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        Introduction

        The UK has a great variety of landscapes, land uses and population density, all with differing water availability and requirements.
          Some areas have a water surplus, some a deficit, but the areas of surplus are unfortunately not usually the areas of greatest
          water use. Predicting future demand for water has to be done, but has not been accurate in the past. Adding to the complexity
          is the necessary consideration of what a changing climate will do to water demands.
        

        This OpenLearn course provides a sample of level 2 study in Environment & Development

      

    

  
    
      
        Learning outcomes

        After studying this course, you should be able to:

        
          	describe how water is used in the UK and the organisation of water supply and sewage responsibilities and legislation

        

        
          	explain how the demand for water in England and Wales has changed between 1971 and 2001, recognise the factors involved in
            predicting future demand including climatic change, and discuss the importance of predictions and their limitations
          

        

        
          	discuss variations in the amounts of water used in different parts of England and Wales, and how water might be used more
            effectively. Contrast the proportions of surface water and groundwater used for the public water supply in different areas
            in England and Wales, identify the main aquifers, list the possible schemes for increasing water supply in England and Wales,
            and discuss their suitability.
          

        

      

    

  
    
      
        1 The UK water supply

        The water industry in the UK is complex, and its organisation differs in each part of the UK.

        
          Water supply and sewerage

          England and Wales Water services are provided by the private sector. Ten privatised companies deliver both water and sewerage services, while
            15 water supply companies provide drinking water to their customers. The full cost of water and sewerage is met by the customers;
            this includes replacing old mains and sewers, and satisfying EU regulations on water quality. In addition, the private companies
            are expected to make a profit.
          

          Scotland Scottish Water is the single water authority. It supplies water and sewerage services to the whole of Scotland. Scottish
            Water is answerable to the Scottish Executive but is structured and managed as a private company.
          

          Northern Ireland Services remain in the public sector — the Water Service is an Executive Agency within the Department for Regional Development.
          

        

        
          Economic regulation

          Because water companies and authorities do not have to compete for domestic customers and compete only in a limited way for
            industrial customers, the prices they charge customers need to be regulated.
          

          England and Wales The Office of Water Services (OFWAT) has the duty to protect customers' interests while ensuring that the privately owned
            water companies carry out and finance their operations properly.
          

          Scotland The Water Commissioner oversees the performance of Scottish Water, their charging policy and service standards.
          

          Northern Ireland No separate regulator currently exists (2004).
          

        

        
          Environmental regulation

          The water industry is dependent upon the natural environment and also has a huge impact on it. The industry abstracts or takes
            water from rivers, reservoirs or aquifers, then treats it and pumps it to customers. It then collects the waste water, cleans
            it and discharges it back into rivers and seas.
          

          England and Wales The Environment Agency (EA) protects the environment in England and Wales. It has the duty to control discharges to rivers
            and seas, conserve water resources, prevent pollution and promote conservation.
          

          Scotland The Scottish Environment Protection Agency has powers and duties similar to those of the EA.
          

          Northern Ireland This is carried out by the Water Service and is monitored by the Environment and Heritage Service, part of the Department
            of the Environment.
          

        

        
          Drinking water quality

          The water suppliers carry out tests for water quality. Failures must be reported to the appropriate body.

          England and Wales The Drinking Water Inspectorate (DWI) is an independent, government-appointed regulator. The DWI implements standards and
            maximum permissible levels for the various chemicals in drinking water and can prosecute companies that fail to meet those
            standards.
          

          Scotland and Northern Ireland Water quality is the responsibility of government — the Scottish Executive and the Northern Ireland Water Service.
          

        

      

    

  
    
      
        2 Water abstraction and its uses

        The quantities of fresh water abstracted for various purposes in England and Wales are given in Table 1. Water is abstracted
          under licences from the EA, issued on the basis of the reasonable needs of the public, industry and agriculture and availability
          of supplies.
        

        
          Table 1 The quantities of fresh water (non-tidal surface water and groundwater) abstracted for different uses in England and
            Wales in 2001. (DEFRA, 2004)
          

          
            
              
                	Water use
                	Quantity/106 m3 per day
                
              

              
                	public water supply
                	16.23
              

              
                	electricity supply industry
                	18.07
              

              
                	agriculture (includes irrigation and fish farming)
                	4.66
              

              
                	other industry
                	3.59
              

              
                	other purposes
                	0.56
              

              
                	total
                	43.11
              

            
          

        

        
          
            Activity 1

          

          
            
              Calculate the total water abstracted in litres per person per day in England and Wales for 2001. Take the population as 50
                million.
              

            

            View answer - Activity 1

          

        

        The public water supply is the water abstracted, purified and distributed through water mains to houses, offices, some industries
          and farms by the water companies. The other types of users given in Table 1 get much of their water directly from rivers or
          the ground without going through the treatment works and distribution system of the public water supply. Industry, power stations
          and farms often do not require high-quality water, so it is cheaper to abstract water directly than to use the more expensive,
          high-quality public water supply. In England and Wales the direct abstraction of water is permitted only where it is licensed
          by the EA, which has to ensure that there is enough water available and that it will not affect other abstractions. For example,
          if an industry or power station takes water directly from a river, the EA has to make sure that there is still enough water
          in the river at all times, and will license abstraction only up to a certain quantity. Direct abstraction is not restricted
          to industry: in principle there is nothing to stop you digging a well in your garden for your own domestic water supply.
        

        As Table 1 shows, the largest use of water is for electricity generation. Because of the enormous quantities of water required,
          power stations are situated on major rivers, lakes or on the coast. The main use of water is for cooling, and this water can
          be of low quality. Even more water is obtained from estuaries (brackish water) and the sea (saline water). The water used
          for cooling is returned to its source relatively quickly but some 5 °C warmer. There are considerable year-to-year fluctuations
          in the amount of water used for electricity generation. Some power stations recycle cooling water; this is not a continuous
          yearly demand but is a 'one-off' abstraction that stays within the cooling systems and is never returned.
        

        Another use of water in electricity generation is for raising steam in boilers, to convert thermal energy first into mechanical
          and then into electrical energy. Boilers require high-quality water, but only in relatively small amounts.
        

        Direct abstraction by industry generally reduced during the 1980s, falling by 42% between 1980 and 1988. It increased slightly
          after 1998. The main causes for the reduction were the more efficient use of water, including recycling, and changes in the
          structure of British industry, including the contraction of some of the major water-using industries, such as steel-making.
        

        Agriculture consumes only a small proportion of the total water abstracted (Table 1), although, on a global scale, irrigation
          is the greatest use of water. There is sufficient rainfall for agriculture over Wales and the western and northern parts of
          England so irrigation is used mainly in the drier central, southern and eastern parts of England, particularly in East Anglia
          (Figure 1). Irrigation water is usually obtained by direct abstraction from rivers and boreholes and it can be of low quality.
        

        
          [image: ]

          Figure 1 The spray irrigation of vegetables.
          

        

        A significant and increasing proportion of the UK's root and vegetable harvest is produced using irrigation; for example 36%
          of the UK potato crop is currently (2004) irrigated. The amount of water abstracted for irrigation is greater in dry summers,
          and there is also a long-term increase. The installation of irrigation equipment is increasing, partly in response to supermarket
          demand for a consistent high quality product, but also in response to the more frequent occurrence of dry growing seasons
          in recent years. Although the quantity used for irrigation is relatively small in total, it tends to be highest in hot dry
          weather when water resources are most stretched. Also most of the irrigation water is lost to the atmosphere, whereas water
          used for most other purposes is eventually returned to rivers and can be reused.
        

        In England and Wales, an average of 150 litres of water per person per day is used in the home (in comparison with the average
          of 860 litres per person per day for domestic, industrial and agricultural purposes in industrialised countries calculated
          in Activity 1). The domestic demand has grown from 36 litres per person per day at about the time of the last major cholera
          epidemic in London (1858) to 150 litres today because of improved living standards. Nearly all (over 99%) homes in England
          and Wales are now linked to the public water supply. Similar patterns of water use exist in other industrialised nations.
        

        
          
            Activity 2

          

          
            
              In this Activity you will measure how much water you use in one of these two categories, that of a bath or a shower.

              Over a period of one week, keep a record of how many baths and/or showers you have, and the duration of each shower. Work
                out how much water you use in an average bath, by measuring how long your bath tap takes to fill a measuring jug or kettle,
                and how long the bath takes to run. Do the same for a shower, measuring how long it takes to fill the jug or kettle, so you
                can calculate the amount of water use per minute of shower.
              

              Calculate your weekly water use for a bath or shower, and finally your daily use averaged over a week. 

            

            View answer - Activity 2

          

        

      

    

  
    
      
        3 Prediction of demand

        For a major water supply project there is a substantial time between the recognition of the need for water and the completion
          of the project (the lead time), so predictions of the future demand for water are essential and need to be made for around
          25 years ahead. Prediction starts by looking at how the demand for water has varied in the past. Figure 2 shows how abstractions
          varied between 1971 and 2001 in England and Wales. Although there is little difference in total abstractions for 1971 and
          2001, there were large variations during this period, with a maximum of around 45 × 106 m3 per day in 1992, and a minimum of around 32 × 106 m3 per day in 1994.
        

        
          [image: ]

          Figure 2 Abstractions from non-tidal surface water and groundwater by use in England and Wales, 1971-2001 (DEFRA, 2004). Note: data collected before 1991 are not strictly comparable with later years. The abstraction for each use is given by the vertical
            spacing between the lines, e.g. electricity supply in 1971 abstracted 42.5 - 23.5 × 106 m3 per day = 19 × 106 m3 per day. The total abstraction is given by the top line.
          

        

         

        
          
            	
              

              Which use in Figure 2 has had the least variation between 1971 and 2001?

            

          

          
            	
              

              The public water supply, which varied only between around 14.5 × 106 m3 per day in 1971 to around 17.5 × 106 m3 per day in 1990.
              

            

          

        

        The other uses have much greater variability; agriculture, for example, has increased from very little before 1983 to around
          5 × 106 m3 per day from 1992.
        

        
          
            	
              

              The variation in which use has had the greatest effect on total abstractions?

            

          

          
            	
              

              The electricity supply industry; for example, between 1992 and 1994, the amount of water it used dropped by about 9 × 106 m3 per day.
              

            

          

        

        Comparable data by use do not exist for other parts of the UK, but there are data for the public water supply (Table 2).

        
          
            	
              

              What was the general trend in the amount of water used by the public water supply in the UK between 1990 and 2002?

            

          

          
            	
              

              It has generally decreased, from over 20 × 106 m3 per day in 1990/1 to around 18.5 × 106 m3 per day in 2001/2. However, the decrease is not regular; there are yearly increases, particularly in 1994/5 and 1995/6.
              

            

          

        

        
          Table 2 Public water supply in the UK: 1990/1-2001/2, in 106 m3 per day. (DEFRA, 2004)
          

          
            
              
                	
                	1990/1
                	1991/2
                	1992/3
                	1993/4
                	1994/5
                	1995/6
                	1997/8
                	1998/9
                	1999/2000
                	2000/1
                	2001/2
              

              
                	England and Wales
                	17.38
                	17.20
                	16.76
                	16.76
                	17.11
                	17.32
                	15.98
                	15.34
                	15.33
                	15.26
                	15.78
              

              
                	Scotland
                	2.30
                	2.24
                	2.21
                	2.27
                	2.26
                	2.32
                	2.34
                	2.33
                	2.44
                	2.40
                	2.02
              

              
                	Northern Ireland
                	0.68
                	0.68
                	0.67
                	0.67
                	0.69
                	0.70
                	0.69
                	0.69
                	0.70
                	0.72
                	0.74
              

              
                	United Kingdom
                	20.36
                	20.12
                	19.64
                	19.70
                	20.06
                	20.34
                	19.01
                	18.36
                	18.47
                	18.38
                	18.54
              

            
          

        

        
          
            Box 1 Water metering

          

          
            With a water meter (Figure 3), a household, office or industry pays for the water it actually uses instead of paying a fixed
              charge unrelated to use. Most homes in Europe and North America have water meters but in England and Wales, although almost
              all new homes are installed with water meters, in total only 24% of homes are metered (2003). This is generally higher in
              areas of water stress, for example, the Anglian water company region meters about half of its domestic customers. Offices
              and industry are usually metered.
            

            
              [image: ]

              Figure 3 With a water meter, a customer is charged for the volume of water used.
              

            

            The advantage of metering is that it tends to reduce demand as it raises awareness and encourages consumers to consider and
              value their use of water. In the long term, it has led to changes in attitude to water, so that more people are choosing devices
              that are water efficient. This encourages manufacturers to make and advertise water-efficient household appliances, such as
              WC cisterns, washing machines and dishwashers.
            

            The disadvantages are the cost of metering and a concern about health. Installing meters in existing homes costs about £130-£200
              per home, an enormous investment across the country. There is also a concern on health grounds that some households will sacrifice
              cleanliness in order to economise.
            

            The EA long-term strategy for water resources in England and Wales (EA, 2001) is that 50 to 75% of households should be metered
              by 2025.
            

          

        

        Public water supplies in England and Wales generally increased between 1971 and 1990 (Figure 2). Domestic consumption rose during this period due to population growth and the increasing domestic use of water per person.
          The fall since 1990 (Table 2) is due to domestic metering, more efficient use of industrial water, periods of industrial recession, and reduced leakage.
          The metered water supply in England and Wales rose gradually through the 1990s, and the unmetered supply fell, partly due
          to the increase in domestic metering.
        

        Graphs such as Figure 2 have to be projected far into the future because of the long lead times necessary in planning for new water resources. As
          well as looking at past trends, prediction of the future demand for water involves breaking down the total present demand
          into domestic, industrial and agricultural components, and identifying the economic, social and population factors which are
          likely to affect each of them in the future.
        

        Forecasts include assumptions about increases in domestic demand due to greater use of appliances such as automatic washing
          machines and waste-disposal units, and decreases in domestic demand due to more showers and fewer baths, dual-flush WCs, and
          water metering to houses. They also include assumptions about population growth, the level of economic activity, climate change
          (Section 5) and the rate of leakage from the system (Box 2).
        

        
          
            Box 2 Leakage

          

          
            More water is lost through leaks in the public water supply distribution system than is put to any one use. In 2002/3 the
              leakage in England and Wales was estimated as 3.6 × 106 m3 per day, around 22% of the water put into the system. The leakage rate is greater in cities, where water mains date back
              to Victorian times, most of which are now dilapidated. Here leakage can reach 40%. However 'lost' is a relative term, as much
              of the water that leaks from the mains recharges aquifers.
            

            Water is lost through continual gradual leakage, as well as from spectacular temporary bursts caused by vibration, soil compaction,
              corrosion or excavation when installing gas pipes and electricity and telephone cables (Figure 4). There are around 20 bursts
              per year in England and Wales for every 100 km of water mains — and there are over 3 × 105 km of mains.
            

            
              [image: ]

              Figure 4 A burst water main is great fun to play in, but is very disruptive and a waste of water.
              

            

            Leakage can be, and is being, reduced by replacing or relining old mains, but it is both very expensive and very disruptive,
              involving digging up roads and tunnelling under buildings. Mandatory leakage control targets were introduced during the 1990s
              in England and Wales. This reduced a leakage of around 5.1 × 106 m3 per day in 1994/5 (about 31%) to 3.6 × 106 m3 per day (22%) in 2002/3. Leakage reduction at present (2004) is planned to be 1.5% a year. The Thames water company, which
              has many Victorian mains in the London area, managed to reduce its leakage from 1.1 × 106 m3 per day in 1995/6 to 0.77 × 106 m3 per day in 1998/9. However, despite continuing mains replacement, in 2002/3 this had risen to 0.93 × 106 m3 per day, a leakage of 33%.
            

            As well as being slow, there is also a technical and economic limit for leakage reduction. The aim is to reach an economic
              level of leakage, which is the point at which the cost of reducing leakage is the same as the value of the water saved. This
              point is not fixed because of improving technology in locating leaks and changes in the price of water.
            

          

        

        The assumptions that have to be made to predict demand reveal the uncertainties inherent in forecasting, and the forecasts
          may turn out to be highly inaccurate (Table 3). 
        

        
          Table 3 Past forecasts of public water supply for England and Wales.

          
            
              
                	Year of forecast
                	For year
                	Predicted demand /106 m3 per day
                
                	Water supplied /106 m3 per day
                
              

              
                	1971
                	1981
                	19.2
                	15.9
              

              
                	1973
                	2000
                	28.0
                	15.3
              

              
                	1987
                	1991
                	17.0
                	17.3
              

              
                	1987
                	2001
                	18.3
                	15.5
              

              
                	1987
                	2011
                	19.5
                	
              

              
                	1992
                	2021
                	20.5
                	
              

            
          

        

        This can be seen easily in retrospect: for example, the 1971 England and Wales forecast for 1981 was 19.2 × 106 m3 per day, whereas the real demand was much less — about 15.9 × 106 m3 per day. The 1973 estimate for the year 2000 of 28 × 106 m3 per day is now seen to be far too high. For a shorter prediction period, the 1987 forecast for 1991 was accurate, but time
          will tell whether its predictions for 2011 or the 1992 predictions for 2021 are any good. Judging by previous forecasts, they
          probably will not be. The failure in recent years to make accurate predictions of the future demand for water in the UK has
          been partly caused by the difficulty in predicting industrial changes. 2001 predictions are discussed in Section 6.
        

      

    

  
    
      
        4 Reducing demand

        Water, at an average cost to the consumer in England and Wales in 2004 of £0.80 per m3 (0.08p per litre) for supply, has always been cheap compared with other familiar liquids such as milk, petrol or bottled
          water (all about 60-90p per litre). If you used tap water at the average rate of 150 litres a day and had a pint of milk a
          day, the annual cost would be about £37 for your water but around £110 for your milk (2004). As well as being cheap, water
          is also convenient (the only liquid piped to most homes) and there is usually no limit on its use. Not all countries use as
          much water per head as the UK; in countries where the rainfall is less or is seasonal, water will be either more expensive
          or rationed unless the country is prosperous, and in extreme cases water is available in such limited quantities that shortage
          of water is a major factor limiting the economic growth of a country.
        

        People in England and Wales began to be more aware of water supply problems in the 1970s, when water authorities began to
          collect water rates separately from general rates; this made the domestic consumer really aware of the cost of water for the
          first time. The point that water supplies are not unlimited was made forcibly by the 1975-76 drought, when rationing by standpipes
          and cutoff periods had to be introduced in England and Wales (Box 3).
        

        
          
            Box 3 Drought in England and Wales

          

          
            A drought is when there is insufficient rainfall to maintain adequate water levels in rivers, reservoirs and aquifers. This
              places stress on water resources and the environment. England and Wales had droughts in 1975-76, 1984, 1988-92, and 1995-97.
            

            Figure 5 shows the annual precipitation in England and Wales for 1766-2003. This varies between extremes of about 600 mm and
              about 1300 mm. There are also longer term drier periods (e.g. 1895-1907) and wetter periods (e.g. the 1870s).
            

            
              [image: ]

              Figure 5 Annual precipitation in England and Wales 1766-2003.
              

            

            Is low annual precipitation the cause of droughts? Table 4 gives the annual precipitation in England and Wales for 1990-2002.
              The 1990 and 1991 precipitation values are less than the long-term average and so are the values for 1995, 1996 and 1997.
              These years of low precipitation are the same as the drought years noted above, so there is a relationship. But drought also
              depends on temperature, time of year and the water sources used for supply in a particular area.
            

            
              Table 4 Annual precipitation for 1990-2002 in England and Wales, in mm, and as a percentage of the long-term average (LTA)
                of 1961-1990 (895 mm). (DEFRA, 2004)
              

              
                
                  
                    	
                    	1990
                    	1991
                    	1992
                    	1993
                    	1994
                    	1995
                    	1996
                    	1997
                    	1998
                    	1999
                    	2000
                    	2001
                    	2002
                  

                  
                    	Annual rainfall/mm
                    	838
                    	790
                    	949
                    	983
                    	1023
                    	830
                    	755
                    	864
                    	1057
                    	1004
                    	1176
                    	912
                    	1069
                  

                  
                    	% LTA
                    	94
                    	88
                    	106
                    	110
                    	114
                    	93
                    	84
                    	97
                    	118
                    	112
                    	131
                    	102
                    	119
                  

                
              

            

            Figure 6 gives rainfall plotted against temperature in England and Wales, for winter and summer periods. The plots for the
              more recent years, 1974-2003, show a tendency for warmer, wetter winters and hotter, drier summers in comparison with earlier
              times.
            

            
              
                	
                  

                  What are the characteristics of 1995 on Figure 6?

                

              

              
                	
                  

                  1995 has the equal lowest summer rainfall (150mm less than the mean), but a high winter precipitation (170mm higher than the
                    mean). However, it is 2 °C warmer in both summer and winter.
                  

                

              

            

            
              [image: ]

              Figure 6 Average precipitation and temperature in England and Wales, for (a) winter (December to February 1845-2003; year label is
                for the end of winter) and (b) summer (June to August 1845-2002) periods. These are scatter plots of differences from the
                1845-1974 means. The plots for most recent years, 1974-2003, are red dots and selected years are labelled.
              

            

            Times of low summer rainfall and high temperatures can produce 'summer droughts' which hit areas mainly supplied from surface
              water sources. This occurred in 1984, 1989 and 1995. A succession of winters with low precipitation, and reduced aquifer recharge,
              will produce longer-term drought as in 1988-92 and 1995-97.
            

            Do river discharge and groundwater level data also indicate past droughts? The River South Tyne (Figure 7) had discharges
              lower than the mean for most months between the spring of 1995 and the autumn of 1997. These were drought years, so there
              can be a relationship between discharge and drought.
            

            
              [image: ]

              Figure 7 A hydrograph (blue line) for the River South Tyne, in north-east England, 1993-1997. The long-term maximum (top of pale blue
                area), minimum (bottom of pale blue area) and mean flows (red dashes) are also shown. The discharge scale is non-linear.
              

            

            Groundwater level can also be a drought indicator. Figure 8 gives the groundwater level for a well in Norfolk. The low summer
              rainfall in 1995 caused the water table to fall. Most of the rain in the following winter was absorbed by the moisture-deficient
              soil, and very little infiltrated to recharge the underlying aquifers. 1996 and 1997 continued to have a low rainfall (Table 4) and it was not until the higher than average rainfall of 1998 that the water table rose to normal levels. However, it is
              worth remembering that because of the very large volume of water stored in aquifers, groundwater is resilient to droughts
              in comparison with surface water. The problem is that there are not enough wells to extract the water and those that are available
              are often overpumped in droughts and may fail. Over-extracting groundwater may also reduce baseflow to rivers.
            

            
              [image: ]

              Figure 8 Mean monthly water level for 1994-98 (blue line) in an observation well at Washpit Farm in Norfolk. The long-term (1950-97)
                maximum (top of pale blue area), minimum (bottom of pale blue area) and mean values (red dashes) are also shown.
              

            

          

        

      

    

  
    
      
        5 Changing climate

        The climate is believed to be changing as a result of increased emissions of some gases to the atmosphere by human activities,
          especially by our use of fossil fuels. The UK Climate Impacts Programme (UKCIP) has identified that mean annual temperatures
          in the UK have increased by about 0.7 °C over the last 300 years, with most of this, about 0.5 °C of warming, occurring during
          the 20th century. This warming is predicted to continue throughout the 21st century.
        

        Detailed prediction of climatic change is difficult, because of the natural variability of the climate, which may magnify
          or reduce the effect of climate change on a shorter timescale. Some events that we have been experiencing recently (droughts
          and floods) may be part of the natural variability, or extremes caused by the changing climate.
        

        Planning for future water resources in the UK has to take into account climatic changes. Current (2004) climatic change predictions
          by UKCIP suggest that:
        

        
          	the average annual temperature across the UK will rise by between 2 °C and 3.5 °C by 2080;

          	the warming will be greater in the south and east of the UK;

          	winters will become wetter and summers will become drier, though even by the 2020s, changes will still be within the range
            of the natural variations we experience now;
          

          	the annual variability of rainfall will increase — there will be both more wet years and more dry years.

        

        Climate change affects planning for water resources in three ways.

        
          	Demand for water Domestic water use is likely to increase due to hotter summers, mainly due to increased washing and garden watering. The total
            impact on industrial water use is uncertain; some uses will increase (e.g. water cooling is less efficient at higher temperatures
            so the demand may increase) and some will decrease. Agricultural water demand will increase (e.g. for greater irrigation and
            more drinking water for livestock).
          

          	Availability of water Higher winter rainfall will increase river discharge, reservoir replenishment and aquifer recharge in winter, but summer discharges
            and infiltration will decrease, particularly in the south and east. Water availability will therefore become less reliable.
            Evaporation will increase due to higher temperatures.
          

          	Environmental impact Changes in river discharge and groundwater levels will have an impact on the plants and animals that rely on the water environment;
            some will thrive under the changed conditions and some will find it hard to survive. Designated conservation areas will need
            protection by reducing abstractions to maintain summer flows and groundwater levels (Figure 9).
          

        

        
          [image: ]

          Figure 9 Freshwater wetlands such as this in the Somerset Levels may be at risk from changes in water availability caused by climate
            change.
          

        

      

    

  
    
      
        6 Future supply

        The UK as a whole has more water than it is ever likely to need but much of the water is in the wrong place: areas with the greatest resources are not the areas of highest demand.
        

        Scotland has sufficient water resources for all foreseeable circumstances and has not experienced droughts. An enormous amount
          of additional water could be made available by reservoir storage in the Highlands. But nowadays there is a trend towards more
          flexible schemes. In many of these schemes, rivers are regulated by upland reservoirs, and water is abstracted from rivers
          and lochs in the areas of demand in the lowlands; in others, water supply is developed in conjunction with hydroelectric power
          generation.
        

        Northern Ireland also has sufficient water resources, most of the supply being provided by surface water sources. Much of
          the existing storage is in small upland reservoirs, although Lough Neagh, with an area of 385 km2, has become a major source of water for Belfast. Abstraction from Lough Neagh could be greatly increased to meet future increases
          in demand.
        

        Wales has a considerable amount of water; but much of it is heavily committed to Welsh needs, or to the needs of the north-west
          and the west Midlands in England. However, there is the potential in Wales for more storage of water if necessary.
        

        England has areas with a surplus of water, such as the north-east, and areas of water deficiency, mainly in the south-east,
          where part of the supply depends on transfer from other areas. We have seen that in England and Wales the total amount of
          water abstracted has generally increased since 1993 (Figure 2). To understand how this demand could continue to be met in the future we need to look at the water supplies by region (Table
          5). Activity 3 will help you become familiar with these regional differences.
        

        
          Table 5 Estimated water abstractions in 2001 (public water supply and total abstractions) for EA regions in England and Wales.
            The values are not the same as in Figure 2, as the values in the table include brackish water.
          

          
            
              
                	EA region
                	Public water supply /106m3 per day 
                	Total abstractions /106m3 per day
              

              
                	
                	surface
                	ground
                	surface
                	ground
              

              
                	Anglian
                	1.316
                	0.759
                	4.011
                	1.000
              

              
                	North East
                	1.875
                	0.318
                	5.813
                	0.482
              

              
                	North West
                	1.342
                	0.109
                	9.773
                	0.268
              

              
                	Midlands
                	1.773
                	0.869
                	5.618
                	1.224
              

              
                	Southern
                	0.345
                	1.039
                	5.141
                	1.379
              

              
                	South West
                	0.728
                	0.488
                	7.681
                	0.726
              

              
                	Thames
                	2.802
                	1.315
                	4.635
                	1.498
              

              
                	Wales
                	1.926
                	0.048
                	10.651
                	0.088
              

              
                	Total
                	12.107
                	4.945
                	53.323
                	6.665
              

            
          

        

        
          
            Activity 3

          

          
            
              
                	Which region abstracts the greatest total quantity of water, and why?

                	Which region abstracts the greatest amount of water for public water supply?

                	Which three regions get the greatest proportion of their public water supply from groundwater, and which region the least?
                

              

            

            View answer - Activity 3

          

        

        The rocks of the Wales and North West regions are mainly Cambrian to Carboniferous in age. These old rocks have been compacted,
          folded and in many cases subjected to metamorphism. They are relatively impermeable and make poor aquifers. The rocks in the
          Southern and Thames regions are younger — Cretaceous and Tertiary — and are only very gently folded. They are mainly sedimentary
          rocks, of which the Chalk and sands make good aquifers. The rocks in Scotland and Northern Ireland are mainly older igneous
          and metamorphic rocks, which make poor aquifers.
        

        The distribution of the principal aquifers in the UK is shown in Figure 10. The three main aquifers are the Cretaceous Chalk
          (which supplies more than half of the groundwater in England and Wales, as it underlies large areas of south and east England
          where the demand is high), Permian and Triassic sandstones, and Jurassic limestones. Other aquifers are Carboniferous limestones
          and sandstones, Permian limestones, Cretaceous sands and Quaternary sands and gravels.
        

        
          [image: ]

          Figure 10 The distribution of the principal aquifers in the UK.
          

        

        The areas where there are surpluses of water resources over demand in England and Wales for 2001 are shown in Figures 11a,
          b and c.
        

        
          [image: ]

          Figure 11 (a) Availability of winter surface water in England and Wales, 2001. The regions outlined here are the eight EA regions.
            (b) Availability of summer surface water in England and Wales, 2001. (c) Availability of groundwater in England and Wales,
            2001.
          

        

         

        
          
            	
              

              Which areas have additional surface water available in winter and which in summer?

            

          

          
            	
              

              Much of England and Wales, except for the south-east, has additional water available in winter. However, in the summer there
                are few areas with spare water, mainly parts of west Wales and north-east England.
              

            

          

        

        
          
            	
              

              Does groundwater availability follow the same regional pattern of spare surface water?

            

          

          
            	
              

              Not in detail, there is additional groundwater available in small parts of most regions of England and Wales except for the
                south-west. Although the precipitation is less in the south and east, those areas have major aquifers.
              

            

          

        

        The areas most at risk of future shortages are the Anglian, Thames and Southern regions, areas with low surpluses that depend
          heavily on groundwater supplies (Table 5). If groundwater is not recharged sufficiently in winter, as happened in the winters of 1995 and 1996 (Figure 8) this may leave insufficient groundwater for extraction during the summer, and may reduce river discharge by a reduction
          of baseflow.
        

        However, some areas have more water than they need at present. The completion of the Kielder reservoir in the NE region in
          1980 doubled the amount of water available to the region, but this water has not been fully used— the demand has risen less
          than was predicted when it was built and the region now has surplus water (Figures 11a and b). Kielder was built to increase the supply to industry in the north-east, such as British Steel and ICI, who expected big
          increases in demand. Instead, industrial output has declined and their need for water has fallen since 1980.
        

        Although north-west England (and Scotland) have higher precipitation than the south-east, they have relatively little storage
          (few aquifers, and reservoirs hold relatively small amounts of water). The precipitation gradient runs one way, the storage
          gradient the other. So when there is a severe drought over the whole of the UK, the north-west or west often gets into trouble
          before the south-east. There have not been standpipes or rota cuts in the south-east since 1970, but there have been in Devon
          and South Wales (1976).
        

        Most of the growth in demand at present, and predicted in the future, is in south and east England. This is a major problem,
          as these are also the regions of shortage and are vulnerable to drought. Water shortages in these areas are already causing
          environmental problems such as reductions in river flow and even drying up of some rivers in dry summers. Tackling the river
          problem would mean reducing abstraction — and increasing shortages.
        

        In 2001 the EA published its strategy for water resources up to 2025 in England and Wales (EA, 2001). The EA stated that its
          vision was:
        

        
          Abstraction of water that is environmentally and economically sustainable, providing the right amount for people, agriculture,
            commerce and industry, and an improved water-related environment.
          

        

        The EA strategy recognised that:

        
          	in much of England and Wales, water is a scarce resource

          	the public water supply provision should be increased by 1.1 × 106 m3 per day
          

          	efficient use of water is essential

          	leakage should be reduced.

        

        Agriculture should use available water to the best effect, as in many agricultural areas little further summer water is available.
          This will involve increased winter storage of water and a change in crops.
        

        As part of the strategy, the EA had to predict future changes in water use and demand. The forecasts were based on the Department
          of Trade and Industry's 'Foresight' programme, which has scenarios defining a broad framework of possible social, political
          and technological change. The EA developed four different scenarios, each considering variations in demand by household, leakage,
          industry and commerce, and irrigation. The effects of climatic change predictions were also taken into account. Scenario alpha,
          for example, included increasing household demand, weak leakage control and increased irrigation. Scenario delta was for reduced
          household demand, leakage reduction, low economic growth and lower irrigation use (Figure 12).
        

        
          [image: ]

          Figure 12 (a) Public water supply in 1997 and predicted availability in England and Wales in 2025. (b) The four EA scenarios for public
            water supply.
          

        

        The scenarios show that demand for water is highly dependent on societal choice and governance. The general demand for water
          rises in two of the scenarios, and falls in the other two. Changes are driven by economic pressures, people's desire to see
          water used in different ways, and technological changes. The EA recommended that the extra water needed for public water supply
          in scenarios alpha and beta should come from a combination of resource development and demand management; this reflects a
          change from demand led to demand managed water supply. They proposed resource development of around 1.8 × 106 m3 per day, providing 1.1 × 106 m3 per day for the public water supply (Figure 12) and the rest for environmental improvements. The strategy includes the water
          companies spending £5.3 billion nationally on environmental projects to improve rivers and coastal waters up to 2005, and
          £400 million improving water resources related sites, which will protect important wildlife sites. For example, the East Devon
          Pebblebed Heaths have wetlands which support the rare southern damselfly and other species. South West Water owns two intakes
          that abstract water from critical parts of the site, which could affect water levels. The company, after discussion with the
          EA and English Nature, shut down the intakes in 2003.
        

        Most of the EA recommendations for enhancing water resources involve making the most of existing schemes — the inflexible
          and environmentally destructive days of immediately commissioning new reservoirs seem to be over. The strategy generally recommends:
        

        
          	increasing winter storage (making use of the wetter winters of climate change predictions), by enlarging existing reservoirs
            in the south and east, increased conjunctive use in the north-east, and a possible new reservoir in the Thames catchment
          

          	inter-regional transfers, such as the possibility of a Severn-Thames transfer

          	utilising rising groundwater in London and Birmingham

          	greater re-use of sewage effluent.

        

        Scenarios and strategies have been developed on a regional basis as well as nationally, with targets for regional resource
          developments and demand management. All regions have identified some resource developments, water savings targets and environmental
          improvements, but the proportion varies with the situation and need: most of the growth in demand is in the south and east.
          The Thames region, for example, has a target for resource development of 0.59 × 106 m3 per day, and water savings of 0.75 × 106 m3 per day, whereas the North West region has a target for resource development of 0.035 × 106 m3 per day, and water savings of 0.016 × 106 m3 per day.
        

      

    

  
    
      
        Conclusion

        
          	The lead times for water resources projects are quite long (they can be about 25 years) so estimates of the future demand
            for water must be made for at least this time ahead.
          

          	Prediction of the future demand for water starts by looking at how demand has varied in the past. It involves breaking down
            the total demand into domestic, industrial and agricultural components, and identifying the economic, social, population and
            climate change factors which are likely to affect them in the future. Past predictions have not been accurate, especially
            in the long term.
          

          	Most domestic consumers have little direct incentive to economise on water use, as only 24% of homes in England and Wales
            have water meters (2003). The water supply to industry is metered, so in that sector there is a financial inducement to economise
            on water use. 22% (2002/3) of the water put into the distribution system in England and Wales is lost by leakage, but it is
            very expensive, time consuming and disruptive to remedy.
          

          	The UK as a whole has more water than it needs, but much of it is in the wrong place. Scotland, Northern Ireland and Wales
            have sufficient water resources, although part of the water in Wales is diverted for use in England. England has areas of
            both water surplus and water shortage. Groundwater is a large proportion of the public water supply in the southern and eastern
            parts of England. It forms only a small proportion in other parts of England and in Wales, Scotland and Northern Ireland,
            as the rocks in these areas are mainly older sedimentary, igneous or metamorphic rocks, and so are not good aquifers.
          

          	The EA outlined a strategy in 2001 for water resources up to 2025. This involves resource development, demand management and
            environmental improvement. Resource development would concentrate on increasing winter storage, by enlarging existing reservoirs,
            increased conjunctive use, a possible new reservoir in the Thames catchment, inter-regional transfers, utilisation of rising
            groundwater in London and Birmingham and greater re-use of sewage effluent.
          

          	The area of the UK likely to have the greatest problems with water supply in the future is the south and east of England.
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        Activity 1

        Answer

        The total amount of water abstracted in 2001 (Table 1) was:

        
          	43.11 × 106 m3 per day
          

        

        Quantity per person per day = (43.11 × 106/50 × 106)m3

        
          	= 0.86m3 or 860 litres
          

        

        Back

      

    

  
    
      
        Activity 2

        Answer

        These are my results for the first week in June; yours will be different, but these might be useful to demonstrate how to
          go about this Activity.
        

        Number of baths in a week = 1

        Number of showers in a week = 5

        Time taken by bath tap to fill a 1 litre jug = 3 s

        Length of time tap runs to fill a bath = 3 minutes, 10 s = 190 s

        Water used per bath = 190/3 litres = 61 litres

        Time taken by shower to fill a 1 litre jug = 9 s

        Water used per minute of shower = 60/9 litres = 7 litres

        Total length of time for five showers = 37 minutes

        Total water use for five showers = 7 × 37 litres = 259 litres

        Total bath/shower water use per week = 61 + 259 litres = 320 litres

        Averaged bath/shower water use per day = 320/7 litres = 46 litres

        Back

      

    

  
    
      
        Activity 3

        Answer

        
          	Wales abstracts the greatest total quantity of water. A lot of this is transferred to other regions.

          	Thames abstracts the greatest amount of water for public water supply.

          	The Anglian, Southern and South West regions extract the greatest proportion of groundwater for public supply, and Wales the
            least.
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