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paper explores the challenges and opportunities for developing adaptation policy options aiming 

to reduce the social vulnerability to the projected impacts of climate change. Fourth, the paper 

evaluates how current policy instruments – especially agricultural and water resources policies – 

work towards adaptation, and potential options for integrating adaptation into them. Finally, the 

paper draws on the results presented in the previous sections to suggest some policy implications 

related to climate change and water resources elsewhere.   
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1 Introduction 

1.1 The reality of climate change 

Climate change is already happening. The Fourth Assessment Report of the Intergovernmental 

Pannel on Climate Change (IPCC, 2007) clearly shows that the climatic variations over recent 

decades have had noticeable direct consequences in natural ecosystems, glaciers and agricultural 

systems in many regions. Many areas of the world are already struggling today with the adverse 

impacts of an increase in global average temperature. The scientific literature also suggests that 

observed changes in climate have affected the frequency and intensity of extremes (drought, 

floods, and heat waves). The alarming number of extreme weather events that have occurred 

during the last five years may be the consequence of climate change and suggest that climate 

change is resulting in the increase in natural climate disasters, at least in some regions. The IPCC 

defines climate change as a statistically significant variation in the state variables that define the 

climate of a region (such as temperature or precipitation) or in its variability persistent over an 

extended period of time (typically decades or longer periods).  

The Kyoto Protocol to the United Nations Framework Convention on Climate Change 

(UNFCCC, 1992) imposed certain reductions of greenhouse gases (GHGs) production on 

ratifying countries, since this accumulation of GHGs in the atmosphere was found to increase 

global temperatures and changes the climate (IPCCC, 2007). Two main policy interventions have 

been identified for combating climate change—mitigation and adaptation.  According to the 

United Nations Framework Convention on Climate Change (UNFCCC, 1992), there is a clear 

difference between mitigation (reduction of greenhouse gas emissions and carbon sequestration) 

and adaptation (ways and means of reducing the impacts of, and vulnerability to, climate change). 

Until recently, UNFCCC negotiations have focused primarily on mitigation; however, it is now 

clear that objectives of human well-being in the future should be addressed, stressing the 

importance of adaptation. Regardless of international progress to reduce emissions of the 

greenhouse gases that cause climate change (mitigation policies), the climate system will 

continue to adjust for the next few decades to past and present emissions. This will bring 

unavoidable impacts on natural and human systems, presenting the challenge of a second 

response to climate change - adaptation - to prepare for and cope with these impacts. 
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In contrast to this clear understanding of the concepts of “climate change” and “mitigation”, 

the concepts of impacts, vulnerability, risk and adaptation are not defined in either the United 

Nations Framework Convention on Climate Change (UNFCCC) or the Kyoto Protocol; the terms 

are used loosely by many scientific and policy communities and they also have a meaning in a 

common usage. It has been observed that interpretation of some of these key terms by scientific 

groups or policy makers can be quite different, which may lead to varied or false expectations and 

responses (OECD, 2006). Nevertheless, understanding and quantifying the adaptation responses 

to climate change is a key issue, since they are key determinants to the economic impacts to 

society. Stern et al. (2006) argues that “the overall costs and risks of climate change will be 

equivalent to losing at least 5% of global GDP each year. Although this has been challenged by 

many economists with large working experience in climate change (Tol, 2006) since it ignores 

and contradicts numerous unquestionable results (Nicholls and Tol, 2006; Nordhaus, 2006; 

Sachs, 2001; Fankhauser and Tol, 2005), the analysis in Stern et al., (2006) contributed to an 

open discussion about the cost that society is willing to undertake and therefore eliminating any 

doubt about the need to adapt in order to avoid unwanted damage.   

1.2 Addressing the adaptation challenge 

There is a general consensus about the unsustainability of the present model of development and 

about the need to reach a balance among equity, economic security and the environment. Climate 

change will likely affect people inside society creating or reinforcing new forms of social and 

economic discrimination. In particular, sustainable management of freshwater resources – 

especially focusing on the availability of safe drinking water – is one of the main challenges to 

our present social model of development.  

The management of water resources needs to incorporate the principles of sustainable 

development in order to deal with the increasing pressure on freshwater resources. This pressure 

arises mainly from the following factors: (1) Population: Over the 20th century, population has 

tripled while water withdrawals have increased by a factor of about seven. (2) Pollution: The 

effects of industry and agriculture intensification have resulted in major pollution problems in 

many regions of the world; this is linked (together with scarcity) to degradation of aquatic 

ecosystems. (3) Governance: Poor governance as result of fragmented and uncoordinated 

management, top-down institutions and increased competition for the finite resource. (4) Climate 

change: The impacts of climate change in freshwater resources affect all sectors of society. 
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There is a high degree of social and scientific awareness about the potential impacts of 

climate change and the need to adapt water management to hotter and more extreme conditions. It 

is certain that the need for increased spending as a result of intensified damage caused by extreme 

weather events will lead to a loss of rural income and economic imbalances between the more 

and less prosperous parts of Europe and also to environmental damage. Nevertheless, adaptation 

policies, strategies and concrete measures are fragmented and uncoordinated in most cases. This 

is in part due to the diverse perception and value that different society groups place on the issue 

of climate change and in part due to the difficulty in evaluating potential cost of inaction.  

Societies have shown, throughout history, a great ability to adapt to changing conditions, 

with or without a conscious response by citizens and government (Mendelsohn et al., 2004). 

However, it is likely that the changes imposed by climate change in the future will exceed the 

limits of autonomous-endogenous adaptation, and that policies will be required to support and 

enable different sectors of society to cope with similar changes.  

The European Commission has recently adopted a Green Paper entitled ‘Adapting to 

climate change in Europe – options for EU action’ (COM(2007) 354, 2007). This sets out options 

to help the adaptation process and focuses on four priority areas, including early action to avoid 

damage and reduce overall costs. Adaptation efforts may have to be stepped up at all levels and in 

all sectors, and may benefit from coordination across the EU. The Commission will publish a 

White Paper containing more concrete policy proposals in 2008.  

 The present paper aims to provide an understanding of the potential implications of 

climate change relevant to policy development in the European Union leading to formulate 

measures to reduce the vulnerability of the water sector to climate change. In the following 

section the paper assesses the risks of climate change to water resources providing concrete 

examples from Spain. In Section 3, the paper explores the challenges and opportunities for 

developing adaptation policy options aiming to reduce the social vulnerability to the projected 

impacts of climate change. In Section 4, the paper evaluates how current policy instruments – 

especially agricultural and water resources policies – work towards adaptation, and potential 

options for integrating adaptation into them. Finally, in the conclusion and policy implication 

section the paper draws on the results presented in the previous sections to suggest some policy 

implications related to climate change and water resources elsewhere.   
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2 Climate change risk to water resources 

2.1 The European context 

There have been several thousand studies into the potential impacts of climate change on water 

resources, with many different approaches (e.g. physical modelling, econometric analysis) and 

definitions (e.g. impacts, vulnerability, risk, adaptation). Studies have focussed on particular 

issues (e.g. agricultural water pressure, ecosystem services), time-frames (e.g. 2020s, 2050s, and 

2100), scenarios (e.g. IPCC SRES, 2001) and spatial scales (with a focus on national and global 

scales). Consequently, our knowledge of the potential impacts is diverse and fragmented. 

Nevertheless, the projected impacts pose challenges for many water-dependent activities and 

magnify the regional differences in Europe’s natural resources and assets. Although there is a 

large variation in projected impacts in each EU region, overall the studies are consistent in the 

direction of change and spatial distribution of effects. In general in the northern areas, most 

sectors of the economy are benefited by climate change, providing that projected extremes do not 

become catastrophic events. However, these potential opportunities will only be possible if water 

requirements are met. In most of the central and southern areas of Europe water availability is 

projected to decrease under all scenarios considered. In addition, concurrent altered carbon and 

nitrogen cycles may have significant implications for soil erosion and water quality. 

The effects of climate changes on major water management determinants and expected 

social and ecological consequences are summarised in Table 1. Most studies agree that climate 

change will likely have the following common consequences across Europe (EEA, 2007): 

• Increase demand for agricultural water in all regions due to expected increases in crop 

evapotranspiration in response to increased temperatures in all regions. The potential for 

decreasing water demand due to the direct effects of CO2 on the crop have been challenged 

(Long et al., 2006). 

• Increased water shortages, particularly in the spring and summer months, therefore increasing 

the water requirement for irrigation, especially in southern and south-eastern Europe. 

• Increased water quality deterioration due to higher water temperatures and lower levels of 

runoff in some regions, particularly in summer, imposing further stress in agricultural irrigated 

areas.  
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• Increased risk of flooding in winter due to the expected concentration of precipitation in this 

period, affecting significant areas in Europe. The major flood events experienced in recent 

years (notably 2002 and 2007) demonstrate Europe’s vulnerability to floods. In addition, the 

projected increases in sea level will also affect flooding in the low-lying coastal areas.  

 

<TABLE 1 NEAR HERE> 

 

2.2 The Mediterranean region 

Changes in precipitation are probably the most important factor determining the likely impacts in 

the Mediterranean region. Despite forecasts of increased total annual precipitation in some 

regions, evapotranspiration is expected to increase in response to increased temperatures. 

Significant increased temporal and spatial variability of extreme weather is expected, increasing 

flooding and drought frequency leading to competition for water. Sea level rise will inundate 

coastal areas; rising sea levels may also lead to salination of the water supply and soil.  A 

decrease in water availability is predicted together with an increase in water demand, leading to 

potential conflict between users. Decreasing water resources in some areas may affect soil 

structure while reduced soil drainage may lead to increased salinity. However, an increase in 

frequency and intensity of floods is predicted in some areas where significant winter rainfall is 

likely. These changes are expected to reduce the diversity of Mediterranean species. In the 

Mediterranean region, irrigation accounts for over sixty percent of the pressure on water 

resources. Box 1 provides and example of the potential impacts of climate change on irrigation in 

this region based on a number of studies. 

 

<BOX 1 NEAR HERE> 

 

2.3 Spain  

In Spain, the structural water deficit of many areas in the country has been aggravated during the 

drought episodes of the past fifty years (Iglesias et al., 2008a; Iglesias and Moneo 2005). Past 

efforts to manage drought have built capacity to deal with extreme situations, but have failed to 



 7 

solve the conflict among users, especially with the environment (Iglesias and Moneo, 2005; 

Iglesias et al., 2008b). Climate change projections indicate an increased likelihood of droughts. 

Variability of precipitation – in time, space, and intensity -- can directly influence water resources 

availability. The combination of long-term change (e.g., warmer average temperatures and 

possibly lower precipitation) and greater extremes (e.g., droughts) can have decisive impacts on 

water demand, limiting further ecosystem services. If climate change intensifies drought impacts, 

Spanish water delivery systems and control may become increasingly unstable and vulnerable. 

Water managers may find planning more difficult. Current water management strategies based on 

changes in mean climate variables should be revised to account for the potential increase in 

anomalous events.  

In Spain climate change projections indicate a decrease of precipitation in the southern 

regions, in some cases up to -40%, by the 2050s compared to 1961-1990 levels, or a small 

increase in precipitation in the northern regions, with changes in the annual precipitation patterns. 

In all cases, temperature increases of about 1.5ºC are expected, and thereby increased evaporation 

and reduced soil moisture, resulting in more adverse regional climate conditions than presently 

experienced. Climate and hydrological experts begin to be aware of the implication of future 

water availability in the region (Iglesias 2002; Iglesias et al. 2002; 2007b; 2008a; Hisdal et al. 

2001; Lloyd-Hughes and Saunders, 2002).   

Although projected implications of changes in the climate variables depend on the scenario, 

the time-frame, and social pressure on water resources, and the method of analysis, most studies 

agree that there is a likely decrease in water resource availability and increase in water pressure, 

especially from agriculture (Garrote et al. 1999; Iglesias et al., 2007b; 2008a; among many 

others). Figure 1 shows that under climate change, reservoir water inflow and water resources 

availability decrease -7 and -5 %, respectively, on average in all Spanish basins considering a 

range of climate change scenarios in the middle of the 21st century. These results are clearly 

scenario dependent and may be optimistic. By 2100 the projections may be clearly more negative. 

The Four Assessment Report of the IPCC (IPCC, 2007) states that the reduction of precipitations 

in Spain may be over 20% by 2100 under the scenario of high population increase and high 

economic growth (SRES A1B). Under these conditions, many watersheds in the southern half of 

Spain (but also the right hand side effluents in the Ebro basin) will reduce flow by 40%. In 

contrast, irrigation demand increases in all locations under the several climate change scenarios. 
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The results indicate increases of water demand and reductions of water supplies that surely will 

affect ecosystem sustainability, implying substantial future changes in water management. Water 

resources systems will have to adapt to the evolution of climate. If projections become a reality, 

water scarcity is expected to rise in the next decades posing additional problems to water 

managers and users.   

 

<FIGURE 1 NEAR HERE> 

 

3 Adaptation policy context 

3.1 Defining adaptation 

Adaptation is about preparing people and their assets for the impacts of climate change. It is 

concerned with minimising adverse effects, or maximising new opportunities, through taking 

actions which either anticipate or react to changing climatic conditions. The focus of these actions 

is on managing risk. Investments in risk-based actions are fundamental to reducing the 

environmental, social and economic costs of climate change. 

The need for adaptation policy stems from the overwhelming scientific consensus that 

climate change is a significant threat to face the world, its people, environment and economy. 

Strong mitigation measures are essential to make deep cuts in the greenhouse gas emissions that 

cause climate change, to avoid dangerous climate change and unprecedented environmental, 

social and economic disruption. However, as a consequence of present and past emissions of 

greenhouse gases and the inertia of the climate system, we are already committed to several 

decades of climate change that cannot now be avoided. Adaptation to cope with the impacts of 

unavoidable climate change is therefore also necessary as a complementary action to efforts to 

reduce emissions. In its Fourth Assessment Report, the Intergovernmental Panel on Climate 

Change (IPCC, 2007) recognises that some adaptation action is occurring, but on a very limited 

basis, and affirms the need for extensive adaptation across nations and across sectors to address 

impacts and reduce vulnerability. 

Various types of adaptation can be distinguished. Recent studies have highlighted the 

distinction between “autonomous adaptation” and “policy-driven adaptation”. Autonomous 
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adaptation describes actions “taken ‘naturally’ by private actors, such as individuals, households, 

businesses in response to actual or expected climate change, without the active intervention of 

policy. Autonomous/endogenous adaptations are taken naturally but their extent, direction and 

effectiveness are a function of existing conditions, infrastructure and technologies, that are in turn 

a result of existing policies, not necessarily intended for adaptation. In contrast, policy driven 

adaptation is “the result of a deliberate policy decision”. Policy-driven adaptation is therefore 

associated with public agencies, either in that they set policies to encourage and inform 

adaptation or they take direct action themselves, such as public investment (Stern, 2006). Planned 

policy adaptation actions focus on the vulnerability reduction of people and societies.   

Adaptation strategies are put in place to deliver adaptations. An adaptation strategy is a 

broad plan of action that is implemented through policies and measures. Adaptation strategies are 

not only reactions to posed threats of climate change, but can comprise at the same time a large 

number of technical, social, economic and environmental challenges (Iglesias et al., 2007a; 

2007c; Olesen and Bindi, 2002).  

3.2 Integrating climate and sustainable development  

The capacity to adapt to environmental change is implicit in the concept of sustainable 

development. Climate change will add to the many economic and social challenges already being 

faced by European sustainable development, increasing the vulnerability of marginal areas and 

populations. Climate change is a real concern for sustainable policy development, raising major 

issues about the adequacy of current water and land resource management, both globally and 

within the European Union. The unavoidable impacts of climate change put current activities, 

certainly at the level of individual land and water managers, at significant risk, therefore making 

imperative the development of both private and public adaptation strategies. These strategies 

must evolve taking into account the overall strategy for development in the European Union.  

The EU Gothenburg Sustainable Development Strategy (SDS, 2001) is the point of 

reference regarding the interpretation and use of the concept of sustainable development in 

Europe. The strategy involves a set of principles and processes for strategic planning and 

sustainable development, as well as a coordinated set of measures to ensure their implementation. 

The EU sustainable development strategy sets out a broad vision of what is sustainable (including 

environmental, social and economic dimensions) but does not provide an operational definition of 

sustainable development. It focuses on six non-sustainable trends, including global warming. The 
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SDS is often considered an add-on to the Lisbon Strategy (2001) that focuses on the economic 

and social dimensions of development. The SDS adds the environmental dimension and the long-

term perspective (rights to future generations). Progress on the implementation of these two 

strategies is achieved formal and informally (Spring reports, by using the European Environment 

Agency EEA indicators, and independent academic revisions that constitute the basis of 

institutional revisions such as those of the OECD).  

Over a decade ago, most countries joined an international treaty -- the United Nations 

Framework Convention on Climate Change (UNFCCC) -- to begin considering what can be done 

to reduce global warming and to cope with whatever temperature increases are inevitable given 

that climate change is already happening (IPCC, 2007). Recently, a number of nations have 

approved an addition to the treaty: the Kyoto Protocol, which is an international and legally 

binding agreement to reduce greenhouse gases emissions world wide (entered into force on 16 

February 2005).  

The Earth Summit in Rio (1992) ensured that the sustainable development strategy became 

a goal for governments around the world, by signing the Agenda for the 21st Century. This 

Agenda (Agenda 21) recognizes that broad public participation in decision-making is one of the 

fundamental prerequisites for the achievement of SD. Agenda 21 was one of the first initiatives 

relating to sustainable development and climate change, establishing actions and actors identified 

to implement strategies on poverty alleviation, provision of basic education and public services, 

environmental protection and components of sustainable development that have links with 

addressing climate change such as rational use of energy and promotion of ecologically sound 

technologies. 

 The UN programme on sustainable development Agenda 21 (1992) calls on countries to 

adopt national strategies for sustainable development (NSDS) that should build upon and 

harmonize the various sectoral economic, social and environmental policies and plans that are 

operating in the country. In 2002, the World Summit for Sustainable Development (WSSD) 

urged States to make progress in the elaboration of national strategies for sustainable 

development and to begin their implementation. To this moment, governments have continued to 

reiterate their commitment to develop and implement NSDS at subsequent UN Commissions for 

Sustainable Development (CSD) sessions. The UN also provides Guidelines for national 
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reporting. To this moment twenty six Countries (including Spain) and the European Commission 

have submitted SD strategies (National Reports for CSD-16/17, December 2007).  

Adaptation to climate change is an essential step towards the process of sustainable 

development, but the policy priorities for adaptation of climate change in the different social 

sectors are often fragmented, unformulated, and contradictory. The EEA provides a clear 

excellent example of clear definition of policy priorities and adaptation strategies in relation to 

adaptation in the water sector (EEA, 2007). The policy priorities include: (a) reduce the 

vulnerability of people and societies; (b) protect and restore the ecosystems; and (c) close the gap 

between supply and demand. The adaptation strategies include: (a) sharing the loss; (b) 

preventing the effect; and (c) research and education. The EEA recognises the value of high 

quality information in order to formulate concrete strategies and the role of regulatory and 

institutional actions. Missing components of all current strategies are: (a) the lack of guidance 

related to responsibilities for implementing the strategies and actions; and (b) the lack of a 

protocol for policy evaluation.  

Climate change policy is a specific policy that needs to be coordinated with the EU and 

national sustainable development strategy process. Climate change and sustainable development 

policies should be mutually enforcing, but this challenge has not been fully addressed. 

3.3 European climate change policy   

Adaptation is not an alternative, but a necessary complement to mitigation; this is because the 

climate system responds only slowly to changes in the amounts of greenhouse gases in the 

atmosphere. Climate changes over the next 40 years or so are inevitable as a consequence of 

present and past emissions. In recognition of this, the European Commission has adopted a Green 

Paper entitled ‘Adapting to climate change in Europe – options for EU action’ (COM, 2007) 354, 

2007). This sets out options to help the adaptation process and focuses on four priority areas, 

including early action to avoid damage and reduce overall costs. Adaptation efforts need to be 

stepped up at all levels and in all sectors, and need to be coordinated across the EU. 

The Green paper first evaluates the current knowledge on impacts of climate change 

including explicitly the results of the Peseta study (PESETA, 2008; Iglesias et al, 2007c). Second, 

the Green Paper analyses the challenges to adaptation for European society and European public 

policy. These challenges include: taking early action and saving on future costs; timing 
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adaptation measures; pathways to adaptation; the role of Member States, regional and local 

authorities; and the actions at the EU level. The third is the main contribution of the Green paper 

focussing on EU action and proposes priority options for a flexible four-pronged approach to 

adaptation (Table 2):  

• The first pillar: Early action in the EU. The early action covers policy options in the following 

areas: integration of adaptation when implementing and modifying existing and forthcoming 

legislation and policies; integration of adaptation into existing Community funding 

programmes; and develop new policy responses.  

• The second pillar: Integrating adaptation into EU external actions. This pillar refers to the 

climate change impacts and adaptation needs that would influence the relations of the EU with 

other countries and is based on an enhanced dialogue between the EU and developing 

countries, and also includes neighbouring countries and industrialised countries. 

• The third pillar: Reducing uncertainty by expanding the knowledge base though integrated 

climate research. This research-based pillar focuses on the understanding of complex 

interactions among the climate system, environment, economic sectors and society. The 

process on understanding includes co-operation and networking, support to practitioners, and 

improved information and communication technologies.  

• The fourth pillar: Involving European society, business and public sector in the preparation of 

coordinated and comprehensive adaptation strategies. This pillar focuses on providing 

guidance to society on how to make the necessary changes to adapt to climate change. 

 

<TABLE 2 NEAR HERE> 

 

3.4 The National climate change adaptation frameworks  

Many Member States have carried out assessments of climate change impacts, including within 

the agriculture sector, but progress on implementing adaptation actions has been slow, due in part 

to the long-term nature of climate change effects or respective perceptions by policy makers and 

the sector alongside the complexity of the information required for decision-making and in part to 

the number of stakeholders involved. The focus of much of the effort made to date has been on 
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management of flood risk, since is the main problem in northern European countries. Immediate 

attention has focused on raising awareness and research activities, and these roles are often 

facilitated and complemented by organisations that are outside national governments, such as 

universities or trade and professional bodies (for example, the National Farmers’ Union in the 

UK). National policies on adaptation in agriculture have not yet been clearly articulated. 

The National adaptation strategies are currently being developed. A complete review is 

included in the CIRCLE project (Climate Impact Research Coordination for a Larger Europe) 

report on the current state of National Research Programmes on Climate Change Impacts and 

Adaptation in Europe (15 May 2007) (CIRCLE, 2007; Medri et al., 2007) and summarises in the 

Adaptation report to DG Agri (Iglesias et al., 2007a).   

Table 3 summarises the broad range of adaptation actions that have been designed/planned 

at different governmental levels and in various sectors. From these efforts, both theoretical and 

practical knowledge has resulted in a wide range of possible options to adapt to projected climate 

changes impacts.  The review of national adaptation strategies highlights the current policy focus 

on reducing the risk of flooding, either from sea level rise or from increased rainfall. There are 

also proposals, mainly from southern Member States, to increase capture and storage of water to 

ensure adequate supplies. As precipitation patterns change, their limited capacity for water 

storage may need to be increased to capture a greater proportion of winter rainfall than is 

currently the case.  

 

<TABLE 3 NEAR HERE> 

 

Since it is not possible to review all strategies, this section of the paper summarises the 

strategies adopted by Finland – as an example of thoroughly developed strategy -- and the 

strategy in preparation by the UK that builds from the recognised experience of the various 

programmes operating the in the country. Finland’s Adaptation Strategy is part of the National 

Energy and Climate Strategy that was forwarded to the Parliament in November 2005. Its 

objective is to reinforce and increase the capacity of society to adapt to climate change. 

Adaptation may involve minimising the adverse impacts of climate change, or taking advantage 

of its benefits. While the National Energy and Climate Strategy focus on mitigation measures to 
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be taken in the near future, the scope of the Adaptation Strategy extends as far as 2080. The 

Adaptation Strategy gives a detailed account of the expected impacts of climate change and 

presents adaptation measures to be taken in sectors including agriculture and food production, 

forestry, fisheries, reindeer husbandry, game management, water resources, biodiversity, 

industry, energy, transport and communication, land use and planning, building, health, tourism 

and recreation, and insurance. Priorities identified for increasing adaptation capacities for the next 

5 to 10 years include: (i) mainstreaming climate change impacts and adaptation into sectoral 

policies; (ii) targeting long-term investments; (iii) coping with extreme weather events; (iv) 

improving monitoring systems; (v) strengthening research and development; and (vi) 

international cooperation. The research programme on adaptation was initiated in 2006. The 

National Strategy also identified sector-specific adaptation measures as important priorities for 

2006 - 2015. 

Action to prepare the UK for climate change has already begun. A climate change 

perspective is incorporated into many areas of Government policy, including flood management, 

water resources, planning, building regulations, health, agriculture and international development. 

Government funds the UK Climate Impacts Programme (UKCIP, www.ukcip.org.uk) to improve 

the knowledge base on climate impacts and to assist stakeholders (including those in the 

agriculture sector) to adapt. The UK’s first Adaptation Policy Framework is under development, 

driven by the Department for Environment Food and Rural Affairs (Defra, 2007). The recognized 

key priorities for adaptation for the UK over the next 30 to 50 years are described in the UK 

Climate Impacts Programme (UKCIP, 2008; http://www.ukcip.org.uk/): water resource 

management; coastal and river flood defence; enhanced resilience of buildings and infrastructure; 

management of wildlife, forestry and agriculture; and co-ordinated approaches to planning. 

3.5 The National climate change adaptation frameworks in Spain 

There is a high degree of social and scientific awareness of the need to adapt water management 

to hotter and more extreme conditions. In the Mediterranean region, more adaptation measures 

have been adopted or are under consideration here than in the other agro-climatic zones; this is 

consistent with the expectation that the region will be worst affected by climate change. Although 

climate change is a global issue, the National adaptation plans are extremely varied from the 

strategic point of view, reflecting – in part – past and present efforts placed into the understanding 

of the issues at stake.  
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In Spain, the Climate Change National Adaptation Plan, formally adopted by the 

Ministerial cabinet on 6 November 2006, is a reference framework for the coordination of public 

administrations in relation to the evaluation of impacts, vulnerability and adaptation to climate 

change in Spain. The Plan is based on knowledge development, public participation and 

information dissemination. The knowledge strategy ranges from the scenario development to 

sectoral impact evaluations. The adaptation component is not explicitly addressed. The plan 

establishes a complex institutional structure based in the Ministry of the Environment and 

coordinated by the Spanish National Office for Climate change that coordinates the Inter-

ministerial Commission, the Coordination Commission for Climate Change Policies and the 

National Council for Climate.  

 

4 Potential role of the current policy instruments in adaptation in the 

European Union 

4.1 Energy and climate package 

Energy is the main factor in climate change, accounting for some 80% of EU’s greenhouse gas 

emissions. On 10 January 2007 the Commission adopted an Energy and Climate package to guide 

the EU towards a sustainable, competitive and secure energy policy. One of its central themes is 

to tackle the energy challenge by first making an effort to use energy more efficiently before 

looking into possible alternatives. The ambitious energy policy package proposes to pursue the 

objective of a sustainable, competitive and secure supply of energy. 

The EU Action Plan is needed to help the EU achieve its energy goals. The European 

Commission has drawn up such a plan using the many contributions gathered from public 

consultations. The plan is comprised of several clearly defined aims which, together, will shift the 

EU decisively towards a more sustainable, secure and competitive low-energy economy, 

representing the core of a new Common European Energy Policy building on the European 

Strategic Energy Technology Plan (SET-PLAN) 'Towards a low carbon future' (COM(2007) 723 

final, 2007). 
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4.2 Common Agricultural Policy 

European agricultural policy faces some serious challenges in the coming decades – even without 

climate change. The most striking of these are loss of comparative advantage in relation to 

international growers, competition for international markets, declining rural populations, land 

deterioration (including salination), competition for water resources, and rising costs due to 

environmental protection policies. Demographic changes are altering vulnerability to water 

shortages and agricultural production in many areas, with potentially serious consequences at 

local and regional levels. Population and land-use dynamics, and the overall policies for 

environmental protection, agriculture, and water resources management, are the key drivers for 

possible adaptation options to climate change. 

The Common Agricultural Policy (CAP) plays an important role in the areas of food 

production, the mainstreaming rural landscapes, and the provision of environmental services. 

Adjustments to the Common Agricultural Policy in the ‘Health Check’ of 2008 provide 

opportunities to examine how to integrate climate change adaptation – and mitigation – into 

agriculture support programmes. Consideration might be given to the extent to which the CAP 

can promote good farming practices that are compatible with changing climatic conditions and 

which contribute to protecting the environment. 

The 2003 reforms of the CAP were a first step towards a framework for the sustainable 

development of EU agriculture. The central objective of the reforms was to promote an 

agricultural sector that was competitive and responsive to the market. This was founded on the 

principles of high standards for the environment. Decoupling brought about greater market 

responsiveness, whereas higher standards were achieved through cross compliance. The future 

direction of the CAP is clearly building on the 2003 reforms, with a continued shift from market 

intervention and further decoupling. Importantly however, the CAP needs to address the 

challenge of climate change in order to facilitate adaptation to risks and opportunities. Here 

overall rules for farm support, Rural Development policy and crisis management will play 

important roles in increasing agriculture’s resilience to climate change impacts. 

While the Common Agricultural Policy (CAP), currently does not contain measures aimed 

explicitly at adaptation, there are already opportunities to support and facilitate adaptation (such 

as through rural development policy, below). Since the 2003 CAP reform, which introduced the 
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Single Payment Scheme and decoupled direct payments from production, farmers have greater 

flexibility to respond to climate change.  

Climate change objectives have been integrated into the framework of rural development 

policy for the period 2007-13 and adaptation is now recognised as one of the priorities for the 

EU. Member States are encouraged to incorporate climate change actions in their national 

strategy plans and Rural Development programmes. The Community Strategic Guidelines for 

Rural Development identify climate change as a priority for the environment and countryside 

(Axis 2), and recognise that agricultural and forestry practices have a role to play in adapting to 

the impacts of climate change. Climate change risk and adaptation is also a consideration in rural 

competitiveness (Axis 1), and diversification and rural life (Axis 3). DG Agriculture is also 

looking at options for management of climate change risks and tools to aid adaptation.  

As the governing policy instrument for this sector, adjustments to the CAP could provide 

opportunities for integrating adaptation into agricultural support measures. Consideration might 

be given to the extent to which the current CAP framework promotes farming practices that are 

compatible with changing climatic conditions and which contribute to protecting the 

environment. Thought also needs to be given to the longer-term structural adaptations that will be 

required, including changes to existing farming and land-use systems, breeding to maximize yield 

under new conditions, and application of new technologies such as water-use efficiency 

techniques.  

The contribution of current CAP measures towards adaptation was evaluated in a recent 

study (Iglesias et al. 2007a) in order to consider how existing policy instruments may be 

continued or extended to facilitate adaptation. The analysis also aimed to reveal where policies 

may present a barrier to adaptation or lead to ‘mal-adaptation’. The strengths and weaknesses of 

existing CAP instruments to influence adaptation are analysed -- covering both direct income 

support payments and Rural Development measures. Consideration of related legislation was also 

included where appropriate and the measures were grouped according to the type of adaptation 

option they would best support – technical management, or infrastructure. The main conclusions 

of the Iglesias et al. (2007a) study are:  

• The Rural Development Programmes have the potential to benefit further by guiding or 

placing an obligation on member states to meet or consider the impacts of future climate 

change.  
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• Agri-environment schemes have the potential to support many adaptation initiatives. 

• To ensure investments made through CAP bring benefits in terms of adaptation, linking 

funding to cross compliance should be explored. 

• Mitigation to climate change is explicitly mentioned throughout the Rural Development 

regulations. This could be expanded to include adaptation. 

• Adjusting the criteria for those eligible for rural development support for areas with high 

vulnerability to climate change may be an option to facilitate their adaptation. 

• Adaptation to climate change will be needed at all spatial levels. The Rural Development 

measures can do this through careful co-ordination from the grassroots Leader programme all 

the way up to integration with river basins through the Water Framework Directive. 

Supplementing current Statutory Management Requirements with new legislation that 

addresses climate-related impacts would create stronger incentives for Single Payment Scheme 

claimants to adapt. The flexibility that Member States can exercise in determining Good 

Agricultural and Environmental Condition (GAEC) standards allows for highly appropriate and 

localised management practices that assist with adaptation. The potential of GAEC’s would be 

maximised by requiring member states to identify major environmental pressures, which may 

include climate impacts, and justify the inclusion or exclusion of corresponding standards. 

Member States should be required to make provision for training farmers on climate change 

issues, particularly new entrants such as young farmers. Developing the role and scope of the 

Farm Advisory System would be a feasible option for effective knowledge transfer. In addition to 

existing CAP instruments, insurance needs to be considered and encouraged to allow farmers to 

increase their resilience to climate change. This may provide further incentives for farmers to 

adapt their business and buildings in order to reduce their premiums. 

4.3 Water Framework Directive 

The EU Water Framework Directive (WFD) sets out clear output targets for each of the 

requirements and includes a concrete timetable (Table 5). Some aspects of the implementation are 

very clear; e.g., the Directive recognized the importance of leveraging a mix of policy initiatives 

and established a target for the introduction of pricing policies by 2010. The effectiveness of the 

pricing policies may be limited, especially in areas with large groundwater withdrawals for 

irrigation. The WFD provides a consistent framework for integrated water resources 
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management, but does not include climate change directly. The challenge will be to incorporate 

the measures to cope with climate change as part of its implementation, stating the first cycle for 

2009 (See Table 5).  

In many regions of Europe, inconsistent land-use planning, incorrect water allocation, and 

inadequate water pricing and automatically leads to overuse. Making water saving a priority, 

improving efficiency in all sectors, and applying efficient pricing policies, are already included in 

the WFD and are essential elements for climate change adaptation. The initial first steps for the 

implementation of the WFD could provide incentives to reduce water consumption and increase 

efficiency of use in all sectors. 

 

<TABLE 4 NEAR HERE> 

 

4.4 Floods Directive 

The recent EU Floods Directive 2007/60/EC on the assessment and management of flood risks 

entered into force on 26 November 2007 (Floods Directive, 2007). This Directive now requires 

Member States to assess if all water courses and coast lines are at risk from flooding, to map the 

flood extent and assets and humans at risk in these areas and to take adequate and coordinated 

measures to reduce this flood risk. With this Directive also reinforces the rights of the public to 

access this information and to have a say in the planning process. The Directive shall be carried 

out in coordination with the Water Framework Directive, notably by flood risk management plans 

and river basin management plans being coordinated, and through coordination of the public 

participation procedures in the preparation of these plans. All assessments, maps and plans 

prepared shall be made available to the public. 

4.5 Initiative on drought and water scarcity 

The Communication from the Commission to the European Parliament and the Council 

addressing the challenge of water scarcity and drought in the European Union (COM(2007) 414 

final, 28 July 2007) is closely linked to climate change and adaptation. The Communication 

“presents and initial set of policy options at European, national and regional levels to address and 

mitigate the challenge posed by water scarcity and drought within the Union”. “The Commission 
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remains fully committed to continuing to address the issues at international level, in particular 

thought the United Nations Convention to Combat Desertification and the United Nations 

Convention on Climate Change”. 

4.6 Indicators for evaluating climate change policy 

As reported in the previous section, climate change policy is likely to be fragmented and included 

in many European and National strategies. This framework complicates the evaluation of the 

policy and therefore limits the capacity of society for revising and improving the policy. The 

Commission developed a set of indicators to monitor the implementation of the EU SD strategy. 

The framework for indicators designed by the Commission is based on themes (12) and sub-

themes (45) and area (98) directly linked to the EU policy priorities. This framework intends to 

provide with a clear and easily communicable structure for the SD strategy. 

The Eurostat (2005) headline indicators for the 10 themes: economic development (GDP 

per capita); poverty and social exclusion (at risk-of-poverty rate after social transfers); ageing 

society (current and projected old age dependency ratio); public health (Healthy life years at birth 

by gender); climate change and energy (Total greenhouse gas emissions; Gross inland energy 

consumption by fuel); production and consumption patterns (Total material consumption); 

management of natural  resources (Biodiversity index; Fish catches outside safe biological 

limits); transport (Vehicle transport); good governance (Level of citizens’ confidence in EU 

institutions); and global partnership (Official development assistance). Some of these indicators 

are already useful to evaluate climate change policy, but others – especially related to social 

vulnerability – have to be further developed. 

4.7 The 7th Framework Programme 

On 18 December 2006, the Council adopted decisions establishing the Seventh Framework 

Programme of the European Community (EC) for research and technological development for the 

period 2007 to 2013, and the FP7 for nuclear research activities (Euratom) for 2007 to 2011.  The 

atmospheric sciences, land use, and water resources research in the 7th Framework Programme is 

more locally orientated and more focused on climate change (European Union research policy, 

2008). 
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5 Conclusion and policy implications 

5.1 Vulnerability of water resources in Spain 

Water resources in Spain are increasingly unstable and vulnerable, but climate change is only one 

of the determinants of their vulnerability. The issue is even more pertinent where ‘at risk’ regions 

and social groups are already economically marginal or at the edge of climate tolerance. To 

reduce the vulnerability of water resources to climate change across Spain and the EU, robust 

policy options or adaptation response strategies are required. The risks are not just long-term; in 

the short-term, extreme weather events could cause major damage and loss of ecosystems, 

especially in marginal areas. The proportion of rural population with limited water resources is 

highest in Spain and other southern regions of the EU – regions that are projected to face the 

greatest risks and have the fewest opportunities (from climate change). These regions are the 

most vulnerable. The northern regions, where water resources are less limited, rural and urban 

population may be at risk of increased flooding; these regions typically have integrated the 

flooding-control actions reasonably into the land and water resource management plans at the 

national level and have the potential to invest in adaptation. If climate changes continue to 

intensify, many southern European regions may become increasingly unstable and vulnerable to 

changing climate patterns and extreme events. European society may find planning more 

difficult. 

5.2 Coordination between National and EU policy instruments 

EU policies are main determinant of water, land and natural resource policy in Spain. Adaptation 

is unlikely to be facilitated through the introduction of new and separate policies at the National 

level, but rather by the revision of existing local policies that undermine adaptation and the 

strengthening of policies that enhance it. If adaptation is to become “mainstreamed”, it will be 

necessary for relevant EU wide polices, such as the Common Agricultural Policy and the Water 

Framework Directive, to address the issue more directly. Existing agreements also have a part to 

play.   

Existing policy instruments can be used to stimulate and facilitate adaptation and other 

mechanisms must also be utilised, such as insurance, capacity building, networks and 

partnerships. Adjustments to the Common Agricultural Policy (CAP) and the ‘Health Check’ of 

2008 could provide opportunities to examine how to integrate adaptation into agriculture support 
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programmes. Consideration might be given to the extent to which the CAP can promote good 

farming practices that are compatible with changing climatic conditions.  

Both the reformed CAP and Rural Development measures can assist in adapting European 

populations to climate change. This paper proposes that adaptation to climate change impacts in 

agriculture and related water management issues could be included within revised cross 

compliance requirements of the CAP. This will certainly modify the irrigation pattern of 

extensive crops. Nevertheless, the effects on largely degraded areas of fruits and vegetable 

production may not be accomplished. In this case, local policies may play an important role. It 

also proposes how options for rural development spending could include incentives for farmers 

and rural communities to adapt to climate change. These might include support for improved 

water management through the Water Framework Directive, and training and capacity building 

through the Farm Advisory Service and Leader. 

To minimize the negative impacts of climate change and to take advantage of the potential 

benefits, adaptation efforts will need to be introduced at all levels and may need to be coordinated 

across the EU. The importance and benefits of community-wide adaptation were recognised when 

the European Commission published its first policy document ‘Adapting to climate change in 

Europe – options for EU action’ (COM(2007) 354, 2007). This Green Paper sets out options to 

facilitate the adaptation process and focuses on four priority areas, including early action to avoid 

damages and reduce overall costs. An emphasis is also placed on need for EU coordination. 

5.3 Lessons learned form the climate change policy in Spain  

The vulnerability of water resources to climate change in Spain is a main component of the 

dissemination campaign at the National and local levels. Climate change will have both negative 

and positive implications and it is important that communities are given the capacity to recognize, 

understand and act on these. Knowledge transfer between scientists, political decision makers and 

the people directly affected by climate change is currently weak, and existing information is 

poorly used. Nevertheless, Spain is making efforts at all levels to ensure communication and 

dissemination of climate change knowledge. Some difficulties challenging this knowledge 

transfer include: The number and range of stakeholders involved in adaptation; the inherent 

uncertainty in climate science and impacts projections -- uncertainty can lead to confused 

messages and inertia if it is not communicated in the right way; and the lack of credible socio-
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economic scenarios required to improve climate change impacts and provide a framework for 

adaptation decision-making for practitioners.  

Water managers in Spain have always carried out adaptive changes based on the weather 

and respond in the short-term by altering management practices. Nevertheless, national and 

sectoral polices and management actions in isolation offer limited opportunities for adaptation 

since large changes in management may require public-funded programs to help drive the 

changes.  

The sectoral approach to impacts and adaptation has provided a pragmatic solution to a 

wide-ranging problem. However, adaptations often involve combined effort across many sectors. 

Water resources are sensitive to the responses in other sectors, particularly agriculture, tourism 

and biodiversity conservation. Adaptation measures for water resources should take account of 

policies in other sectors. Wider influences on water resources, such as changes in non-climate 

driven pressures, must be considered alongside climate change. It is important to consider 

whether adaptations are sustainable, or rendered irrelevant by other drivers. This holistic 

approach should also ensure that adaptation decisions and investments are both cost-effective and 

proportionate to the risks or benefits that may be incurred. The main challenge of climate change 

policy in Spain is a clear definition of poly priorities and responsibilities for implementing the 

strategic measures.  
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Table 1: Effects of climate changes on main water management determinants and expected 

social and ecological consequences 

 Expected intensity of 
negative effects 

Potential consequences for agro-
ecosystems and rural areas 

Confidence level 
of the potential 
agricultural 
impact 

Water 
resources 

Changes in 
hydrological regime. 
Differences in water 
needs.  
Increased water 
shortage. 
 

Variations in hydrological regime.  
Decreased availability of water. 
Risks of water quality loss.  
Increased risk of soil salinisation. 
Conflicts among users. 
Groundwater abstraction, depletion and 
decrease in water quality. 

High 

Irrigation 
requirements 

High in areas already 
vulnerable to water 
scarcity 

Increased demand for irrigation 
Decreased yield of crops 

High 

Changes in 
water and soil 
salinity and 
erosion 

High for southern 
countries. 

Decrease in water quality from nutrient 
leaching. 
Decreased crop yields. 
Land abandonment. 
Increased risk of desertification. 
Loss of rural income. 

High 

Land use Depends on region. Shift in optimal conditions for farming.  
Deterioration of soils. 
Loss of rural income. 
Loss of cultural heritage. 
Land abandonment. 
Increased risk of desertification. 

High 

Increased 
expenditure in 
emergency 
and 
remediation 
actions 

High for regions with 
low adaptation 
capacity. 

Loss of rural income. 
Economic imbalances. 

Medium 

Biodiversity 
loss 

High for vulnerable 
regions 

Loss of natural adaptation options 
Modified interaction among species 

Medium 
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Table 2: Proposed priority options for a flexible four-pronged EU approach to adaptation 

(Source: own elaboration based on the Green paper on adaptation COM(2007) 354 (2007) 

and other sources) 

Pillars of the approach Relevant policy instruments and actions 
The first pillar: Early 
action in the EU 

Existing policies: 
• Common Agricultural Policy (CAP) 
• European Environment and Health Action Plan (2004-2010)(COM(2004) 416 

final, 2004) 
• Water Framework Directive (WFD, 2000) 
• Floods Directive (2007) 
• Communication on water scarcity and droughts (COM(2007) 414 final, 2007) 
• EU Maritime Policy, Marine Strategy and related legislation, Common 

Fisheries Policy 
• Biodiversity Communication and its EU Action Plan to 2010 and beyond 

(2006) 
• Forest Action Plan (COM(2006) 302 final, 2006) 
• Soil Strategy (COM(2006)231 final, 2006) 
• Energy and climate package (2008) 
• Sustainable Consumption and Production Action Plan (forthcoming) 
• Environmental Impact Assessment (EIA) Directive (1985, amended in 1997) 
• Strategic Environmental Assessment (SEA) Directive (2001) 
• Integrated Coastal Zone Management (ICZM) Recommendation (2002) 
Planned policies: 
• Industry and services Action Plan (2008) 
• Strategic Energy Technology Plan leading to the creation of a Common 

European Energy Policy  
Funding programmes: 
• Common Agricultural Policy (CAP) 
• EU Cohesion policy 
• European Social Fund 
• Fisheries Structural Fund 
• LIFE+ 

The second pillar: 
Integrating adaptation into 
EU external actions 

• EU Common Foreign and Security Policy (CFSP) 
• Contribution of the EU to the UNFCCC effort for integrating adaptation into 

the national development plans though the National Adaptation Programmes 
of Action (NAPA) 

• Support the 2004 EU Action Plan on Climate Change and Development 
(COM(2003) 85 final, 2003) 

• Forthcoming EU strategy on Disaster Risk Reduction 
The third pillar: Reducing 
uncertainty by expanding 
the knowledge base though 
integrated climate research 

• EU 7th Framework Programme 
• INSPIRE (Shared environment information system) Directive (2007) 
• GMES (Global monitoring for environment and security) 
• Community-supported information systems (floods, forest fires, MIC 

(monitoring and information centre for civil protection) 
• European data centres  
• Promote cooperation with international programmes   

The fourth pillar: Involving 
European society, business 
and public sector in the 
preparation of coordinated 
and comprehensive 
adaptation strategies. 

• European Climate Change Programme (EPCC) 
• Possible establishment of a European Advisory Group for Adaptation to 

Climate Change 
• Stakeholder consultation 
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Table 3: Summary of the National adaptation strategies in the EU-27 and other European 

countries  

Status of the National Adaptation 
Strategies 

Countries 

Developed Finland (published in 2005 by the Ministry of Agriculture and 
Forestry of Finland) 
Spain (PNACC is ongoing) 
France (National Adaptation Strategy) published in 2007 
Sweden (National Adaptation Strategy) published in 2007 

Under preparation, to be published in the 
near future (EU-27) 

Netherlands (most developed in the water sector)  
UK (Adaptation Policy Framework is already in progress, 
under the guidance of the Department for Environment Food 
and Rural Affairs, Defra) 
 

Under preparation, to be published in the 
near future (other European countries) 

Norway (currently in the process of developing adequate 
response strategies to the impacts of climate change, both 
sector by sector and as an overall strategy) 

First steps in including climate change 
adaptation within the framework of their 
National Climate Policy in addition and 
complementarily to mitigation 

Rest of the countries  
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Table 4: EU Water Framework Directive (Source: based on the EU WFD, 2000)  

Year Issue 
2000 Directive entered into force (Art. 25) 
2003 Transposition in national legislation (Art. 3) 

Identification of River Basin Districts Authorities (Art. 23) 
2004 Characterization of river basin: pressures, impacts and economic analysis (Art. 5) 
2006 Establishment of monitoring network (Art. 8) 

Start public consultation (at the latest) (art. 14) 
2008 Present draft river basin management Plan (Art. 13) 
2009 Finalize river basin management plan including programme of measures (Art. 13 and 11) 
2010 Introduce pricing policies (Art. 9) 
2012 Make operational programs of measures (Art. 11) 
2015 Meet environmental objectives (Art. 4) 
2021  First management cycle ends (Art. 4 and 13) 
2027 Second management cycle ends, final deadline for meeting objectives (Art. 4 and 13) 
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Box 1 Potential impacts of climate change in irrigation in the Mediterranean region 

Background: Irrigation accounts for over 60% of the total water abstraction, is used on about ten percent of 

the agricultural area, and gives rise to about 90% of the total value of crop production. Water resources vary 

greatly among basins.  

Problem: The studies focus on the evaluation of the potential impact of a change in climate on the potential 

crop production and irrigation demand. The aims also examine the potential increase in irrigation demand in 

areas already vulnerable to water use conflicts. 

Methods: Several methods including process-based agronomic models were used to estimate crop yields and 

crop water requirements at site and regional levels. Crop yield and irrigation demand functions were derived 

from the validated site results to evaluate spatial water demand and potential change in irrigation areas.  

Each of the models used in the study was validated against local data.  

Scenarios: The current baseline adopted for the socio-economic projections was 1990 and the climatic 

baseline, 1951-1980. Scenarios of climate change were projected for the 2050s with several global climate 

models driven by a range of socio-economic conditions.  

Impacts: Under climate change irrigation demand is expected to increase in all southern Mediterranean 

regions, especially the ones with the largest current irrigation areas. The increase in irrigation demand is due 

to a combination of increased temperature that leads to higher evapotranspiration and decreased precipitation. 

Adaptive responses: Improvements in water delivery systems are able to supply the demand for increases in 

irrigation supply and the projected increase in the irrigated area in the northern half of the region, but do not 

achieve the same results in the south-eastern part of the region.  

Source: Bindi et al., 2000 ; Moriondo et al., 2006; Iglesias et al., 2000; 2002 ; 2007b; 2008; Iglesias 2002 ; 

2003 ; Salinari et al., 2006; Tubiello et al., 2000, 2002. 
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Changes in water supply and demand with climate change

-15

-10

-5

0

5

10

15

%
 c

h
an

g
e 

fr
o

m
 c

u
rr

en
t

Irrigation demand Reservoir water inflow Available water resources

(1)         (2)         (3)          (4)         (5)         (6)         (7)         (8)         (9)        (10)

Changes in water supply and demand with climate change

-15

-10

-5

0

5

10

15

%
 c

h
an

g
e 

fr
o

m
 c

u
rr

en
t

Irrigation demand Reservoir water inflow Available water resources

(1)         (2)         (3)          (4)         (5)         (6)         (7)         (8)         (9)        (10)

#

#

#

#

#

9

11

12

8

7

6

5

4

3

2
10

1

Bilbao

Barcelona

Valencia

Madrid

Sevilla

Medite
rra

nean Sea

France

P
o

rt
u

g
al

Atla
ntic

Oce
an

#

#

#

#

#

9

11

12

8

7

6

5

4

3

2
10

1

Bilbao

Barcelona

Valencia

Madrid

Sevilla

Medite
rra

nean Sea

France

P
o

rt
u

g
al

Atla
ntic

Oce
an

 

Figure 1: Changes in available water resources, reservoir inflow, and irrigation water 

demand in the hydrological basins in Spain (Source: modified from Iglesias et al., 2008b) 

 


