention, protection and preparedness measures. Climate change is 

recognised as one of several factors that might increase the scale and frequency of floods in 

the future. The proposed Directive requests that projected climate change should be taken 

into account in the assessment of future flood risk and of its consequences on human health, 

the environment, and the economy.  The proposed Floods Directive includes a number of 

links to the WFD to ensure close coordination in the two implementation processes, 

including common administrative units to which RBMPs apply. 

The cyclical review process within both Directives allows for a climate change adaptation 

process that can be reviewed and amended in the light of latest evidence.  

National climate change adaptation developments

Some information is available on existing national adaptation strategies and measures based 

on the EEA report on climate change vulnerability and adaptation (2005) and an initial 

analysis of EEA member countries’ responses to a questionnaire distributed in 2006, jointly 

with the forthcoming 2007 German Presidency. Several countries have undertaken or are in 

the process of implementing comprehensive, interdisciplinary, multi-sector national 
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assessments of climate change. However, few Member States have developed and adopted 

comprehensive National Adaptation Strategies.  

Existing adaptive measures are concentrated in flood defence which has enjoyed a long 

tradition of dealing with climate extremes. Many of the existing adaptive responses have 

been triggered by the substantial economic losses, and health and ecosystem impacts, from 

extreme weather events in recent years (e.g. 2002 and 2005 floods and 2003 heat waves and 

droughts). These measures are often directed at reducing vulnerability to current climate 

variability and extreme weather conditions and not addressing long-term climate change. 

Further efforts are required to improve the quality of climate scenario at scales relevant to 

adaptation, develop methods and tools to reduce and/or better represent uncertainties in 

climate assessment, and to evaluate, cost and prioritise adaptation options.

Conclusions

There is both a need and an opportunity to integrate climate change adaptation measures in 

water management into the Water Framework Directive. Because of the cross cutting effects 

of climate change, the risks posed by climate change should be considered alongside all other 

pressures and risks in order to achieve the objectives of the WFD.

The six year periodic cycle of the WFD allows for a long-term strategic adaptation process. 

However adaptation strategies have to include measures in all water related sectors, in 

particular agriculture, energy, navigation and tourism.  Furthermore inclusion of climate 

change in spatial planning is important. There is need for appropriate attention to demand 

management strategies, in addition to supply measures. 
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Session 5:

Climate change and the water dimension in the MS: research and policy 

Case study 1: The Spanish strategy:  
National adaptation Plan to Climate Change 

José Ramón Picatoste Ruggeroni, 

Head of impacts and adaptation unit in the Spanish CC Office, Ministry for Environment, Spain 

The Spanish Adaptation Plan to Climate Change is an initiative of the Spanish Ministry of 

Environment, which will provide the general reference framework for all the activities 

related to the assessments of impacts, vulnerability and adaptation to climate change. The 

main aim of this instrument is to integrate adaptation to climate change into the planning 

strategy of the different socio-economic sectors and ecological systems in Spain 

(mainstreaming). It will assist all those administrations and organizations interested – private 

and public – in evaluating the impacts of climate change in their area of interest, facilitating 

knowledge, tools and methods, and promoting participation processes focus on the definition 

of the better options for adapting to climate change. 

Spain, due to its geographical situation and socioeconomics characteristics, is very 

vulnerable to climate change. Recent researches show projections of climate change for the 

21st century in Spain, simulated by regional climate models under different emissions 

scenarios: progressive trend towards an increase in average temperatures throughout the 

century, significantly greater in summer months than in winter ones, and a generalised 

tendency towards less annual accumulated rainfall. A project promoted by the Spanish 

Climate Change Bureau, with participation of more that 400 expert, has compiled the most 

relevant predicted impacts in the different socioeconomic sectors –including water resources- 

and ecological systems (Preliminary Assessment of the Impacts in Spain due to the Effect of 
Climate Change, Ministry of Environment, 2005) 

Water is a high priority driven sector in Spain: changes in water resources (quality and 

quantity) have a great and direct effect on many other sectors, particularly on the agriculture, 

forestry, energy and tourism sectors, on biodiversity, on human health and on natural risks of 

climatic origin. 

Preliminary assessment using incremental scenarios and regional climate scenarios shows 

that climate change in Spain will cause a decrease in water yields and increased demand for 

irrigation systems. For the 2030 horizon, we can expect average decreases in hydrological 

resources in natural regime of between 5 and 14%, whereas for 2060 an average global 

reduction of hydrological resources is expected of 17% on the Peninsula. The most critical 

Spanish areas are arid and semiarid ones (aprox. 30% of the national surface), where the 

resource can decrease up to 50% at the end of the century. Along with this decrease in 

resources, an increase is expected in the interannual variability thereof. The impact will be 

noted more severely in the Guadiana, Canarias, Segura, Júcar, Guadalquivir, Sur and 

Balearic Isles river basins. 
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The Adaptation Plan to Climate Change was presented last February to the main coordinating 

bodies for Climate Change in Spain: the Commission for Coordination of Climate Change 

Policies (CCPCC), the National Climate Council (CNC) and the Sectorial Conference on the 

Environment. Subsequently, a public consultation process was opened in order to get 

comments and contributions that were mostly incorporated to the document. Then, the Plan 

was formally approved in July by CCPCC and CNC and, most recently, the Council of 

Ministers has taken knowledge of it, which constitutes a very important milestone and 

provides the necessary political support to develop and implement the Plan.

The Spanish Adaptation Plan to Climate Change has selected several main priority lines of 

work for its first programme of work, among them: 

Generation of regional climate scenarios  

The regional climate change scenarios for Spain are essential for the evaluation of impacts, 

vulnerability and adaptation to climate change. Hence, it is very important to reach enough 

scientific, technical and operative capacity, always in progress, which will allow for a 

continuous generation of climate change scenarios at a regional scale. 

Assessment of  the impact of climate change on water resources 

The objective is to develop quantitative scenarios of water resources in Spain river basins for 

the 21st century, to assess the management and capacity of the Spanish  hydrological system 

under these water resources scenarios, to assess  the climate change impacts in the water 

ecological status and to assess the  potential climate change effects on irrigation and other 

demands. 

The Spanish Adaptation Plan to Climate Change has as a key element the participation of the 

stakeholders in all the phases of the assessments. The expected outcome from the assessment 

of the impact of climate change in water resources is to consider the full range of options 

available for the adaptation to climate change, in order to integrate the most appropriated of 

them into the sector planning strategy and tools (mainstreaming in the implementation of the 

WFD).

More information in: 
http://www.mma.es/portal/secciones/cambio_climatico/areas_tematicas/impactos_cc/index.htm

http://www.mma.es/portal/secciones/cambio_climatico/areas_tematicas/impactos_cc/index.htm
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Session 5:

Climate change and the water dimension in the MS: research and policy 

Case study 2: UK adaptation strategy in the water sector: 
approach and issues 

Merylyn McKenzie Hedger
1
, Rob Wilby

2
,

1 Environment Agency for England and Wales: merylyn.hedger@environment-agency.gov.uk 
from 16th October  2006 EEA: merylyn.hedger@eea.europa.eu

2 Environment Agency for England and Wales: rob.wilby@environment-agency.gov.uk

Introduction

The UK Government (Defra) is developing an Adaptation Policy Framework (APF) in three 

phases (Defra, 2005). This strategic approach will identify key risks and opportunities across 

a number of policy areas, and co-ordinate approaches across departments and other bodies in 

the public sector (and beyond) who will need to work together.  This framework will 

integrate, particularly in the water sector, a complex picture of existing policy initiatives.  

This note describes how policies are already being revised to take account of climate change 

in two ways.  First, existing policy and strategies in are being modified in an incremental 

way, and secondly responses to extreme events generate some step changes. Both tracks 

occur within established policy and institutional frameworks, and these frame timescales, 

research used and the types of economic appraisal undertaken. Innovation, occurs 

exceptionally around major vulnerabilities and in response to extreme weather events.  

Incremental and step changes 

Climate change is gradually being factored into key sectoral areas of policy – a process of 

embedding or mainstreaming. This process began with flood risk management (sea-level 

rise) following the publication of the first IPCC Assessment in 1990. Since then climate 

change has been incorporated into more design standards in flood risk management as 

scientific understanding has grown. Flooding has assumed an increasingly high profile in 

public policy in the UK. Institutional responsibilities have been changed, investment has 

been increased in infrastructure and research, more attention is given to preventing 

development in flood plains and improved warning systems have been introduced. Latest 

scientific understanding of changes in sea level, peak rainfall intensities, river flows, offshore 

winds and waves are being translated into allowances for use in spatial planning and 

engineering design (Defra, 2006).

Climate change was included for the first time in strategic water resource planning in 2004, 

and serious attention is now being given to water quality and biodiversity strategies. Water 

resources management in the UK has been experiencing a profound transformation in recent 

years. There has been a shift in approach from the traditional small scale, site-specific and 

mailto:hedger@environment-agency.gov.uk
mailto:hedger@eea.europa.eu
mailto:wilby@environment-agency.gov.uk
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primarily hard engineering approaches to dealing with drought and pollution problems, to a 

more strategic, less engineered, holistic approach to ‘managing water resources' at catchment 

scales.  This shift reflects developments at European level within the Habitats Directive as 

well as the  Water Framework Directive (WFD, that is delivering River Basin Management 

Plans RBMPs). More specifically across England and Wales this is being delivered via the 

production of Catchment Abstraction Management Strategies (CAMS) and Catchment Flood 

Management Plans (CFMPs) by the Environment Agency. As with flood risk management, 

standard climate change ‘factors’ and guidance are being developed, in this case, to support 

the next round of water plans due in 2009 (Romanowicz et al., 2006). 

The process has proceeded in two ways: through gradual incremental change and in response 

to extreme weather events. Each strategy process has its own policy levers/ issues, time-

scales for the decision-making process, players, treatment of costs and climate change (for 

example see Figure 1 for the process within which Catchment Flood Management Plans sit). 

Dealing with the climate change dimension of floods and droughts is being embedded within 

existing policy strategies, in a piecemeal way and depending on the planning cycles of the 

various components. The incorporation of climate change is itself linked to the latest climate 

change scenarios available – as in the UK and elsewhere climate models have their own 

cycles of revision. 

Figure 1 Catchment Flood Management Plans 

This process has been interactive with research: key new results have driven policy change 

and the perceived need to tackle climate change is increasingly pushing the research 

community to produce hard facts that can be used for design standards. Key levers for change 

arise with responses and planning for extreme events on a large scale and over long 

timeframes with significant impacts on lives and property that potentially do allow for 

changes in assessment methodologies. Obviously early action to reduce impacts through 

adaptation measures will avoid damages and the need for increased expenditure at a later 

date. It is also necessary to maintain current levels of protection in a changing climate. And 



 International WORKSHOP on Climate Change Impacts on the Water Cycle, Resources and Quality 
 25 & 26 September 2006, Brussels

123 

from a societal, institutional and operational perspective we cannot suddenly start adapting to 

climate change in 30 years time. We need to be on the right adaptation technological and 

policy development path, just as we strive for the low-carbon economy path.  

The Thames Estuary 2100 Project, which is planning to upgrade the flood defences for 
London, has provided the opportunity to develop new methodologies. The project will 
produce an adaptive plan for the management of flood risk in the tidal Thames for the 
century, considering the uncertainty in planning over such a long time and specifically the 
uncertainty in climate change impacts. This project shows that with a long term, large 
problem, the full panoply of technical options can be explored: maintenance, modest defence 
improvement, flood storage land use planning and major investments.  Options planning (see 
Figures 2 and 3) has been used to identify strategic long-term decision pathways in view of 
the value of the assets and the long-life span of investments. This type of analysis shows that 
we must identify critical decision-points along a timeframe, now, to identify opportunities for 
adaptation. Short-term decisions are needed to keep long–term flexibility. 
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Decision-support tools to overcome gaps, have also emerged, notably uncertainty frameworks, 

and new approaches to regional climate modelling are under development, such as probabilistic 

approaches (Wilby & Harris, 2006) or accessible statistical tools such as the Environment 

Agency’s Rainfall and Weather Impacts Generator (EARWIG) tool (Kilsby et al., 2006). 

Probabilistic approaches can help combine uncertainties from a range of sources including 

emissions, GCMs, downscaling method, impacts model and so on (see Figure 4). 

Figure 4. Example probabilistic climate change projections for changes (%) in  

low flows (Q95) of the River Thames by the 2020s, 2050s and 2080s. 
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Issues

a. We need a clear, coherent framework for adaptation from European, though to national, 

regional and local levels.

Currently the best example of an issue for attention is the European Directive on Water Quality 

(the Water Framework Directive). This was only drafted in 2000 but did not explicitly mention 

climate change. Moreover it also indicates that major floods and droughts can be treated as 

exceptional. Nonetheless, the WFD is potentially a useful tool for climate change adaptation 

policy as it allows for economic appraisal of measures, covers water flows and quality issues, 

and sets up new systems of River Basin Management Plans, involving local partnerships. It is 

also cyclical, with 6-year iterations, so provides for revision as understanding increases and 

uncertainty reduces. The first cycle completes in 2015, when at least projected temperature 

changes could become a more significant consideration in water quality and biodiversity 

management.  

In the UK we have an active network of regional climate change adaptation partnerships 

(McKenzie Hedger et al., 2006). Often they are tackling issues at that level which could be 

resolved or resourced more effectively at a national level. Conversely, issues are also evident at 

the local level where a clear national framework would help. 

b. Costs fall unevenly across the public and private sectors affecting how incentives are 

constructed and increasing the possibility of disparities under climate change

Water is now delivered though private companies who charge for water supply and sewerage. 

But the sector is regulated and subject to other legislation such as biodiversity conservation. In 

some locations, water abstractions authorised under licences granted years ago are causing 

environmental degradation. There are some 600 sites where current licensed abstraction is 

thought to be causing problems, or has the potential to do so under current conditions (such as 

damage to fish stocks).  Dealing with these damaging abstractions will be expensive. Under the 

EU Habitats Directive we have reviewed consents. The Agency believes that up to £480 million 

in compensation could be payable to licence holders if their licences have to be revoked or 

modified. But if a climate change lens is put on some of this expenditure – such as the protection 

of salmon in rivers in southern England (Environment Agency, 2005) – these may not be 

sensible investments that yield sustainable environmental benefits.  

Elsewhere, expenditure on flood defence schemes (financed mostly by central Government and 

some local levies) has to provide compensation when habitats are affected. But overall flood risk 

management is a permissive duty not an obligation. If we withdraw protection no compensation 

is required, but if we flood land we must compensate. And, if we decide to stop pumping water 

out, we are liable. A national newspaper recently picked up that we were spending thousands of 

pounds pumping water from a (coastal marshland) area to stop it flooding, although it is now 

covered by drought orders. We are currently paying £20 million, principally to protect the habitat 

of breeding pairs of birds in a part of East Anglia. But under coastal erosion provisions, there is 

no mechanism whereby owners of homes that are falling into the sea elsewhere in East Anglia 

can be compensated. Government is under pressure to defend all areas of the coast with hard 

defences, but this is not a tenable strategy in the long term. Some difficult decisions have to be 

made. 
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Research Needs 

Most water and flood risk planning horizons end before the 2050s, the point at which climate-

driven changes in regional rainfall (and some river flows) are expected to emerge from natural 

variability. Figure 5 shows that for the UK, temperature will be a much stronger climate change 

signal for some time and that we are unlikely, in most cases, to detect climate-driven trends in 

river flows for several decades to come (Wilby, 2006).  

Figure 5. Natural climate variability remains important in the 2020s. 

This implies the need for: 

Comprehensive appraisal of water sector risks in all sectors and biomes related to rising air, 

river, ground, estuarine, and coastal water temperatures. 

Robust statistical techniques for separating climate change signals in “noisy” environmental 

data sets from natural variability. 

Frameworks for capturing key sources of uncertainty affecting regional climate change 

scenarios and impacts in the 2020s. 

Integrated tools for demonstrating economic and environmental benefits of adaptation at 

river basin scales over the next few decades and beyond. 

Data mining and modelling campaigns to test that existing water supply and flood defence 

infrastructure can cope with the full range of natural variability (especially known historic 

extremes), as the first step in climate-proofing. 

Better data collection on impacts and responses to current extreme weather events (which are 

expected to become the normal experience later in the century). 
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Session 5:

Climate change and the water dimension in the MS: research and policy 

Case study 3: Netherlands policies and initiatives
on adaptation to climate change 

Water management is climate adaptation  

Joost Buntsma,  

Ministry of Transport, Public Works and Water Management, Then Netherlands

Introduction  

Scientists are still debating exactly how things are likely to progress, but one thing is clear: the 

climate is set to change dramatically under the influence of human activity. As the Dutch 

Meteorological Office KNMI is already telling us, it is going to rain more often and more 

heavily in the future. More severe storms are already expected to become a feature of our 

weather this century. We might perhaps see a few less Elfstedentocht ice-skating marathons, but 

we can certainly expect more long, hot, dry summers like that of 2003. And also this year a long 

hot July was followed by an extremely wet month of August.  

Threatening floods along the Rhine 1995  

We have already had a taste of these extremes of wet and dry conditions. In the 1990s  

(and recently also in the Westland region) we had several episodes of major flooding that caused 

billions of euros’ worth of damage. In 1995 as many as 200,000 people had to be evacuated 

along the major rivers when dikes threatened to break. In summer 2003 the hot summer weather 

lasted so long that the land began to dry out, and the temperature of surface waters rose 

considerably. There was no longer any possibility of natural cooling, as the ground was too dry, 

a shortage of cooling water for power stations threatened to cause an energy crisis, and smaller 

and smaller vessels had to be used to transport cargo to and from Germany as water levels in the 

Rhine fell to an all-time low. This was the threat we faced from above.  
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Groninger Museum in 1998   Low discharge Rhine 2003  

National Administrative Agreement on Water

In The autumn of 2000 parts of Holland had to deal with heavy rainfall. Water was on the streets 

and in the houses. Water managers and politicians felt a sense of urgency. The National 

Administrative Agreement on Water is being put into practice and that means a new water 

management policy in the 21st century. The Spatial Policy Document is having a major impact 

on its implementation and addresses the water issues. A key planning decision entitled ‘Room 

for the Rivers’, the Maaswerken project, the Integrated Water Act and a new policy on coastal 

areas are all examples of how we are handling water differently.

The national task for provincial and local authorities and property developers is: retain water in 

the area where it falls as rain, store it if it is no longer possible to retain it and, as the final option, 

drain it away. Water impact assessment of spatial plans will ensure that authorities’ plans include 

details of how they intend to deal with the water issue, and how they will ensure the problem 

does not simply get passed on.  If developments are knowingly built in unsuitable locations, 

those who took the decisions will be held responsible.  

This agreement prescribed (concepts for) standards for the allowed frequency for water 

inconvenience (not safety). With the climate scenario’s as input the Dutch water boards 

calculated the frequency of flooding due to rainfall according the climate scenario’s. The map 

shows the results of the confrontation between the modelling results and the concept standards. 

From the green grids more than 50% of the area suffers a frequency that’s to high and 

measurements are necessary. At this moment tere are already more than 300 running projects. 

For the whole operation the water boards need an amount of 2,5 billion euros until 2015.  
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Room for the river

In the middle ages we started to build dikes to protect larger areas and thus created our polders.  

Over the years we perfected the art of dike or in your terms levee construction. Now at the 

beginning of the 21st century more than half of the Netherlands should flood without dikes.

After more than two generations without serious threats, flooding occurred in 1993 and 1995. 

This time we survived without serious damage or losses of life, but only just. We realized that 

this could not go on forever. Our government changed tack and developed a long-term view that 

allows more room for the river. The policy and the project were labelled: ‘Room for the River’  
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Joint Research Centre (on behalf of the three Directorates-General)

9:10-9:30 Overview of climate change projections in Europe 
Daniela Jacob, Max-Planck Institute, Germany 

9:30-9:50 Climate change research in the 7th Framework Programme 
Elisabeth Lipiatou, Directorate-General for Research, Environment-Climate 

Unit

9:50-10:10 Climate change and EU water policy 
Peter Gammeltoft, Directorate-General for Environment, Protection of Water 

and Marine Environment Unit 

10:10-10:30   Climate change research at the Joint Research Centre 
 Frank Raes, Directorate-General Joint Research Centre, Institute for 

Environment and Sustainability, Climate Change Unit 

10:30-10:45 Coffee break 
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10:45-13:00 Session 1:
 Climate change impacts on water cycle and water resources - floods and 

water scarcity  
 Chair: Pavel Kabat, Wageningen University, the Netherlands 

 Rapporteur: Marta Moren/Philippe Quevauviller 

10:45-11:10 A risk analysis for world freshwater availability under future climate change
 Marko Scholze, University of Bristol, United Kingdom 

11:10-11:35 Climate change and floods in Europe
 Luc Feyen, Directorate-General Joint Research Centre, Institute for 

Environment and Sustainability, Land Management and Natural Hazards Unit 

11:35-12:00 Climate change and drought: the role of critical thresholds and feedbacks
 Millán Millán, Fundación CEAM, Spain 

12:00-12:25 Climate change impacts on water resources in developing countries
 Jan Polcher, Centre National de la Recherche Scientifique, France 

12:25-13:00 Climate change impacts on global water cycle and projections for Europe
 Pavel Kabat, Wageningen University, the Netherlands 

13:00-14:00 Lunch

14:00-17:45 Session 2: 
 Climate change impacts on water quality – nutrients, organic content, toxic 

compounds, ecological status and biodiversity
 Chair: Rick Battarbee, University College of London, United Kingdom 

 Rapporteur: Peeter Noges/Anne Lyche Solheim 

14:00-14:25 Sensitivity of freshwater ecosystems for climate change impacts
 Thorsten Blenckner, Uppsala University, Sweden 

14:25-14:50 Status and requirements for climate change research in European regional 
seas

 Nicolas Hoepffner, Mark Dowell and Wolfram Schrimpf, DG JRC, Institute for 

Environment and Sustainability, Global Environment Monitoring Unit 

14:50-15:15 Impacts of climate change on cycling, accumulation and feedbacks of 
chemicals in aquatic ecosystems 

 Jordi Dachs, Consejo Superior de Investigaciones Científicas, Spain 

15:15-15:30 Coffee break 

15:30-15:55 Climate change impacts on aquatic ecosystems: critical thresholds for 
water policies 

 Carlos Duarte, Consejo Superior de Investigaciones Científicas, Spain 

15:55-16:25 Climate change & projections on water quality changes in Europe - 
Aquatic ecosystem response to climate change: past, present and future"

 Rick Battarbee, University College of London, United Kingdom 

16:25-17:45 Round table/discussion (Sessions' chairs + EC representatives + Experts)

17:45 End of first day 



 International WORKSHOP on Climate Change Impacts on the Water Cycle, Resources and Quality 
 25 & 26 September 2006, Brussels

135 

Day 2 

9:00-11:30 Session 3: 
 Economic and social implications associated with changes in the water 

cycle and resources induced by climate change  
 Chair: Daniela Jacob, Max-Planck Institute, Germany 

 Rapporteur: Luc Feyen/Anna-Stiina Heiskanen 

9:00-9:25 Impacts of climate change in Europe: the PESETA project 
 Juan Carlos Ciscar Martinez, Directorate-General Joint Research Centre, 

Institute for Prospective Technological Studies 

9:25-9:50 Water resources and climate change: impacts on agriculture in Europe
 Jørgen E. Olesen, Danish Institute of Agricultural Sciences, Denmark 

9:50-10:15 Long-term planning of flood risk management
 Jochen Schanze, Dresden Flood Research Centre, Germany 

10:15-10:40 Land use and climate change
 Michael Obersteiner, International Institute for Applied System Analysis, 

Austria

10:40-11:05 Impacts on water resources and hydropower production
 Nils Roar Sælthun, University of Oslo, Norway 

11:05-11:30 Climate change and human dimension: Health impacts of floods 
 Debarati Guha-Sapir, Université. Catholique de Louvain, Belgium  

11:30-11:45 Coffee break 

11:45-13:00 Session 4: 
 Adaptation needs of water resources management in Europe 
 Chair: Z. W. Kundzewicz 

 Rapporteur: Philippe Quevauviller/Marta Moren 

11:45-12:05 Green paper on climate change and adaptation measures
 Abigail Howells, Directorate-General for Environment 

12:05-12:25 Adaptive water management as a response to cope with implications of 
climate change 

 Jörn Möltgen, University Of Osnabrück, Germany 

12:25-13:00 Climate change impacts on water management and adaptation needs in 
Europe

 Zbigniew W. Kundzewicz, Research Centre for Agricultural and Forest 

Environment, Polish Academy of Sciences, Pozna, Poland 

13:00-14:00 Lunch
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14:00-17:30 Session 5: 
 Climate change and the water dimension in the MS: research and policy 
 Chair: Fritz Holzwarth, Water Director, Federal Ministry for the Environment, 

Nature Conservation and Nuclear Safety, Germany 

 Rapporteur: Philippe Quevauviller 

14:00-14:25 Introduction to national adaptation strategies for climate impacts on water 
resources in the EU 

 André Jol, European Environment Agency, Denmark 

14:25-14:50 Case study 1: the Spanish strategy: national adaptation plan to climate change
 José Ramón Picatoste Ruggeroni, head of the impacts and adaptation unit in the 

Spanish Climate Change Office, Ministry for Environment, Spain 

14:50-15:15 Case study 2: UK adaptation strategy in the water sector: approach and 
issues

 Merylyn McKenzie Hedger or Rob Wilby, Environment Agency, United 

Kingdom  

15:15-15:40 Case study 3: Strategy in the Netherlands
 Joost Buntsma, Ministry of Transport, Public Works and Water Management, 

General Directorate for Water, the Netherlands 

15:40-16:00 Coffee break

16:00-17:30 Final plenary:
 Report and discussions by the sessions' chairs  
 Conclusions and way forward by: 
 José Manuel Silva Rodríguez, Director-General, Directorate-General for 

Research (on behalf of the three Directorates-General) 

17:45 End of the workshop
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tel. :00 44 20 7679 0582 tel. :34 91 745 2500 - fax: 34 91 564 0800
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Giovanni BIDOGLIO Hester BIEMANS 

I.E.S. - Rural,  Water & Ecosystem Resources Wageningen University and Research Centre
Unit
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Plesmanweg 1-6 Devonshire Building
NL - 2597 JG Den Haag UK - Newcastle Upon Tyne NE1 7RU
tel. :+31-70-351-8067 - fax: +31-70-351-9078 tel. :+44 (0)1912 464879 - fax: +44 (0)1912 464961 
e-mail: joost.buntsma@minvenw.nl e-mail: i.r.calder@ncl.ac.uk

Ana Cristina CARDOSO Sylvain CHEVASSUS 

EC Joint Research Centre Council of European Municipalities and Regions
Via Fermi CCRE
I - 21020 Ispra Rue d'Arlon, 22
tel. :0332 785702 - fax: 0332 789352 B - 1050 Bruxelles
e-mail: ana-cristina.cardoso@jrc.it tel. :+32-2-500 0535 

   e-mail: sylvain.chevassus@ccre-cemr.org

Ole B CHRISTENSEN Øyvind CHRISTOPHERSEN 

Danish Meteorological Institute Norwegian Pollution Control Authority
Lyngbyvej PO Box 8100 Dep, NO-0032 Oslo, Norway
DK - 2100 Copenhagen N - NO-0032 Oslo
tel. :+4539157426 - fax: +4539157460 tel. :+4722573724 - fax: +47 22 67 67 06
e-mail: obc@dmi.dk e-mail: chr@sft.no

Guglielmo CIONI Juan Carlos CISCAR MARTINEZ 

Head of Eur. Union Task Force - Italian Min. European Commission, DG JRC, IPTS
for Env., Territory and Sea Expo 275
Place de la Liberté 12 E -  Sevilla
B - 1000 Bruxelles tel. :+34 954488270 - fax: 
tel. :+32 2 22345623 - fax: +32 2 2308812 e-mail: juan-carlos.ciscar@ec.europa.eu
e-mail: cioni.guglielmo@minambiente.it

mailto:braettemark@ec.europa.eu
mailto:boufaroua@topnet.tn
mailto:buiteveld@riza.rws.minvenw.nl
mailto:mbrilly@fgg.uni-lj.si
mailto:buntsma@minvenw.nl
mailto:calder@ncl.ac.uk
mailto:cardoso@jrc.it
mailto:chevassus@ccre-cemr.org
mailto:obc@dmi.dk
mailto:chr@sft.no
mailto:ciscar@ec.europa.eu
mailto:guglielmo@minambiente.it


 International WORKSHOP on Climate Change Impacts on the Water Cycle, Resources and Quality 
25 & 26 September 2006, Brussels 

141 

Fadi COMAIR Stéphanie CROGUENNEC 

Ministry of Energy and Water, Libanon Ministry of Ecology & Sustainable Development
General Direct. of Hydraulic &  Electric 20 avenue de Ségur 
Resources 75302 Paris 07 SP France
RL -  Beirut F - 75302 Paris SP 07
tel. :+ 961-1-565013 - fax: + 961-1-576666 tel. :00 33 1 42 19 25 05 
e-mail: gdmhez@inco.com.lb e-mail: stephanie.croguennec@ecologie.gouv.fr

Jordi DACHS Rutger DANKERS 

CSIC EC DG Joint Research Centre
Jordi Girona 18-26 Institute for Environment and Sustainability
E - 08034 Barcelona I - I-21020 Ispra (VA)
tel. :34-93-4006118 tel. :++39-0332-786361 
e-mail: jdmqam@cid.csic.es e-mail: rutger.dankers@jrc.it   

Frederic DE HEMPTINNE Ad DE ROO 

Eureau secretariat IES - Land Management and Natural Hazards 
Rue Colonel Bourg 127 Unit
B - 1140 Brussels JRC - Via Enrico Fermi
tel. :+32-2-706-40-80 - fax: +32-2-706.40.81 I - 21020 ISPRA
e-mail: f.dehemptinne@eureau.org tel. :+39-0332-786240 - fax: +39-0332-785500

   e-mail: ad.de-roo@jrc.it

Marc DE ROOY Sylvie DETOC 

RIZA European Commission DGENV
P.O. Box 17 BU9- 03/136
NL - 8200 AA Lelystad B - 1049 Brussels
tel. :+31 320 298 431 - fax: +31 320 298 932 tel. :+ 32 2 29 51176
e-mail: M.dRooy@riza.rws.minvenw.nl e-mail: sylvie.detoc@ec.europa.eu

Blazo DJUROVIC Carlos M. DUARTE 

Institute for Water of the RS CSIC
Hajdrihova ul. 28c IMEDEA, Miquel Marqués 21
SLO - 1000 Ljubljana E - 07190 Esporles
tel. :+ 386 1 47 75 363 - fax: + 386 1 42 64 162 tel. :+34 971611725 - fax: +34 971611761
e-mail: blazo.djurovic@izvrs.si e-mail: carlosduarte@imedea.uib.es

Thomas DWORAK Neil EDWARDS 

Ecologic RWE npower
Pfalzburgertstr 43-44 Windmill Hill Business Park 
D - 10717 Berlin Whitehill Way
tel. :+49 30 86880123 - fax: :+49 30 86880100 UK – Swindon SN5 6PB
e-mail: dworak@ecologic.de tel. :+44 (0) 1793 896232 - fax: +44 (0) 1793896391

   e-mail: neil.edwards@rwenpower.com

mailto:gdmhez@inco.com.lb
mailto:croguennec@ecologie.gouv.fr
mailto:jdmqam@cid.csic.es
mailto:dankers@jrc.it
mailto:dehemptinne@eureau.org
mailto:roo@jrc.it
mailto:dRooy@riza.rws.minvenw.nl
mailto:detoc@ec.europa.eu
mailto:djurovic@izvrs.si
mailto:carlosduarte@imedea.uib.es
mailto:dworak@ecologic.de
mailto:edwards@rwenpower.com


 International WORKSHOP on Climate Change Impacts on the Water Cycle, Resources and Quality 
25 & 26 September 2006, Brussels 

142 

Marcel ENDEJAN Werner EUGSTER 

Global Water System Project ETH Zürich
International Project Office ETH Center LFW C55.2
Walter-Flex-Str. CH - 8092 Zürich
D - 53113 Bonn tel. :044 632 6847 - fax: 044 632 1153
tel. :+49-228-736189 - fax: +49-228-7360834 e-mail: werner.eugster@ipw.agrl.ethz.ch
e-mail: marcel.endejan@uni-bonn.de

Luc FEYEN Martin FORSIUS 

European Commission Finnish Environment Institute (SYKE)
DG Joint Research Centre Research Programme for Global Change
IES P.O. Box 140
I - 21020 Ispra FIN - 00251 HELSINKI
tel. :0039-0332-789258 tel. :+358 204902308 - fax: +358 9 40300490
e-mail: luc.feyen@jrc.it e-mail: martin.forsius@ymparisto.fi

Helen K. FRENCH Jochen FROEBRICH 

Norwegian Institute for Agricultural and Water Resources Management
Environmental Research Leibnitz University
Bioforsk, Soil and Environment Division D -  30167 Hannover
Frederik A. Dalhs Vei 20 tel. : - fax: 
NO - 1432 Ås e-mail: jofr@fggm.uni-hannover.de
tel. :+47 64948103 - fax: +47 64948110
e-mail: helen.french@bioforsk.no

Peter GAMMELTOFT Emanuel GLOOR 

E.C. - Directorate-General for Environment, School of Geography,
Protection of Water and Marine Environment University of Leeds
Unit UK – Leeds LS2 9JT, West Yorkshire
BU 9 03/146 tel. :+44 (0)1133 433305 - fax: +44 (0)1133 433308 
B -  Brussels
tel. :+32 2 2968695 - fax: +32 2 2969554 e-mail: e.gloor@leeds.ac.uk
e-mail: Peter.gammeltoft@ec.europa.eu

Clare GOODESS Joan GRIMALT 

Climatic Research Unit CSIC
School of Environmental Sciences Institute of Chemical and Environmental 
University of East Anglia Research
UK - NR4 7TJ Norwich E - 08034 Barcelona
tel. : +44 1603 592875  tel. : +34 934006100 - fax: + 34 932045904
e-mail: c.goodess@uea.ac.uk e-mail: jgoqam@iiqab.csic.es

Debarati GUHA-SAPIR Peter HALE 

WHO Collaborating Centre for Research on CEN/TC 230/WG 2
Epidemology of Disasters (CRED) Environment and Heritage Service
3094 Clos Chapelle aux Champs 17 Antrim Road, 
B - 1200 BRUSSELS UK - BT66 7SQ Lisburn
tel. :+32 2 764 3327 - fax: +32 2 764 3441 tel. :+442892623089 - fax: +442892676054
e-mail: sapir@epid.ucl.ac.be e-mail: peter.hale@doeni.gov.uk

mailto:eugster@ipw.agrl.ethz.ch
mailto:endejan@uni-bonn.de
mailto:feyen@jrc.it
mailto:forsius@ymparisto.fi
mailto:jofr@fggm.uni-hannover.de
mailto:french@bioforsk.no
mailto:gloor@leeds.ac.uk
mailto:gammeltoft@ec.europa.eu
mailto:goodess@uea.ac.uk
mailto:jgoqam@iiqab.csic.es
mailto:sapir@epid.ucl.ac.be
mailto:hale@doeni.gov.uk


 International WORKSHOP on Climate Change Impacts on the Water Cycle, Resources and Quality 
25 & 26 September 2006, Brussels 

143 

Tomas HALENKA Richard HARDING 

Charles University, Prague Head, Global Processes Section, CEH 
Dept.of Meteorology and Environment Wallingford
Protection, Maclean Building
CZ - 180 00 Prague UK – Wallingford OX10 8BB
tel. :+420 2 2191 2514 - fax: +420 2 2191 2533 tel. :+44 1491 838800 - fax: +44 1491 692424
e-mail: tomas.halenka@mff.cuni.cz e-mail: rjh@ceh.ac.uk

Clive HARWARD Fred HATTERMANN 

Anglian Water, Henderson House Potsdam Institute for Climate Impact Research
Lancaster Way Telegrafenberg A51
UK -Huntingdon PE29 6XQ, Cambridgeshire D 14473 Potsdam
tel. :+44 1480 323291 - fax: tel. :+49 331-288-2649 - fax:+49 331-288-2695
e-mail: charward@anglianwater.co.uk e-mail: hattermann@pik-potsdam.de

Anna-Stiina HEISKANEN Hege HISDAL 

EC Joint Research Centre Norwegian Water Resources and Energy 
Institute for Environment and Sustainability Directorate
TP 2 Middelthunsgate 29
I - 21020 Ispra P.O. Box 5091, Majorstua
tel. :+39-0332-785969 - fax: +39-0332-789352 N - 0301 Oslo Oslo
e-mail: anna-stiina.heiskanen@jrc.it tel. :+47 22 95 91 33 - fax: +47 22 95 92 16

   e-mail: hhi@nve.no

Nicolas HOEPFFNER Fritz HOLZWARTH 

I.E.S. - Global Environmental Monitoring Unit Water Director, Federal Ministry for the Env., 
JRC - Via E. Fermi Nature Conservation and Nuclear Safety
I - 21020 ISPRA (VA) P.O. Box 12 06 29
tel. :+39. 332-789873 - fax: +39. 332-789034 D - 53048 BONN
e-mail: nicolas.hoepffner@jrc.it tel. :+49 1888 3053 405 - fax: +49 1888 3052 396

e-mail: fritz.holzwarth@bmu.bund.de

Abigail HOWELLS Hans-Joerg ISEMER 

European Commission, D.G. ENV. C.1 GKSS Research Centre
BU-5 02/053 Max-Plank-Strasse 1
B -  BRUXELLES D - 21502 Geesthacht
tel. :+32-2-2958323 - fax: tel. :+49 4152 87 1661 - fax: 
e-mail: abigail.howells@ec.europa.eu e-mail: isemer@gkss.de

Daniela JACOB Alan JENKINS 

Max Planck Institute for Meteorology Centre for Ecology and Hydrology
Bundesstr. Maclean Building
D - 20146 Hamburg Crowmarsh Gifford
tel. :0049 40 41173-422 - fax: 0049 40 41173-430 UK - OX10 8BB Wallingford
e-mail: elke.lord@zmaw.de tel. :+44 1491 692232 - fax: +44 1491 692528

   e-mail: S.Beresford@ceh.ac.uk

Andre JOL Pavel KABAT 

European Environment Agency Climate Change and Biosphere Centre
Kongens Nytorv 6 Postbus 47
DK - 1050 Copenhagen K NL - 6700 AA Wageningen
tel. :33367138 - fax: 33367155  tel. :+31 317 474713 - fax: +31 317 419000
e-mail: andre.jol@eea.eu.int e-mail: pavel.kabat@wur.nl

mailto:halenka@mff.cuni.cz
mailto:rjh@ceh.ac.uk
mailto:charward@anglianwater.co.uk
mailto:hattermann@pik-potsdam.de
mailto:heiskanen@jrc.it
mailto:hhi@nve.no
mailto:hoepffner@jrc.it
mailto:holzwarth@bmu.bund.de
mailto:howells@ec.europa.eu
mailto:isemer@gkss.de
mailto:lord@zmaw.de
mailto:Beresford@ceh.ac.uk
mailto:jol@eea.eu.int
mailto:kabat@wur.nl


 International WORKSHOP on Climate Change Impacts on the Water Cycle, Resources and Quality 
25 & 26 September 2006, Brussels 

144 

Susanne KADNER Abdul-Latif Mohammed KHALID 

Potsdam Institute for Climate Impact Research Palestinian Hydrology Group
Telegrafenberg A51 Coordinator, Hydrology Research Unit
D - 14473 Potsdam PLS -
tel. :+49 (0)331 2882417 - fax: +49 (0)331 2882695 tel. :+ 92332446 - fax: + 92374057
e-mail: kadner@pik-potsdam.de  e-mail: phglatif@yahoo.com

Essam KHALIFA Hagen KOCH 

Dir. For Research & Special Studies, BTU Cottbus
Minister's Office, Min. of Water Resources and Brandenburg University of Technology 
 Irrigation Cottbus
Cornish El-Nil, Imbada P.O.
ET - 12666 GIZA D - 03013 Cottbus
tel. :+202 5449420 - fax: +202 5449470/10 tel. :0049-355-692242 - fax: 
e-mail: essam@mwri.gov.eg e-mail: Hagen.Koch@tu-cottbus.de

Valentina KRYSANOVA Zbigniew KUNDZEWICZ 

Potsdam Institute for Climate Impact Research Research Centre of Agricultural & Forest 
PO Box 601203 Environment
Telegrafenberg Bukowska 19
D - 14412 Potsdam PL - 60-809 POZNAN
tel. :49-331-2882515 - fax: 49-331-2882695 tel. :+48 61 8475601 - fax: +48 61 8473668
e-mail: krysanova@pik-potsdam.de e-mail: zkundze@man.poznan.pl

Esko KUUSISTO Anna LEIPPRAND 

Finnish Environment Institute, Hydrological Ecologic – Institute for International  and
Services Division, Expert Services Department European Environmental Policy 
Mechelininkatu 34a Pfalzburger Straße 43/44
FIN - 00251 Helsinki D - 10717 Berlin
tel. :+358 9 4030 0566 - fax: +358 9 4030 0590 tel. :+49-30-86880-149 - fax: +49-30-86880-100 
e-mail: esko.kuusisto@ymparisato.fi e-mail: leipprand@ecologic.de

Elisabeth LIPIATOU Maria-Carmen LLASAT 

Head of Environment-Climate Unit University of Barcelona
DG RTD, European Commission, CDMA 03/186 Department of Astronomy and Meteorology. 
Rue Champs de Mars 21 Faculty of 
B 1049 -  BRUXELLES E - 08028 Barcelona
tel. :+32-2-2966286 - fax: +32-2-2995755 tel. :+34 93 4021124 - fax: +34 93 4021133
e-mail: elisabeth.lipiatou@ec.europa.eu e-mail: carmell@am.ub.es

Anne LYCHE SOLHEIM             Frédérique MARTINI 

E.C. Joint Research Centre Ministry of Ecology & Sustainable Development
TP.290 20 avenue de Ségur
Via E. Fermi F - 75302 Paris SP 07
I - 21020 Ispra tel. :+33 1 42 19 13 04 - fax: +33 1 42 19 13 34
tel. :0332 786646 - fax: 0332 789352 e-mail: frederique.martini@ecologie.gouv.fr
e-mail: anne.solheim@jrc.it

mailto:kadner@pik-potsdam.de
mailto:phglatif@yahoo.com
mailto:essam@mwri.gov.eg
mailto:Koch@tu-cottbus.de
mailto:krysanova@pik-potsdam.de
mailto:zkundze@man.poznan.pl
mailto:kuusisto@ymparisato.fi
mailto:leipprand@ecologic.de
mailto:lipiatou@ec.europa.eu
mailto:carmell@am.ub.es
mailto:martini@ecologie.gouv.fr
mailto:solheim@jrc.it


 International WORKSHOP on Climate Change Impacts on the Water Cycle, Resources and Quality 
25 & 26 September 2006, Brussels 

145 

Andreas MARX  Joerg MATSCHULLAT 

Karlsruhe Research Center, IMK-IFU TU Bergakademie Freiberg
Kreuzeckbahnstr. 19 Interdisciplinary Environmental Research Centre
D - 82467 Garmisch-Partenkirchen B
tel. :+49 8821 183214 - fax: +49 8821 183243 D - D-09599 Freiberg
e-mail: andreas.marx@imk.fzk.de tel. :+49-(0)3731-392297 - fax: ++49-(0)3731-394060

e-mail: matschullat@ioez.tu-freiberg.de

Merylyn MC KENZIE HEDGER Rodica Paula MIC 

Climate Change Policy Manager National Institute of Hydrology and Water 
Environment Agency  Management
Rio House,Waterside Drive, Aztec West, Sos. Bucuresti-Ploiesti
Almondsbury RO - 013686 Bucharest
UK - BS32 4UD BRISTOL tel. :+40-21 318 11 15 - fax: +40-21 318 11 16
tel. :+44(0)1454624093 - fax: + 44(0)1454205566 e-mail: rodica.mic@hidro.ro
e-mail: merylyn.hedger@environment-
agency.gov.uk

Emmanuelle MIKOSZ Millán MILLAN 

ELO Fundación CEAM
rue de Treves Parque Tecnológico  
B - 1040 Bruxelles C/ Charles R. Darwin, 14
tel. :+32 2 234 30 00 - fax: +32 2 234 30 09 E - 46980 Paterna, Valencia
e-mail: enlargement@elo.org tel. :+34961318227 - fax: +34 961318190

   e-mail: millan@ceam.es

Jörn MÖLTGEN Marta MOREN-ABAT 

Institute of Env. Systems Research, University E.C., DG Research, Directorate Environment
 of Osnabrueck Rue Champs de Mars 21
Barbarastr. 12 B - 1049 Bruxelles
D - 49069 Osnabrück tel. : +32 2 296 6227 - fax: +32 2 299 5755
tel. :+49 541 969 23 71 - fax: +49 541 969 23 68 email: Marta.Moren-Abat@ec.europa.eu
e-mail: moeltgen@usf.uni-osnabrueck.de

Gilles NEVEU Kurt NIELSEN 

Office International de l'Eau National Environmental Research Institute
rue de Madrid Vejlsøvej 25, P.O. Box 314
F - 75008 Paris DK - 8600 Silkeborg
tel. :+33 680 68 38 81 - fax: tel. :+45 89 20 14 00 - fax: +45 89 20 14 14
e-mail: g.neveu@oieau.fr e-mail: kni@dmu.dk

 Ingrid Marie NISSEN Peeter NOGES 

Norwegian Pollution control Authoruty E.C. Jonit Research Centre, IES
Strømsveien 96 TP-290
N - 0032 Oslo I - 21020 Ispra (VA)
tel. :+4722573400 - fax: +47676706 tel. :+39 0332785071 - fax: +39 0332789352
e-mail: ingrid.nissen@sft.no e-mail: peeter.noges@jrc.it

Tiina NOGES Oldrich NOVICKY 

Estonian University of Life Sciences T.G.Masaryk Water Research Institute
Kreutzwaldi 64 Podbabska
EST - 51014 Tartu CZ - 160 62 Prague
tel. :+3725297148 - fax: tel. :+420 220 197 234 - fax: +420 220 197 216
e-mail: tiina.noges@emu.ee e-mail: oldrich_novicky@vuv.cz

mailto:marx@imk.fzk.de
mailto:matschullat@ioez.tu-freiberg.de
mailto:mic@hidro.ro
mailto:hedger@environment-agency.145
mailto:hedger@environment-agency.145
mailto:hedger@environment-agency.145
mailto:enlargement@elo.org
mailto:millan@ceam.es
mailto:Abat@ec.europa.eu
mailto:moeltgen@usf.uni-osnabrueck.de
mailto:neveu@oieau.fr
mailto:kni@dmu.dk
mailto:nissen@sft.no
mailto:noges@jrc.it
mailto:noges@emu.ee
mailto:novicky@vuv.cz


 International WORKSHOP on Climate Change Impacts on the Water Cycle, Resources and Quality 
25 & 26 September 2006, Brussels 

146 

Sys NYMAND Michael OBERSTEINER 

European Env. Agency Environ. Assessment IIASA
(EAS) Water & Agriculture Schlossplatz
Kongens Nytorv 6 A - 2361 Laxenburg
DK - 1050 KØBENHAVN K tel. :+43-2236-807-460 - fax: +43-2236-807-599
tel. :+45 3336 7246 - fax: +45 3336 7151 e-mail: oberstei@iiasa.ac.at
e-mail: sys.nymand@eea.europa.eu

Jørgen E. OLESEN Anna OSANN JOCHUM 

Danish Institute of Agricultural Sciences ALFAclima and Universitad de Castilla - La 
Dept. of Agroecology Mancha
Research Centre Foulum Avenida de Espana, 9
P.O. E - 02002 ALBACETE
DK - 8830 Tjele tel. :+34 967504657 - fax: 
tel. :+45 89991659 - fax: +45 89991619 e-mail: ajochum@terra.es
e-mail: JorgenE.Olesen@agrsci.dk

Laurent PFISTER  Jose Ramon PICATOSTE  

CRP-Gabriel Lippmann Spanish Climate Change Bureau
41, rue du Brill Ministerio de Medio Ambiente
L - 4422 Belvaux Plaza San Juan de la
tel. :00352 47 02 61 460 - fax: 00352 47 02 64 E - 28043 Madrid
e-mail: pfister@lippmann.lu tel. :+34 91 597 64 96 - fax: +34 91 597 59 82

   e-mail: JRPicatoste@mma.es

Jan POLCHER Robert PORTIELJE 

CNRS/IPSL/LMD RIZA
4 place Jussieu P.O. BOx 17
Tour 45, 3eme étage, case 99 8200 AA Lelystad
F - 75252 Paris NL - 8200 AA Lelystad
tel. :+33 6 74 03 40 60 - fax: +33 1 44276272 tel. :+31 320 298519 - fax: 
e-mail: jan.polcher@lmd.jussieu.fr e-mail: r.portielje@riza.rws.minvenw.nl

Esther POZO VERA Colin PRICE 

Milieu ltd Dept. of Geophysics and Planetary Science, 
Rue des pierres TEL AVIV University
B - 1000 Brussels ISR - 69978 RAMAT AVIV
tel. :+32 2 514 3601 - fax: +32 2 514 3603 tel. :+972 3 6406029 - fax: + 972 3 6409282
e-mail: e.pozo@milieu.be e-mail: cprice@flash.tau.ac.il

Neringa PUMPUTYTE Philippe QUEVAUVILLER 

Freshwater Policy Officer, WWF European European Commission
Policy Office DG Environment (BU9 3/142), 
36, Av. De Tervuren Rue de la Loi 200
B - 1040 BRUSSELS B - 1049 Brussels
tel. :+32 2 743 8814 - fax: +32 2 743 8819 tel. : +32 2 296 3351 - fax: +32 2 296 8825
e-mail: water@wwfepo.org e-mail: philippe.quevauviller@ec.europa.eu

Frank RAES 

I.E.S. - Climate Change Unit
JRC - Via Enrico Fermi    
I - 21020 ISPRA    
tel. :+39-0332-789958 - fax: +39-0332-785704
e-mail: frank.raes@jrc.it    

mailto:oberstei@iiasa.ac.at
mailto:nymand@eea.europa.eu
mailto:ajochum@terra.es
mailto:Olesen@agrsci.dk
mailto:pfister@lippmann.lu
mailto:JRPicatoste@mma.es
mailto:polcher@lmd.jussieu.fr
mailto:portielje@riza.rws.minvenw.nl
mailto:pozo@milieu.be
mailto:cprice@flash.tau.ac.il
mailto:water@wwfepo.org
mailto:quevauviller@ec.europa.eu
mailto:raes@jrc.it


 International WORKSHOP on Climate Change Impacts on the Water Cycle, Resources and Quality 
25 & 26 September 2006, Brussels 

147 

Santiago RIERA  Ernesto RODRIGUEZ 

University of Barcelona INM
department of Prehistory Leonardo Prieto Castro 8
Faculty of History and G E - 28040 Madrid
E - 08028 Barcelona tel. :+34 91 5891869 - fax: +34 91 5819767
tel. : +34 93 3333466 e-mail: e.rodriguez@inm.es
e-mail: rieram@ub.edu

Artur RUNGE-METZER NEIL RUNNALLS  

European Commission - D.G. ENV. C.2. Centre for Ecology & Hydrology
BU-5 02/137 Maclean Building
B -  BRUXELLES UK - Wallingford, Oxfordshire, OX10 8BB
tel. :+32-2-295 8698 tel. :+44 1494 838800 - fax: +44 1491 692424
e-mail: artur.runge-metzger@ec.europa.eu e-mail: nrr@ceh.ac.uk

Nils Roar SÆLTHUN Paul SAMUELS 

University of Oslo HR Wallingford
Department of geosciences Howbery Park
Sem Sælands v 1 UK - Wallingford, Oxfordshire, OX10 8BA
N - 0316 Oslo tel. :+44 1491 822377 - fax: +44 1491 825916
tel. :+47 228 56767 e-mail: p.samuels@hrwallingford.co.uk
e-mail: n.r.salthun@geo.uio.no

Sebastiano SANNA Bruno SCHAEDLER 

REGIONE AUTONOMA FRIULI VENEZIA Federal Office for the Environment
GIULIA P.O. Box
VIA COTONIFICIO CH - 3003 Bern
I - 33100 UDINE tel. :+41 31 324 76 66 - fax: +41 31 324 76 81
tel. :+39 0432 555685 - fax: +39 0432 555757 e-mail: bruno.schaedler@bafu.admin.ch
e-mail: sebastiano.sanna@regione.fvg.it

Jochen SCHANZE  Roland SCHENKEL  

Leibniz-Institut of Ecological and Regional E.C. -  Director-General , Directorate-General  
Development (IOER), Joint Research Centre
Weberplatz SDME 10/034
D - 01217 Dresden B -  BRUXELLES
tel. :+49 351 4679-228 - fax: +49 351 4679-212 tel. :+32-2-2999840 - fax: 
e-mail: J.Schanze@ioer.de  e-mail: roland.schenkel@ec.europa.eu

Marko SCHOLZE Franca SCHWARZ 

QUEST, University of Bristol BMU (Federal Ministry for Env., Nature Cons. 
Wills Memorial Building & Nuclear Safety)
Queen's Road Robert-Schuman-Platz 3
UK - BS8 1RJ Bristol D - 53175 BONN
tel. :+44 117  33 15132 - fax: +44 117 9253385 tel. :+49 228 305 2517 - fax: +49 1888 10 305 2517
e-mail: marko.scholze@bristol.ac.uk e-mail: franca.schwarz@bmu.bund.de

Sonia SENEVIRATNE José Manuel SILVA RODRÍGUEZ 

ETH Zurich E.C. - Director-General, Directorate-General 
Institute for Atmospheric and Climate Science for Research
CH - 8092 Zurich SDME 02/104
tel. :41-44-632 8076 - fax: 41-44-632 1311 B -  Bruxelles
e-mail: sonia.seneviratne@env.ethz.ch tel. :+32-2-2951910 

   e-mail: jose-manuel.silva-rodriguez@ec.europa.eu

mailto:rodriguez@inm.es
mailto:rieram@ub.edu
mailto:metzger@ec.europa.eu
mailto:nrr@ceh.ac.uk
mailto:samuels@hrwallingford.co.uk
mailto:salthun@geo.uio.no
mailto:schaedler@bafu.admin.ch
mailto:sanna@regione.fvg.it
mailto:Schanze@ioer.de
mailto:schenkel@ec.europa.eu
mailto:scholze@bristol.ac.uk
mailto:schwarz@bmu.bund.de
mailto:seneviratne@env.ethz.ch
mailto:rodriguez@ec.europa.eu


 International WORKSHOP on Climate Change Impacts on the Water Cycle, Resources and Quality 
25 & 26 September 2006, Brussels 

148 

Thomas STRATENWERTH Gaetane SUZENET 

BMU (Federal Ministry for the Env., Nature  Water UK
Cons. & Nuclear Safety) Rue Colonel Bourg 127
Robert-Schumann-Platz 3 B - 1140 Brussels
D - 53048 BONN tel. :32 2 706 40 96 - fax: 32 2 706 40 81
tel. :+49 1888 305 2790 - fax: +49 1888 305 3334 e-mail: gsuzenet@water.org.uk
e-mail: thomas.stratenwerth@bmu.bund.de

Zecharya TAGAR  Lena M. TALLAKSEN 

Friends of the Earth Middle East Dep. of Geosciences, Univ. of Oslo
   P.O.Box 1047, Blindern

 - N - 0316 Oslo
tel. :+972 3 5605383 - fax: +972 3 5604693 tel. :+47 22857214 - fax: +47 22854215
e-mail: zach@foeme.org e-mail: lena.tallaksen@geo.uio.no

Jean Philippe TORTEROTOT  Merete Johannessen ULSTEIN 

Cemagref NIVA
Parc de Tourvoie Norwegian Institute for Water Research
BP44 Post box 1
F - 92163 Antony N - 0114 Oslo
tel. :+33 1 40 96 61 69 - fax: +33 1 40 96 61 34 tel. :+47 22185100 - fax: 22 22185200
e-mail: jean-philippe.torterotot@cemagref.fr e-mail: merete.ulstein@niva.no

Lieve VAN CAMP Henny VAN LANEN 

Team Co-ordinator - Implementation Wageningen University
European Commission, DG ENV Hydrology and Quantitative Water 
Unit D2 Water and Marine, BU-9 3/173 ManagementGroup
B - 1049 Bruxelles NL - 6709 PA Wageningen
tel. :+32 2 2961863 - fax: +32 2 2968825 tel. :+31 317 48 2418 - fax: +31 317 48 4885
e-mail: lieve.van-camp@cec.eu.int e-mail: henny.vanlanen@wur.nl

Marieke VAN NOOD Guy VASSEUR 

european commission CNRS
Avenue de Beaulieu 3 rue Michel Ange
B - 1140 Brussels F - 75016 Paris
tel. :0031641292132 - fax: tel. :33144964391 - fax: 33144965350
e-mail: marieke.van-nood@ec.europa.eu e-mail: guy.vasseur@cnrs-dir.fr

Hans VON STORCH Steven WADE 

GKSS Research Center HR Wallingford
Institute for Coastal Research Howbery Park, Benson Lane, Crowmarsh
Max Planck Str. 1  UK - Wallingford, Oxfordshire OX10 8BA 
D - 21502 Geesthacht tel. : +44 1491 822214 - fax: +44 1491 825916
tel. :+49-4152-87 1831 - fax: +49-4152-87 4 1831  e-mail: sdw@hrwallingford.co.uk
e-mail: storch@gkss.de

Richard WRIGHT Yoav YAIR 

Norwegian Institute for Water Research The Open University of Israel
Box 173 Ravutski Street
N - 0411 Oslo ISR - 43107 Raanana
tel. :+47 22185204 tel. :+972-9-7781341 - fax: +972-9-7780626
e-mail: richard.wright@niva.no  e-mail: yoavyair@yahoo.com

mailto:gsuzenet@water.org.uk
mailto:stratenwerth@bmu.bund.de
mailto:zach@foeme.org
mailto:tallaksen@geo.uio.no
mailto:torterotot@cemagref.fr
mailto:ulstein@niva.no
mailto:camp@cec.eu.int
mailto:vanlanen@wur.nl
mailto:nood@ec.europa.eu
mailto:vasseur@cnrs-dir.fr
mailto:sdw@hrwallingford.co.uk
mailto:storch@gkss.de
mailto:wright@niva.no
mailto:yoavyair@yahoo.com


149 

CLIMATE CHANGE AND NATURAL HAZARDS SERIES

N° Title EUR

1 EUROPEAN RESEARCH ON CLIMATE CHANGE  

Catalogue of 6th Framework Programme Projects - Volume 1 

21935

2 EUROPEAN RESEARCH ON NATURAL HAZARDS 

Catalogue of selected 5th Framework Programme and 6th Framework Programme 

Projects - Volume 1 

21936

3 EUROPEAN RESEARCH ON FLOOD RISK MANAGEMENT - A 

contribution to the concerns generated by the summer 2005 floods in Europe - 

Proceedings of a Workshop on 10 October 2005 in Brussels 

22024

4 EUROPEAN RESEARCH ON CLIMATE CHANGE 

Catalogue of 5th Framework Programme and 6th Framework Programme projects 

on Carbon Cycle and GreenHouse Gases 

22063

5 Scientific report on the International Symposium on Climate Change Research 

Challenges, Brussels, 2-3 February 2006 

22042

6 European research on POLAR ENVIRONMENT AND CLIMATE 

Results and information from FP-5 and FP-6 projects 

22415

7 EUROPEAN RESEARCH ON CLIMATE CHANGE 

Catalogue of 6th Framework Programme Projects – Volume 2 

22421

8 Scientific report on the International Workshop on Climate Change Impacts on 

the Water Cycle, Resources and Quality, Brussels, 25-26 September 2006 

22422

9 Proceedings of the International Conference on Transport, Atmosphere and 

Climate (TAC), Oxford, UK, 26-29 June 2006 

22428

10 Proceedings of the International Workshop on Arctic Sea Ice Thickness: Past, 

Present and Future, Rungstedgaard, Denmark, 8-9 November 2005 

22416





European Commission

EUR 22422 —International Workshop on Climate Change Impacts on the Water Cycle,
Resources and Quality

Luxembourg: Office for Official Publications of the European Communities

2007 — 149 pp. — 17.6 x 25.0 cm

ISBN 92-79-03314-X





SALES AND SUBSCRIPTIONS

Publications for sale produced by the Office for Official Publications of the European Communities are
available from our sales agents throughout the world.
You can find the list of sales agents on the Publications Office website (http://publications.europa.eu)
or you can apply for it by fax (352) 29 29-42758.
Contact the sales agent of your choice and place your order.

18/01/07 14:31:22

http://publications.europa.eu


Proceedings of an expert workshop organised in Brussels on 25 and 26 September 2006 by the
European Commission (Directorate-General for Research - Environment-Climate Unit; Directorate-
General for Environment, Protection of Water and Marine Environment Unit; and the Joint Research
Centre - Institute for Environment and Sustainability, the Climate Change Unit, the Rural, Water
and Ecosystem Resources Unit and the Land management and Natural Hazards Unit). 
Scientists, experts and policy makers discussed on climate change impacts on the water cycle,
resources and quality. The workshop proceedings comprise a summary of the sessions, discus-
sions held during the round tables as well as abstracts of the contributions to sessions from
speakers. Contributions and discussions during the workshop are feeding the 7th Research
Framework Programme and the European Policy on water and climate change. They are also a
direct input to the International Symposium on “Climate Change and the European Water
Dimension” organised under the German presidency of the European Union on February 2007.

K
I-N

A
-22422-E

N
-S

9 789279 033148 >

T701157cov.indd 1


