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1.  Introduction

Background

European citizens do not suffer from the devastating water shortages and poor water quality experienced by people in other regions of the world and, in general, water is relatively abundant with a total freshwater resource across the EU-27 countries of around 1500 km3/year. Furthermore, only 13% of this resource is abstracted, suggesting that there is sufficient water available to meet demand. In many locations, however, Europe's water resources are increasingly threatened by overexploitation by a range of economic sectors and demand often exceeds availability. As a consequence, problems of water scarcity are widely reported, with reduced river flows, lowered lake and groundwater levels and the drying up of wetlands becoming increasingly commonplace. This general diminishing of the water resource is also having a detrimental impact upon aquatic habitats and freshwater ecosystems. Furthermore, saline intrusion of over-pumped coastal aquifers is occurring increasingly throughout Europe, diminishing their quality and preventing subsequent use of the groundwater. 
Historically, the problems of water scarcity have been most acute in southern Europe and, whilst this is generally still the case, the spatial extent and severity of water stress is growing in parts of the north too. The impacts of water scarcity are likely to be exacerbated in the future, with the prediction of an increase in the frequency and severity of droughts. Droughts are distinct from water scarcity, being a natural phenomenon defined as a sustained and extensive occurrence of below average water availability. The major challenge provided by water scarcity and droughts has been recognised in a communication from the European Commission (COM 2007) in which it is estimated that at least 11% of Europe's population and 17% of its territory have been affected by water scarcity to date, with the cost of droughts in Europe over the past thirty years amounting to € 100 billion. 
Objectives

This report provides an up-to-date assessment of water resources across Europe with the key objectives of;
● Describing spatial patterns and trends in water availability and abstraction, identifying those regions subject to the greatest water stress and, the range of detrimental impacts this has.
● Increasing awareness of the challenge faced by water scarcity and drought and the need for a fundamental shift to a more demand-led and, therefore, sustainable approach to water resource management.
● Illustrating good practice across all relevant economic sectors with respect to demand-led sustainable water resource management. 

● Exploring the quality of current available information on water availability and water use and thereby identifying gaps in knowledge.
Outline

This report is based broadly upon the DPSIR (Driving force, Pressure, State, Impact and Response) assessment framework as illustrated in Figure 1.1. The framework with respect to water resources encompasses ‘natural’ driving forces including spatial and temporal variation in water availability and, the future impact of climate change, particularly with respect to the frequency and severity of drought (chapter 2). Anthropogenic driving forces are also addressed, firstly in general terms (chapter 2) and subsequently through a detailed overview of each of the key sectors that use water; industry and energy production, public water supply and, agriculture (chapters 4-6). Each of these sector specific chapters reviews the key drivers for abstraction, the pressure this imparts upon water resources and, potential measures or responses that could be implemented to ensure a more sustainable use of water by that sector in the future.
The combined effect of abstraction and drought upon the current state of water resources in Europe is illustrated through examples of decreasing groundwater and lake levels, reduced river flows, the drying up of wetlands and, the increasing occurrence of saline intrusion into aquifers (chapter 3). In addition, detrimental impacts upon freshwater ecosystems are also described.

In conclusion, (chapter 7) the report highlights the need for a sustainable and integrated management of water resources in Europe central to which are demand-led approaches that focus upon efficiency and conservation. Water pricing and illegal water use are also addressed. Chapter 7 also introduces recent initiatives with respect to improving information regarding Europe’s water resources, including the establishment of water accounts. 
Figure 1.1 The DPSIR framework with respect to water resource management
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2. Water Availability, Abstraction and Supply
Introduction

Whilst, as a whole, Europe abstracts a relatively small proportion of its renewable freshwater resource, problems of water scarcity arise in many regions, since an imbalance between abstraction and availability exists. This imbalance is primarily driven by a mismatch between the distribution of people across Europe and the availability of water but is also exacerbated by excessive abstraction rates. 
In order to explain the current pattern and severity of water scarcity across Europe, knowledge of the magnitude and spatial variation of both availability and abstraction is necessary. In addition, predicting future changes in the availability of freshwater requires an understanding of the likely impact that climate change will have in this respect. This chapter outlines the current availability of freshwater across Europe, using precipitation and river flow to describe the current observed variation in the resource, historical trends and likely climatically driven future trends, including that of droughts. The abstraction of water across Europe is also summarised including the key sectors involved, their regional variation and the means of ensuring supply. Finally, a measure of the current severity and spatial variation in the stress upon Europe's freshwater is presented, as a precursor to a more detailed examination of the impacts of abstraction and supply in Chapter 3.
Water Availability
Precipitation

The combined influences of latitude, topography and distance to the sea result in a widely varying distribution of precipitation across Europe, ranging from less than 400 mm/year in parts of the Mediterranean region and the central plains of Europe, to more than 1000 mm/year along the Atlantic shores from Spain to Norway, the Alps and their eastern extension. 
Precipitation in Europe generally increased over the 20th century, on average 6-8% between 1901 and 2005, although large geographical differences are apparent, in particular a reduction in the Mediterranean and eastern Europe (EEA 2008; Figure 2.1). In addition, some seasonal changes have occurred with an increase in winter precipitation for most of western and northern Europe and a decrease in southern Europe and parts of central Europe.
Figure 2.1 Observed changes in annual precipitation 1961-2006
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Climate models predict a general future increase in precipitation in northern Europe and a decrease in southern Europe. Seasonally, a large increase in winter precipitation is predicted for mid and northern Europe, whilst many parts of Europe are predicted to experience drier summers (EEA 2008). Furthermore, an increase in the frequency and intensity of drought is predicted across much of Europe.  Drought is a natural phenomenon, defined as sustained and extensive occurrence of below average water availability. Drought affects all components of the water cycle from a deficit in soil moisture, through reduced groundwater recharge and levels, to a drying up of wetlands and reductions in river flow. Drought should not be confused with aridity, which is a long-term average feature of a dry climate. It is also distinct from water scarcity, which reflects an imbalance between water availability and demand. 
River flows
River flows are a measure of the availability of freshwater resources within a basin, broadly correlating with the amount of water also stored within lakes, groundwater and wetlands. Variations in river flow are determined mainly by the seasonality of precipitation and temperature, as well as by catchment characteristics such as geology, soils and land cover. 
Average river flow across Europe is about 450 mm/year, but this varies strongly ranging from less than 50 mm/year in areas such as southern Spain to more than 1500 mm/year in parts of the Atlantic coast and the Alps. Seasonal variation in river flow varies throughout Europe. In the south, for example, river flow may be minimal during the summer months followed by occasional and intense rainfall events that result in dramatic but short-lived rises in river flow. This flow regime makes it very difficult to maintain a reliable supply of water from rivers, without storing it in, for example, reservoirs.  In the west, there is much less variation in flow throughout the year owing to the Atlantic maritime climate, whilst in the north and east, much winter precipitation falls as snow, such that a large proportion of river flow occurs during spring snowmelt. Hydrogeological characteristics also play a role in determining the seasonality of the flow regime; rivers dominated by groundwater, for example, tend to have a higher dry season flow than those dominated by surface runoff. 
In accordance with observed changes in precipitation and temperature, there is some evidence for climate-induced changes in annual river flow (Figure 2.2) as well as the seasonality of flow, in Europe during the 20th century. Annual flows, for example, showed an increasing trend in northern parts of Europe, with increases mainly in winter, and a decreasing trend in southern parts of Europe. Identifying historical climate change driven changes in river flow is not easy, however, since most river basins in Europe have been subject to large and changing anthropogenic influences on the water balance during the 20th century, including abstraction and flow regulation. 
Figure 2.2 Modelled change in annual river flow between 1971-1998 and 1900-1970.
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Annual river flow is projected to decrease in southern and south-eastern Europe and increase in northern and north-eastern Europe (Arnell, 2004; Milly et al., 2005; Alcamo et al., 2007). Strong changes are also projected in the seasonality of river flows, with large differences across Europe. Winter and spring river flows are projected to increase in most parts of Europe, except for the most southern and south eastern regions. In summer and autumn, river flows are projected to decrease in most of Europe, except for northern and north-eastern regions where autumn flows are projected to increase (Dankers and Feyen, 2008). Predicted reductions in summer flow are greatest for southern and south-eastern Europe, in line with the predicted increase in the frequency and severity of drought in this region. In snow-dominated regions, such as the Alps, Scandinavia and the Baltic, the fall in winter retention as snow, earlier snowmelt and reduced summer precipitation is expected to reduce river flows in summer (Andréasson, et al., 2004; Jasper et al., 2004; Barnett et al., 2005), when demand is typically highest.
Abstraction
Abstraction describes the volume of water taken from a natural or artificial resource over a certain period of time, typically the calendar year. It does not, however, describe how much of this volume is ultimately returned to a waterbody after use or, how much is ‘consumed’ either through incorporation into a final product or by evaporation. Water consumption varies significantly between sectors, for example, water abstracted for electricity generation is nearly all returned to a waterbody whilst, in contrast, much of that abstracted for agriculture is consumed.
The total abstraction of freshwater across Europe is around 285 km3/year and represents, on average, 5300 m3 per capita/year. Overall, 44 % of the total abstracted is for energy production, 24 % for agriculture, 21 % for the public water supply and 11 % for industry, although strong regional variations are apparent (Figure 2.3). In Eastern countries, the greatest abstractor is the electricity generation sector (55%), followed by public water supply (20%). In western countries, abstraction for electricity production predominates, contributing approximately 52% to total abstraction, followed by public water supply (29%) and industry (18%). In southern countries, the largest abstraction of water is for agricultural purposes, specifically irrigation, which typically accounts for about 60% of the total abstracted, rising to 80% in certain locations. Sectoral trends in water abstraction are apparent over recent years (Figure 2.7) in particular, declines in abstraction for irrigation and industry across eastern Europe since the early 1990’s and a substantial increase in water abstracted for irrigation in Turkey. In Western Europe, modest decreases in water abstracted for industry and electricity production are apparent. These various trends and the driving forces behind them are examined in more detail in the sector specific chapters of this report.
Figure 2.3 Water abstractions for Irrigation, Manufacturing Industry, Energy Cooling and Public Water Supply (million m3/year) in early 1990s and the period 1997-2005 (Ver. 1.00).

Note: Turkey is plotted on an individual column in this graph to depict the large increase in agricultural water use, and to avoid masking trends in the rest of Southern Europe. 
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Sources of water
Sources of freshwater include natural water bodies i.e. surface (rivers and lakes) and ground water, production by desalination, the collection of rainwater and, reuse of wastewater. Across Europe as whole, surface water is the predominant source of freshwater, mainly because of the ease and relatively low cost of its abstraction, and accounts for 81 % of the total abstracted. Virtually all abstraction for energy production and more than 75 % of that abstracted for industry and agriculture comes from surface sources (Figure 2.4). For agriculture, however, the share of groundwater as a source is probably underestimated due to illegal abstraction from wells. Groundwater is the predominant source (about 55 %) for public water supply due to its generally higher quality than surface sources.

Figure 2.4 Sources of freshwater abstraction by sector
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All sectors abstracting water typically require a reliable year-round supply that is able to provide sufficient water even during periods of prolonged low rainfall. As a result, the storage of surface water in reservoirs is commonplace, as is the transfer of water between river basins. In addition, the artificial recharge of groundwater by river water, particularly during periods of high flow, has been a traditional means of improving supply, whilst the production of freshwater via desalination plants is playing an increasing role in this respect.
Reservoirs

Reservoirs, created by damming rivers or modifying natural lakes, provide a means of storing and ensuring the supply of surface water. Artificial reservoirs have been constructed in Europe for hundreds of years with the oldest still in use dating back to the 2nd century. Over the last two centuries there has been a marked increase in the height of dams and the storage capacity of reservoirs. These changes have occurred in order to serve the production of hydropower, to supply water primarily for drinking, industrial production and crop irrigation and, for flood control. 

According to the criteria of the International Commission of Large Dams (ICOLD) there are currently about 7000 large dams in Europe (dam higher that 15 m or reservoir capacity bigger than 3hm3). The number of large reservoirs is greatest in Spain (ca 1200), Turkey (ca 610), Norway (ca 360) Italy (ca 570), France (ca 550), the UK (ca 500) and Sweden (ca 190). Many European countries also have numerous smaller dammed lakes. Europe’s reservoirs have a total capacity of about 1400 km3 or 20 % of the overall available freshwater resource (EEA, 2007). Three relatively water-limited countries, Romania, Spain and Turkey are able to store more than 40 % of their renewable resource and another five countries, Bulgaria, Czech Republic, Cyprus, Sweden and Ukraine have smaller but significant storage capacities (20-40 %). The number of reservoirs across Europe grew rapidly over the 19th and 20th centuries (Figure 2.5). This rate has, however, slowed considerably in recent years primarily because most of the suitable river sites for damming have been used, but also due to growing concerns over the environmental impacts of reservoirs.

Figure 2.5 Dam commissioning in Europe 1900-1988
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Source ICOLD 1984/1988 in EEA 1999: Lakes and reservoirs in the EEA area, Available at http://reports.eea.europa.eu/92-9167-119-3/en
Inter-basin transfers
The options for ensuring and increasing water supply include the transfer of water from one river basin to another. Such inter-basin transfers have been used in Europe since Roman times, with the first Roman aqueduct (Aqua Appia) being constructed in 312 BC to bring water to Rome from a site 16.4 km away. Remains of Roman built aqueducts - some of them still functioning – may be found from Turkey in the east to Spain, France and the UK in the west. More modern inter-basin transfers in Europe have taken place mainly in the Mediterranean region. Many of these projects were initiated and completed over the past 50 years, when huge structures including pumps, reservoirs and hundreds of kilometres of artificial concrete channels were considered as engineering challenges and the public and scientific awareness of the adverse environmental impacts (see Chapter 3) of such schemes were low.
Nowadays, in the case of temporarily critically low water availability, freshwater is also transported using ships such as was the case for both Barcelona and Cyprus in 2008.
Artificial water recharge

Artificial water recharge is a process by which surface water is subsequently stored in the ground, thereby improving the quantity of the groundwater resource and, through its filtration within the soil and dilution with groundwater, improving the quality of the original surface water. The water used for recharge may be excess storm water, river water or treated wastewater and the technologies used include surface infiltration, injection wells, artificial ponds and percolation tanks. The selection of the system must take into consideration aspects such as topography, soil type, and the quality and availability of the surface and groundwater. Whichever method is chosen, it is essential to ensure that the pre-treatment of the surface water is sufficient to prevent soil contamination but also that the resultant groundwater is suitable for any subsequent use. 

Artificial water recharge is widely practiced in Europe, having been undertaken in many countries since the nineteenth century. Nowadays, it is also used to produce drinking water in Belgium, the Czech Republic, Denmark, Finland, Greece, the Netherlands, Poland and Spain. In Germany, for example, some 15 % of drinking water is produced using artificial recharge (Schöttler, 1996), whilst in the Netherlands, 14 % is derived from groundwater artificially recharged by river water from the Rhine and Meuse (Stuyfzand and Kooiman, 1996). In Finland, 9 % of the water produced by municipal water supplies originates from artificial groundwater, a share which is estimated to grow to 15-20 % by 2010 (Hatva, 1996).
Desalination

Desalination is the process of removing salts from brackish and sea water, and has become a fast growing alternative to conventional sources of water, particularly in water-stressed regions of the world. The two technologies used by conventional desalination plants – evaporation and reverse osmosis (which involves pushing water through a semi-permeable membrane but retaining dissolved salts) – both require a large amount of energy. For example, a typical seawater reverse osmosis plant requires 1.5 – 2.5 kWh of electricity to produce 1 m3 of water (Service 2006). The energy requirements of desalination plants have, however, decreased significantly in recent years and further decreases may occur in the future due to the development of new technologies based on nanotechnology and novel polymers. In addition to desalination, reverse osmosis can also be used for water decontamination, purification and recycling.

Spain is the largest user of desalination technologies in the western world and is fourth in the world behind Saudi Arabia, the United Arab Emirates and Kuwait, and first in the use of desalinated water for agriculture. Its 700 plants produce some 1.600.000 m³ of water per day or enough for 8 million people (WWF 2007). Other Mediterranean countries e.g. Cyprus, Malta, Portugal, Greece and Italy are also increasingly relying on desalinated water as an additional resource for public water supply as well as for supporting holiday resorts in arid areas. Malta, for example, relies on desalination for 57 % of its water supply. In Cyprus, two desalination plants with a total target capacity of 120,000 m3/d have been constructed, with the objective of increasing water availability and the level of reliability for domestic water supply systems (Tsiourtis, 2001). The Government of Cyprus is currently also considering the construction of three more desalination plants by 2013, one at Limassol and the other two at Paphos and Famagusta respectively, each producing up to 40.000 m3/d. Desalination is considered not only in regions one would immediately think of as dry; London’s water utility Thames Water is currently investing 300 Million Euro to build the regions first desalination plant (Mayor of London, 2006). 

Currently, there is no European overview of the importance of desalination for water supply, but the following figure (Figure 2.6) clearly illustrates two important points. Firstly, desalination mainly occurs in the Mediterranean region, and secondly, since 1985 there has been a huge increase in the number of plants and a technological shift from high energy consuming evaporation technology to more energy efficient reverse osmosis.
Figure 2.6 Desalination plants constructed in Europe
	Desalination plants constructed in Europe between 1960 and 1985. 
	Desalination plants constructed in Europe since 1985. 
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Alternative supply methods
The more conventional methods of securing water supply including reservoirs, inter-basin transfers and desalination all have associated negative environmental impacts (Chapter 3), whilst the continued expansion of reservoirs and water-transfer schemes, in particular, is not sustainable in the longer term. As a result, in recent years, alternative and potentially more sustainable means of ensuring water supply have become increasingly important. These methods include the reuse of treated wastewater, the reuse of greywater and, rainwater harvesting. Whilst none of these methods reduced water use, they all decrease abstraction from conventional sources. 
Treated urban wastewater provides a dependable water supply relatively unaffected by periods of drought or low rainfall. However, Europe has not invested heavily in the use of wastewater so far, with the total volume reused (964 Mm3/year) currently representing only 2.4% of treated effluent. Spain accounts for the largest proportion of this (347 Mm3/year) with Italy using 233 Mm3/year. In both these countries the wastewater is used primarily for agriculture (Chapter 6), whilst across Europe as a whole, 75% of the wastewater that is re-used is for agricultural purposes (AQUAREC/EUWI). In addition to agriculture, additional uses include the irrigation of golf courses and municipal land and, increasingly, use by industry.

Greywater (Chapter 5) refers to all household wastewater (other than that from toilets) and hence includes that used in bathrooms and kitchens. Typically greywater is collected, stored and reused, untreated, for flushing toilets and watering gardens. Rainwater harvesting (Chapter 5) is the process of collecting, diverting and storing rainwater from an impervious area such as a roof, for subsequent use. Typically the water collected is used for gardening or car washing purposes, although non-potable use inside the house is also possible, for example, in washing machines and for toilet flushing. 
The sectoral chapters of this report describe these alternative and potentially more sustainable means of ensuring supply in more detail, together with those measures that focus upon the reduction of water demand.
Water exploitation index
One relatively straightforward measure of estimating the pressure or stress upon freshwater resources is through derivation of the water exploitation index (WEI) which is calculated as the ratio of total freshwater abstraction to the total renewable resource, on an annual basis. A WEI of 20 % reflects a threshold above which there is stress upon the water resource, whilst a value of more than 40 % indicates a severe water stress and highlights a clearly unsustainable use of the water resource. Earlier estimates of the WEI were made at a national scale and showed Cyprus (45 %) and Bulgaria (38 %) to have the highest WEI’s across Europe, with high values also apparent for Italy, Spain, Former Yugoslavian Republic of Macedonia and, Malta. Such national scale WEI estimates are, however, unable to reflect the extent and severity of water scarcity found regionally. For example, whilst the national scale WEI for Spain is about 34 %, the southern river basins of Andalusia and Segura have extremely high WEI’s of 164 % and 127 %, respectively.
In 2007, as part of the European Commission’s assessment of water scarcity and drought, information describing river basin scale WEI’s was collated from thirteen Member States. These data (Figure 2.7) illustrate some extremely high WEI’s for a number of river basins in the south of Europe, together with a number of river basins in more northerly regions where the WEI is at or around 20 % and indicating a stress on the water resource.
Figure 2.7 WEI for selected river basins across Europe.
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Despite the improvement afforded by the calculation of WEI at a river basin scale, such analysis can still fail to fully reflect the level of stress upon local water resources, primarily because it does not account for seasonal variations in water availability and abstraction. During the summer months in southern Europe, for example, agricultural and tourist water demands peak at a time when the natural water resource reaches a minimum. The annual average approach of the WEI is unable to capture this and cannot, therefore, fully reflect the potential threat to, for example, the freshwater ecosystem. Despite these limitations, the WEI still provides a useful indication of water scarcity and there is a broad geographical correlation between those river basins with the highest WEI and the reports, from a range of sources, of diminished water resources and associated detrimental impacts described in the following Chapter.

3. Impacts of water abstraction and supply
Introduction

Whilst drought and periods of low rainfall associated with natural variation in the hydrological cycle impact upon freshwater resources, abstraction and storage can greatly exacerbate problems of water availability. 

A diminished water resource can be reflected by reduced river flows, lowered lake and groundwater levels and a drying up of wetlands. Due to the hydrological connectivity between them, excessive abstraction from any one of these types of waterbody can impact upon one or more of the others. For example, rivers, lakes and wetlands can all be strongly dependent upon groundwater, especially in the summer months when it typically provides baseflow critical to the survival of surface water biota.

In addition to the potential for adverse impacts upon freshwater ecology, abstraction can lead to a worsening of water quality through a diminished ability to dilute pollutants and, a rise in water temperature. Furthermore, excessive abstraction from coastal aquifers can cause the intrusion of saltwater, diminishing the quality of the groundwater and preventing its subsequent use. A heavy aquifer draw down can also lead to ground subsidence and related geomorphological impacts. In addition to all these issues, the traditional supply side approaches to water management are also associated with a range of negative impacts on the aquatic environment.

The following sections describe the impact of abstraction upon water resources, freshwater ecology and groundwater quality with respect to salinity. In addition, the adverse impacts of traditional supply side measures, established to ensure the availability of water, are described.

Depletion of the water resource

The effects of over abstraction upon water resources vary considerably depending upon the volume and seasonality of the abstraction, the volume and location of returned water, the sensitivity of the ecosystem and specific local and regional conditions. Of critical importance is the timing of abstraction with respect to the volume of water available. For example, peak abstraction for both agriculture and tourism (mainly via the public water supply) typically occurs in the summer months when water availability is generally at a minimum. As a result, the potential for detrimental impacts upon, for example, freshwater ecology is maximised. 

Imbalance between demand and water availability becomes most acute when abstraction occurs at times of prolonged dry periods or drought. Furthermore, under these circumstances, the general low availability of water can, without appropriate water resource management, drive further abstractions, particularly those for agricultural use. The balance between water abstraction and availability has now reached a critical level in many areas of Europe and, as illustrated by the following examples, a combination of drought and over-abstraction by at least one economic sector are, typically, the causal factors.

Cyprus

The annual water demand in Cyprus has grown steadily over the last 20 years and has exceeded 100 million m3 each year since 2001 (Figure 3.1). Fifty to seventy per cent of this figure is used for domestic purposes whilst the remainder is used for irrigation. The annual available natural water resource, as reflected by the inflow to dams, varies markedly from 10-40 million m3 in dry years to 120-170 million m3 in wet years. In addition, since 2001, Cyprus has produced around 30 million m3 of water annually by desalination. In wet years, therefore, Cyprus has sufficient water available to satisfy demand. In drier years, however, a large deficit can occur, despite the additional supply from desalinisation.

By 2008, Cyprus had suffered a fourth consecutive year of low rainfall and the drought situation reached a critical level in the summer months. To ease the island’s crisis, water was shipped in from Greece, although subsequent water shortages in Greece slowed the shipments. In addition, the Cypriot Government has been forced to apply emergency measures which include the cutting of domestic supply by 30 %. Households are supplied with water three times a week for around 12 hours, although many across the island claim they are left without water for up to four to five days. In one village in Limassol district, water pricing to reflect its growing scarcity has been implemented, whereby charges rose rapidly above a threshold level of use. The biggest water users, particularly those with swimming pools, were landed with bills in the thousands of euros, with a drastic reduction in water use resulting (Cyprus Mail 2008).
Figure 3.1
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Source: http://www.cyprus.gov.cy/moa/wdd/wdd.nsf/f8ca32f24081da0ac22573e000406fff/498453d183889e0ec2256e7e004c37a7/$FILE/19,7KB.pdf
[image: image28.png]



The crusty surface of Kouris dam, Cyprus’ largest with a capacity of 115 million cubic metres, located in the Limassol District, on November 8, 2007. Prolonged drought has dried up most of the island’s water reservoirs, with rainfall for October reaching only 24 % of the month’s average. 

Turkey

The combination of drought and excessive abstraction has also had severe consequences in Turkey, with the country’s second largest lake, Lake Tuz in the arid Konya basin, now having dried up completely. The lake, which in the past has been visited by thousands of flamingos each summer, has begun the process of transforming into a salt basin. Whilst the Konya basin has experienced drought conditions since the 1980’s (Dogdu and Sagnak), excessive water abstraction for irrigation has also played a critical role, with much of it drawn from illegally drilled wells (Dogdu and Sagnak 2008). Together the lack of rainfall and excessive abstraction for agriculture has severely depleted the groundwater, causing levels to decrease by 20 m in the last year alone. In addition to Lake Tuz, numerous smaller lakes and wetlands in the Konya basin, dependent upon groundwater, have also dried up.
Greece

The Vocha plain, bounded by the Korinthiakos Gulf in Southern Greece has experienced a 65 % increase in population since the 1970’s with continued growth predicted over the coming years (Voudouris 2006). Summertime population is increased by 25 % due to an influx of tourists and, owing to the close proximity of Athens, weekend visits by city dwellers. Summer and wintertime per capita daily consumption of water is estimated to be 250 and 200 l, respectively. Approximately 80 % of the water demand of the area is agricultural, with about 45km2 of irrigated land supporting the cultivation of citrus fruits, olives, apricots and vineyards. Irrigation occurs primarily between May and October, although some flood irrigation occurs during winter and spring. Both the public water supply and agricultural water requirements of the area are predominantly met from groundwater, supported by around 1500 wells and boreholes. Abstraction from groundwater, however, now exceeds recharge and the aquifer system is overexploited. Water balance estimates for 2000-2001, for example, estimate a deficit of 15 million m3 year, reflecting a 38 % exceedance of the renewable freshwater resource. As a result, a significant decline in water level has occurred in wells and boreholes, driving a progressive deepening of those still operating. In addition, seasonal seawater intrusion into the aquifer now occurs (Voudouris et al. 2000). 

Close to the Vocha plain, the water demand of the Greater Athens region has, historically, been met through an extensive and complex water supply system that extends over an area of 4000 km2 and incorporates four reservoirs, 350 km2 of main aqueducts, 15 pumping stations and more than 100 boreholes (Xenos et al. 2002). Two of the reservoirs, the Mornos and Evinos, lie more than 200 km from the city. The onset of prolonged drought in the late 1980’s, however, led to a substantial depletion of all surface water resources and led to a greater focus upon a demand side approach to water management for Athens. In addition to drastic increases in water pricing, a massive water saving campaign and water use restrictions were implemented and, as a result of these measures, water consumption at the time was reduced by a third. Water demand in the Greater Athens region has, however, continued to grow at an excessive rate, currently reaching 6 % per year. This growth has been driven by an expansion of the urban region and the movement of people from city apartment blocks to houses with gardens on the fringes of the region (Xenos et al. 2002). Should this growth in demand continue, within a few years, the available resource will not be sufficient to meet requirements (Koutsoyiannis et al. 2001). Moreover, the potential for augmenting the system through additional supplies is extremely limited and likely to be excessively expensive, particularly given the long distances and associated pumping requirements. 

Spain
In Spain, the Water Administration has identified 51 hydrogeological units as overexploited, whereby the ratio of groundwater abstraction to the renewable resource is 1.0-1.2 (Custodio 2002). In 23 other units the ratio is in the range 0.8-1.0, whilst in a further 25 units, where the ratio is less than 0.8, significant local water-level drawdown rates of quality deterioration are reported. The decline in groundwater levels over recent decades has been particularly marked in the Segura River Basin in eastern Spain, with drawdown in the most critical areas ranging between 20 and 160 m between 1980 and 2000 (Custodio 2002). 

Ecological impacts
Rivers require a sufficient amount of water, termed the ‘environmental flow’, in order to maintain a healthy aquatic ecosystem. Whilst all aspects of the flow regime are important to the health of river ecosystems, low flows represent a particular risk to migratory fish that require sufficient flow to trigger upstream movement and the reaching of spawning grounds. In addition, young salmonid fish require flow of a sufficient velocity and prefer to avoid shallow water whilst drift-feeding. Environmental flows apply not only to fish, however, but the whole aquatic ecosystem including freshwater invertebrates, vegetation and riparian bird life. Flow also strongly influences water quality; the lower the flow, the less able a river is to dilute pollutants and, typically, the lower the concentration of oxygen dissolved in the water; at a certain minimum level, lack of oxygen becomes critical to aquatic life. The tolerance of aquatic biota to changes in river flow, velocity and depth as well water quality, cover and substrate varies from one species to another. Such information is often integrated within freshwater habitat suitability models that determine optimal flow conditions and help to quantify the impact of abstractions upon aquatic habitat. 
Despite the critical importance of flow to aquatic life, the abstraction of water from rivers is often excessive, with the failure to achieve and maintain environmental flow commonplace, particularly during the summer months when water availability is typically at a minimum. As a result, negative ecological impacts associated with low flows are commonly reported across Europe. In Turkey, for example, a combination of drought and excessive abstraction of water for irrigation have had a severe impact upon the migrant fish Chalcalburnus tarichi, a member of the carp family that lives in the highly alkaline waters of Lake Van in Eastern Turkey (Sari et al. 2003). Between April and June, the fish, known locally as ‘pearl mullet’, migrates to rivers that feed the lake, for spawning, returning afterwards to the lake. Following drought conditions since 1996, however, the flow of the largest river draining to the lake, the Bend-I Mahi has decreased markedly. In response to the general lack of water, in 2001, the General Directorate of State Hydraulic Works diverted all the remaining flow of the Bend-I Mahi River to the irrigation network, to support crop production. Since the river dried up, nearly 1000 tons of Pearl Mullet and millions of eggs and larvae died. Additionally, in June 2002, low flow combined with a high water temperature and low levels of dissolved oxygen also resulted in fish kills (Sari et al. 2003). Following these events and based on the requirement for aquatic conservation under Fisheries Law, research was undertaken to identify minimum ecologic flow rates to protect the fish. Agreement has now been reached regarding a more sustainable abstraction of water, whilst farmer training and advisory programs have been successfully implemented regarding irrigation technique and the effects of over abstraction (Sari et al. 2003).

The ecological impacts of water abstraction are also evident in Northern Europe. The chalk streams of Southern England, for example, support a rich diversity of fish, invertebrate, and plant life including trout, salmon, the depressed river mussel, the native white clawed crayfish and water-crowfoot amongst others. These streams are, however, vulnerable to a variety of threats including excessive water abstraction, particularly that for public water supply. The River Piddle, for example, a small chalk stream in Dorset, supports a valuable fishery for brown trout but is also heavily used for water abstraction. Investigations into the impacts of the largest public water supply abstraction on the brown trout population in the river have demonstrated a spatial correlation between a zone of reduced river flow and an area of low juvenile trout abundance and, a reduction in the period during which good quality trout fishing is available (Strevens 1999). 
Lakes and reservoirs also require a minimum amount of water for healthy ecosystem function and excessive abstraction can result in negative impacts on the open water ecosystem and its marginal zones. Lake Dojran/Dojirani, located in the Former Yugoslavian Republic of Macedonia and Greece, has experienced a marked drop in water volume in recent decades, falling from 262 million m3 in the 1950’s to 65 million m3 in 2002. This decrease is attributable to both prolonged periods of drought over this time and excessive abstraction for agriculture, with an estimated 12 million m3/year being used for irrigation (Manley et al. 2008). The diminished water resource, together with a worsening of water quality, have resulted in a decrease in numbers of all fish species in the lake and caused a large scale exodus of a number of species of birds.
Terrestrial ecosystems can also be impacted by excessive abstraction, leading to the drying out of woodland, forests, heathland, dunes and fens, making them less suitable for a range of characteristic plant and animal life. In the Doñana National Park in South West Spain, for example, abstraction of water for tourism and agriculture in the surrounding area has contributed to a loss of wetland grasses and heathland, promoting an invasion of scrub vegetation Muñoz-Reinoso (2001). The drying of peatlands has particular implications for climate change, since the aeration and oxidation that occurs, leads to a loss of accumulated organic matter and a shifting of peat soils from sinks to sources of carbon. In the Guadiana catchment in Spain, the drying out of peatland through excessive groundwater abstraction and rainfall scarcity has, at times, resulted in its spontaneous combustion and almost all of the peat is now burnt (Fornes et al. 2000).
Saline intrusion
Excessive groundwater abstraction from a coastal aquifer causes the fresh-water level to lower and seawater to flow into the aquifer, in a process known as saline intrusion. This salination of coastal aquifers diminishes their quality and prevents the subsequent use of the groundwater particularly as conventional treatment methods do not remove the salt. Furthermore, the normally lengthy residence time of groundwater means that the saline contamination may remain for decades. Typically groundwater salinisation results in the demand for freshwater being met by other sources, including the desalination of coastal water.

Large areas of the Mediterranean coastline have been affected by saline intrusion (Figure 3.2) driven by abstraction of water for agriculture and public water supply, with demand for the latter being markedly increased by tourism. Across Greece, for example, it is estimated that the total surface area of aquifers impacted by seawater intrusion is about 1,500 km2, Daskalaki and Voudouris (2007). Whilst the problem is most acute in Mediterranean coastal regions, saline intrusion also occurs in Northern Europe (Figure 3.2).

Figure 3.2: Saltwater intrusions into groundwater in Europe (1999)

Source: EEA Dataservice (version 4) http://maggot/atlas/viewdata/viewpub.asp?id=2230
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The Argolid Plain in eastern Peloponnesus in Greece has undergone a rapid expansion of irrigated agriculture since the 1950’s. Groundwater abstraction to support the irrigation of oranges, horticultural crops and olives has been excessive and led to the intrusion of sea water into aquifers. This phenomenon was first recorded in the early 1960’s, when groundwater, pumped from certain wells, showed an increase in the concentration of chloride, while signs of chloride toxicity – such as leaf burns and defoliation, particularly in citrus trees – was also observed (Giannoulopoulos 1999). The decline in the groundwater resource has resulted in the drying up of boreholes and the abandonment of those with excessively high salinity. New boreholes have been drilled further from the coast and both existing and new boreholes have been dug to increasing depths. It is common to find 400m deep boreholes contaminated by sea-water intrusion (UNEP/MAP, Blue Plan 2005).
In Cyprus, 13 of the 19 groundwater bodies (68 %) have been intruded to some extent or are at risk of sea water intrusion (MAP 2007). Low mean precipitation, a very large water demand and reduced recharge caused by the construction of dams on those streams feeding the coastal aquifers have together caused the decline of groundwater levels and the associated seawater intrusion. The situation has been exacerbated by a pricing policy which charged for water abstracted from the reservoirs but not from groundwater. In addition to the saline intrusion, natural marsh areas have been depleted.
Adverse impacts of supply-side measures

Traditional supply side approaches to water management are associated with a number of negative impacts upon the aquatic environment. In particular, reservoirs, inter-basin transfers and desalination each cause specific problems relating to the modification of water quantity, water quality, or both.
Reservoirs

Reservoirs cause a number of environmental problems both during the building phase that may take decades and following completion. As the water level in the reservoir rises upon the closing of the dam, major changes often take place in the area to be inundated; farmland, terrestrial and riparian habitats can be lost, settlements flooded, and the groundwater table elevated. Once the reservoir has been established, the environmental problems can be divided in two groups: those that render the reservoir unsuitable for its purpose, for example, algae and toxic substances in reservoirs used for drinking water, and those that induce deterioration of the river system, especially downstream of the reservoir. Since dams interrupt the natural continuity of a river, fragmentation of the river ecosystem occurs, often with marked ecological consequences. In particular, access to spawning sites for migratory fish can be prevented, the problem being especially acute for fish such as salmon, trout, eel and sturgeon.  Much of the sediment carried into reservoirs becomes trapped and settles to the bottom. Not only does this sedimentation reduce the life span of the reservoir, but water released by the dam is depleted in sediment and organic material that would otherwise contribute to the fertility of the floodplains and estuaries downstream. This depletion also leads to a reduction in the quality and extent of the downstream aquatic habitat. 

Water Transfers

Analysis by the WWF (2007a) has identified several drawbacks associated with the large scale transfer of water between river basins. These include the loss of water via evaporation and seepage from channels during transport (as much as 50 %) and, at the donor’s end, reduced river flow, an increased concentration of pollutants due to a lower dilution capacity of the river and, changes to erosion and sedimentation patterns. In addition, such transfers have the potential to introduce alien species to the receiving basin.
Desalination

Desalination, whilst reducing the need for further freshwater abstraction, has associated environmental issues. In particular, between the abstraction of brackish or salt water and the final production of freshwater, considerable amounts of energy are used to evaporate water or force it though membranes. Furthermore, huge amounts of liquid or solid waste (brine) are released by the end of the process. To minimise environmental damage at the intake, desalination plants should not be located in sensitive marine and coastal environments and screening of the intake is necessary. Whether disposal of brine has a large scale effect on sea salinity and currents is still an unresolved issue but local effects of brine effluents are well-documented. Being heavier than normal seawater brine effluents tend to spread along the sea bottom and bottom dwelling organisms sensitive to salinity (e.g. high biological value meadows of the sea-grass Posidonia oceanica) are threatened by increasing salinity (WWF 2007b). One solution to the brine problem is to reduce it to a solid or minimum form available then for use as input to the chemical industry or deposition into former mines. 
4. Water abstraction for industry and energy production
Introduction

Water is used by manufacturing industries in a number of different ways; for cleaning, heating and cooling; for generating steam; for transporting dissolved substances or particulates; as a raw material; as a solvent; and as a constituent part of the product itself (e.g. in the beverage industry). Overall, manufacturing industry accounts for about 11% of the total freshwater abstracted across Europe, with about half of this being used for processing and the other half for cooling. Manufacturing industry is supplied both from the public water supply system and via ‘self’ abstraction processes; the more water intensive industries generally undertake their own abstraction, with the principal source being surface water. 

Water abstracted for energy production as a whole accounts for about 43 % of the total freshwater abstracted across Europe, although in Germany, France and Poland this figure exceeds 50 %. Very little water abstracted for energy production is consumed, with the majority being ultimately discharged back to a receiving water body, typically at high temperature. Thermal, fossil and nuclear power plants all require large amounts of water for the generation of electricity and heating. The water abstracted is used primarily for cooling purposes, although some is used as ‘boiler feed’ and ‘process’ water. Most of the water requirements of power plants are met from surface waters and extracted almost exclusively using their own abstraction plants. Cooling water is generally treated before use in order to avoid corrosion and calcification and also to fight the growth of bacteria and algae in the cooling system. 

Water use by manufacturing industry 

Current Status and recent trends

Following major growth between 1950 and 1980, water abstraction by manufacturing industry in Europe stabilized during the 1980s. Over the last 15, however, whilst industrial output has expanded, abstraction has decreased overall by about 40 %.  This reduction has been greatest in Eastern Europe (79 %) and is associated with the significant decline in industry in this region during the transition process (Ecologic et al. 2007). Reductions across southern and western (central and northern) countries are 19 % and 26 % respectively (Figure 4.1) and can generally be attributed to the decline of very water intensive heavy industry (e.g. mining and steel manufacture), attempts in some sectors to reduce water costs, including those associated with discharging wastewater and, the introduction of more water efficient technology (Ecologic et al. 2007). 
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Figure. 4.1: Water abstraction for manufacturing industry (106 m3/year) in early 1990s and 2002-2005 (Ver. 2.00). The latest year of reporting from each country within each time period was used for calculating the means for each region.

Note:

Eastern (central and northern): Bulgaria (1990;2005), Czech Republic (1990;2005), Hungary (1992;2004), Latvia (1991;2005), Poland (1990;2005), Romania (1990;2005), Slovakia (1990;2005), Slovenia (1990;2005)

Western (central and northern): Austria (1990;2002), Belgium (1994;2003), Denmark (1990;2004), England & Wales (1990;2004), Finland (1990;2005), Germany (1991;2004), Iceland (1992;2005), Netherlands (1990;2005), Sweden (1990;2004)

Southern: France (1990;2002), Spain (1991;2004)

Turkey: (1995;2004)

Data source: EEA-ETC/WTR based on data from Eurostat data table: Annual water abstraction by source and by sector.
Currently, two countries alone, Germany and France, account for more than 40 % of European water abstraction by manufacturing industry, whilst England and Wales, Sweden, the Netherlands, Austria, Finland, Norway and Romania are also relatively large contributors to the European total (Figure 4.2).
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Figure 4.2: Country share of total water abstraction for manufacturing industry. Note: Other countries: Luxembourg, Iceland, Estonia, Latvia, Lithuania, Denmark, Croatia, Slovenia, Greece, Hungary, Bulgaria, Czech Republic, Poland, Slovakia and Turkey, that all use less than 2.5 % of water abstraction for industry. No data from: Belgium, Ireland, Italy, Cyprus, Malta, Portugal, Scotland Northern Ireland, FYR Macedonia, Switzerland and Albania
The relative sectoral contribution to total manufacturing water use in Europe varies. The chemical and petroleum refinery industries, for example, account for half of all water used by manufacturing industry across Europe, whilst the basic metals industry (16.7 %), paper industry (14.3 %) and the food processing industry (8.6 %) account for much of the remainder (Figure 4.3). 
Figure 4.3: Water use by industrial type for selected countries. Note: Based on information from 14 countries: BG (2005); DE (2004); ES (2004); CY (2005); LV (2005); LT (2005); LU (1999); HU (2002); NL (2005); PL (2005); SI (2002); SE (2004); TR (2004) & NO (2003)
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Reducing water use in the manufacturing sector 

Reductions in water use by manufacturing industry can be achieved through the re-cycling and re-use of water, changes in production processes and the use of more water efficient technology, including leakage reductions (Ecologic et al. 2007). The recycling of water within industrial plants has been driven, in part, by the development of on-site treatment, with techniques such as filtration and reverse osmosis playing an important role in this respect. In addition to the on-site treatment of wastewater, manufacturing industries have also begun to use treated wastewater from off-site sources. In Prato, Italy, for example, a textile factory now fulfills 70% of its water demand from treated municipal wastewater (Van Naerssen et al. 2001 as cited in Aquarec (2002). 
Sector specific declines in industrial water use are increasingly reported. The European Chemicals Industry (CEFIC 2007), for example, has estimated that water abstracted by chemicals industries across Europe, primarily for cooling, has reduced by 8 % between 2003 and 2006. Reductions have also occurred in the paper industry, with water abstraction for paper and cardboard production in Austria, for example, falling by more than half, between 1990 and 2007 (Austropapier 2007). In Denmark, significant improvements in water use efficiency across many sectors have been ongoing for some years; the amount of water used to produce a litre of beer, slaughter a pig, manufacture a kilogram of paper and produce a cubic metre of glass wool, all decreased significantly during the 1990s. A number of examples of sector specific water savings, including their financial benefits, are described by Ecologic et al. (2007).
Estimating water use efficiency by industry
Water use efficiency in the industrial sector can be determined by quantifying the amount of water required to produce a particular good or service. This figure has been termed the ‘water footprint’ but is also known as embedded or virtual water. Water footprints vary hugely, for example, 8000 litres are required to produce a pair of shoes, whilst 2400 litres and 2000 litres are required to make a hamburger and cotton shirt, respectively. In addition, one litre of beer requires about 300 litres of water to produce, most of it for growing the barley, with a brewery use of around 5 litres per litre of beer. Estimates of water use associated with the water footprint concept do not, however, represent the consumptive use of water for each product. 
An alternative approach to quantifying industrial water use efficiency is to express it in economic terms by ‘intensity’ which describes the volume of water used per gross added value (GAV) of the product. Available information indicates large differences in intensity between different sectors. According to the German Federal Statistical Office (2007), for example, average intensity across all production sectors in Germany in 2004 was 18.4 m3 water/ k€ (1000€) of GAV. However, intensity for specific sectors ranged from 868 m3 water/ k€of GAV for electricity generation and gas production to 0.4 m3 water/ k€ of GAV for the construction and services sector. 
A harmonised Europe-wide methodology to the estimation of industrial water use efficiency would be of value, one in which the sources and amounts used in production are carefully quantified, as well as the consumptive use.
Water use for energy production
The use of cooling water has decreased by about 10% across Europe as a whole over the last 10-15 years (Figure 4.4) although, in some countries for example, Germany and France, this decrease has exceeded 20 %, whilst in others such as the Netherlands, England and Wales and Poland, abstraction has remained broadly constant.

Figure 4.4: Water abstraction for energy cooling (million m3/year) in the early 1990s and 2002-2005. 
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Note: 

Eastern (central and northern): Bulgaria (1990;2005), Czech Republic (1990;2002), Estonia (1990;2002), Hungary (1992;2002), Poland (1990;2005), Romania (1991;2005)

Western (central and northern): Austria (1990;2002), Belgium (1994;2003), England & Wales (1990;2004), Finland (1990;2005), Germany (1991;2004), Netherlands (1990;2005), Sweden (1990;2004), Switzerland (1990;2005)

Southern: France (1990;2002), Spain (1991;2004)

Turkey: (1994;2004)

Data source: EEA-ETC/WTR based on data from Eurostat data table: Annual water abstraction by source and by sector (million m3/year). Note that the latest reported data on Eurostat from Hungary also include water abstraction for use in hydropower production. For consistency purposes the fraction corresponding to the hydropower production has been removed form this analysis.
Traditionally, cooling has been undertaken using 'once-through' systems whereby water is returned to a receiving water body, at higher temperature, immediately after use. This approach requires a large volume of abstracted water per unit of electricity produced, although consumption is only a very small fraction of that abstracted (0.36%).

More modern 'cooling tower' or 'recirculation' systems require less abstracted water than once through systems and their progressive introduction explains, in part, the general reduction in abstraction for cooling purposes across Europe over the last 10-15 years.  Following the cooling process, recirculation systems remove heat from the cooling water through contact with air in a cooling tower, a process that results in a consumptive loss of water via evaporation. The remaining water is then able to be re-circulated and re-used for cooling purposes. Unlike the once-through approach, recirculation systems do not discharge heated water and therefore avoid the potential for adverse impacts on thermally sensitive aquatic ecosystems. Due to evaporative losses, however, the consumptive water use of recirculation systems is higher than that of once-through systems. Improvements to recirculation methods have occurred over recent years, however, with respect to both the degree to which water is removed and the amount of water lost by evaporation (Vattenfall 2002 within Florke and Alcamo 2004). 
The ongoing replacement of older once-through systems with more advanced cooling technology, including recirculation, dry and hybrid systems is likely to drive further reductions in abstraction for energy production in the future. In addition, there is potential for a greater use of alternative water sources for energy production purposes, particularly as the quality requirements of cooling (and boiler feed) water is not high. Examples of the use of such sources already exist within Europe and include the use of salt and brackish water, the use of mine water for a lignite-fired power plant in Germany (Ref) and, the use of treated wastewater as boiler feed in the Netherlands (Van Naerssen et al. 2001).
5. Public Water Supply

Introduction
The public water sector contributes about 21% of total water abstraction across Europe, although significant variation between countries is apparent. Public water not only includes the supply to households but also that to small businesses, offices, hospitals, schools and some industries. In addition, it includes the water used by tourists and their associated activities. Only 20 % of water used by the various sectors receiving a public water supply is actually consumed, with the remaining 80 % being returned to the environment (EEA 2005) as treated wastewater. The key drivers influencing public water demand are population and household size, income, consumer behaviour and tourist activities. Technological developments, including the degree to which leakage in the public water supply system is addressed, also play an important role.

Forces driving use of the public water supply

Population and Household Size

The total population of the EU-27 countries has increased from just above 400 million in 1960 to 497 million in 2007 (Eurostat 2008a), driving an increase in the domestic consumption of water over this period. Continued migration is projected to gradually increase the EU-27 population to 521 million by 2035, with a gradual decline predicted thereafter, resulting in a population of 506 million in 2060 (Eurostat 2008b). 
Whilst population size clearly impacts upon the domestic consumption of water, the size of households, in terms of the number of occupants, is also a key driving force. Water consumption such as that related to car washing, gardening and laundry is tied more closely to the household than the individual (Martin 1999) and as a result, an economy of scale exists whereby smaller households use more water per capita than larger households (Memon and Butler 2001; Figure 5.1). In addition, smaller households also contribute to a reduction in the effectiveness of water saving measures (Martin 1999). Whilst Europe’s population has increased over recent decades, the number of households has grown at a faster rate due to a general decrease in household size, triggered by demographic shifts such as an increase in the number of people living alone. In 2005, the average household size in EU-25 was 2.4 people per household (Eurostat 2008c) with the highest national average being recorded in Cyprus (3.0 people per household) and the lowest in Denmark (2.0 people per household). 

Figure 5.1: Effect of household size on water use. Source: Water matters (2007).
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Tourism 

Tourism can markedly increase ‘public’ water use, particularly during the peak summer holiday months and especially in Southern European coastal regions already subject to considerable water stress. Not only do tourists use water for food, drink and personal hygiene purposes, associated activities such as swimming pools, water parks and golf courses can significantly increase water consumption. Typically, tourists use more water than locals per capita. For example, UNEP (2007) report that the average tourist staying in a Mediterranean hotel uses between 33% and 100% more water than the average local resident, whilst a luxury tourist can use up to 600% more. Similarly OECD (2000) report that per capita water use by tourists in deluxe hotels in Greece averages 450 l/day, several times higher than average use by local Greek residents. 

In the Mediterranean region (both north and south), international arrivals have risen from 58 million in 1970 to more than 228 million in 2002, with France, Spain and Italy combined welcoming about 75% of the current tourist influx (Plan Bleu). Up to 80% of tourist stays in the region are concentrated in the period May to September when water availability is at a minimum and water stress peaks. Whilst predictions of future tourism are uncertain, it is estimated that growth in Spain, France and Italy will continue at a rate of about 2.0 to 2.5% per annum. Similar rates are reported for Malta and Cyprus, although a more marked future growth in tourism is predicted for Turkey; c. 5% (Plan Bleu).
In the Júcar river basin (CHJ 2004) in eastern Spain the regional population of about 4.36 million is effectively increased by about 1.4 million inhabitants each year due to the influx of tourists. Ninety five % of the influx occurs in the Valencian Autonomous Community, particularly in coastal districts, although in recent years a growth of tourism has also occurred inland. Across the Jucar river basin the number of hotel rooms exceeds 98,000 with a very strong seasonal pattern in occupancy; in some areas the ratio of the maximum monthly occupancy to the minimum monthly occupancy exceeds 7. In addition, there are nearly 1 million dwellings that are not permanently occupied, many of which are second homes used only for holiday periods. In 2002, the Jucar had 19 golf courses with an average water use of between 6,500 and 10,000 m3/ha/year, totalling an estimated 12 hm3/year throughout the river basin. Turnover from each golf course is estimated at between 1.5 and 9 million Euros per year with an average of 150 employees at each. There are plans to develop a further 55 golf courses in the Jucar basin. 
Whilst the presence of a green, well-watered golf course can appear incongruous in arid areas of the Mediterranean, their consumption of water is no greater than that of a comparable area of irrigated corn, but they yield a better financial return (Plan Bleu). When the employment created by golf courses is also accounted for, then the driving forces for their continued development throughout the Mediterranean region becomes apparent. A key solution to limiting the impact of golf courses upon the water resource is the re-use of wastewater for irrigation, a practice already adopted at some golf courses within Southern Europe. In the Sperone Resort, Corsica, for example, the effluent from tourists is subject to lagooning and tertiary treatment by sand filtration before being used to irrigate the neighbouring golf course with a maximum application of 280m3/day (MED-EUWI 2007). Whilst other such examples exist, it is also clear that there is the potential for much greater use of wastewater to irrigate golf courses across Europe.

Those measures with the potential to reduce demand from the public water sector are also typically applicable to water use by tourists and successful water saving awareness campaigns have often targeted both locals and tourists, for example, the ‘Blues Brigade’ programme in Calvia, the most important tourist municipality in the Balaeric Islands, Spain. 

Income

Income is an important driver of public water use and as GDP increases, the proportion of households connected to a public supply increases. Higher household income is also linked to greater water use and ownership and capacity of water appliances (e.g. showers, toilets, water heaters, dishwashers, washing machines, sprinklers, and swimming pools).
A sigmoid (S-shaped) curve has been used to describe the relationship between per capita domestic water use with income (Flörke and Alcamo 2004) whereby water use in the low income first phase increases sharply with the development of economies and lifestyles. Upon reaching a threshold where the average household is fully provided with dishwashers, washing machines and other appliances, water use then stabilises or decreases with any further increase in GDP. Decreases can often be explained by water saving awareness, for example low flush toilets and increased water charges. Regardless of its precise nature, the positive relationship between GDP/income/wealth and public water use indicates that future increases in household usage are likely in certain areas of Europe. In particular, current GDPs in Southern countries (c. 15,000 – 30,000 €/capita/year) and Eastern countries (c. 10,000 €/capita/year) are lower than those in the North and West (c. 30,000 – 40,000 €/capita/year) and continued economic growth is likely to result in an increase in public water use. A study of urban residential water use in the Athens metropolitan area, for example, predicts that an anticipated 3% increase in GDP will lead to a future increase in water use of 2.5% per annum, with an overall increase of 25% over the period 2000-2010 (Bithas and Stofors 2006).
As Europeans become wealthier they buy more water use appliances, for example, in 1970, 65% of UK households had washing machines but by 2002 this figure had increased to more than 90 %. Similar trends have been observed in other western European countries. In Denmark, for example, the ownership of both washing machines and dishwashers has grown since 1990 (Figure 5.2) although the household washing machine market appears to now be near saturated. The percentage of households in Western Europe owning a dishwasher is lower than that for washing machines, but is continuing to grow. It should be noted, however, that this growth may not impact significantly upon household water use, since modern dishwashers are often as water efficient as washing dishes by hand. Comparable appliance ownership data is not available for the new Member States; however, it is believed that rates are currently relatively low and likely to rise in the future. Higher income can also result in increased use and possession of luxury household water appliances such as power showers, jacuzzis, and swimming pools. Power showers have a water use rate of about 15 L/minute, relative to the 10 L/minute that regular showers use.
Figure 5.2: Percentage of Danish households with washing machines and dishwashers. Source: Statistics Denmark ().
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Technological developments

Recent product innovations that have improved the efficiency of water appliances have been important drivers for reducing water use, promoting water savings without requiring a change in consumer behaviour or, necessarily, an awareness of water issues. Of particular note have been the technological improvements to large domestic appliances such as washing machines and dishwashers, which have led to large reductions in water usage. A number of other household devices can, however, also be adapted or updated to attain significant gains in water efficiency. 
Leakage

Considerable ‘loss’ of water occurs in public distribution and supply networks prior to it reaching domestic premises. In some European countries there has been a focus in recent years upon reducing loss from public water supply systems and recent declines in leakage are apparent in both Denmark and England and Wales, for example (Figure 5.3), indicating that significant water savings can be made through the upgrading of distribution and supply networks. Elsewhere in Europe, however, water loss remains considerable. In Croatia, for example, loss rates increased markedly in the late 1990’s but have since stabilised at close to 40 % of the total water supply.
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Figure 5.3 Loss from the public water supply systems of Denmark (Statistics Denmark 2006), England and Wales (Defra 2005) and Croatia (Central Bureau of Statistics 2005).

Socio-cultural influence and individual behaviour

Changes in lifestyle, such as longer and more frequent baths and showers, more frequent use of washing machines, and the desire for a green lawn during summer can have a marked effect on household water uses. Such changes may be specific to particular age groups with older generations, for example, generally making only minor changes to the less intensive water use behaviour they grew up with compared to younger generations used to a more water intensive lifestyle. Some behavioural changes have acted to reduce household water demand, often driven by an individual or community awareness of adverse environmental impact. In Denmark, for example, two thirds of families surveyed in 2003 (Statistics Denmark 2004) said that environmental concerns were an important or very important reason to conserve water; over the last 15 years household water use in Denmark has decreased by more than 30%. 

One behavioural change with adverse environmental impacts has been the marked rise in the consumption of bottled mineral water in Europe over recent years, as illustrated for selected countries between 2002 and 2007 in Figure 5.4.  Current consumption is in excess of 80 L/year/capita having typically increased by at least 15 % over this period in most countries.   The majority of mineral water bottles are made from plastic and are therefore derived from a non-renewable resource i.e. oil. In addition, the manufacturing process also consumes water and releases carbon dioxide; a one-litre bottle takes 162g of oil and 7 litres of water to manufacture, releasing over 100g of greenhouse gases (Consumer Council for Water 2007). EPI (YEAR) estimate that 2.7 million tons of plastic are used to bottle water globally each year, with an estimated 25% of all bottled water being exported across national boundaries. Bottled water requires considerable energy to transport, thereby releasing further greenhouse gases in the process. In contrast, the transport of water from a treatment works to household taps is relatively environmentally benign (EPI, YEAR). 

Figure 5.4 Change (2002-2007) in bottle water consumption (L/capita/year) for selected European countries. Beverage Marketing Corporation (2008).

[image: image18.emf]0

50

100

150

200

250

Italy

Belgium-Luxembourg

France

GermanySpain

Hungary

Switzerland Slovenia

Austria

Czech Republic Croatia Cyprus Portugal

Per Capita consumption L/year

2002

2007


Current and recent public water use 

Variation in those driving forces identified results in differing trends in public water supply abstraction at a regional scale. In particular, combined total supply across the Eastern countries of Bulgaria, Czech Republic, Hungary, Poland, Romania, Slovak Republic and Slovenia, has declined by approximately 37% between 1990 and the period 2002-2005 (Figure 5.5). This decline in regional supply is attributed to the introduction of metering and higher water prices in the 1990’s, although recent economic growth in Eastern Europe is predicted to reverse the overall downward trend in the future. A similar but less marked reduction in supply is apparent for Western Europe over recent years driven by the implementation of water saving measures including leakage reduction and metering. The growth in supply within Southern Europe has been driven, in part, by increasing demand from tourism. In Turkey, abstraction for public water supply has increased rapidly since the early 1990’s reflecting population increase and a rise in tourism.

Figure 5.5: Water abstraction for public water supply (million m3/year) in the early 1990s and 2001-2005.
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National average per capita public water supply varies widely between European countries, ranging between 50 and 150 m3 per capita per year and reflecting the net effect of a number of drivers that can vary considerably both spatially and temporally. Household use typically accounts for 60-80 % of the public water supply across Europe (Eurostat). Whilst the breakdown of household water use may vary, reported figures from the UK (Environment Agency 2001) are probably broadly typical and show that personal washing, toilet use, clothes washing and dish washing account for 34 %, 31 %, 13 %, 8 % respectively.

The influence of climate change 

Climate change may have an influence upon future household water demand, although the limited research undertaken to date generally identifies a relatively small effect, leading to a modest increase. Downing et al. (2003), for example, estimate that UK household water use will increase by about 1% by 2025 and by less than 5% by 2050, under predictions of longer and hotter summers. Similarly, Keirle and Hayes (2007) report a 1-2% increase in UK domestic water use by 2020 due to climate change. A clear separation is likely to exist between components that are sensitive to climate change (showering, gardening, lawn sprinkling, golf course, swimming pools and aqua parks) from those that are non-sensitive such as dish and clothes washing (EEA 2008). 
Some indication of the effect of climate change upon household water use may be provided by levels of demand during spells of unusually hot weather. During August in the hot summer of 2003, for example, there was a 15% increase in public water supply in the Netherlands, relative to previous years. (Statistics Netherlands 2003) Similarly, peak consumption increased by up to four times during the summer of 2003, in some Swiss Kantons, relative to the norm (BUWAL, BWG, MeteoSchweiz 2004). Such strong short term changes in consumption do not, however, give a clear indication of the longer-term response (Feenstra et al. 1998). Whilst future changes in household water use due to climate change may not be marked, increases are clearly most likely during the summer months when the general water resource is at a minimum and the adverse environmental impacts of abstraction are at their peak. In this respect, small increases in domestic use will only serve to exacerbate such impacts.
Sustainable use of the public water supply
Introduction

A number of measures exist with which to potentially reduce the consumption of water from the public supply system. These can be broadly grouped into the categories of; water saving devices, greywater re-use, rainwater harvesting and the efficient use of water in gardens and parks, leakage reduction, behavioural change through raising awareness, water pricing and metering. Since the treatment, pumping and heating of water consume significant amounts of energy, reducing the use of water from the public supply system also has positive benefits with respect to energy consumption.
Water Saving Devices

Modern large electronic appliances such as washing machines and dishwashers have greatly improved their water use efficiency over recent decades. For example, in 1970, 200 l of water were typically used to wash a 5 kg cotton load whereas, by 2004, this figure had fallen to 49 l (Stamminger 2005). The water efficiency of numerous other household appliances including toilets, urinals, taps, showers and general plumbing has also improved in recent years, however, considerable scope exists for a greater uptake and use of such modern appliances across much of Europe.
Toilet flushing accounts for about 25-30% of total domestic water use and as such, considerable overall water savings can be achieved by reducing flush volumes. The amount of water used for a single toilet flush has dropped considerably in some countries in recent decades, particularly as dual flush and low flush (<6L per flush) toilets have come onto European markets. In some cases, regulation has helped drive a change; under UK building standards, for example, the maximum cistern volume allowed has fallen from over 12 L in the 1950’s to just over 4 L currently. 

Cistern replacement devices (e.g. ‘hippos’) are a simple and cheap means of reducing flush volumes, typically by about 1L each flush, particularly in older toilets with large cistern volumes. Water can also be conserved with a delayed action inlet valve in the cistern. Unmodified cisterns waste water since they begin to refill during the flush operation and thus more (17% more in one reported study) than the original volume of water is used. The delay inlet valve prevents this by starting the refill only after the flush operation has ceased (Environment Agency 2007).

Both waterless and vacuum toilets are relatively recent technologies. The most common form of waterless toilets compost the waste that then usually requires manual removal. Composting toilets are best suited to public buildings in remote sites without a water supply. Vacuum toilets use a powerful vacuum to pull waste through the toilet, together with about 1L of water to rinse the bowl. Currently, however, vacuum toilets are not cost effective or practical in private homes.

Many older urinal installations do not have controls and so flush continuously, wasting significant volumes of water in public and commercial buildings. A number of flush control devices are, however, now available that result in significant water savings. These are typically ‘timer’ based or else detect the presence of people, for example, through infra-red sensors. 
Water usage by showers can be reduced considerably through aerating the water flow which helps to simulate the feel of a power shower but without requiring high volumes of water. Such aeration can also be applied to water flowing through taps. In addition, thermostatic mixing valves in both showers and taps maintain selected temperatures and have been shown to result in considerable savings of both water and energy. Taps with infra-red sensors provide water only when an object is detected beneath them, resulting in water savings of 70% or more. Water savings can also be realised by the replacement of old and leaky plumbing.
Re-use of greywater

Greywater refers to all household wastewater other than that from toilets, i.e. it refers to wastewater from baths, showers, washbasins and the kitchen. In the most simple re-use systems greywater is stored and subsequently used, untreated, for flushing toilets and watering gardens, although care has to be taken not to apply it to edible plants. Greywater from baths, showers and washbasins is generally preferred to that from kitchen sinks and dishwashers since it is less contaminated. The use of greywater for watering gardens and flushing toilets has been successfully implemented in Cyprus, reducing per capita water consumption by up to 40 %. In 2007, Government subsidies covered 75 % of the cost of the system (COM 2007).
Public health concerns exist with respect to the microbial quality of greywater, particularly when it has been stored for some time; Dixon et al. (1999), for example, report faecal coliform concentrations in greywater of up 105 per 100 mL. Immediate use of greywater is, therefore, preferred, although approaches also exist to minimise the contamination of stored water. Electronically controlled dump valves can be used, for example, to empty storage tanks after a certain period of inactivity, whilst chemical disinfectants such as chlorine can also be used to inhibit biological activity and microbial growth (Environment Agency 2007). More sophisticated treatment options are also available but these are typically prohibitively expensive for individual homes and require significant energy consumption. Whilst the re-use of greywater for non-potable purposes inside the home is possible (e.g. in the initial cycle of washing machines) health concerns have generally limited this practice.  

Rainwater harvesting and water efficient gardening 

Rainwater flowing from a roof or driveway can be transferred via guttering or piping to a receiving container and subsequently used, for example, for gardening and car washing purposes. Such rainwater harvesting not only reduces household consumption of the treated public water supply but can also make a small contribution to lessening the severity of storm discharges e.g. combined sewer overflows. Rainwater can also be used for non-potable purposes inside the house. For example, the Millenium Green housing development project in the UK uses rainwater not only for gardens but also for washing machines and toilet flushing (Environment Agency 2003). Relative to a simple garden water butt, however, household rainwater systems are sophisticated and their installation can be complex. Provided that it is correctly collected and stored, rainwater can be used for toilets, washing machines and gardens without further treatment. 

As well as the use of harvested rainwater, there are a number of other measures that can be adopted to conserve the amount of water used in gardens, parks and green spaces. Adding compost, manure or bark helps soil retain moisture, whilst watering early in the morning or evening will reduce water loss through evapotranspiration, particularly in summer. Choosing plants that are tolerant of water scarcity, including drought resistant species, will reduce the amount of watering required. 
Leakage reduction

Leakage of water in public supply networks can be a significant percentage of the volume distributed and preventative maintenance and network renewal are key to minimising this loss. Modern and in some cases emerging technologies are now available with which to detect leaks, significantly reducing leakage awareness and detection times where they are deployed. These include sensors that use the noise generated by a leak to locate it, ground radar that can identify disturbed ground or cavities around a pipe, tracer gas and, the detection of a reflected radio signal modified by the presence of flowing water.
Raising awareness

In recent years there has been a marked increase in the amount of information provided to both domestic and business water consumers, generally leading to positive outcomes with respect to water use. Such awareness raising campaigns encompass a number of different approaches including websites, education programs in schools, local authority leaflets, advertising stands at live events and the use of general media outlets (i.e. television, radio and newspapers). Typically, the larger the geographical reach of the campaign, the simpler it’s content. 

A successful campaign to raise public, local authority and business awareness with respect to sustainable water use was undertaken in Alcobendas, a satellite town on the outskirts of Madrid with 90,000 inhabitants. The town has undergone a rapid urban and industrial development in recent years raising pressures on the local water resource. The campaign was initiated by WWF-Spain/ADENA in collaboration with the LIFE programme of the EC and promoted by the Alcobendas Town Council, the community of Madrid and the Tagus River Basin Authority. The project aims to provide the technical, legislative and educational means and market mechanisms to achieve its goals. Fundamental to these are cross-sectional awareness raising and educational activities including; 
· Training of professionals such as builders, plumbers and sales people on water saving devices;

· Creation of the best water saving house project award (for professionals) and best water-saving education;

· Workshops on rational use of water and a CD-ROM for “self-auditing” on water use for industry, shops and services;

· Dissemination of water saving information through seminars, leaflets and invitations to join projects; and

· Use of media such as radio, TV and newspaper to present information on water saving.
The potential annual water savings in Alcobendas have been estimated at 102 million litres (European Commission 2003).
Eco-labelling is playing an increasingly important role in helping consumers make informed choices with respect to the water (and energy) efficiency of the appliances they plan to buy. The EU’s Eco-label is the only independent certification of environmental quality in Europe and establishes criteria based on each stage of a products life cycle. For example, for washing machines to achieve an eco-label their water consumption must not exceed 15L per kg of clothes washed, in a 60˚C cycle. In addition, clear instructions must be provided regarding water and energy conservation. 
In addition to eco-labelling, the concept of eco-certification has been steadily growing within tourist industry, particularly in Europe, where most of the schemes worldwide are located (Hamele 2002). The Malta Tourism Authority, for example, has established an eco-certification scheme to promote water conservation in hotels based on a detailed audit system. To qualify for the label, hotels have to install rainwater harvesting systems, fit showers and taps with water saving devices as well as monitor swimming pool consumption. The re-use of treated wastewater effluent is recommended but not required. As of 2008, 13 hotels on the island (mostly 4 and 5 star hotels) are certified (Malta Tourism Authority 2008).
Water pricing and metering

Water Pricing is a key mechanism to achieving a sustainable public consumption of water and is, therefore, fundamental to the WFD requirement of recovering the cost of water services. Whilst most European countries are progressing towards water pricing for public supply, quantifying the effect of pricing upon use is complex due to significant variation between countries, a general lack of reliable and comparable data and a masking by other water demand measures. Nevertheless, some data are available showing that water pricing has a clear impact upon public water use. In Denmark and Germany, for example, (Figures 5.6 and 5.7) a steady rise in the price of water since the early 1990’s has resulted in a significant decline in household water use. A similar pattern is evident for Estonia where, prior to 1990, water prices were heavily subsidised. These subsidies were subsequently removed, however, and replaced with price rises during the transition years, resulting in a significant declining trend in water use. 

Fundamental to the success of water pricing is its link to the volume of water consumed, since the incentive for an efficient use of water is optimised. With respect to the public water supply, quantifying the volume used is achieved by the use of meters in homes and business premises. The use of meters is growing steadily throughout Europe, particularly in single-family houses, although uptake in apartments is currently low due, in part, to technical issues. 

A further important issue with respect to domestic water pricing is the ability to pay, since it is generally recognised that no one should have to compromise personal hygiene and health in order to pay their water bill. In this respect it is of note that the water and sewerage bills in England and Wales have been so expensive in the past that between 2 and 4 million people were unable to pay them (House of Commons Environment, Food and Rural Affairs Committee 2003).
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Figure 5.6 The Impact of pricing upon household water use in Denmark.
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Figure 5.7 The Impact of pricing upon domestic water use in Germany

6. Agricultural Water Use
Introduction

Agriculture is a significant user of water in Europe and overall, accounts for around 24 % of total water usage across all sectors. This share varies markedly, however, and can reach up to 80 % in parts of Southern Europe where the irrigation of crops accounts for virtually all agricultural water use. In many regions within southern Europe, crop irrigation has been practiced for centuries and is the basis of economic and social activity. Indeed, the importance of irrigation in some southern locations is such that in its absence crop production would not be economically viable. 

In northern Member States, the contribution by agriculture to total water use varies from almost zero in a few countries, to over 30 % in others (IEEP 2000). Whilst water for irrigation is important, a significant proportion of water use in Northern countries is also used for livestock consumption (drinking) and for cleaning livestock housing and yard assembly areas. Across the UK, for example, the irrigation and livestock components each contribute around 50 % of the estimated 300 million m3/year of water abstracted for agriculture each year (Defra 2006). Generally, the use of water for livestock in the North occurs in areas characterised by sufficient rainfall, where water stress is rare. As a consequence, this Chapter focuses upon the use of water for crop irrigation, particularly in Southern Europe where it predominates and its adverse impacts are most marked. 

In arid and semi-arid areas of the EU, including much of Spain, Portugal, Italy, Greece and southern France, irrigation allows for crop production where water would otherwise be a limiting factor. In more humid and temperate areas, irrigation provides a way of regulating the seasonal availability of water to match agricultural needs, thereby reducing the risks to crops during periods of low rainfall or drought. 

Whilst enhancing the yield and quality of crops, irrigation can and does lead to a range of negative environmental impacts, including reduced river flows, lower lake levels, a drying up of wetlands and the depletion and salination of aquifers. In addition, significant inputs of fertilisers and pesticides are typically applied to irrigated land to enhance production. Such chemical inputs are significantly greater than those associated with more traditional rain-fed cropping and adverse impacts upon water quality are common. 

The detrimental effects of excessive agricultural water use are exacerbated by its relatively high consumptive use. Whilst the ‘return’ of irrigation water to groundwater via percolation occurs, consumption through plant growth and evapotranspiration is typically significant and approximately 80 % of water abstracted does not return to a water body (EEA 2003).

Historical driving forces of irrigated agriculture 
Increased Productivity
Irrigated agricultural land comprises less than one-fifth of the total cropped area globally but produces about two-fifths of the world’s food (Doll and Siebert 2002) a statistic that clearly illustrates the increased productivity that irrigation affords. In Italy and Spain, for example, irrigated agriculture contributes more than 50 % to total agricultural production and more than 60 % to the total value of agricultural products (OECD 2006). The area irrigated, however, encompasses only 31 % and 15 % of total agricultural land in Italy and Spain respectively. Similar statistics are reported at a regional scale; in the Castilla-La Mancha region of Spain, for example, the irrigated area represents about 11 % of the region’s agricultural land but provides more than 40 % of its total agricultural production (Alvarez and Matamala 2004). The enhanced crop yield obtained through irrigation has also been directly quantified through experimental studies. For example, Ferreira and Goncalves (2007) showed that full irrigation increased the yield of potatoes by up to 360 % in N. E. Portugal, relative to rain-fed conditions. 
Trade Patterns and Subsidies

Whilst recent commitments under the World Trade Organisation are driving a gradual reduction of border protection (EEA 2006) the influence of markets and competition upon agriculture in the EU has, historically, been buffered by subsidies to farmers. These subsidies have helped to ensure that whilst most Member States operate charging systems for water abstraction, through permits, licences or more general user costs, the true cost of water use by agriculture has not been paid. In the EU as a whole, especially where large collective irrigation networks are managed by public bodies, the price of water to farmers rarely reflects its full resource and environmental cost, and hence does not act as an incentive to reduce over-abstraction. 

In addition to national funding mechanisms, some irrigated crops have historically received significant support under the EU Common Agricultural Policy (CAP). These subsidies buffer the impact of global markets and competition, and have led to increased water consumption and a shift of traditional rain-fed crops to irrigated cultivation. In Spain, for example, olive production has traditionally been a rain-fed crop but is, nowadays, the main water consumer in the Guadalquivir region in Andalusia (WWF 2005); 200,000 ha of olives in the Guadalquivir river basin are now irrigated. 

CAP subsidies have also been used to support high water demand crops such as cotton that are often grown using inefficient irrigation techniques. In Greece, for example, a significant proportion of cotton is grown using flood irrigation, whereby a kilogram of harvested crop requires 20,000 litres of flood water, due to high levels of surface runoff and evaporation. In contrast, drip irrigation of cotton can require only 7,000 litres per kilogram of crop. However, this is still seven times higher than the volume of water needed for the production of a kilogram of wheat (WWF 2006).

Whilst the linkage of subsidies to production has contributed to the growth in irrigated agriculture, recent reforms of the CAP, are leading to a decoupling of this linkage. In addition, the reforms have strengthened the incentives to farm in an environmentally sensitive way through the adoption of agri-environmental schemes. Such schemes encompass measures related to the water resource, with the potential for a more sustainable use of water by agriculture in the future.
Future driving forces of irrigated agriculture
Climate Change

Future increases in CO2 and temperature are expected to promote a lengthening of the crop growing season, resulting in increased crop yields and a general northward shift of crops in Europe. Such changes have already been observed in crops over recent decades, with the flowering of winter wheat occurring 2-3 weeks earlier now compared to 30 years ago (Genovese 2004a, 2004b). The degree to which these potential future increases in crop yield are realized will, however, be strongly dependent upon the availability of water. 

Annual average water availability is likely to generally increase in Northern Europe; however, availability in the summer months, when crop water demand peaks, may decrease in some areas. In southern Europe, increased temperatures and decreased precipitation will result in a general decrease in water availability, increasingly exacerbated by an increase in the frequency and severity of droughts. In southern locations and certain areas of the north, therefore, the requirement for irrigation water is likely to rise in the future. Without appropriate management, therefore, the competition for water between agriculture and other sectors is likely to increase, with a progressive worsening of water scarcity. In certain southern locations, lack of water in the future may limit agriculture, causing the growing season to contract.
Biofuel crops and irrigation 
The European Union and its Member States are committed to increasing the use of renewable energy sources with the aim of reducing emissions of greenhouse gases and dependence on imported fossil fuels. Specific targets have been set e.g. the EU Biofuels Directive, that will increase the future demand for energy crops, with the amount of water that they require being strongly dependent upon crop type.  While bioenergy crops such as cereals, sunflowers and rapeseed tend to have relatively high irrigation requirements, new crops such as Miscanthus and switchgrass need less water (Ecologic et al. 2007). The timing of water demand for each crop is also of relevance; some crops have a high water demand in summer when water is generally low, whilst for others, the cropping calendar is centred on the autumn and winter months when soil water reserves are high. For example, maize has a high water use efficiency and the same water requirement as wheat (around 500 l/m2/year), but whereas wheat has a long cropping cycle, maize water demand is concentrated during the peak-demand summer months (Ecologic et al. 2007). 
Irrigation across Europe 
Background

The supply of water in an irrigation system can depend upon pressure or, more traditionally, gravity (without pressure). Pressure systems include sprinklers and drip irrigation systems, whilst gravity systems include flood irrigation of whole fields and furrow irrigation using shallow channels or ditches to carry water to the crop. Pressure systems are generally more efficient in transporting water to crops than the traditional gravity systems. Whilst the traditional gravity approach is still apparent in Europe, particularly in the South, it is steadily being replaced.

Irrigation water can be sourced from groundwater using wells or boreholes, on-farm surface water from ponds and rivers and, off-farm surface water sources using a water distribution infrastructure connected to, for example, storage reservoirs. The continual expansion of all these sources has helped to drive the growth in irrigated agriculture across Europe. The illegal abstraction of water for agricultural purposes is, however, commonplace in certain areas, particularly from groundwater sources (WWF 2006, Llamas and Garrido 2007, WWF 2006a). Illegal water use may occur simply through the drilling of an unlicensed well, but also through the exceedance of a consented abstractable volume from wells that are licensed. In addition, it can occur from surface waters using transportable pumping devices.
Irrigation can be ‘permanent’ and practiced year round, ‘support’ and undertaken over short periods during the dry and/or peak growing season or, ‘temporary’, practiced only occasionally in those years when there is a particular water shortage (IEEP 2000). In general, temporary and support irrigation are more predominantly found in Northern Europe, with permanent irrigation more prevalent in the South.
Different crops are subject to irrigation at varying intensity, with four main categories being identified (IEEP 2000); 1.) extensive crops characteristic of arid regions that are generally permanent and of lower value; 2.) semi-intensive crops irrigated on a seasonal basis or most of the cropping period e.g. cereals, oilseed and maize; 3.) intensive crops that are generally high value and where irrigation is critical to maintaining yields and quality e.g. root crops, industrial crops, open air and glasshouse horticultural crops and; 4.) saturated crops e.g. rice that require the flooding of fields. 
Irrigated area

Using a variety of sources including land use maps, remote sensing images and reported statistics, Siebert et al. (2007) have derived a global data set of percentage and absolute irrigated area at a spatial resolution of 5'. The resulting map for Europe (Figure 6.1) illustrates the spatial extent and intensity (%) to which agricultural land is irrigated and shows that it is broadly, although not exclusively, concentrated in Southern Europe.  The density of irrigated land is highest in Southern Romania, Northern Italy (the Po plain), Spain and certain areas in Greece and Turkey.  Localised areas of relatively high irrigation are also apparent further to the North, for example, in the East Anglia region of the UK. 

Figure 6.1 The percentage of area irrigated by 5' cell across Europe, derived from the Global Map of Irrigated Areas (GMIA; Siebert et al. 2007)
[image: image22.jpg]GMIA Irrigation Intensity [% Area]

~0.00-250

. 251-500

P 5.01-10.00

I 10.01-20.00

B 20.01 - 40.00

B 40.01-70.00

I 70.01-95.00

0 150300 600

= | ] Kilometers
N





The spatial pattern illustrated in Figure 6.1 is also broadly reflected in national data from Eurostat’s Farm Structure Survey (FSS) that quantifies the “area equipped for irrigation”. This information, summarised for selected countries in Figure 6.2, confirms that the Southern Member countries have the greatest absolute area equipped for irrigation (in 2005), with Italy (3.97 million hectares), Spain (3.77 million hectares), France (2.71 million hectares), Greece (1.59 million hectares), Romania (0.81 million hectares) and Portugal (0.62 million hectares) being the six largest in this respect, in 2005. The total area of these six countries combined contributes almost 84 % of the total irrigated area across Europe. 

Italy (from 1995 onwards), Spain, France and Greece all exhibit a broadly increasing trend in area equipped for irrigation between 1990 and 2005. This increase has been rapid for Spain and France, although both now show a small recent decline between 2003 and 2005. In Portugal a general decline in equipped area is illustrated between 1990 and 2005. Overall, the area under irrigation in the northern Mediterranean countries is expected to remain broadly constant in coming years (Plan Bleu 2007), although it is worth noting that agricultural development policies in the southern and eastern Mediterranean countries (e.g. Turkey, Syria, Algeria and Morocco) include plans to extend the area of irrigated agriculture (Plan Bleu 2007). 
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Figure 6.2. Trend in ‘area equipped for irrigation’ for selected countries.

National scale abstraction 

‘Irrigated area’ or ‘area equipped for irrigation’, although useful indicators, are only a rough surrogate for actual water use, particularly since often a significant proportion of the area equipped is either not currently used or used only intermittently for irrigation. An alternative and more direct measure is provided by data describing the volume of annual water abstraction (m3/year) by agriculture, reported at a national scale by Member countries as part of the joint OECD and Eurostat questionnaire. The OECD/Eurostat data confirms, as implied by the information on irrigated area, the much higher volume of abstraction in Southern Europe than the other regions (Figure 6.3), with total agricultural water use in Turkey alone exceeding 36,000 million m3 in 2004. 

Figure 6.3. Water abstracted for irrigation (million m3/year) in the early 1990’s and 1997-2005. Source; Eurostat
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Also of note is the decline in agricultural water use since 1990 in Eastern Europe (Figures 6.3 and 6.4) triggered by the collapse of the Soviet Union and the associated loss of trade (EEA 2004). This decline raises the potential for a future increase in irrigated agriculture. In Romania, for example, a rehabilitation and modernisation of the irrigation system has been initiated (World Bank 2007).

Figure 6.4 The decline in agricultural water use between 1990 and 2005 use for selected Eastern/Central European countries. Source; Eurostat
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Irrigation demand
By combining information describing irrigated area (Figure 6.1) with a soil water and crop growth model, irrigation water demand has been predicted for the EU and Switzerland (JRC 2008; Figure 6.5). The resulting pattern reflects the importance of irrigation to agriculture in much of Southern Europe and illustrates the approximate volume of irrigation water required within a defined spatial unit (a 10km X 10km cell). Actual abstraction rates will, however, be higher than the demand reflected in Figure 6.5 due to the need to account for inefficiency (losses) in the system supplying crops with water.
Figure 6.5 Average irrigation demand per site (10 X 10 km cell) in the EU and Switzerland (1000 m3/year/site over a simulation period 1995-2002) Source; JRC 2008
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The sustainable use of water for agriculture
Introduction

Traditional supply-orientated approaches aim to secure a sufficient supply of water for agriculture through, for example, the building of reservoirs, inter-basin transfers and the exploitation of new abstraction points from both surface and groundwater. Generally, however, such practices are not sustainable in the longer term and simply exacerbate the adverse impacts of agricultural water use. In contrast, some emerging supply-side measures, together with a number of demand-side measures exist to address agricultural water use in a more sustainable way. These include; the re-use of waste water, improvement of irrigation systems, modification of agricultural practices, the implementation of policy measures including water pricing and, the establishment of farmer advisory schemes. 

Wastewater re-use 

In areas where water is scarce, treated wastewater provides an alternative source of water for the irrigation of crops and, depending upon the level of treatment, can be relatively nutrient rich, reducing the need for additional applications of inorganic fertiliser. A number of examples of the successful use of wastewater in agriculture exist within Europe including that of Gran Canaria, Spain, where 20 % of water used across all sectors is supplied from treated wastewater, including the irrigation of 5,000 hectares of tomato plants and 2,500 hectares of banana plantations (MED WWR WG 2007). Similarly, tertiary treatment of wastewater in the city of Vitoria, the administrative capital of the Basque Country, has provided 3 Hm3/year of irrigation water for nearby agricultural land, with a plan to increase the volume irrigated in the future to 8 Hm3/year (MED WWR WG 2007). 

Whilst clearly of benefit with respect to water resources, the re-use of wastewater for agriculture does raise public health concerns, particularly with respect to pathogens and hazardous substances, and soil contamination issues. As a consequence, the practice is regulated with quality criteria or standards being applied with respect to e.g. microbial concentrations, often based on established (e.g. WHO) guidelines. In addition, some countries have implemented standards relating to irrigation techniques and set back distances between irrigation sites and residential areas and roadways. Currently, however, no harmonised Europe-wide regulations exist and differences are apparent between countries in the quality standards implemented. 
Improving irrigation efficiency 
Irrigation efficiency can be improved by improving conveyance efficiency, field application efficiency or both.

Conveyance efficiency is generally an issue where water is supplied to crops by a system of channels or pressurised networks and refers to the percentage of abstracted water that is delivered to the field. There are large differences in conveyance efficiency depending on the type of irrigation network. In open channel networks, efficiency varies between 60 % and 95 % depending on the quality of maintenance, lining and length of channels; Average conveyance efficiency of an adequately maintained earthen channel of medium length (200-2000m) is estimated at 75 % in Andalucia whilst efficiency reaches 95 % for lined channels (Rodríguez-Díaz, 2004). The conversion from open channels to pressurised pipe networks can, therefore, be an important water saving measure. For example in the Cote d’Azur region in France, such a conversion has helped save around 300 M m3 /year (Ecologic et al. 2007). 

Field application efficiency is the ratio between the water used by a crop and the total amount of water delivered to that crop, indicating how well an irrigation system performs in transporting water to the plant roots. A strong contrast is apparent when comparing furrows with sprinkler and drip systems, with the former having an efficiency of around 55 %, sprinklers 75 % and drip systems 90 % (Ecologic et. al. 2007). Drip irrigation systems, however, are not suitable for all crops and soil types.

Increased irrigation efficiency can, however, result in either no change or an increase in water used, when the gains in efficiency simply drive an expansion of the irrigated area. For example, García (2002) reports that drip irrigation technologies that were subsidised in the Valencia region of Spain did not lead to reduced application rates, a response also observed in the Guadalquivir river basin, Spain, where the adoption of drip irrigation has encouraged the planting of new crops (fruit and vegetables) that can be more water-demanding than previous ones (Berbel 2005). Any installation of improved irrigation systems needs, therefore, to be accompanied with the provision of advice to farmers. Research in Crete, for example, has revealed that the technical efficiency of farmers using drip irrigation systems is low and they are not fully exploiting the water resource savings that this technology can provide (OECD, 2006).
Modification of agricultural practices

Crops vary in their resistance to drought, water requirements and the time of year in which the requirement peaks. These factors, together with irrigation management and soil moisture conservation can all reduce crop water use. 

Crops vary in their tolerance to drought partly due to the depth of their root systems. Crops with deep root systems such as grapes and alfalfa are able to draw upon moisture deeper in the soil horizons than those with shallow roots (e.g. maize and pea) and so cope better during periods of water stress. Crops also vary in their timing of peak water demand. Water demand for maize, for example, is concentrated in the summer months when water stress is at a maximum. In contrast the cropping calendar of rape, winter wheat and winter barley is centred on the autumn and winter months when there is greater water availability. The timing of the cropping calendar can also be used as a technique to reduce water consumption. Early sowing, for example, can help capture winter rains so that the need for supplementary irrigation is reduced. Early sowing also helps avoid extreme evapotranspiration rates typical of Mediterranean summers.

Crops vary considerably in their consumption of water. INRA (2006), for example, report that maize, with an average irrigation volume of 1300 m3/ha, is the highest water consuming crop in France, with volumes required by soybean (900 m3/ha), sugarbeat and potatoes (both 800 m3/ha), sunflowers and sorghum (both 600 m3/ha) being lower. Aside from economical considerations, changing from high water demanding crops to low water demanding (and drought tolerant) crops is an obvious option for reducing irrigation water requirements. The success of such a change is, however, highly dependent on market prices. In addition to changing to less water demanding crop types, the potential also exists for a return of irrigated land back to traditional rain-fed practices, particularly in regions where water-stress is acute. Such a wholesale change in the approach to farming, whilst clearly making a marked impact on water use, does however raise a number of socio-economic issues and may not be economically feasible in some locations.

Deficit irrigation is a technique which aims to reduce the amount of water applied to below that of the ‘theoretical irrigation need’ on the basis that the substantial water savings realised outweigh the modest reduction in crop yield. The approach takes advantage, therefore, of the fact that maximum production does not necessarily lead to maximum profitability. A reduction of 40 % of irrigation water applied, for example, has been shown to result in a decreased yield of only 13 % for wheat (Pereira et al. 2002) whilst for potatoes, water savings of 20 % can be achieved with a yield reduction of around 10 %. For grapevines, reduction in water use ranging from 16.5 % (rainy years) to 53 % (dry years) have been demonstrated with no significant impact on the grape yield nor on the quality of the must (Battilani, 2007). For maize, limited reduction in yields due to water savings of up to 20 % would be entirely compensated by reduced irrigation and drying costs (INRA, 2006).
Improving the timing of irrigation so that it closely follows crop water requirements can lead to significant water savings (INRA, 2006). The approach does require, however, that farmers are well trained and familiar with issues such as temporal changes in crop water demand and the estimation of soil moisture. Nevertheless, several research initiatives with respect to the approach have shown encouraging results. For example, the ‘LIFE HAGAR’ project (www.life-hagar.com) aimed to facilitate decision-making in irrigation with the help of on-site, real-time microclimatic and soil humidity sensors. The project was undertaken on agricultural land overlying an over-exploited aquifer in Spain and demonstrated water savings of 6 % in vineyard cultivation and up to 36 % for onion cultivation. With other highly water demanding crops like maize or beetroot the results have also been marked, with around 20-30 % of water savings compared to normal practices (WWF, 2006). Other studies have looked into the environmental impact of irrigating olive trees. Currently, the irrigation of olive plantations often has little agronomic foundation, in terms of the quantities and timing of water applications and many farmers apply more water than is necessary or desirable for the health of the plantation and state of the soil. In Andalucía, there have been some positive initiatives from the authorities, farm associations and researchers to promote a more rational use of irrigation in olive farming (Beaufoy, 2000).

No-tillage farming involves leaving the soil intact and covered by crop residues following harvesting. Compared to traditional tillage methods, this practice has been shown to reduce water loss through evapotranspiration, thereby maintaining higher soil moisture levels and reducing the amount of water required from irrigation. (Christensen et al., 1994). 

Agricultural policy

Recent reforms (Agenda 2000 and the mid-term review) of the CAP have de-coupled agricultural subsidies from production level with the potential for a reduced use of water by agriculture. The changes also involve the implementation of a ‘cross-compliance’ mechanism that requires all farmers receiving direct payments under various schemes to comply with a set of ‘statutory management requirements’ in the areas of environment, animal welfare, animal diseases and public health. In addition, payments are also dependent upon farmers keeping their land in ‘good agricultural and environmental condition’. A sound management of water resources, both in terms of quality and quantity, is implicitly included among these requirements.  

In addition to de-coupling and cross compliance, the CAP’s rural development regulation includes the implementation of agri-environment measures. These involve payments to farmers in return for carrying out specific agri-environmental commitments that go beyond usual good farming practice. The measures include those designed to preserve water resources such as reducing irrigation and decreasing water loss from the soil e.g. by growing ground cover (EC DG AGRI 2005). The implementation of water resource measures has, however, generally been limited to date throughout Europe (EC DG AGRI 2005) with the potential for greater uptake in future years. 
Water pricing within agriculture

Water pricing is a potentially effective mechanism for influencing the volume of water used for irrigation and its implementation across Europe has been given momentum by the WFD principle of ‘cost recovery’ for water services. Water pricing can trigger a reduction in water use via a number of possible farmer responses, including improved irrigation efficiency, modifications to agricultural practices e.g. cropping patterns and timing of irrigation, a reduction in the area of irrigated land and, the cessation of irrigation.  

To date, however, water pricing has been applied only on a limited scale in European irrigation districts and often coupled with other instruments such as quotas. Consequently, little information is available with which to assess the success and limitations of water pricing in agriculture and to be able to identify optimal implementation practices. One exception is that of the Guadalquivir river basin in Spain where, in the Genil Cabra and Fuente Palmera irrigation co-operatives, a new water charging structure was implemented to replace the old area-based charge (Maestu, 1999). The new approach included both a fixed and variable charge linked to water consumption, with farmers paying, on average, significantly more than under the original area-based approach. This has resulted in a 30 % reduction in water consumption (for the same crop types) equating to approximately 2,000 m³/ha of water saved per year (Maestu, 1999).

Effective agricultural water pricing structures are likely to need to include a variable element (as opposed to a flat rate) whereby cost rises with volume used, to ensure that they provide an incentive to conserve water (COM 2000). For example, Rodríguez Díaz (2004) showed that those irrigation districts in the Guadalquivir basin, Spain, with pricing based on the volume of water used, consume, on average, 10 to 20 % less than those districts with flat rate pricing, regardless of the level of the flat rate. Similarly, Hernández and Llamas (2001) report a 25 % to 35 % lower water usage by farmers charged using a volumetric rate than those using a flat rate. Conversion from flat to volumetric rates requires the installation of water meters and whilst there is currently a general lack of such devices, their numbers are increasing rapidly. In the Adour-Garonne river basin in the south of France, for example, the number of water meters has drastically increased since the mid-1990s due to financial support from the regional water agency (Ecologic et al., 2007).
It should also be noted that an increasing water price does not always lead to reduced agricultural water use, particularly when the water bill accounts for only a small proportion of farmer’s total production costs, or when alternative crops or irrigation practices are not available due to technical, social or economic constraints (Ecologic et al. 2007). In the Duero region in Spain, for example, where the number of crop types is limited, Gomez-Limon et al. (2007) report that farmer incomes need to decrease by 25 % to 40 % before price increases have an impact on water use. In irrigation systems where water efficiency is already high or where high value crops are grown, the price ‘elasticity’ can also be expected to be low (Ecologic et al. 2007). 

Overall, whilst there are situations where water pricing may not lead to a reduction in agricultural water use, a pricing approach that accounts for local environmental and socio-economic conditions will generally provide a strong incentive for a more sustainable use of water, ensuring that environmental objectives are met more cost-effectively.
Advice, education and information dissemination 

Technological and policy measures need to be accompanied by advisory, educational and information dissemination activities for farmers, in order to achieve optimal outcomes with respect to agricultural water use. In general, there is a need for a greater implementation of farm advisory systems throughout Europe and for them to become accessible to a greater number of farmers (Dworak et al. 2006). In this respect, the rural development programs of the CAP can play a key role, since advisory services are one of the measures proposed in the rural development regulations. 

Case study – The Júcar River Basin, Spain

The Júcar River Basin in South-East Spain covers an area of about 43,000 km2 and encompasses part of four Autonomous Regions: Valencia, Castilla La Mancha, Aragon and Catalunya. Forest and semi natural land covers 50 % of the basin whilst non-irrigated agriculture encompasses about 40 %. Irrigated agriculture covers 8 % of the basin, predominantly in coastal areas and the Mancha region, but accounts for 79 % of the total water use across all sectors; 3,625 hm3/year in 2001 (CHJ 2004). The main irrigated crops are mandarins (26 %), oranges (19 %), barley (6 %), maize (6 %), rice (4 %) and wheat (4 %). The Júcar also has 45,000 ha of wetlands including four that are included under the Ramsar convention.

The Júcar basin has a Mediterranean climate, with an average annual precipitation of 500 mm which varies markedly between 250mm/year in the South to around 900 mm/year in the North. Rainfall is typically concentrated into a few intense events of short duration, particularly in the autumn when rainfall can exceed 300 mm in 24 hours. This typical pattern of rainfall contrasts with the timing of agricultural water demand which peaks during the summer months. To address this imbalance, numerous dams regulate river flow throughout the region thereby prolonging the supply of water. Both surface and groundwater sources are used to supply water for agricultural purposes, as is the output (>3,700,000 m3/year) from 2 (Jacarilla and El Campillo) of the 17 desalination plants in the Júcar basin (CHJ 2004). 

Irrigated agriculture has increased steadily over recent decades throughout the Júcar, growing from less than 300,000 ha in the mid 1970’s to in excess of 350,000 ha in the late 1990’s. Since then, the irrigated area has remained relatively stable with fluctuations between 320,000 and 355,000 ha. Some areas of the basin have experienced a more rapid growth; irrigated crops in the Castilla La Mancha region, for example, increased by 86,000 ha between 1999 and 2005. In particular, the area of irrigated olive trees, traditionally grown as a rain-fed crop, nearly tripled over this period, whilst the area of irrigated vines doubled over the same period (MAPA 2008). 

The growth of irrigated area in the 1990’s was driven, in part, by the Common Agricultural Policy (CAP) which provided ‘direct payments’ for irrigated crops across the region, thereby increasing farmer incomes. This helped make costly investment schemes affordable, for example, the improvement of irrigation equipment and general infrastructure. CAP support of rural development programs, implemented under national irrigation plans, also influenced the growth of irrigated agriculture. 

The expansion of irrigated agriculture in the Júcar has ensured that farming has remained financially viable in rural areas that might otherwise be at risk of abandonment and helped to maintain the socio-economic stability of the region. A clear negative impact on water resources, however, has also resulted. For example, water levels in the Mancha Oriental aquifer, which partly underlies the Castilla La Mancha region, have declined significantly, falling from 670 m in 1985 to about 600 m in 2001, with a continued decline to present day (CHJ 2005, CHJ 2007). In addition, the volume of discharge from the aquifer to the Júcar River has markedly diminished since the early 1970’s (CHJ 2004). 
The acute pressure on the water resource in the Castilla La Mancha region led, in 1999, to the establishment of an Irrigation Advisory Service for Farmers (SIAR, Servicio Integral de Asesoramiento al Regante) via a cooperation agreement between the University of Castilla-La Mancha and the Regional Government (Ortega et al. 2005). The overall aims of SIAR are to improve farmer capacity and awareness, decrease production costs and to increase the sustainability of irrigated agriculture in the area. The total estimated cost of the SIAR service to each farmer is about €3 ha/year.

During the 2001-2003 campaign, around 500 farmers directly collaborated with SIAR, with more than 1200 receiving advice indirectly through irrigation districts and cooperatives (Ortega et al. 2005). Much of SIAR’s work focuses upon the provision of advice regarding irrigation scheduling, taking into account the water requirements specific to each crop type. Central to this is the calculation of a daily water balance using data from a network of automatic weather stations. The evaluation of irrigation systems is also a key part of the SIAR programme and to date more than 875 on-farm evaluations have been made, leading to improved irrigation efficiency (Ortega et al. 2005). Asides from direct on-farm advice, SIAR disseminates information via websites including the net water requirements by crop type on a daily basis. In addition, weekly information is sent by fax to farmer associations and cooperatives, whilst workshops are also held.

In all pilot areas where water resources were scarce and water costs high, the adherence of the farmers to the irrigation advice has been high (Ortega et al. 2005). In contrast, in areas where water is not so scarce and farmers pay for water by surface area irrigated rather than volume consumed, the adherence to advice from SIAR has been low. 

In addition to advisory programs, national irrigation plans have been implemented within the Jucar, with the objectives of water savings and modernisation of the irrigation infrastructure, for example, the installation of on-farm sprinkle/trickle irrigation systems. There is, however, a concern that the increased availability of water associated with these improvements will simply drive an increase in agricultural water use. In the Valencia region, for example, García (2002) reports that subsidised drip irrigation technologies have not led to reduced water application rates. A general lack of monitoring of the effectiveness of these irrigation plans, for example through the potential use of flow meters, adds weight to such concerns (WWF 2007). In addition to the national plans, a specific drought action plan in the Júcar (CHJ 2006) has been established and encompasses a wide range of actions to reduce abstraction, including a more detailed management of the water resource, improved monitoring and the use of alternative sources such as desalination. Overall, a mix of various measures, including an expansion of the advisory service, may be the best approach to addressing the unsustainable agricultural use of water in the Júcar.
7. Summary and Conclusions
Summary
The balance between water demand and availability has reached a critical level in many areas of Europe, driven by a combination of over-abstraction and the occurrence of prolonged periods of low rainfall or drought. As a result, reduced river flows, lowered lake and groundwater levels and the drying up of wetlands are widely reported, together with detrimental impacts upon freshwater ecosystems including fish and bird life. Furthermore, where the water resource has been diminished, a worsening of water quality typically follows since less water is available to dilute pollutants, whilst saline intrusion of ‘over-pumped’ coastal aquifers is occurring increasingly throughout Europe.
Overall, 44 % of total water abstraction across the EU is for energy production, primarily as cooling water, 24 % is for agriculture, 21 % is for public water supply and, 11 % is for industrial purposes.  Strong regional differences are, however, apparent in sectoral use. In southern Europe, for example, agriculture can account for more than half of the total national abstraction, whilst in western Europe, more than half is abstracted for energy production. There are also large differences between these sectors in their ‘consumptive’ use. Almost 100 % of cooling water, for example, is returned to a waterbody, whereas water consumed by agriculture through crop growth typically means that only approximately 20 % of that abstracted is returned.

In some regions of southern Europe, agriculture can account for up to 80% of water use, almost exclusively for crop irrigation. It is, therefore, often key to the socio-economic prosperity of a region and its absence in some locations would lead to land abandonment. Agricultural water use across Europe has increased over the last two decades, driven in part by the fact that the ‘true’ cost of water has rarely been paid, an issue exacerbated by CAP subsidies, which have been provided in some cases for high water demand crops grown using inefficient techniques. Except for certain countries, e.g. Turkey, agricultural water use has now generally stabilised across Europe.  

Public water supply is influenced by a range of factors including population and household size, tourism, income, technology and consumer behaviour such as the buying of bottled mineral water. In addition, the amount of ‘leakage’ in the distribution and supply networks plays a key role in determining the amount of water reaching domestic premises. Tourism can markedly increase public water use, particularly during the peak summer holiday months and especially in Southern European coastal regions already subject to considerable water stress. In addition to the use of water for food, drink and personal hygiene, tourist related activities such as swimming and golf (because of the requirement to irrigate courses) all significantly increase water use. 

The abstraction of water for industrial use has decreased by about 40% over the last 15 years, partly because of the general decline in water intensive heavy industry, but also technical developments. Abstractions for cooling water purposes have also decreased, primarily due to the implementation of advanced cooling technologies that require less water.
Traditionally, the management of water resources across Europe has focused on a supply side approach whereby reservoirs, inter-basin transfers and the expansion of both surface and groundwater abstraction sites have ensured the availability and regular supply of water. The 19th and 20th centuries, for example, were characterised by a rapid growth in the number of large reservoirs and, currently, about 7000 large dams are to be found across Europe, whilst the total capacity of Europe’s reservoirs represents about 20 % of the total freshwater resource. This disproportionate emphasis on supply has, however, provided no incentive to limit water use for any sector and has helped promote the excessive abstraction currently observed in many parts of Europe. In addition, large scale, infrastructure based supply side approaches can themselves directly cause a range of environmental problems. Furthermore, the continued expansion of supply is not a viable management option in the future, particularly given the anticipated increase in the frequency and severity of droughts across Europe (Figure 7.1). An alternative and more sustainable approach is, therefore, required to the management of Europe’s water resources.

Figure 7.1 Simulated land average maximum number of consecutive dry days for different

European regions (1860–2100)
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Conclusions

Background

The adoption of a more sustainable approach to water management across Europe will require the various economic sectors to take a more demand orientated approach and adapt their abstraction to account for the amount of water available. Such an approach also needs to be equitable, addressing not only the competing needs of abstractors, but also the requirements of the aquatic environment and the need to attain and maintain healthy freshwater ecosystems. In successfully implementing such a sustainable approach, the water sector would not only be addressing the clear need to adapt to climate change, but also contributing to a reduction in energy consumption, since water and energy use are, typically, closely linked.
The clear need for a more sustainable and integrated approach to managing water resources in Europe is reflected in water related policy and legislation. The WFD, for example, requires the ‘promotion of sustainable water use based on a long-term protection of available water resources’. To this end, the ‘registration and control of abstraction of both surface and groundwater’ is identified as a key measure by the Directive. In addition to the WFD, the challenge posed by water scarcity and droughts has been specifically recognised by the European Commission via a 2007 communication (COM 2007). In this, the severity of the issue is outlined and a set of policy options are presented with which to address water scarcity and drought Europe-wide. 

Implementing sustainable water resource management across Europe will require a marked shift towards a more demand side led approach, whereby the implementation of measures that aim to control or influence the use of water are paramount. Under this approach, any expansion of traditional infrastructure based water supply would occur only when all other options have been exhausted. Successfully achieving demand led water management Europe-wide, will potentially require the implementation of a number of differing policies and practices outlined as follows.

The demand led approach

Water Pricing

The implementation of water pricing across all sectors will be critical to achieving sustainable water use. This is recognised by the WFD, which requires that pricing provides adequate incentive for the efficient use of water resources and, recovery of the full cost of water services. Effective water pricing needs to be based, at least in part, upon the volume of water used rather than a flat rate approach. To this end, water metering plays a key role and wide implementation is required across all sectors. Successful water pricing will require a good understanding of the relationship between price and use for each sector and, needs to account for local environmental and socio-economic conditions.

Drought management plans

Drought management plans provide a powerful tool to alleviate impacts and reflect a positive shift from a ‘crisis’ to a ‘risk’ approach to the management of droughts. Plans developed so far within Europe include within them, for example, the mapping of water stress, the identification of warning or alert systems and, sector specific measures such as temporary restrictions on the irrigation of high water demand crops. The value of the implementation of drought management plans at river basin scale has been recognised within the WFD. A challenge remains, however, to achieve their widespread development across Europe including the fostering of an exchange of information regarding best practice within drought risk management.

Water efficiency and conservation
The implementation of technologies and practices that either conserve or use water more efficiently play a key role in the demand side approach to water management. 

With respect to agriculture, improved efficiency can be realised through improvement in the methods by which water is supplied to crops, with pressurised pipe networks being more effective than gravity-fed open channels. Drip and sprinkler systems are also more efficient than furrows in delivering water to plant roots. Evidence exists, however, that in some cases where improvements in irrigation efficiency have been made, they have simply driven an expansion of the area irrigated, resulting in either no reduction or even an increase in total water use. Effective land management is required to ensure that this does not occur.  The demand for energy crops also has the potential to increase agricultural water use. Appropriate management is, therefore, required to ensure that high water demand bioenergy crops are avoided in areas of water scarcity.

A change from high to lower water demanding crops, including those that are more tolerant of drought, can promote a reduction in agricultural water use. Reductions can also be achieved through improvements in the timing of irrigation, which can be managed to closely follow the crop water requirement on a daily basis, as determined from the monitoring or estimation of soil moisture. Maximum water stress at the height of summer can also be diminished through the growing of crops whose water demand peaks prior to the summer months. Both national and EU funds, including the CAP, can potentially play an important future role in implementing measures to reduce agricultural water use.  Successful outcomes are most likely to be achieved, however, if advisory, educational and information dissemination services are also provided for farmers. 

With respect to public water supply, the most modern of the commonly used domestic appliances or fittings including washing machines, dishwashers, toilets and showers, are significantly more water efficient than their predecessors. A challenge remains, however, to increase the uptake and use of these modern technologies across the whole of Europe. Both, regulation in terms of standards, and consumer awareness have to play a role in this respect. Leakage in public water supply systems remains significant in many European countries, despite the general availability of modern leak detection technologies. Tackling leakage may require the implementation of fines where agreed reduction rates are not met.

Raising Awareness

The extent to which a more sustainable use of the public water supply can be achieved will depend strongly upon a general raising of the public’s awareness of water conservation issues. In this respect, various means are available, websites, school education programs, local authority leaflets and general media outlets, to inform domestic, business and tourist water consumers. In addition, both eco-labelling of appliances and eco-certification of, for example, tourist hotels can play an important role, helping consumers to make informed choices about water efficiency and conservation. 

Tackling illegal water use

Whilst reliable quantitative information on the issue is scarce, it is clear that the illegal abstraction of water, often for agricultural purposes, is widespread in certain areas of Europe, particularly from groundwater. Addressing illegal water use represents a very necessary but major political and technical challenge. Monitoring is required to firstly detect illegal wells, followed by fines or penalties of sufficient severity to prevent further illegal abstraction. Surveillance is also required to ensure continued compliance.
Alternative supplies
The optimal and preferred approach to water resource management across Europe is through the implementation of demand side measures based upon conservation and improved efficiency. However, in some regions where this approach is adopted, demand may still exceed availability and it may be necessary to consider alternative supply side measures. Where this is the case, any such measures must be subject to rigorous assessment of their environmental impacts. As such, certain, potentially more sustainable, supply side measures may be preferable to the more traditional approaches of reservoirs and water transfers, in particular, the re-use of both water and treated wastewater.

Rainwater, collected from roofs and impervious surfaces, and greywater from baths, showers, washbasins and the kitchen can be used for non-potable purposes such as the watering of gardens. Both practices help to diminish demand from the public water supply and, therefore, the energy requirements associated with the provision of clean water. Furthermore, they have no detrimental environmental impacts. The recycling of water has also been increasingly implemented across various industrial sectors leading to clear improvements in water use efficiency and a reduction in water costs.

The re-use of treated waste water, although not currently widely practiced, is growing across Europe, particularly for the irrigation of crops and golf courses, although its use within industrial plants is also now reported. Significant potential exists for a much greater use of treated wastewater.
Desalination increases the total available freshwater resource and, in this respect, may be preferable to the further depletion of the natural surface and groundwater resource. Detrimental environmental impacts are, however, associated with desalination plants, in particular, their level of energy consumption and, the production of highly concentrated brine that has the potential to be released to sensitive marine waters. Furthermore, the expansion of supply associated with desalination plants does not provide any incentive to either reduce water use or improve the efficiency of use.

Information requirements 
Moving towards sustainable water resource management requires that reliable and up-to-date information is available at appropriate spatial and temporal scales across Europe. Such information has many benefits including; an improved overview of the causes, location and scale of water stress, the identification of trends, the evaluation of measures implemented to address unsustainable water use and, better information for EU citizens thereby helping them to engage in water issues. Existing pan-European and national assessment and monitoring programs are typically, however, neither complete, with significant information gaps apparent, nor harmonised in terms of the type of data collected and the methods employed. The recent establishment of a new joint reporting initiative by the EEA, Eurostat and the European Commission aims to address these current shortcomings and improve water information Europe-wide. The initiative encompasses the regular provision of both water availability and multi-sectoral water use information, at a harmonised river basin scale. In addition, data is requested on a seasonal basis, since annual averages do not fully convey the degree of water stress typically apparent during summer months. Complementing this reporting initiative is the development of drought observatory by JRC including, early warning and forecasting across Europe.
In a related development, the EEA has also begun to develop river basin scale water balances for Europe based on the United Nations system of environmental-economic accounting for water (SEEAW 2008). The approach is able to use both measured and modelled data and will provide accounts on a monthly basis reflecting, therefore, changes in water stress through the year and, their probability of occurrence. Furthermore, the approach enables the impact of water management scenarios to be explored.
Information describing water resources, whether from voluntary reporting initiatives or compliance data provided under legislation, can now be collated and disseminated within WISE; the Water Information System for Europe, recently developed as the single entry point for water information in Europe. 
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