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ABSTRACT
Water consumption increases dramatically as a result of economic development in the UK. There is a regional disparity of water consumption with regards to different economic sectors, particularly, between the South East and North East of England. This paper generates two regional input-output (IO) tables by using Location Quotient technique and develops an extended IO model of water consumption for South East of England and North East of England. Through analysis of water consumption using the extended regional water IO model and backward and forward linkage analysis, we find that chemical sector is the biggest water consumer in both regions, and other key water consumers including food processing, paper, and agriculture sectors. There are also differences between two regions in terms of water consumption. In the South East, services sectors such as retail distribution, hotels and catering and education are considerable water consumers, while machinery and equipment and metal sectors are the key water consumers in the North East. In addition, the input-output model allows us to distinguish the direct and indirect water use. The agriculture sector uses extensive amount of water directly, while the service sectors consumes a large amount of water indirectly to satisfy their own demand. In this study, underlying analysis of household water use, the South East uses more water than the North East and lifestyle patterns play significant role in this disparity. 
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1. Introduction

Water is an essential natural resource in any society and nations, and water consumption increases dramatically as a result of economic development. The demand for freshwater consumption has boosted over four fold in the last half century worldwide. Water for agricultural and industrial production is the main part of this consumption, and the demand for household use also growing due to population growth, rapid urbanisation and lifestyle change. Because increasing prosperity across the world has allowed more and more people to enjoy the goods and services. World Resources Institute projected that the total number of people who live in water-scarce nations (less that 1000 cubic meters/capita/year) will reach approximately 13-20% of the world total population by 2050 (OECD, 1998). Middle East and Africa will be the most affected parts, and most of countries in the world will be involved. There will be some countries affected by drought and restricted supply although they have adequate total water resources. The potential threat of climate change on hydrological system and food production contributes to a further uncertainty to future projections. 

1.1 Water Consumption in UK: a Regional Disparity

Unexceptionally, like other countries, water consumption in UK was experiencing a remarkable boost as the UK has the fastest economic growth rate in the EU. However, there is a regional disparity of water consumption in terms of economic sectors in UK, for example agriculture is the major consumer in the East of England, while the services sector consumes a large amount of water in the South East. 

1.1.1 The South East Region

The South East is one of most flourishing regions in the UK and in Europe. There is a wealthy economy and a high living standard in this region. In terms of the economic performance over the period 1997-2003, South East achieved a fastest growth in Gross Value Added (GVA) per head at 35.3%, a second highest absolute level of GVA per head at 35.3%, a lowest unemployment rate of 4.2%, as second highest household income per head at about ￡14,300 (South East England Development Agency, 2006). In terms of expenditure, which is averaged over recent three years, households in the South East spent the second highest weekly, just after London. Transport is the highest spending category, households in the South East spend ￡70 a week and 16% more than the UK average. Also, spending on sports admissions, subscriptions and leisure class fees in the South East region is the highest and 22% higher than the UK average (ONS, 2006). However, as a rapid growth region, it suffers a large number of environmental pressures which become barriers for the South East to achieve a sustainable future. Among those pressures, water shortage stands as one of the biggest challenges. The region is one of the driest and most densely populated regions in UK. The South East has the highest amount of water usage per capita in Europe, while there is less water available per capita than some countries such as Spain. The domestic water consumption per capita is higher than in the UK average, with an average of 165 liters per head per day, while the rainfall per capita is lower than that in Oman (IPPR, 2005). Also the river flows and groundwater levels are very low due to low rainfall in the South East; consequently leading to many environmental impacts. For instance, in some rivers, fish spawning has been disrupted because of lack of access to their breeding grounds (IPPR, 2005). As population increases, the overall water demand is estimated to rise significantly. Moreover, as the world’s climate changes, the South East will experience more frequent water shortages in summer and more floods in winter. 

1.1.2 The North East Region

The North East is the smallest of nine administrative regions of England in terms of population. And it is also the smallest geographically, except London. During the late decades of the 20th century, the major feature of the economic growth of North East has arguably been comparatively fallen off, as proved by the growing ‘productivity gap’ between the North East and the UK national average in terms of economic development (North East Development Agency, 2006). There are some reasons to induce the economic depression, for example the weak capacity of the North East to respond to the growth of globalisation, and the decrease of heavy industry. The economic growth in North East was around an annual average of 4% in current price terms between 1989 and 2001, while there was average economic growth across all UK regions of 5.4% per annum and even achieved 6.3 % in the fastest growing region - the South East. In 2000, the North East acquired the lowest GDP average in the UK, with only 77% of the European Union, and the lowest Gross Value Added (GVA) in England (North East Development Agency, 2006). With regard to the expenditure, households in the North East spent the least, which 19% less than the UK average (ONS, 2006). On the transport category, the highest spending category in the UK, households in the North East spent the least with ￡47 a week and 23% lower than the UK average. Ownership of car or van is also lowest in this region (ONS, 2006). In terms of water resources, North East region is regarded as wet receiving enough rainfall to feed the whole land area with an 825 mm depth. Of those rainfalls, most of them cover the hills of the west of the region, and a smaller amount in the York and Doncaster area. Although evaporation and take-up by vegetations, there are still about 2,940 liters a day for the region’s residents, or sufficient to fill 290 buckets (Environment Agency, 2001). However, people can not use all this water, as we need to leave sufficient in rivers, streams and aquifers to maintain the natural environment. The plentiful fresh water supply of North East is a key industrial and environmental asset to the region and the whole country. The abundance of fresh water is mainly because of past investment in Europe’s largest man-made reservoir in Northumberland (North East Assembly, 2005). Although the water resources of North East is plentiful, water consumption per capita is much lower than South East region and the total water consumption in the North East is the lowest in England (Environment Agency, 2001).   
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1.2 Aims and Objectives of the Research Project

The aims of this paper are to assess and compare the water consumption both direct and indirect in the South East of England and North East of England. We firstly construct two regional input-output tables; secondly we extend the regional input-output model to a water input-output model, then apply the water input-output model to evaluate water consumption in two regions and investigate which sector consumes more water in each region; thirdly we 
identity the key or leading sectors which have dominant influence in terms of water consumption using backward and forward linkage analysis; fourthly we identify the main drivers behind the water consumption in economic sectors and analysis different structure of water consumption between two regions; finally we suggest solutions to reduce water consumption.

2. Literature Review
The following section mainly based on summaries of several books, Richardson (1972), Victor (1972), Jensen et al. (1979), Hewings (1985), Miller and Blair (1985). As we think those five books gave a good insight of the literature of input-output model. 
2.1 Rationale and History of Input-Output Models

The fundamental purpose of the input-output model is to analyse the interdependence of industries in monetary units in an economy (Miller and Blair, 1985). Input-output analysis was developed by Wassily Leontief in the late 1930s, and for his contribution in this area, he received the Nobel Prize in Economics Science in 1973. The input-output model based on a system of linear equations, which represent for the distribution of an industry’s product throughout the economy. Leontief applied this technique in the United States tables for 1919 and 1929 in 1936, a ninety-six sectors table was created in 1939 (Richardson, 1972). 
The development of national input-output models had much progress in the 1940s and 1950s. Leotief published his first book of “The structure of American economy” with complete theoretical and empirical apparatus in 1941 (Garfield, 1986). In 1942-4, the work was carried on at the Bureau of Labor Statistics of US, and in 1944, the first practical application was built to estimate the consequences of the ending of the war on employment (Richardson, 1972).  The United Kingdom (UK) government constructed a full table for 1954 based on the prior input-output work on 1948 data, and then the 1963 table with a seventy sector was published in early 1970s (Richardson, 1972). In other countries such as Holland and Japan, the notable work on creation of input-output tables has also been developed. 

2.2 Regional Input-Output Model

The development of regional input-output framework was also back to the early 1950s. Those early studies were quite crude procedures compared with today’s standards, because they utilised unadjusted national input coefficients (Richardson, 1972). Isard summarised his ‘ideal’ interregional model in 1951, an ideal yet to be completed since it requires considering a regional industry as if it were a completely different industry from the same industry in another region. In 1953, Chenery created a two-region model for Italy (Chenery 1953, cited in Richardson 1972 p. 11). During the same time, Leontief developed his international model in 1953 (Leontief, 1986). However, the use of unadjusted national coefficients was regarded as being extremely disputed, because regional coefficients are recognised to vary significantly from national coefficients. Moreover, the industrial mix within any economic sectors probably differs notably between the region and the nation, and the regional technical production functions may vary with nationally (Jensen et al., 1979). 

The latter developments had more influence on the pattern of regional input-output research. Moore and Petersen in 1955 firstly adjusted national coefficients as approximations of regional coefficients to take account of ‘differences in regional production processes, marketing practices, or product-mix’ (Moore and Petersen 1955, cited in Richardson 1972 p. 12). Several years later, Hirsch generated a regional input-output model for St Louis Metropolitan Area in 1959 with input and output data gained by survey (Hirsch 1959, cited in Richardson 1972 p. 12). This work set the pattern for regional input-output framework in 1960s. 
However, as survey-based input-output tables were high cost and time-consuming, the semi survey and non-survey techniques were widely applied. There are many non-survey techniques include regional weights and aggregation techniques, location quotient, supply-demand pool, commodity balance, RAS and many others (Jensen et al., 1979). Shen (1960) and Czamanski and Malizia (1969) applied regional weighting and aggregation techniques to group the highly disaggregated national input-output table into a more aggregated regional table (Shen 1960, Czemanski and Malizia 1969, cited in Jensen et al. 1979 p.33). There were varied applications on location quotient approaches, include simple location quotient, purchases only location quotient, the expenditure location quotient and cross-industry location quotient methods, which compared the relative importance of an industry in a regional and its relative importance in the nation. In the United States, CONSAD Corporation applied purchases only location quotient method on the study of regional impact of federal procurement (Jensen et al., 1979). Stilwell and Boatwright (1971) suggested the expenditure location quotient to measure interregional trade flows in the United Kingdom (Stillwell and Boatwright 1971, cited in Richardson 1972 p.120). The supply-demand pool method suggested by Schaffer and Chu (1969) based on regional commodity balances, which was first introduced by Isard (cited in Jensen et al. 1979 p.37). The RAS procedure (Stone and Leicester 1966, cited in Jensen et al. 1979 p.33) also has received the most attention in the literature. Smith and Morrison (1974) applied RAS to estimate regional input-output coefficients from national table for the city of Peterborough in the UK (Smith and Morrison 1974, cited in Hewings 1985 p.47). 

Another approach based on a mixture of survey and non-survey had been used by Schaffer (1976) and Jensen et al. (1979). In the 1980s, 1990s, regional input-output model have been paid more attention on analysing the regional economic impact and the inter-industries relationship within a region. Most recent research such as Martins (1993) constructed hybrid regional input-output table construction, Bazzazan et al. used semi survey based methods to create regional input-output table in Iran (Bazzazan et al., 2005). Trinh Bui et al. applied hybrid approach to generate an interregional input-output table for Vietnam (Trinh Bui et al., 2005). Spörri et al. constructed regional input-output model based on non-survey method to analysis economic impacts of river rehabilitation (Spörri et al., 2007). 
2.3 Environmental Input-Output Models

The input-output model is broadly used in the worldwide; moreover, the input-output model has been extended to analysis environmentally related topics such as environmental pollution, energy consumption and water pollution associated with industrial production. Studies which related the economy to the environment based on the input-output models date back to late 1960s (Vela´zquez, 2006). Cumberland (1966) introduced an input-output model that contains the environmental benefit and costs of industries and final demand categories; he was the first economist to design input-output model that embrace economic and environmental interactions (Cumberland 1966, cited in Victor 1972 p.35 and Richardson 1972 p.215). In 1970, Leontief has extended the input-output model to analyse environmental issues by adding new rows or corresponding columns to accommodate new inputs or outputs originated from production (Leontief, 1986). Victor (1972) offered an extended input-output model for the economy-environment interactions that combines monetary supply and use tables to ‘ecological commodities’.. One of the main purposes of his study is to relate economic behaviour with the associated materials flow. Victor stated that as ecological commodities all material inputs from the environment to the economy and classifies them in terms of the major environmental sections of land, air and water. Likewise, the productions of waste from economic system which returned to the environment were also ecological commodities. The land section both accounted for material and ecosystem inputs and outputs to the economic system (Victor, 1972). Moreover, Victor defined a great deal accounting identities which must embrace for both the economic and the ecological commodities to maintain the economic ecological system in balance. Bullard and Herendeen (1975) applied a hybrid model on the energy analysis. The model enables “explicit treatment of the flow of energy involve in the flows of goods across regional boundaries” (Bullard and Herendeen, 1975).  

In the 1980s, Forsund (1985) undertaken a research concentrated on pollution generation with an extended input-output model. In 1988, Proops utilised the extended input-output model to set up a range of indicators of both direct and indirect energy use (Proops, 1988, cited in Wiedmann et al. 2005). In 1995, Hawdon and Pearson (1995) used 10 sectors input-output model of UK to demonstrate that the input-output model can explore the complicated interrelationships between energy, environment and economic welfare. Chang and Lin (1998) applied input-output structural decomposition to observe emission tendency and consequences of industrial CO2 emission changes in Taiwan during the period of 1981-1991. 
More recent applications of environmental input-output analysis include evaluation the effect of the recycling of waste (Nakamura, 1999), estimation of land use changes in China (Hubacek and Sun, 2001), estimation ecological footprints (Lenzen and Murray, 2001), evaluation total impacts of international trade on its energy consumption and CO2 emissions in Brazil (Machado et al., 2001), explore the interdependence of industries with regard to environmental pressure and resource exhaustion (Lenzen, 2003), allocation of ecological footprints to final consumption (Wiedmann et al., 2005), analyses of pollution embodied in international trade (Peters and Hertwich, 2006), analysis of energy requirements and CO2 emission in year 2010 and 2020 in China (Liang, et al. , 2007), examination of long-term scenario on technology, demand and environmental effects (Faber, 2007), examination the environmental impacts of regional consumption activities (Wiedmann et al., 2007). 
2.4 Water Input-Output Model
In order to achieve sustainability of water consumption, it is necessary to know the relationships between the economic sectors and water consumption (Vela´zquez, 2006). The water input-output model is a useful instrument to explore the relationships of which economic sectors consume the greatest water, both directly and indirectly. There have been many research of water consumption based on input-output tables. Hartman (1965) examined some aspects of the input-output model regarding its usefulness as a research technique in analysis of regional water consumption and consumption allocation in areas. In 1984, Harris and Rea estimated the value of water with national input-output tables in the USA (Okadera, 2006). In 1992, Sa´nchez-Cho´ liz et al. applied the input-output model to water in Spain (Vela´zquez, 2006). Currently, studies of input-output model of water issues such as Lenzen analysed water usage in Australian (Lenzen, 2001), Leistritz examined the regional economic impacts of water management (Leistritz, 2002), Vela´zquez explored intersectoral water relationships in Andalusia (Vela´zquez, 2006), Okadera analysed water demand and water pollutant discharge in upstream of the Three Gorges Dam in China (Okadera, 2006), Guan and Hubacek evaluated the regional trade structure and its influences on water consumption and pollution via virtual water flows in China (Guan and Hubacek, 2007). 
3. Methodology
3.1 The Rationale of the Input-Output (IO) Model 

An IO model is generated from observed data for a given economic area, which includes a country, a region, or an area (Miller and Blair, 1985). At first, the researchers assume that the economic area is on the country level. The economic activity in the country must be dividable into numerous segments or producing sectors. These may be industrial categories, such as steel or smaller categories like steel nails, or larger categories like manufacturing. The compulsory data are the flows of products from each of the sectors (producer) to each of the sectors (purchaser); those intersectoral flows are measured in a specific time period (generally a year) and in monetary terms (Miller and Blair, 1985).
Denote the observed monetary value of the flow from sector i to sector j by zij. Sector j’s demand for inputs from other sectors during the given time period will have been linked to the quantities of goods produced by sector j over that same year (Miller and Blair, 1985). In addition, there are sales to purchasers who are more external or exogenous to the industrial sectors that form the producers in the economy, which concludes household, government and foreign trade. The demands of these units are normally determined by considerations which are not linked to the quantity being produced in each of the units (Miller and Blair, 1985). The demand of these exogenous sectors is generally known as final demand Y. 

Therefore, if the economy is divided into n sectors, and if we denote by Xi the total output of sector i and by Yi  the total final demand for sector i’s product, we can write 

Xi = zi1 + zi2 + …….zij +……zin + Yi                                           (3-1)

The z term on the right hand side means the interindustry sales by sector i, hence the whole right hand side is the sum of all sector i’s interindustry sales and its sales to final demand. Equation (3-1) stands for the distribution of sector i’s output. There will be a set of equations like Equation (3-1) reflecting sales of the output of each of the n sectors.  

X1 = z11 + z12 + …….z1i +……z1n + Y1
X2 = z21 + z22 + …….z2i +……z2n + Y2
.

.                                                                        (3-2)
Xi = zi1 + zi2 + ……. .zii +………zin + Yi
.

.

Xn = zn1 + zn2 + …….zni +……znn + Yn   
where Xi is the total output of sector i, zij is the flow of input from sector i to sector j, and Yi is the total final demand for sector i’s product (Miller and Blair, 1985). 

Undoubtedly, in order to engage the production, a sector also pays for other elements, which include labor and capital, utilised other inputs such as inventoried items. All of these elements are referred to as value added in sector i. Moreover, imported goods may be purchased by sector i as inputs. These inputs both value added and imports are usually combined together as purchases from so-called the payments sector, while the z’s on the right hand side of Equation (3-2) provide to trace the purchases from the processing sector, the what is called interindustry inputs (Miller and Blair, 1987). Those interindustry inputs contain interindustry flows as well as each equation in (3-2) concludes the chance of purchases by a sector of its-self output as an input to production. We can use a table to record the amount of these interindustry flows, with sectors of source (sellers) put on the left, and put the same sectors, now destinations (purchasers) across the top. From the column standpoint the data are each sector’s inputs, from the row standpoint the data are each sectors’ outputs, thus the input-output table forms. These numbers are the core of input-output (IO) model (Miller and Blair, 1985). 

Table 3.1 Input-output Table 

	
	
	Purchasing Sectors
	Final Demand
(Y)
	Total Output

(X)

	Processing Sectors
	
	1
	2
	.
	i
	.
	n
	
	

	
	1
	z11
	z12
	
	z1i
	
	z1n
	Y1
	X1

	
	2
	z21
	z22
	
	z2i
	
	z2n
	Y2
	X2

	
	.
	.
	.
	
	
	
	
	
	

	
	i
	zi1
	zi2
	
	zii
	
	zin
	Yi
	Xi

	
	.
	
	
	
	
	
	
	
	

	
	.
	
	
	
	
	
	
	
	

	
	n
	zn1
	zn2
	
	zni
	
	znn
	Yn
	Xn

	Payments Sectors
	Value Added
	V1
	V2
	
	Vi
	
	Vn
	
	V

	Total Outlays (X)
	
	X1
	X2
	
	Xi
	
	Xn
	
	X


Source: Miller and Blair, 1985 

In IO analysis, the fundamental assumption of the IO model is that the flows of sector i to j depend on the total output of sector j，we can derive the technical coefficient by dividing the inter-sectoral flows from i to j(zij) with total output of j (Xj).  
aij = zij / Xj                                                                                                    (3-3)
where, aij is also often termed as IO coefficient and (direct) input coefficient. The aij is regarded as determining fixed relationships between a sector’s output and its inputs (Miller and Blair, 1985).  

After we accept the notion of fixed technical coefficients, Equation (3-2) can be rewritten by replacing each zij on the right hand side by aij Xj as: 
X1 = a11 X1 + a12 X2 + ……. a1i Xi +……a1n Xn + Y1
X2 = a21 X2 + a22 X2 + ……. a2i Xi +……a2n Xn + Y2
.                                                                        (3-4)
Xi = ai1 X1 + ai2 X2 + ……. aii Xi +………ain Xn + Yi
.

.

Xn = an1 X1 + an2 X2 + ……. ani Xi +…….ann Xn + Yn  

These equations illustrate the dependence of interindustry flows on the total outputs of each other. They can then be rewritten as: 

X1 - a11 X1 - a12 X2 - ……. a1i Xi -……a1n Xn = Y1
X2 - a21 X2 - a22 X2 - ……. a2i Xi -……a2n Xn = Y2
.                                                                        (3-5)
Xi - ai1 X1 - ai2 X2 - ……. aii Xi -………ain Xn = Yi
.

.

Xn - an1 X1 - an2 X2 - ……. ani Xi -…….ann Xn = Yn  
By grouping the X1 ‘s together in the first equation, the X2 ‘s together in the second equation, and the rest may be deduced by analogy, we get:

(1- a11)  X1 - a12 X2 - ……. - a1i Xi -……- a1n Xn = Y1
- a21X1 + (1- a22) X2 - …..- a2i Xi -…….- a2n Xn = Y2
.                                                                        (3-6)
- ai1X1 - ai2 X2 - ……… + (1 - aii) Xi -…. - ain Xn = Yi
.

.

- an1X1 - an2 X2 -- ……. -ani Xi -…. + (1 - ann)Xn = Yn  

In matrix forms, the above equations become
A=
[image: image2.wmf]ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ë

é

nn

ni

2

n

1

n

n

2

i

2

22

21

n

1

i

1

12

11

a

.

a

.

a

a

.

.

.

.

.

.

.

.

.

.

.

.

a

.

a

.

a

a

a

.

a

.

a

a

.

,  X=
[image: image3.wmf]ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ë

é

n

2

1

X

.

.

X

X

,  Y= 
[image: image4.wmf]ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ë

é

n

2

1

Y

.

.

Y

Y

                         (3-7)
Set I be the n﹡n identity matrix, then the matrix (I-A) will have (1- a11), (1- a22),…(1- aii),…(1- ann) on the main diagonal and (I-A) will have – aij terms elsewhere, as the identity matrix includes zeros elsewhere (Miller and Blair, 1985). Thus, the entire n﹡n matrix in Equation (3-6) can be written as: 
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The matrix A is known as technical coefficients matrix, or direct input coefficients. If 
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≠ 0, then we can get:

X= (I-A) -1Y                                                              (3-9)

Where (I-A) -1 is known as the Leontief inverse matrix, which shows the total production of each sector required to satisfy the final demand in the economy (Miller and Blair, 1985). 
3.2 Construction of Regional Input-Output (IO) Tables
The IO coefficients table is at the heart of any IO analysis; however, it is extremely expensive and time-consuming to produce a survey-based table of the economy (Miller and Blair, 1985). Therefore, firstly, we endeavor to use one non-survey method, namely Location Quotient (LQ) procedure here, based on existing national IO table of UK to construct two regional IO tables for the South East and North East of England. 
We attempt to use two of the Location Quotient (LQ) procedures: Simple Location Quotient (SLQ) and Cross-Industry Location Quotient (CILQ) to generate the regional IO tables. 
3.2.1 Location Quotients (LQ)
There are variety of non-survey techniques that are used to adjust national technical coefficients to produce a regional IO table with the absence of regional input and output figures. These techniques have been developed extensively over the last thirty years. The key problem is that regional propensities to import are usually much higher than national propensities (Flegg et al., 1995). One of the most widespread concepts is to utilise location quotients. The rationale for using LQ is examined in Richardson (1972), Mayer and Pleeter (1975), Round (1983). Miller and Blair (1985) have reviewed the various LQ methods. Flegg, Webber and Elliott in 1995 has compared different LQ methods and developed the FLQ Formula (Flegg et al, 1995). All of these methods adjust the national technical coefficients from the A matrix and adjusting them to consider the potential for local demands to be satisfied locally. As the LQ methods are low cost, they are useful tools for local government policy markers. Much work has been done recently to adjust the national technical coefficients to generate local level multipliers (Flegg et al. (1995), Flegg and Webber (1997, 2000), Brand (1997), McCann and Dewhurst, (1998)).    

· Simple Location Quotient (SLQ)
For region R, a regional IO coefficient can be defined as (Miller and Blair, 1985):


[image: image7.wmf])

a

(

LQ

a

N

ij

R

i

RR

ij

=

                                                        (3-10)
where 
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 is the regional input-output technical coefficient, 
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 is the national technical coefficient (Miller and Blair, 1985). 
As Miller and Blair noted, the LQ is “a measure of the ability of regional industry i to supply the demands placed upon it by other industries in the region and by regional final demand” (Miller and Blair, 1985). Where regional output data are not available, other measures can be used such as employment, personal income earned, value added and so on (Miller and Blair, 1985). We use Gross Value Added (GVA) in this paper as we think it is a good indicator for the economy, better reflects the regional output; therefore, the LQ for sector in region R is defined as:
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Where 
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<1), it is assumed that the region as being less able to satisfy regional demand for its output, and the national coefficients are needed to be adjusted by multiplying them by the 
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of the regional table, the formulas are shown below (Miller and Blair, 1985): 
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· Cross Industry Location Quotient (CILQ)

Another variant of the LQ technique is the Cross Industry Location Quotient (CILQ), which is stated by Flegg et al (1995) to be superior to the LQ technique. They argued that the SLQ presupposed the discrepancy between the national and regional coefficients is the same, without consideration of the sectors to which sectors are selling their output (Flegg et al, 1995). This assumption does not take account of the relative size of the sector providing the inputs and the sector purchasing them. Flegg et al (1995) suggested the CILQ technique to overcome some of those shortcomings.  

A value added based CILQ for sectors 
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and
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 can be defined (Miller and Blair, 1985): 
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Then, 
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Sector 
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is assumed to be supplying inputs to sector
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. Flegg et al (1995) noted that if the supplying sector is relatively small compared to the purchasing sector at the regional level, (
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), some of the required inputs will have to be imported. It means that the national coefficients need to be adjusted by multiplying them by the CILQ. If the
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, there is no need to adjust the national coefficient, as all the needs for input can be met from within the region (Miller and Blair, 1985). 

From the above formulas, we can see that each CILQ is the ratio of the related SLQ. A quite interesting issue derives from Equation (3-14) is that, if 
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, the CILQ is equal to 1. It will entail doing no adjustment to the national coefficients. Flegg et al (1995) suggested that it will be more appropriate to use the SLQ to adjust the coefficients along the principal diagonal and CILQ elsewhere, because CILQ ignores of the size of the local industry. We adopted their suggestions in this paper.    

3.3 Extension of the Water IO Model

In this section, we extend these two regional tables to develop a water consumption IO model. Water is treated as a primary input in the economic flows, thus, we calculate the direct water consumption coefficient fj by dividing the total amount water directly consumed of jth sector by total input to that sector xj.  Nevertheless, water is consumed both directly and indirectly. In order to obtain both direct and indirect water consumption, we create the total water consumption multipliers by multiplying the direct water consumption coefficients 
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 by the Leontief inverse (I-A) -1, 
Therefore, total Water Consumption = 
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ˆ

(I-A) -1 y  
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where, (I-A) -1is the Leontief inverse, (^) sets the vector in the diagonal of the matrix, Equcation (3-15) represents total amount of water consumed in any given sector so as to meet the demand (Guan and Hubacek, 2007). 

Table 3.2 Extended Water IO Table
	Extended water IO table

	
	Intermediate demand
	Final demand
	Total output

	
	
	Households and governments 
	Exports
	

	Inter-industrial flows
	xij
	yij
	ej
	xj

	Primary inputs
	yij
	
	
	

	Imports
	
	
	
	

	Total inputs
	xj
	
	
	

	Water consumption 
	f
	
	
	


Source: Guan and Hubacek, 2007
3.4 Backward and Forward Linkages

After we developed the water IO model, we will use the inter-industry linkage analysis to explore which key or leading sectors have greater influence on the whole water consumption process, through both purchases and/or sales, in the economy (Miller and Blair, 1985). More detailed studies on inter-industry linkage can also be seen from Duarte and Sánchez-Chóliz (1998), Duarte et al. (2002), Alonso (2004). 
The backward linkage (
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where 
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 represents each of the elements in the matrix. 
This backward linkage shows how much sector j influences the others through its purchases in terms of water consumption. 

The forward linkage (
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) is calculated as the row sum of (I-A) -1 in the supply-side IO model, more details can be seen from Miller and Blair (1985, pp319). Hence, with elements 
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This forward linkage shows how much sector i influences the others through its sales in terms of water consumption. 
A widely used measurement of backward and forward linkages is defined by Rasmussen in his PhD thesis of Studies in Inter-Sectoral Relations in 1956 (Rasmussen 1956, cited in Duarte and Sánchez-Chóliz 1998, Drejer 2002, Alonso 2004). 
The backward and forward linkages can be measured mathematically as an index: 
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And, the forward linkages can also be expressed mathematically: 
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If 
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 is greater than 1, it means that one unit change in a final demand in sector j, will result in an above-average increase in the water consumption of all of the sectors in the entire economy. In contrast, if 
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is greater than 1, a unit change in all sectors’ final demand will lead to an above-average increase in the water consumption of sector 
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 in the entire economy. When the backward and/or forward linkage indexes are greater than 1, we can say that these sectors are key/leading sectors in terms of water consumption. 
3.5 Data Collection Methods
The dataset in this paper mainly includes two categories: regional IO tables, which enables us to explore the flows of goods and services between producers and consumers and interrelationships between all economic sectors; water data, which consists of direct water consumption, water consumption coefficients (both direct and indirect) -- the quantity of fresh water consumption to produce a unit of output of a good or service in all of the economic sectors.  

3.5.1 Regional IO data

In this study, firstly we need to construct two regional IO tables by adjusting the national technical coefficients from 2000 UK national IO table. The unpublished 2000 UK national IO table, which consists of 76 sectors, was provided by Stockholm Environment Institute (SEI) in University of York. Although the national IO table does not include the entire flows of all sectors, it has the Leontief inverse matrix, which enabled us to get the A matrix. As we mentioned above, the York University’s national IO table consists of 76 sectors, we firstly aggregated to our 27 sectors corresponding to our water consumption data. And then we used GVA to calculate the LQs. All the GVA data in two regions we obtained from Office of National Statistics (ONS) website. Household expenditure data was also obtained from ONS.
3.5.2 Water data

The direct water coefficients calculated by dividing the total amount of water consumption for each economic sector by the total output in monetary units for each sector correspondingly. The water consumption data is categorised as 27 sectors based on two-digit SIC (Standard Industrial Classification)-92 classifications, gained from government academic research – REWARD (Regional and Welsh Appraisal of Resource Productivity and Development), and this secondary data sources provides information for 1999, it is the closest we obtained in time to the input-output table. The total output data in monetary units for 27 sectors has been calculated in the two regional IO tables. The indirect water coefficients calculated by multiplying the direct water coefficients by the regional Leontief inverse matrix, both of them have been calculated. Household water use data was obtained from Environment Agency. 
4. Results interpretation

Water consumption in England has received much attention, especially in the South East, which is considered as the driest region. In order to compare and analyse the water consumption patterns in the two regions, we need to know which sectors consume more water than others, and which key sectors have greater influence on the whole water consumption process. In terms of household water use, we use detailed analysis to compare the difference in two regions.
4.1 South East and North East Industrial Water Consumption

After we constructed the South East regional IO table, by employing Equation (3-15) -- Total Water Consumption =
[image: image58.wmf]f

ˆ

(I-A) -1 y we are able to quantify the total water consumption both direct and indirect in each economic sector, and quantify the water flows through the inter-industrial linkage. We can show how much water is required to produce certain goods and services that to satisfy people’s needs in the region, and this amount of water consumed in the production chain is no longer available for other purposes within in the region.   

The results are shown in Table 4.1 for the South East and Table 4.2 for the North East. The column of “total water consumption” in both Table 4.1 and 4.2 shows the total amount water are consumed by aggregated industrial sectors in respective regional economy. The column of “direct water coefficient” shows the comparison of the direct water consumption for each production sector. For instance, the direct coefficient for leather production quantifies the amount of water directly consumed by leather making industries to produce 1,000,000 Pounds of leather products. From Table 4.1 and 4.2, it can be seen that the amount of water consumption in each industrial sectors are different in the two regions due to the different economic structure. In general, agriculture, leather, food and paper products require more water per unit of output than other industrial sectors. However, there are different water-intensive consumers in the two regions. In the South East region, leather sector is the most water-intensive consumer, followed by agriculture as the second most water-intensive sector, and followed by paper and publishing, non-metals, rubber and plastics products, chemicals. In terms of total water consumption, chemicals sector is the largest consumer, followed by paper industry, machinery and power equipment and agriculture. In the North East region, agriculture is the most water-intensive consumers, followed by leather, paper and publishing, chemicals, rubber, food, metals, non-metals and others. With respect to the total water consumption, the chemicals sector also consumes the most water, followed by machinery and power equipment, food and metals. From a water conservation point of view, South East should produce less water-intensive goods and services. However, based on our calculations, in some high water-intensive sectors, the South East is a dominant producer of these sectors. For instance, leather is the most water-intensive sector with a direct water coefficient of 14.07 Ml/million pounds, while total water consumption is 18.76 Ml/d, which accounts for the 19% of the total water consumption of leather sector in England and Wales (REWARD, 2001). In agriculture sector, the situation is similar. The direct water coefficient is 9.39 Ml/million pounds, at the same time total water consumption is 103.07 Ml/d. This means South East consumes a large amount of water in these high water-intensive sectors. Nevertheless, compare to the South East, the agriculture and leather sectors in the North East consume much less water. Although the direct water coefficient of agriculture is similar with the South East, the total water consumption is only 22.37 Ml/d. While in the leather sector, both the direct water coefficient and total water consumption in North East is much smaller than the South East, with 6.97 Ml/million pounds, 2.94 Ml/d
Table 4.1 Total water consumption (both direct and indirect) in the South East

	Industrial Sectors
	Direct water coefficient
(Ml/ Million Pound)
	Total water consumption

	
	
	(Ml/d) 
	      (Ml/year)

	1.Agriculture
	9.39 
	103.07
	37620.55

	2.Mining
	0.05 
	0.61 
	222.81

	3.Food and Drink
	2.19 
	61.91 
	22597.15

	4.Textile
	0.27 
	2.76 
	1007.40

	5.Leather goods
	14.07 
	18.76 
	6847.40

	6.Paper, Printing and Publishing
	5.83 
	121.50 
	44347.50

	7.Energy
	0.05 
	0.26 
	93.43

	8.Chemicals
	1.90 
	286.44
	104550.60

	9.Rubber and Plastic products
	2.84 
	24.04
	8774.60

	10.Non-metals mineral products
	4.70 
	17.02
	6212.30

	11.Metals
	2.12 
	33.34
	12169.10

	12.Power equipment
	2.12 
	44.13 
	16107.91

	13.Machinery and equipments
	0.73 
	103.84 
	37901.60

	14.Transport equipments
	1.06 
	38.07 
	13896.26

	15.Furniture
	0.07 
	0.75 
	273.75

	16.Electricity, Gas and Water supply
	0.04 
	0.26 
	94.02

	17.Construction
	0.14 
	3.76 
	1372.40

	18.Retail distribution
	1.12 
	75.38 
	27513.70

	19.Hotels and catering
	1.77 
	51.92 
	18950.80

	20.Transport and Communication
	0.13 
	2.79 
	1017.22

	21.Financial intermediation
	0.13 
	2.70 
	986.22

	22.Business activities
	0.13 
	7.20 
	2627.68

	23.Public administration and defence
	0.13 
	4.09 
	1492.85

	24.Education
	2.61 
	58.35 
	21297.75

	25.Health services
	0.38 
	12.37 
	4515.05

	26.Recreational services
	0.13 
	2.71 
	989.15

	27.Private households
	0.13 
	0.20 
	73.05

	Total
	
	1078.23 
	393552.25 


Source: Created by author

Table 4.2 Total water consumption (both direct and indirect) in the North East

	Industrial Sectors
	Direct water coefficient(ML/ Million Pound)
	Total water consumption

	
	
	 (Ml/d)
	 (Ml/year)

	1.Agriculture
	9.31 
	22.37
	8165.05 

	2.Mining
	0.05 
	0.57 
	209.63 

	3.Food and Drink
	2.94 
	40.32
	14716.80 

	4.Textile
	0.32 
	1.94
	708.10 

	5.Leather goods
	6.97 
	2.94
	1073.10 

	6.Paper, Printing and Publishing
	4.38 
	18.94
	6913.10 

	7.Energy
	0.05 
	0.08 
	30.44 

	8.Chemicals
	3.47 
	147.64
	53888.60 

	9.Rubber and Plastic products
	3.14 
	12.49
	4558.85 

	10.Non-metals mineral products
	1.89 
	6.27
	2288.55 

	11.Metals
	2.08 
	29.54
	10782.10 

	12.Power equipment
	2.08 
	14.45 
	5273.08 

	13.Machinery and equipments
	1.39 
	40.83 
	14902.95 

	14.Transport equipments
	1.04 
	18.04 
	6585.23 

	15.Furniture
	0.04 
	0.25 
	91.25 

	16.Electricity, Gas and Water supply
	0.04 
	0.37 
	135.15 

	17.Construction
	0.12 
	1.32 
	481.80 

	18.Retail distribution
	1.15 
	21.45 
	7829.25 

	19.Hotels and catering
	1.79 
	14.96 
	5,460.40 

	20.Transport and Communication
	0.19 
	1.26 
	458.89 

	21.Financial intermediation
	0.19 
	1.10 
	400.33 

	22.Business activities
	0.19 
	2.98 
	1088.45 

	23.Public administration and defence
	0.19 
	1.72 
	627.80 

	24.Education
	2.03 
	13.97 
	5099.05 

	25.Health services
	0.30 
	4.56 
	1,664.40 

	26.Recreational services
	0.12 
	0.70 
	255.50 

	27.Private households
	0.12 
	0.05 
	18.79 

	Total
	
	421.11 
	153,706.64 


Source: Created by author
4.2 Inter-Industrial Linkages

From Table 4.3, we can observe the different values of backward and forward linkages in two regions. As we mentioned above, the inter-industrial linkages analysis can help us to find out which key sectors have greater impact on the whole water consumption process through both purchases and/or sales. 

In Table 4.3 for the South East region, we can note that chemicals, agriculture, leather and paper industry sectors have greater backward linkages with respect to the water consumption. Amongst the service sectors, education and hotel and catering have relative larger backward linkages. It means that when these sectors purchase products from the rest of the industrial sectors, they push water consumption up more than if other sectors do so. With respect to forward linkages, the first three highest values are also found in the chemicals, agriculture and leather sectors and retail sector has higher values among the service sectors, which mean that these sectors can push water consumption up when they sell their products to the rest of the industrial sectors more than other sectors do so. 
In a similar manner, from Table 4.3 for the North East region, we can observe that chemicals, agriculture, non-metals mineral products, metals, paper industry and rubber industry sectors have a larger backward linkage in terms of water consumption. It denotes that when these sectors purchase products from the rest of the industrial sectors, they push water consumption up more than if other sectors do so. With respect to forward linkages, the highest values are stood in the chemicals, followed by the agriculture and food industry, which imply that these sectors can push water consumption up when they sell their products to the rest of the industrial sectors more than other sectors do so.
Table 4.3 Backward Linkages (BL), Forward Linkages (FL) in the South East and North East

	Industrial Sectors
	South East
	North East

	
	BL
	FL
	BL
	FL

	1.Agriculture
	18.49651 
	18.21874 
	15.64090 
	15.06671 

	2.Mining
	0.43193 
	0.62995 
	1.30501 
	2.06580 

	3.Food and Drink
	4.52490 
	6.28305 
	7.51047 
	10.77696 

	4.Textile
	0.68167 
	0.77747 
	1.39490 
	1.42425 

	5.Leather goods
	14.36277 
	14.08952 
	7.42283 
	6.99475 

	6.Paper, Printing and Publishing
	13.01565 
	13.01460 
	8.14689 
	7.81164 

	7.Energy
	0.18428 
	0.09795 
	0.34012 
	0.10503 

	8.Chemicals
	25.91555 
	40.86753 
	45.63737 
	56.90274 

	9.Rubber and Plastic products
	5.32627 
	4.68595 
	7.68005 
	6.53021 

	10.Non-metals mineral products
	9.48266 
	8.95324 
	11.71379 
	10.32280 

	11.Metals
	4.19700 
	4.16396 
	10.68774 
	11.66826 

	12.Power equipment
	2.47748 
	2.48850 
	2.82019 
	2.53885 

	13.Machinery and equipments
	3.97896 
	9.45556 
	5.74618 
	8.85405 

	14.Transport equipments
	1.93005 
	2.46073 
	3.34860 
	4.32551 

	15.Furniture
	0.93304 
	0.88942 
	1.29948 
	1.35676 

	16.Electricity, Gas and Water supply
	0.13591 
	0.07314 
	0.69155 
	0.80270 

	17.Construction
	0.36924 
	0.82113 
	0.67412 
	1.16274 

	18.Retail distribution
	1.39408 
	2.91637 
	1.64982 
	3.21471 

	19.Hotels and catering
	2.37430 
	2.91461 
	3.08658 
	3.25484 

	20.Transport and Communication
	0.23141 
	0.25565 
	0.39670 
	0.38121 

	21.Financial intermediation
	0.34513 
	0.36380 
	0.43736 
	0.46011 

	22.Business activities
	0.36671 
	0.65905 
	0.62725 
	1.06632 

	23.Public administration and defence
	0.38730 
	0.60346 
	0.48274 
	0.56891 

	24.Education
	2.81689 
	2.95319 
	2.27693 
	2.33066 

	25.Health services
	0.58747 
	0.62745 
	0.92540 
	0.97531 

	26.Recreational services
	0.28385 
	0.43683 
	0.32417 
	0.40261 

	27.Private households
	0.12632 
	0.12578 
	0.11713 
	0.11713 


Source: Created by author

In accordance with these results, we can analysis and identify key sectors on the water consumption process. As Duarte and Sánchez-Chóli (1998) applied in their study, the following Table 4.4 can explain how to classify the key sectors with respect to the water consumption. 
Table 4.4 Classification of Key Sectors
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Source: Duarte and Sánchez-Chóliz, 1998
From the index data in Table 4.5, we can observe that in the South East, chemicals sector has the largest water forward linkage index. This demonstrates that a unit increase in all sectors’ final demand would generate an above average increase in the water consumption of chemicals sector. The situation is the same in agriculture, leather and machinery and equipments sectors. With regards to the backward linkages index, in addition to those significant sectors, non-metals mineral products and rubber and plastic products sectors also have bigger indexes. It represents that a unit change of their final demand will cause an above average increase in the water consumption in all of the sectors. In the South East, the key sectors with respect to water consumption are chemicals, agriculture, leather, paper and non-metals mineral products. None of services sectors have backward and forward linkages indexes greater than 1 in terms of water consumption. 

In an analogous manner, we are able to identify key sectors on the water consumption process in the North East. From Table 4.5, we can find that in the North East, like the South East, the key sectors in terms of water consumption are chemicals, agriculture, non-metals mineral products, food and drink, paper and leather. Nevertheless, the key sectors also include metals, machinery and rubber sectors in the North East, while in the South East metals sector is not key sector, rubber sector only exhibits backward linkage and machinery industry only displays forward linkage. 
Table 4.5 Backward Linkage Index (BLI), Forward Linkage Index (FLI) in the South East and North East

	Industrial Sectors
	South East
	North East

	
	BLI
	FLI
	BLI
	FLI

	1.Agriculture
	4.32921 
	3.51797 
	2.96595 
	2.51918 

	2.Mining
	0.10110 
	0.12164 
	0.24747 
	0.34540 

	3.Food and Drink
	1.05908 
	1.21323 
	1.42419 
	1.80193 

	4.Textile
	0.15955 
	0.15013 
	0.26451 
	0.23814 

	5.Leather goods
	3.36168 
	2.72063 
	1.40758 
	1.16953 

	6.Paper, Printing and Publishing
	3.04638 
	2.51307 
	1.54488 
	1.30612 

	7.Energy
	0.04313 
	0.01891 
	0.06450 
	0.01756 

	8.Chemicals
	6.06567 
	7.89137 
	8.65411 
	9.51424 

	9.Rubber and Plastic products
	1.24664 
	0.90484 
	1.45635 
	1.09186 

	10.Non-metals mineral products
	2.21947 
	1.72884 
	2.22126 
	1.72599 

	11.Metals
	0.98233 
	0.80405 
	2.02669 
	1.95095 

	12.Power equipment
	0.57987 
	0.48052 
	0.53479 
	0.42450 

	13.Machinery and equipments
	0.93130 
	1.82583 
	1.08963 
	1.48041 

	14.Transport equipments
	0.45174 
	0.47516 
	0.63499 
	0.72323 

	15.Furniture
	0.21838 
	0.17174 
	0.24642 
	0.22685 

	16.Electricity, Gas and Water supply
	0.03181 
	0.01412 
	0.13114 
	0.13421 

	17.Construction
	0.08642 
	0.15856 
	0.12783 
	0.19441 

	18.Retail distribution
	0.32629 
	0.56314 
	0.31285 
	0.53750 

	19.Hotels and catering
	0.55572 
	0.56280 
	0.58530 
	0.54421 

	20.Transport and Communication
	0.05416 
	0.04937 
	0.07522 
	0.06374 

	21.Financial intermediation
	0.08078 
	0.07025 
	0.08294 
	0.07693 

	22.Business activities
	0.08583 
	0.12726 
	0.11894 
	0.17829 

	23.Public administration and defence
	0.09065 
	0.11653 
	0.09154 
	0.09512 

	24.Education
	0.65931 
	0.57025 
	0.43177 
	0.38969 

	25.Health services
	0.13750 
	0.12116 
	0.17548 
	0.16307 

	26.Recreational services
	0.06644 
	0.08435 
	0.06147 
	0.06732 

	27.Private households
	0.02957 
	0.02429 
	0.02221 
	0.01958 


Source: Created by author

4.3 Household Water Use 

Household water use is significant component of total water use, we examined both metered and un-metered water use in the two study regions. The total household water use in South East is notablely larger than the North East region, which are 1,334.84 Ml/d and 364.56 Ml/d respectively. The metered household water use rate is 15.1% and un-metered water use rate is 84.9% in the South East; and the metered and un-metered household water use rate is 7.4% and 92.6% respectively in the North East (See Figure 4.1). 
Figure 4.1 Metered and Un-metered Household Water Use 
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       Source: REWARD, 2001

The figures showed above include the different population numbers in two region, the population number in the South East is more than three times of the North East; we also quantity the water use figures as Per Capita Consumption (PCC) denoted in Liters/head/day (L/h/d). 
Figure 4.2 shows that how the PCC varies across England and Wales, include the metered, un-metered and average PCC.  

Figure 4.2 Per Capita Consumption for Metered and Un-metered Household 
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Source: REWARD, 2001
From Figure 4.2 we can observe that the South East region use more water daily per capita with 165.2 liters on average than the North East (141.2 liters), and also than the UK as a whole (151.7 liters). 

In order to give an accurate analysis of the household water use, we also look at detailed categories of water use activities. Those activities requiring water usage are toilet use, personal washing, clothes washing, dish washing, garden use, car washing, direct heating and miscellaneous. In both of regions, the most important water users are personal washing, followed by toilet use, clothes washing. The bar charts below show detailed water use of household activities both measured and un-measured and pie charts demonstrate water use percentage share of each activity (See Figure 4.3 and Figure 4.4).    

Figure 4.3 South East and North East Detailed Measured Household Water Use PCC (L/h/d)
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Source: Environment Agency,2000
Figure 4.4 South East and North East Detailed Un-measured Household Water Use PCC (L/h/d)
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There are similar household water use patterns between the South East and North East, except Garden use. However, from the above figures we can observe that both measured and un-measured water uses of the most household activities are greater in the South East than the North East. Meanwhile, for the same activity un-measured water use is more than measured water use. The figures also show that personal washing consumes the largest amount of water in both of regions, HUMU (Household Un-measured Use) 52 liters and HMU (Household Measured Use) 42 liters per head per day in the South East and HUMU 48 liters and HMU 39 liters per head per day in the North East. As the second largest household water consumption activity, toilet use accounts for about 27% and 25% of the total HMU and HUMU in both regions. But there is a big gap on the amount of water use between two regions. In fact, the water use per head per day of toilet use in South East is around 5 liters more than it is in the North East. In addition, clothes washing, dish washing and miscellaneous also play the significant roles on household water use in both regions. Moreover, there are impressive differences of water use on garden between these two regions. In the South East region water is consumed by garden use takes up about 9% of total household water use, which is approximately 14 liters per head per day. In contrast, garden use accounts for only 4% of total household water use with about 5 liters per head per day in the North East. In comparison, the household water consumptions of car wash in both regions are considerably small, although it in the South East is obviously larger than it is consumed in the North East. 

5: discussion
In the previous section, we have compared and identified key sectors in terms of water consumption in the two regions. Next, we will explore why those sectors are bigger consumers in the industry and analyse the detailed household water use. 
5.1 Water Consumption in two Regions
As the data showed above, the water consumption of the South East is much larger than it in the North East. In both regions, the interesting fact is that the chemicals sector is the largest consumer of water. Generally, agriculture is well-known biggest water consumer in many countries around the world, but in the South East and North East of England, chemicals sector ranks the highest in terms of total water consumption. The reason of this consumption is related to this sector’s total output. We can observe that the output of chemical sector accounts for the biggest percentage share of total output in both of regions, with 18% and 15% respectively (see Appendix). Agriculture, paper and food processing sectors are also key water consumers in the South East and North East. There are also some differences between the South East and North East. In the South East, the services sectors such as retail distribution, hotels and catering and education are significant water consumers. The reason is that the living standard is higher in the South East than the North East. In the North East, machinery and equipments sector rank the second highest consumer, which mainly includes office machinery, electrical machinery and radio, TV and communications equipments. The output of machinery takes up of 11% of the total output in the North East, which is the major reason of the great water consumption (see Appendix). The metal sector is also a key sector of water consumption in the North East, it is nearly 30 Ml/d as it also has the relatively larger share of total output. 
We also note that the data for the chemicals sector indicate a relatively lower direct consumption coefficient, which is 1.90 liter per pound and 3.47 liter per pound in two regions respectively. This means the chemicals sector consumes relatively small amount of water directly, but its total water consumption is very high. Therefore it can be found that the chemical sector consumes a vast amount of water indirectly. We also point out the data for the food processing, paper, retails and education sectors indicating the similar situation. While their direct water consumption coefficients are rather low, but the total water consumption are quite high. This implies that those sectors consume a small amount of water in production directly, however, in order to produce the inputs that they are needed to carry out their productive processes, and a large amount of water has been required indirectly. This situation can also be explained from the backward and forward linkages as the sectors’ direct water consumption drives the forward linkages, while the sectors’ own final demand drives the backward linkages. Again, we examine the chemical sector first. In addition to this sector’s high forward linkage index, it also has very high backward linkage index which means it stimulates a large amount of additional economic activities and consequently leading to considerable amount of indirect water consumption. Similar situation can be seen in the food processing, paper and some service sectors. In terms of leather sector, which has the highest direct water coefficient and also significant backward and forward linkages, but the total water consumption is not as large as it would appear, the reason is this sector only contributes to a tiny part of total output (see Appendix). Same observations can be found in non-metal mineral, metals and rubber sector in the above tables.  

With respect to the household water use, the above figures show that both measured and un-measured PCC water uses are greater in the South East than the North East, in general, un-measured water use is bigger than measured water use. There are some reasons that the South East region uses more water than the North East region. Firstly, South East has warmer weather and more hours of sunshine and uses more water. Secondly a higher level of living standard and more luxurious lifestyle result in use of more white goods such as washing machines and larger gardens need more watering during the summer in South East.  
5.2 Lifestyle and Consumption Patterns in two Regions
In fact, the different lifestyle and consumption patterns are important contributors for the disparity of water consumption in the South East and North East, especially driving the South East consumes more water. 

We examined the household expenditure data in both of the regions, as it is an important indicator of the lifestyle patterns. The average household expenditure in the South East is higher the UK average, while the North East is generally lower than the UK average. We analysed the household expenditure in several major categories, namely food and drink, clothing, housing, motoring and leisure goods and services. Table 5.1 shows the household expenditure in the two regions (ONS, 2000). 

Figure 5.1 Household Expenditure in the South East and North East 
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In the food and drink expenditure, South East households spent ￡75.20 on average weekly, while North East households spent ￡64.50 on average per week. This contributes to the water consumption of food sector directly, and agriculture sector indirectly. In terms of clothing expenditure, South East households spent ￡21.40 weekly, and North East households spent ￡19.70 per week on clothing. The housing expenditure in the South East and the North East is ￡67.70 and ￡43.50 per week respectively. The motoring expenditure shows a big gap between two regions, with ￡60.70 in the South East and ￡36.30 in the North East. The last category of leisure goods and services also display considerable difference, with ￡67.6 and ￡47.2 weekly in two regions respectively. It is also the reason that the service sector consumes much more water in the South East than the North East.  

6: limitations and recommendations
6.1 Limitations

We recognise that limitations are existing in this study including methodological limitations and data limitations. 
6.1.1 Methodological Limitations

Firstly, in this study, we aggregated 76 sectors to 27 sectors which are highly aggregated. Therefore, the biases are presenting because there are greater numbers of distinct products that are included under one sectoral classification (Miller and Blair, 1985). Secondly, technology may vary in two regions, in this study, we only assume techniques in both regions are as same as the national. Thirdly, price may vary in two regions or/and are different from national level, and lead to substitution of the inputs during the production process (Miller and Blair, 1985). Finally, the regional coefficients matrix derived from LQ technique is assumed as same as the national industry mix. Nevertheless, the industry mix at the national level may not be representative of that at the regional level (Richardson, 1972). Hence, errors are considered to be existing in the results. 
6.1.2 Data Limitations

With the absence of water consumption data in some sectors, for example, power equipment, transport equipment, business activities, financial intermediation, we made several assumptions of direct water coefficients based on the previous years’ data in the Environment Agency. We assumed that direct water coefficient of power equipment is as same as metals, and transport equipment is half of it. The direct water coefficients in the services sectors such as business activities, financial intermediation, transport and communication, we assumed they are as same as public administration and defence, and that of private household is the same as recreational services. In the REWARD report, water consumption of all the energy production sectors is not included as the water is primarily used for cooing, the water being recycled relatively unchanged. In our paper, we assumed the direct water coefficients of them is as same as the smallest one of furniture sector, because we stated the water will be consumed during the cooling process, such as chemical reactions. 
6.2 Recommendations
We have recognised that this study is merely an incomplete approach of productive sectors and its relationship with water consumption. This study can be completed with a more in-depth research that incorporated with other economic variables such as value added, income and environmental variables such as waste water generated by each sector, hence we are able to obtain a more wider image of economic production structures and its environmental impacts on water consumption. Recently emerged concept of “virtual water flow” and its relationships with international trade is also supplement to enhance our study in the future. 
7: conclusions
In this paper, we have applied regional input-output model to assess and compare both direct and indirect water consumption in the South East and North East of England. We believe that one of the most contributions of this study is the creation of two regional IO tables (South East and North East) which provide us a good starting point to study the relationships between economic sectors and their relationships with the environment. Based on the two regional IO models, we further develop a water IO model for the UK that allows us to examine the relationships between production structure and water consumption in the two study regions. This model can be used in the regional planning process, as it considers both the productive sectors’ activities and environmental impacts. By means of the forward and backward linkages analysis, we are able to identify the key water consumers in the two regions. 

One of the first conclusions that can be drawn is that different from other countries and regions, chemicals sector is the key and greatest water consumer in both regions. In addition to its direct water consumption, there is also a large amount of indirect water consumption. Moreover, through forward and backward linkages analysis, we also recognised that the chemicals sector will induce an extensive increase of water consumption within its region either it sells or purchases products from other sectors. Thus, from a water saving point of view, there is a need to limit the activities of this sector within its own region, especially in the water shortage region - South East. Paradigmatic examples also include food processing and paper sectors as key water consumers in both regions. On the other hand, agriculture poses as a relatively larger direct water consumer in both regions, which can be observed from its high direct water coefficient. We also conclude that there are some differences in terms of water consumption in two regions. The services sectors such as retail distribution, hotels and catering and education are considerable water consumers in the South East, while machinery and equipment and metal sectors are the key water consumers in the North East. Here, we also point out that those services sectors have high indirect water consumption, which means they will increase the pressure on the water when they purchase products to satisfy their demands. Therefore, both direct and indirect water consumption must be taken into account in the policy-making process towards the sustainable water consumption. When we examined the detailed household water use, we conclude that in general, both measured and un-measured water uses PCC in the South East are greater than in the North East. In both of regions, un-measured water use is higher than measured water use; and personal washing, toilet use and clothing washing occupied the most percentage share of the total water use in all household activities. 
The results derived from this study lead us to conclude that the water shortage South East possesses its economic structure in the water-intensive sectors, namely chemical, agriculture, paper, food and some services sectors. Furthermore, we must point out that the high demand for water of some sectors such as agriculture and service sectors are in the summer, when water is most scarcity. In the summer of 2006, millions of people in the South East have affected by the hosepipe bans (BBC, 2006). Therefore, there will be a danger that the production of one of the main sectors may be influenced and stagnated because of inadequate water supply; consequently the whole economy will be affected. In the North East region, although water resources are relatively abundant and its water consumption is lower, it poses the similar situation with the South East with an emphasized economic structure in some water-intensive sectors such as chemicals, machinery and equipment, food and metals. Hence the demand of water consumption in these sectors should also be reduced from a sustainable water consumption point of view. By examining the key drivers behind the water consumption, we found that the different lifestyle plays significant role in contributing the disparity of two regions. With the average higher expenditure on the food, housing, clothing, motoring and leisure goods and services in the South East, the water consumption in general higher than the North East.
In closing, we suggest that there is a need to change in the production structure in both regions in particular the South East, with taking into consideration of the environmental resources. In term of industrial water consumption, actions can be taken such as reducing the production in those high water-intensive sectors; that is to say, the water-scarce South East of England should import water-intensive products from other regions or countries and export non-water-intensive products such as mining, textiles and furnitures to resolve its water problems. On the other hand, the North East can produce and export relatively water-intensive products as its regional advantages; however, the quantities of those products should be controlled within a modest way due to the future uncertainties of climate, although it is seen as the relatively water-abundant region at the moment. Water efficiency should be improved during the industrial processes in both of regions, and recycle of water should be promoted. With regards to the household water use activities, water efficiency needs to be improved in both regions. In terms of personal washing, actions can be taken such as: turning off the water tap when brushing teeth, taking a shower instead of bath. Toilet water use efficiency can be improved by installing cistern displacement devices and dual flush devices. Water efficiency of clothes washing can be improved by increasing water efficiency of washing machinery. In terms of water use in the gardens, rainwater harvesting and grey water recycling are effective ways to save water. Increase water metering rate can also reduce household water consumption. In addition, in both industrial and household water consumption, lifestyle should be changed toward sustainability thus reduce water consumption in both regions, in particular the South East region, which has a higher living standard. 
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Appendix 1 Industrial and Household Water Consumption
Industrial Water Consumption
	Industrial Sectors
	Total water consumption (Ml/d)

	
	South East 
	     North East  

	1.Agriculture
	103.07
	22.37

	2.Mining
	-
	-

	3.Food and Drink
	61.91 
	40.32

	4.Textile
	2.76 
	1.94

	5.Leather goods
	18.76 
	2.94

	6.Paper, Printing and Publishing
	121.50 
	18.94

	7.Energy
	-
	- 

	8.Chemicals
	286.44
	147.64

	9.Rubber and Plastic products
	24.04
	12.49

	10.Non-metals mineral products
	17.02
	6.27

	11.Metals
	33.34
	29.54

	12.Power equipment
	- 
	- 

	13.Machinery and equipments
	103.84 
	40.83 

	14.Transport equipments
	- 
	- 

	15.Furniture
	0.75 
	0.25 

	16.Electricity, Gas and Water supply
	- 
	- 

	17.Construction
	3.76 
	1.32 

	18.Retail distribution
	75.38 
	21.45 

	19.Hotels and catering
	51.92 
	14.96 

	20.Transport and Communication
	- 
	- 

	21.Financial intermediation
	- 
	- 

	22.Business activities
	- 
	- 

	23.Public administration and defence
	4.09 
	1.72 

	24.Education
	58.35 
	13.97 

	25.Health services
	12.37 
	4.56 

	26.Recreational services
	2.71 
	0.70 

	27.Private households
	- 
	- 

	Total
	981.98 
	382.23 


Source: REWARD, 2001
Household Water Use

	Total Water Use
	South East
	North East

	Metered HWU (Ml/d)
	201.28
	26.81

	Un-metered HWU (Ml/d)
	1133.56
	337.75

	Metered PCC (L/h/d)
	154.3
	129.3

	Un-metered PCC (L/h/d)
	167.4
	142.3


Source: REWARD, 2001

Appendix 2 Abbreviations of Sectors’ Names
	1.AGR
	1.Agriculture

	2.MIN
	2.Mining

	3.FOD
	3.Food and Drink

	4.TEX
	4.Textile

	5.LET
	5.Leather goods

	6.PAP
	6.Paper, Printing and Publishing

	7.ENE
	7.Energy

	8.CHE
	8.Chemicals

	9.RUP
	9.Rubber and Plastic products

	10.NMM
	10.Non-metals mineral products

	11.MET
	11.Metals

	12.POW
	12.Power equipment

	13.MAC
	13.Machinery and equipments

	14.TRA
	14.Transport equipments

	15.FUR
	15.Furniture

	16.ELE
	16.Electricity, Gas and Water supply

	17.CON
	17.Construction

	18.RET
	18.Retail distribution

	19.HOT
	19.Hotels and Catering

	20.TRA
	20.Transport and Communication

	21.FIN
	21.Financial Intermediation

	22.BUS
	22.Business activities

	23.PUB
	23.Public administration and Defence

	24.EDU
	24.Education

	25.HEA
	25.Health services

	26.REC
	26.Recreational services

	27.PRI
	27.Private households
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		household detailed water use

		M		Car washing		Toilet use		Personal washing		Clothes washing		Dish washing		Garden use		Direct heating		Miscellaneous		Total

		North East		0.81		35.61		38.61		19.75		11.46		4.65		0.11		18.2		129.2

		South East		1.16		40.99		42.82		20.04		11.48		13.67		0.11		22.95		153.22

		M		Car washing		Toilet use		Personal washing		Clothes washing		Dish washing		Garden use		Direct heating		Miscellaneous		Total

		North East		0.81		35.61		38.61		19.75		11.46		4.65		0.11		18.2		129.2

		South East		1.16		40.99		42.82		20.04		11.48		13.67		0.11		22.95		153.22

		UM		Miscellaneous		Car washing		Toilet use		Personal washing		Clothes washing(machine)		Dish washing		Garden use		Direct heating				Total

		North East		19.37		0.89		35.67		48.28		20.93		12.14		5.11		0.11				123.13

		South East		21.11		1.26		41.86		52.11		22.48		12.51		13.76		0.11				144.09

		UM		Car washing		Toilet use		Personal washing		Clothes washing		Dish washing		Garden use		Direct heating		Miscellaneous

		North East		0.89		35.67		48.28		20.93		12.14		5.11		0.11		19.37

		South East		1.26		41.86		52.11		22.48		12.51		13.76		0.11		21.11
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		M		Car washing		Toilet use		Personal washing		Clothes washing		Dish washing		Garden use		Direct heating		Miscellaneous		Total

		North East		0.81		35.61		38.61		19.75		11.46		4.65		0.11		18.2		129.2

		South East		1.16		40.99		42.82		20.04		11.48		13.67		0.11		22.95		153.22

		M		Car washing		Toilet use		Personal washing		Clothes washing		Dish washing		Garden use		Direct heating		Miscellaneous		Total

		North East		0.81		35.61		38.61		19.75		11.46		4.65		0.11		18.2		129.2

		South East		1.16		40.99		42.82		20.04		11.48		13.67		0.11		22.95		153.22

		UM		Miscellaneous		Car washing		Toilet use		Personal washing		Clothes washing(machine)		Dish washing		Garden use		Direct heating				Total

		North East		19.37		0.89		35.67		48.28		20.93		12.14		5.11		0.11				123.13

		South East		21.11		1.26		41.86		52.11		22.48		12.51		13.76		0.11				144.09

		UM		Car washing		Toilet use		Personal washing		Clothes washing		Dish washing		Garden use		Direct heating		Miscellaneous

		North East		0.89		35.67		48.28		20.93		12.14		5.11		0.11		19.37

		South East		1.26		41.86		52.11		22.48		12.51		13.76		0.11		21.11
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				Metered		Unmetered		Total

		North East		26.81		337.75		364.56

		South East		201.28		1133.56		1334.84

				Metered		Un-metered		Total

		North East		129.3		142.3		141.2

		South East		154.3		167.4		165.2

		National Total		140.9		153.7		151.7
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		M		Car washing		Toilet use		Personal washing		Clothes washing		Dish washing		Garden use		Direct heating		Miscellaneous		Total

		North East		0.81		35.61		38.61		19.75		11.46		4.65		0.11		18.2		129.2

		South East		1.16		40.99		42.82		20.04		11.48		13.67		0.11		22.95		153.22

		M		Car washing		Toilet use		Personal washing		Clothes washing		Dish washing		Garden use		Direct heating		Miscellaneous		Total

		North East		0.81		35.61		38.61		19.75		11.46		4.65		0.11		18.2		129.2

		South East		1.16		40.99		42.82		20.04		11.48		13.67		0.11		22.95		153.22

		UM		Miscellaneous		Car washing		Toilet use		Personal washing		Clothes washing(machine)		Dish washing		Garden use		Direct heating				Total

		North East		19.37		0.89		35.67		48.28		20.93		12.14		5.11		0.11				123.13

		South East		21.11		1.26		41.86		52.11		22.48		12.51		13.76		0.11				144.09

		UM		Car washing		Toilet use		Personal washing		Clothes washing		Dish washing		Garden use		Direct heating		Miscellaneous

		North East		0.89		35.67		48.28		20.93		12.14		5.11		0.11		19.37

		South East		1.26		41.86		52.11		22.48		12.51		13.76		0.11		21.11
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		M		Car washing		Toilet use		Personal washing		Clothes washing		Dish washing		Garden use		Direct heating		Miscellaneous		Total

		North East		0.81		35.61		38.61		19.75		11.46		4.65		0.11		18.2		129.2

		South East		1.16		40.99		42.82		20.04		11.48		13.67		0.11		22.95		153.22

		M		Car washing		Toilet use		Personal washing		Clothes washing		Dish washing		Garden use		Direct heating		Miscellaneous		Total

		North East		0.81		35.61		38.61		19.75		11.46		4.65		0.11		18.2		129.2

		South East		1.16		40.99		42.82		20.04		11.48		13.67		0.11		22.95		153.22

		UM		Miscellaneous		Car washing		Toilet use		Personal washing		Clothes washing(machine)		Dish washing		Garden use		Direct heating				Total

		North East		19.37		0.89		35.67		48.28		20.93		12.14		5.11		0.11				123.13

		South East		21.11		1.26		41.86		52.11		22.48		12.51		13.76		0.11				144.09

		UM		Car washing		Toilet use		Personal washing		Clothes washing		Dish washing		Garden use		Direct heating		Miscellaneous

		North East		0.89		35.67		48.28		20.93		12.14		5.11		0.11		19.37

		South East		1.26		41.86		52.11		22.48		12.51		13.76		0.11		21.11
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				South East		North East

		Food and Drink		75.2		64.5

		Clothing		21.4		19.7

		Housing		67.7		43.5

		Motoring		60.7		36.3

		Leisure Goods and Services		67.6		47.2

		Total		292.6		211.2

				In the food and drink expenditure, South East household spent ￡75.20 on average weekly, while North East household spent ￡64.50 on average per week. This contributes to the water consumption of food sector directly, and agriculture sector indirectly. In t
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		M		Car washing		Toilet use		Personal washing		Clothes washing		Dish washing		Garden use		Direct heating		Miscellaneous		Total

		North East		0.81		35.61		38.61		19.75		11.46		4.65		0.11		18.2		129.2

		South East		1.16		40.99		42.82		20.04		11.48		13.67		0.11		22.95		153.22

		North East		0.0062693498		0.275619195		0.2988390093		0.1528637771		0.0886996904		0.0359907121		0.0008513932		0.1408668731		1

		South East		0.0075708132		0.267523822		0.2794674325		0.1307923248		0.0749249445		0.0892181177		0.0007179219		0.1497846234		1

		M		Car washing		Toilet use		Personal washing		Clothes washing		Dish washing		Garden use		Direct heating		Miscellaneous		Total

		North East		0.81		35.61		38.61		19.75		11.46		4.65		0.11		18.2		129.2

		South East		1.16		40.99		42.82		20.04		11.48		13.67		0.11		22.95		153.22

		UM		Miscellaneous		Car washing		Toilet use		Personal washing		Clothes washing(machine)		Dish washing		Garden use		Direct heating				Total

		North East		19.37		0.89		35.67		48.28		20.93		12.14		5.11		0.11				123.13

		South East		21.11		1.26		41.86		52.11		22.48		12.51		13.76		0.11				144.09

		pcc		l/h/d

		M		Car washing		Toilet use		Personal washing		Clothes washing		Dish washing		Garden use		Direct heating		Miscellaneous		Total

		North East		1.7		71.28		86.89		40.68		23.6		9.76		0.22		37.57		252.33

		South East		2.42		82.85		94.93		42.52		23.99		27.43		0.22		44.06		297.31
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		M		Miscellaneous		Car washing		Toilet use		Personal washing		Clothes washing		Dish washing		Garden use		Direct heating				Total

		North East		18.2		0.81		35.61		38.61		19.75		11.46		4.65		0.11				111

		South East		22.95		1.16		40.99		42.82		20.04		11.48		13.67		0.11				130.27

		North East		0.0072972973		0.3208108108		0.3478378378		0.1779279279		0.1032432432		0.0418918919		0.000990991		0.163963964		1

		South East		0.0089045828		0.3146541798		0.3287019268		0.1538343441		0.0881246642		0.1049359024		0.0008444001		0.1761725647		1

		M		Car washing		Toilet use		Personal washing		Clothes washing		Dish washing		Garden use		Direct heating		Miscellaneous		Total

		North East		0.81		35.61		38.61		19.75		11.46		4.65		0.11		18.2		129.2

		South East		1.16		40.99		42.82		20.04		11.48		13.67		0.11		22.95		153.22

		UM		Car washing		Toilet use		Personal washing		Clothes washing(machine)		Dish washing		Garden use		Direct heating		Miscellaneous		Total

		North East		0.89		35.67		48.28		20.93		12.14		5.11		0.11		19.37		142.5

		South East		1.26		41.86		52.11		22.48		12.51		13.76		0.11		21.11		165.2

		pcc		l/h/d

		M		Car washing		Toilet use		Personal washing		Clothes washing		Dish washing		Garden use		Direct heating		Miscellaneous		Total

		North East		1.7		71.28		86.89		40.68		23.6		9.76		0.22		37.57		253.5

		South East		2.42		82.85		94.93		42.52		23.99		27.43		0.22		44.06		295.47
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